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WHAT IS A HEATWAVE?

I bietures: North Tndia Bolls as Lethal heatwave in Sahel worsened by ‘Impossible’ heatwave struck
terﬁperatu[-'es near 50C fossil fuel blll'ning. StUdy finds Phillpplnes in Apl‘il, scientists find

i l ¥ Deaths from record temperatures in Mali reportedly led to full Human-caused climate crisis brought soaring temperatures across
g morgues turning away bodies this month Asia, from Gaza to Delhi to Manila

GETTY IMAGES

Women use a saree to ward off the heat in Rajasthan state

24 May 2024

Parts of northern India continue to reel under a prolonged heatwave that has
‘thrown normal life out of gear.

On Thursday, temperatures soared beyond 45C in many states and touched
48.8C in Rajasthan state's Barmer city.

S

O3 A man tries to cool himself during hot temperatures in Manila, Philippines, last month.
Photograph: Aaron Favila/AP

India's weather department has said that the heatwave is likely to continue till
Wednesday.

Cansaral raninne ara farinn watar and alactdicih chartanac doa ta enibac in

0 A haycart in northern Mali during the country's 2022 drought. The country recorded its hottest



REGIONAL TRENDS

Type of observed change
in hot extremes

‘ Increase (41)
‘ Decrease (0)

O Low agreement in the type of change (2)

O Limited data and/or literature (2)

Confidence in human contribution
to the observed change

eee High
ee® Medium
® Low due to limited agreement
O Low due to limited evidence

Each hexagon corresponds
to one of the IPCC AR6
WG reference regions

North-Western
North America

(a) Synthesis of assessment of observed change in hot extremes and
confidence in human contribution to the observed changes in the world’s regions
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Type of observed change since the 1950s

IPCC AR6 WG reference regions: North America: NWN (North-Western North America, NEN (North-Eastern North America), WNA
(Western North America), CNA (Central North America), ENA (Eastern North America), Central America: NCA (Northern Central America),
SCA (Southern Central America), CAR (Caribbean), South America: NWS (North-Western South America), NSA (Northern South America), NES
(North-Eastern South America), SAM (South American M 1), SWS (South 'n South America), SES (South-Eastern South America),
SSA (Southern South America), Europe: GIC (Greenland/Iceland), NEU (Northern Europe), WCE (Western and Central Europe), EEU (Eastern
Europe), MED (Mediterranean), Africa: MED (Mediterranean), SAH (Sahara), WAF (Western Africa), CAF (Central Afnca) NEAF {North Eastern
Africa), SEAF (South Eastern Africa), WSAF (West Southern Africa), ESAF (East Southern Africa), MDG ( ), Asia: RAR (

Arctic), WSB (West Siberia), ESB (East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (East Central Asia), TIB (leetan Plateau),
EAS (East Asia), ARP (Arabian Peninsula), SAS (South Asia), SEA (South East Asia), Australasia: NAU (Northern Australia), CAU (Central
Australia), EAU (Eastern Australia), SAU (Southern Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands)

Figure SPM.3 in IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E.
Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY,USA, pp. 3—32, doi:

10.1017/9781009157896.001 .]




PROJECTIONS

Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average

Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once
in 50 years (50-year event) during the 18501900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that

Figure SPM.6. IPCC(2021) P18
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HEAT INDEX

Heat Index: Air temperature and relative
humidity

WARNING HEAT INDEX HEALTH IMPACT

Caution 27- 32 Fatigue possible with prolonged exposure
and/or physical activity

Extreme Caution  33-40 Heat stroke, heat cramps or heat
exhaustion possible with prolonged

exposure and/or physical activity

Beyond human <93 Values beyond human resistance to heat
threshold*

Extended National Weather Service (NWS) Heat Index (Lu and Romps 2022)
https://www.isglobal.org/en/heat-index-calculator

TEMP [°C]

RELATIVE HUMIDITY [%]




HOW DOES HEAT IMPACT

HEALTH IMPACTS HOW TO PROTECT H E A I_T H ?
FROM HEATWAVES YOURSELF FROM :
L ’ | L 4 i l‘ml related o E
DEHYDRATATION , _ =
' - 5 b 4
KIDNEY B e _

DISEASES
STAY OUT OF

Critical organ
failure

MENTAL THE HEAT
HEALTH

RESPIRATORY
DISEASEY

HEAT CRAMPS

1

HEAT STROKE PROTECT YOURSELF
‘ " FROM THE SUN

i1 Figure: llustration of the physiological pathways of human heat strai :
% https://www.who.int/health-topics /heatwaves#tab=tab_1 ? - o . " Ebi et GI'I (202])

Decreased blood
pressure




COMPOUND EVENTS

Source: ARC, 2024



HOW DO THE IMPACTS OF HEAT ON HEALTH VARY? WHO IS THE MOST
VULNERABLE?

Key risk .

- Representative key risk \

- Variation by warming, \
development and adaptation A
scenarios '

- interactions across key risks :

Reasons for concern 1

- lllustrative pathways !
- Global expert judgement

. ARISE, 2024

Exposure

IPCC, 2022



Les vagues de chaleur et leurs
impacts de santé publique
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Epidémiologie du lien
température - mortalité



Relation température - mortalité

* Mise en lumiere par des analyses de séries temporelles

e Captent un effet de court terme (avec un délai possible)

Table 1 Example rows of time series data from the London
dataset showing daily levels of environmental variables and

daily number of deaths

Relative
Ozone Temperature humidity
Date (ng/m*) (°C) (%) n deaths

1 Jan 2002 4.59 —0.2 75.7 199
2 Jan 2002 4.88 0.1 775 231
3 Jan 2002 4.71 0.9 81.3 210
4 Jan 2002 4.14 0.5 854 203
5 Jan 2002 2.01 43 93.5 224
6 Jan 2002 24 Zuk 96.4 198
7 Jan 2002 4.08 52 93.5 180
8 Jan 2002 3.13 3.5 81.5 188
9 Jan 2002 2.05 3.2 88.3 168
10 Jan 2002 5.19 53 854 194
11 Jan 2002 3.59 3.0 92.6 223
12 Jan 2002 12.87 4.8 94.2 201

Daily deaths over time

Daily number of deaths
100 150 200 250 300

T T
01Jan2003 01Jan2004
Date

]
:

T
01Jan2005

Ozone levels over time

100 150

50

o -

T T
01Jan2006 01Jan2007

Daily mean ozone level (ng/m®)

T T T
01Jan2002 01Jan2003 01Jan2004
Date

01Jan2005

01Jan2006 01Jan2007

Figure 1 Raw plots showing outcome (deaths) and exposure (ozone) data over time (London data)

Bhaskaran et al, IJE 2013
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Température - mortalité : relations dose-réponse

Age (years)
45 —#HL —F5 — 85

20

Relative risk

|
1 25 5o 75 599

Temperature percentile

Masselot et al, Lancet Plan Health 2023

RR

* Formeen U

* Pente beaucoup plus forte aux
températures chaudes

» Des variations en fonction de 'age et
du sexe

All ages

RR

Temperature (°C) Temperature (°C)

Ballester et al, Nature Med 2023 13



Variabilité géographique
dans la relation

* Traduit principalement des
formes d’adaptation socio-
culturelle

Sydney, Australia

S&o Paulo, Brazil
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Les causes de mortalité

18
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Lehmann et al, Am. J. Epi 2022

All causes
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Impact des vagues de chaleur en
France et Europe



Intensité maximale

Projection des canicules - France

Les vagues de chaleur en France en climat futur

Les vagues de chaleur observée en France entre 1947 et 2020 *  Simulation des vagues de chaleur : mise en ceuvre pour le modéle Aladin Météo-France
Observations 1981-2010 et horizon 2071-2100

1947 a 2020 : 43 épisodes identifiés

20

Sévérite AT Evolution des vagues de chaleur en climat futur
[l] 5 Simulation Aladin-Climat pour I'horizon 2071-2100 et les scénarios RCP2.6 et RCP8.5
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Mortalité

Both sexes

Temperature

All ages
— Both sexes
— Women
— Men
T T
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iee a la chaleur estivale en Europe
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% Check for updates

~61,672 déces en exces (95% Cl: 37,643-86,807)
entre le 30 mai et le 4 septembre 2022

En moyenne, les femmes plus touchées que les
hommes (mais pas dans toutes les tranches d’age)
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Mortalite liee a la chaleur estivale en France

o * Depuis 2014: 30 000 déces en exces
8] pubkiaus en France

e 7 000 déces en exces pour |'étée 2022
(IC: 6277 -7 445)

e ° 30% de ces deces surviennent
P e durant les jours d’alertes canicules

EN FRANCE METROPOLITAINE

P —— * 6% des jours de la période, donc le
R plan de gestion justifié (pics)

* Mais 70% des déces en dehors des
jours d’alertes (plateaux)

* 1/3 des décés concerne les <75 ans

MAI 2023
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Projections en régime de
changements climatiques



Average daily mean
temperature (°C)

® <5

o 5to<10

@ 10to <15

0 15to <20

0 20to <25

o =25

Figure 1: Map of the 451 locations included in the analysis
The locations represent metropolitan areas, provinces, or larger areas from 23 countries within nine region:
mean temperature, computed over the study periods shown in table 1.

Gasparrini et al, Lancet Plan. Health 2017

Difference in excess mortality (%)

North America (161 locations) Northern Europe (18 locations) East Asia (69 locations)
157 3 Change in heat related excess mortality 1 -
3 Change in cold- related excess mortality
& Nel change
£
% ] - ]
§ s - 1
<
b4
]
04 BEal = B . — = 4. 4 .. BEBE....
£ —yr ¥ .-,ﬂ-? —g s o\!_;g ‘#{ b & = 3 ‘i—i—ﬁ ‘
Central America (10 locations) Central Europe (34 locations) Southeast Asia (71 locations)

v

Difference in excess mortality (%)
v o R 2

| S G o B o G mms Et mem S G mu m e e |

Australia (2 locations)

] S S S ] ] =1 S 388 3
el ey btk ik
RCP26 RCPAS RCFBS RCP26 RCPAS RCPBS RCP26 RCPAS RCPBS
Figure 3: Temporal change in y by region
The graph shows the difl ¥ pared with 2010-19 in nine regi three climat (RCP2.6, RCP4.5, and RCPS.5). Estimates are reported

ge
a5 GCM-ensemble averages. The black vertical segments represent 95% empirical Cls of net difference. RCP=representative concentration pathway. GCM=general dirculation model.
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Des régions inhabitables?

— 1980

—— 2010 a
- - - 1980 fitted v

-~ - 2010 fitted

Une approche par la
niche écologique

Population density

27 "C warming

MAT = Mean Annual Temp.

MAT >29°C : seulement
0.3% de la pop. mondiale
(12 millions) en 1980

Population density

Population
= 0-10
11-50
=1 51-100
£ 101-500 .
1 501-1,000 __ﬁ!.‘vp
] 1001-5000 el
] 5,001-10,000 L T

£ 10.001-50.000 W \ :
|

1 50.001-100,000 }
Flg. 4| Reglons and population densides exposed to unprecedented heat acdifferent levels of global warming. a b, Reglons exposed to unprecedented heat

£ 100,001-500,000
B9 500,001-1,000,000 f
{MAT =29 *C) overlald on population density (number in a - 100 km? grid cell) for a world of 2.5 billion (55P2, 2070) under 2.7 °C global warming (a) and 1.5°C global
warming (b).

1.5 *C warming

R 1,000 0:01-5,000,000
. MAT 228 °C

Population density

Fig.1/Ch lative h lat to MAT.

Lenton et al, Nature Sustainability 2023 22



Des régions inhabitables?

Micranasia
nal l:ri:l=
ﬁl:ﬂnﬂr tyireg telarcds

gapare

— M
“omata

12 countries

e
72 mitlion krm

]
27 *C warming
o 20 a0 ED 80 W00 500 800 20 a0 g0 BO 100
Exposed population (milkon) Exposed landfraction (%)

Fiz. 5| Councry-level exposure counprecedenced heac (MAT =29 °Clac.7 °C  results for 1.5 °C global warming overlald). The Inset Ina summarlzes the total
and 1.5 °C global warming in a world of 9.5 blllion people (around 2070under  global exposure of countries, population and land area at the two levels of global
55P2). a, Fopulation exposed for the top 30 countries ranked under 2.7 °C global warming, with results for all countries provided In Supplementary Data, UAE,
warming dark biue) with exposure at L5 °C global warming overlald (pale blue), Uniced Arab Emirates: Meth, Antilles, Netherlands Antilles: Brit. Indlan Ocean
Note the break in the xaxis for the top two countries. b, Fraction of land area Terr., British Indian Ocean Territory.

exposed for the top 50 countries (agaln ranked under 2.7 °C global warming with

Lenton et al, Nature Sustainability 2023

Pour +1,5°C: 500 millions
d’humains chassés de la niche
écologique

Pour +2,7°C: 2 milliards
d’humains chassés de la niche
écologique
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Prévention et adaptation



Prévention individuelle et collective

Individual-level protections Population-level protections and mitigations
Air conditioning B Heat wave action plansiand alert systems
Support networks / 3 : Cooling centers
Hydration (e.g., drink water) Check-in systems forvulnerable populations
~—— Warm weather clothing Built environment to address urban heat island
[ (e.g., loose fitting, light color) effect (e.g., green cities)
Limit outdoor and strenuous Reduced emissions of GHGs and clean energy
f activities
=

Figure 2. Protective Measures for Heat.

The listed measures are examples; the lists are not exhaustive. GHGs denotes greenhouse gases.
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Un facteur sous-estimé: I'acclimatation

®
i'i ANTS

Travail par forte chaleur :
comment agir ?

* Prendre en compte la période d’acclimatation
au minimum de 7 jours d’exposition réguliére a la
chaleur. Etre d’autant plus vigilant si le salarié revient
de vacances, d’'un congé de maladie ou encore s’il
intervient en tant qu’intérimaire ou nouvel embauché.

26



Adaptation technologique vs. socio-culturelle

The relative value of sociocultural and infrastructural adaptations to heat

in a very hot climate in northern Australia: a case time series of heat- o bl
associated mortality
20 204

Simon Quilty, MPhilPH 2 « Norman Frank Jupurrurla * « Aparna Lal, PhD « Veronica Matthews, PhD |

Antonio Gasparrini, PhD « Pandora Hope, PhD « et al. Show all authors « Show footnotes

THE LANCET
- + Published: August, 2023 « DOI: https://doi.org/10.1016/52542-5196(23)00138-0 »  MACIMGEINARCEIISY

15+

Relative risk
Relative risk

1.0

3 Norther Territary ; ; f E'w:lzeu;;wem 05 ; ; - 1 05 T T T 1
:’SE B Non-indigenous B 2000-19
015 254 25+
Climatisation dans les
£ logements pour les pop. non £l
aborigeénes : i )
N - 52% en 1980

Figure 1: Temperature trends across Australia, 1980-2019 = 9 3 % e n 2 O 1 0 05 T T T 1 05 T T T |

0 10 20 30 40 10 20 30 40
Mean temperature ("C) Mean temperature ("C)
Figure 2: Relative risk for temperature associated deaths by mean Figure 3: Total deaths by mean temperature (3-day lag) from 1980 to 1999 (A)
temperature (3-day lag) for Aboriginal (A) and non-Indigenous (B) and from 2000 to 2019 (B)
people, 1980-2019 Red shading indicates 95% Cl.

Red shading indicates 95% Cl.
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Chaleur, conditions de travail,
productivité



Chaleur et conditions de travail

A
. Risks to workability
Nombre de personnes —Median : :
’ Y e, . — !
exposées a des conditions _ & EFEE'EE;"JEE“; | :
imati g 5 2000 —Ha : : :
cllmath_ues (Tw) non ‘ 3%  IPSLCMEA-LR | L
compatibles avec le travail 3 £ — MIROGS j: ik
au moins 1 mois/an %1_: ) :
3_52 ! i i
% £ 1000 ¢ !
b = '
£k i .
- % : 1
< g i
+— "--._____. : i
0 ] i f T
05 15 25

Change in global surface temperature
(°C, relative to pre-industrial temperatures)

Probable creusement des
inégalités sociales

[ Lowrisk [ Moderate risk Bl High risk  [—] Extreme risk

Les conséquences des vagues ds chaleur en fonction de faugmentation globale des températures

Andrews et al, Lancet Planetary Health 2018
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Pertes en productivité et potentiels
d’adaptation

Travaux récents de I'équipe de Luke Parsons (Duke Univ., US)

Ré-évaluation a la hausse des pertes d’heures — QA
travaillées:
* 650 milliards d’h/an e
e 148 millions d’ETP \ncr;asedlab(;rljosses and decreased adaptation
« Equivalent des pertes liées au Covid-19 - tem'al mawarmerworld s e e S
Potentiel limité d’adaptation : R —_—
* 30% des heures perdues « récupérables » par :::HS
Changement d'horaire ®H Global labor loss due to humid heat exposure underestimated for
* Potentiel qui N avec le réchauffement i

Luke A Pazsona* &, Yuta ] Masuda'S, Timm Kroeger' i, Drew Shindell' &, Nicholas H Wolff

b and June T Spector’



Convergence des enjeux santé et
climat



La santé comme levier d’action : convergence
des objectifs santé et climat

Reduced climate change
Lower CO, levels 9
Fewer deaths and injuries

from extreme weather events

o

Example interventions
These interventions have
benefits both for health and

for lreflucing greenhouse gas Reducing climate change Increased food security

emissions (climate change Fossil fuels also leads to further benefits —p»

mitigation) phased out dowristieain Reduced spread of vector-borne
diseases to new areas

Replace fossil fuels with
renewables for energy
generation

D Improve insulation and
ventilation in homes
Encourage use of

lower-emission,
electric vehicles

Reduced heat-related mortality

Improved ambient

p " air quality
! - ’ ~
| e
| Improved household
air quality
A% L)
- e W

. Lower-emission D’
. vehicles il > ) ) o
\‘A Fewer solid

|_Transition to healthy,
P

More clean
‘ renewable energy
e ®
Reduce humidity
‘ and damp
®

Thermal comfort

Fewer methane
emissions

Promote active travel

I and public transport

Reduce solid fuels used
for cooking

o Less red meat in diets

Increased fruit and
vegetables in diets

Less deforestation

Promote public

transport ; ‘.
00 \

Reduced livestock
production

Reduce heatin

rtsarats natuial i urban areas
negraenauraar .

semi-natural areas
and features into cities

lant-forward diets

Urban green Active travel &

fratructur - - L) *o‘ I'“

Health co-benefits
Better Fewer Less Less Lower Lower
mental deaths from cardiovascular respiratory $ rates of rates of
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Figure 1: Key pathways and connections between climate mitigation actions and health
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‘ REDUCING THE IMPACTS OF HEAT ON HEALTH
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HEAT HEALTH ACTION PLANS AND WARNING
SYSTEMS

HAP COMPONENTS
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AWARENESS AND COMMUNICATION

Throughout a '
keep yourself
cool and hydrated

Drink water regularly. ., 5
Avoid alcohol and too much caffeine and sugar g;’

TOO HOT TO THRIVE

Eat small meals and eat more often

Wear light, loose-fitting clothes

b Pl ) 0147407

Wear a hat or cap and sunglasses. D g

Take cool showers or baths Lusambili et al., (2023, 2024)
/5

CHAMNHA

CLIMATE, HEAT AND
MATERNAL AND NEOMATAL
HEALTH IN AFRICA




STRUCTURAL: ENVIRONMENT AND BUILDINGS
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HEALTH SYSTEM RESILIENCE

CHECKLIST FOR ASSESSING VULNERABILITY TO HEATWAVES WHO’ 2021

1. Operational framework for climate resilient and low carbon health systems

CLIMATE RESILIENGg =

High: unprepared; unable to respond (Higher risk) g
. Medium: basic or incomplete preparation; low level of response (Medium risk) 12
Low: prepared; able to respond (Lower risk) =
: sl Is the health workforce,
o
; g (Human resources)
7 Leadership & g equipped with a plan to identify and protect health workers at risk of heat stress? O O
governance
. / Financing Pl < () i provided with appropriate clothes (e.g. light, loose-fitting cotton clothes, and when O o 0O
=f necessary, a hat)?
Ll
g
el i' provided with sunscreen, hat and plenty of drinking water for staff carrying out outdoor O O O
d > activities?
Bu“dlng blocks of provided with safe water during a heatwave event and stimulated regularly for appropriate O o 0O
health systems water intake?
Health
= i information SRR provided with a cool space or a shower room for staff? o 0O 0O
e yaring, an :i_:[- provided with an information system to manage occupational safety and healthinthefacility O O O
DR e during a heatwave, including rest for staff?
E'“pr'm'm'n" = (Capacity development)
technologies

0 5

trained on public health and climate change hazards, including health impacts related to o O 0O
heatwaves?

trained to manage hazardous waste (chemical, biological, radiological)? O O O

prepared and able to follow-up a contingency plan for emerging health workforce heat O o o
stress, water- and air-borne diseases, and cardiovascular and respiratory problems?

able to implement a contingency plan for public health emergencies, in case of high O O O

LOW CARBON temperature effects, and water and food contamination?

WHQO, 2023
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