


CLIMATE CHANGE: THE MAIN DRIVER IS GREENHOUSE GASES

Sunlight warms the surface of
the Earth. But Earth stays
i
warm even at night because of
Less heat a layer of carbon dioxide, or
Erapes. CO2, in our atmosphere. CO2
acts like a heat-trapping

ATMOSPHERE WITH LOWER CO, LEVELS

Some heat
escapes.

- Heat trapped | Higher CO, blanket, absorbing the heat and
by CO, in the/ levels trap . o
atmosphere./’ more heat. holdlng it in.

There are other heat-trapping

_ gases. These include methane

@ Sunlight  Sunlight warms Sunlight warms (CH4)s water vapor, nitrous Odee
- Egat the Earth’s surface. the Earth’s surface. (NZO) and some ﬂuorinated

[ > )

gases.
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I CLIMATE AS A PHYSICAL CLOSED SYSTEM

Long-wave
radiation

Sun

Short-wave
radiation

Atmosphere

[ a l

Hydrosphere

Geosphere

Earth is a closed system, but
all of its innumerable smaller
parts are interconnected;

When CO2 disturbs this steady
state, the atmosphere,
hydrosphere, biosphere, and
geosphere react creating
extreme events in each sphere

Source: bbec.ac.in
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CLIMATE CHANGE IN THE MEDITERRANEAN

a) T [°C] ERAS5 anomalies, baseline [1950-1979]
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(a) Mean air temperature
anomalies (1950-2023)
relative to 1950-1979 for

R Y the Mediterranean (red)
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LUy lines: 10-yr running mean.

l b.).T["]ERAsanomaIies[1994- 023]-[1950-1979] 1 (b) Spatlal anomalleS

between 1994-2023 and

1950-1979, after

removing the seasonal

cycle at each grid point.

Jezequel, Faranda, Drobinski, Lionello, 2024 JOC
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WHAT ARE EXTREME EVENTS?

® Extreme Events: unusual
weather or climate conditions
that significantly deviate from
the normal. They can occurr
because of Natural Variability or
Anthropogenic Climate change

€ The picture shows examples
of extreme events and their
impact related to key
atmospheric variables.

https://futuremedaction.eu/en/




EXTREME EVENTS IN THE MEDITERRANEAN

6 B, . Ecosystem extremes
lx. Heatwaves ﬂé S $es Heavy rain and floods '6 iy
S now % Heavy mianchoots (high productivity, late frost)

0.+ :
E" Cold spells & Fire ﬁ Droughts <7 Wind extremes (low and high)

FIGURE 3 | Map of extreme event attribution studies applied to specific countries or neighbouring countries in the Mediterranean for different
types of events. Each symbol represents a single study (one article or report can include several studies for different events, or attribution of the same

s https://futuremedaction.eu/en/
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HOW DO WE DEFINE EXTREME EVENTS?

An Loss

Loss . arnuunt'“'
amount . .
" ® o O " o ¢ o0
O O O O threshold O ' O
O 50 © |0 50070
O OO O
17908 a, oo &° %
Block maxima model Peak over threshold model -
BIOChk ma:c(ima approalch: A Peak over threshold approach: A
metl 0<_1 Ohex’fremle value method of extreme value analysis
analysis that involves grouping that involves selecting all
Oblser\_/at'OrTS I'”to b|°Ck|S and. " observations that exceed a threshold
selecting the largest value within value and analyzing the properties of
each block as a representative these "peak" observations.

extreme value.

https://futuremedaction.eu/en/ P7




CLIMATE CHANGE EXTREMES \ The world at  The world at |

C’ .

Every increment of
warming is  making
extremes more impactful

global
climate

The warmer the planet gets,
the more pronounced the
changesin extreme will
become.

Average climate and weather
extremes will shift further and
further away from what we
currently recognize as
“normal’,

This will cause widespread
disruption and damage to
~ populations, livelihoods and

~the environment.

the last time globc ¢ re wa
at or above 2.5°C was over 3 million years ag:

The world at The world at

H +1.5°C @&2°C . +3°C +4°C

1 1 1 1 1 1 1

Global warming level (GWL) above 1850-1900 i >

i

Annual hottest- day temperature (hange Annual hottest day temperature is projected to increase most
< chan (1.5-2 times the GWL) in some mid-latitude and semi-arid
< :— ge (°C)
0

1 T regions, and in the South American Monsoon region.

v ‘i'- R h : o
. B e

b) Annual mean total column soil moisture change Projections of annual mean soil moisture largely follow
projections in annual mean precipitation but also show

> (c
ﬁ 05 0 05 10 1 ehange ) some differences due to the influence of evapotranspiration.
= q@f,?t‘,',,(“ - e 1 e e — I
3 ey " J i 29 N7 N i 1 N - Ve A7 e
i et D : FrgiE O et ‘» ) & RTED
- A - 0y : [ ™ g G 4
< a \»\ L::‘ = e \w '3 : \. w{ \
[ | \ [ > v
¥ - " v 4 , \

Annual wettest day precipitation is projected to increase

¢) Annual wettest-day precipitation change

in almost all continental regions, even in regions where ppas
< P> change (%) ; 5 % or ¢
40 30 -20 10 0 10 20 30 40 0% projected annual mean soil moisture decline
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CLIMATE CHANGE AND ATTRIBUTION

Attribution: The
process of determining
the causes of observed
changes in climate and
extreme events in
terms of natural climate
variability or
greenhouse gases
emissions

“l wonder what would happen if | halved the global warming...?"

https://futuremedaction.eu/en/




I WHICH EXTREME EVENTS NEED ATTRIBUTION?

Weather extreme events may disrupt daily
life, damage infrastructure, and have long-
lasting effects on communities and
ecosystems. This depends on:

Vulnerability: accounts for the susceptibility
to damage of the assets exposed to the
forces generated by the hazard.

Exposure: represents the stock of property
and infrastructure exposed to a hazard, and it
can include socioeconomic factors.

Vulnerability
Weather and ‘
Climate DISASTER )

Events ‘ RISK

https://futuremedaction.eu/en/




I A GENERAL PATHWAY TO ATTRIBUTION

EIERELED SISO Statistical Attribution

A
Climatic Hazards Impacts &
Weather Phenomena Wind ¥ #l
-Cyclones Rain Health @
- Anticyclones Heat < Ir]Trastructure
Cold & ’

— EZE

Climate Variability *

5
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I STATISTICAL ATTRIBUTION #1 : DETECTION

Accumulated cyclone energy in the western North Pacific (1970-2015)

400 2015 99th percentile

I“l i

1970 1990 2010 all seasons (lowest to highest)

seasonal score (ACE)

NOAA Climate.gov, based on data from Zhang et al., 2016

1. Define a quantiy that can track the extreme events: here cyclone energy

~ 2. Sort our record and locate the percentile of our event
%\E@; https://futuremedaction.eu/en/
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STATISTICAL ATTRIBUTION #2 : CHARACTERIZATION OF THE EVENT

Probability of a 100-year event striking in a given amount of time
TIME SPAN PROBABILITY

100 e = years % chance
— 95% ; ;
" 80 f’f 10 10
£ 20 18
g 60 /33““ 50 40
= 75 53
& 40 / 100 63
] 200 87
a S 300 95
20/ 400 98
®10% 500 99.3

o ! 800 99.97

0 100 200 300 400 500 1000 99994

time span (years)

By definition, the probability that a 100-year event will occur in any single
year is 1%. That means the probability that it won’t happen that year is

‘1\ 99%

https://futuremedaction.eu/en/




STATISTICAL ATTRIBUTION #3 : RESULTS

For attrlbu.tlm? we Cal:‘ use .Ch.anges in Odds of a North Pacific cyclone season in the 99th percentile
model projections of identiftied 1990
observableso (low greenhouse gases) 99th percentile
. o 4
-1940-1970 (dark blue line) show cyclone % SHADED AREA -

. S % chance that a season’s
energy for the WOI’ld W|th IOW greenhouse E !/ score willzeoq1uSa}l or exceed
gases emissions 0

200 400 600 800 1000
-2020-2050 (light blue line) showt he RYelanaisesion eneqgyrcore
changing frequency of 99th percentile
events. CHANGING RISK
. of a western North Pacific cyclone season like 2015’s
We conclude that Global warming due to 2015 season

rising greenhouse gases has increased
the risk of an extreme North Pacific

hurricane season like 2015’s by a factor
of 5 percent chance in 1940s

cyclone season energy score

NOAA Climate.gov graphic adapted from Zhang et al., 2016.

https://futuremedaction.eu/en/
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STATISTICAL ATTRIBUTION IS THAT ALL?

Statistical Attribution is useful for
events that can be defined as averaged
of quasi-homogenous observables over
a certain area

Most of the events, such as the
Hurricane Irma that we analyse here,
have complex hazards, impacts, very
scattered geographycally

=>Attribution conditioned to circulation

=>Spatial Attribution => Climameter

https://futuremedaction.eu/en/ P15




I CONDITIONAL ATTRIBUTION PATHWAY

Greenhouse Emissions g

Climatic Hazards Impacts

Weather Phenomena Wind ® sl

-Cyclones ' Rain « :—I?alth o
- Anticyclones Heat < nfrastructure

Conditional Attribution,/ BZali:, Property

Climate Variability =

https://futuremedaction.eu/en/




I ANALOGUES METHOD FOR CONDITIONAL ATTRIBUTION

¢ Data: gridded data from reanlayses MSWX (1979 Present)
@ Event Definition: Time averaged Surface Pressure Anomalies map in a lon-lat box
@, Analogues Analysis: Assess differences in Present vs. Past Analogues
® Periods: Split into two periods
- ¢® Past: Barely affected by Climate Change
- Id Present: Highly affected by Climate Change
1l Diagnosed Changes: Pressure, Temperature, Precipitation, Winds

€ Natural Variability Modes Change of phase in analogues: ENSO, AMO, PDO

https://futuremedaction.eu/en/
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CLIMAMETER

attribution framework to place D v ® V@ @9@ \
weather extremes in a climate V.Y Q
perspective, developed by
IPSL-CNRS FRr

It is a consortium of
scientists from multiple
international institutions s

Sources of Detected Changes
cold

' Wi nd llly strengthened by Climate Change l Exceptional Meteorological Event

Re p O r‘tS a re re ad y a bo u t 4 8 — Likely strengthened by Climate Change ;‘Uﬁﬁ:ephonal Meteorological Event

- Rain
Enhanced by both Climate Change and Natural Variability Very Rare Meteorological Event
hours after an event. An event
I Influenced by Natural Variability Rare Meteorological Event
analyzed every two weeks EEET VT EFERTETT

https://futuremedaction.eu/en/



CLIMAMETER THROUGH AN EXAMPLE : COMPOUND EXTREMES IN EUROPE

©® From March 29 to April 1, 2024,
extreme weather swept Europe
over Easter.

Saharan dust covered
Southern Europe from ltaly to
France, while France and Portugal
faced severe floods and
evacuations.

“ % < As highlighted in IPCC
AR6 WG2, climate change is
compounding such extremes,

heightening risks to ecosystems
’Qwand health.

5

g
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RESULTS FOR COMPOUND EXTREMES, EASTER 2024
EVENT

60°N el 2 1P [mim/day

£y
50°N b
for
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SUMMARY PROVIDED TO THE INTERNATIONAL PRESS

(N [(77\

Influenced by Strengthened by Similar Events have The Event
Natural Variability Climate Change Occurred in the Past is Unique

« Extreme Weather in Europe during Easter Weekend

mostly strengthened by human driven climate change »

*Extreme weather patterns similar to the 2024 Easter Weekend in Europe are now up to 10 hPa deeper and up to 4 °C
warmer. They are up to 13mm/day (up to 30%) wetter over Portugal and 10km/h windier along the Atlantic and
Mediterranean coasts.

*This is a very uncommon event which occurs more frequently now in February/March with respect to the past.

* Human driven climate change played a major role in leading Easter Europe Compound Extremes and natural climate

variability likely played a minor role.

https://futuremedaction.eu/en/




s« THANKS FOR YOUR ATTENTION!
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« Jézéquel et al. (2024). Journal of Climate.
» Faranda et al. (2024). Weather and Climate Dynamics,
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PART II: CLIMATE CHANGE: FROM THE
ATTRIBUTION OF EXTREME EVENTS TO
IMPACTS ON SOCIETY

g
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- “d
’
a
> -
/

CORAL SALVADOR

Senior Research Assistant

Institute of Social and Preventive Medicine coral.salvador@unibe.ch

University ofBern ~~ hups :/ futuremedact ion.eu/en/ P23




Climate change impacts m——

Climate change is a public health crisis — its effects on human health are already substantial
and widespread, but unevenly distributed across populations

(b) Observed impacts of climate change on human systems

Impacts on Impacts on Impacts on
water scarcity and food production health and wellbeing cities, settlements and infrastructure
Animal and  Fisheries Inland Flood/storm Damages
Agriculture/  livestock yields and Heat, floodingand  induced Damages to key
Human  \yater crop healthand aquaculture  Infectious  malnutrition Mental associated  damages in to economic Confiden
systems scarcity production  productivity production  diseases and other health  Displacement damages coastal areas infrastructure  sectors ontidence

in attribution
to climate change

@ High or very high
Global

0 O © ©6 0 06 6 06 0 & o ® edum
Alrica ° ° ° ° ° ° ° ° ° ° :\;ence limited,
Asia 9 9 ° ° ° ° ° ° ° ° insufficient
Australasia ° 9 ° ° ° ot ° ° ° na Not applicable
Softﬁnﬁt\ﬁle?incg ° 9 ° ° ° assossed ° ° ° °
Europe 9 9 ° 9 ° ° ° ° ° °
North America 9 9 9 ° ° ° ° ° ° ° ° _:?m;t;n systems
Small Islands ° ° ° o ° ° ° ° ° ° Ii pa‘:ie[:;ng
Arctic 6 0 0 6 0 © @ © @ ©6 pac
Cities by the sea ° ° astessed ° ° ° ° - ‘;JJE?;J_”U
Mediterranean region ° ° ° ° ° st ° :amngdpg:_ltlve
Mountain regions e 9 ° ° ° ° ° na ° °
https://futuremedaction.eu/en/ P24
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Climate change & health =—

How impacts are distributed?

How health impacts are distributed in space (e.g., between populations) and time (e.g.,
current vs. future impacts) depends on the intersection between the magnitude of the hazard,
level of exposure and vulnerability of the population.

Vulnerability —

Adaptive capacity
Y
Geographical '
location > Hazard Risk
\ - Size and structure of the

population growth, ageing)

Exposure f — population (associated with

https://futuremedaction.eu/en/ P25
IPCC 6AR WG2 Chapter 7



Climate change & health =—

Climate change amplifies
GHG emissions per capita (t COZe) social inequalities
- Countries with the highest share
154 of at-risk people and highest
" extreme poverty rates emit the

104" : lowest amounts of GHG per
4 person
51 @
. .‘. @®° ® .. ® « o An effective response to climate
o change should not only prevent

increased inequality but also
actively create opportunities to
0 10 20 30 40 50 N 0 0 reduce existing health

Share of population at risk from climate-related hazards (%) . g
inequalities

@ Europe & Central Asia (O Latin America & Caribbean @ East Asia & Pacific @ Sub-Saharan Africa @ South Asia
@ North America @ Middle East & North Africa

Note : Bubble sizes reflect the number of people with less than $2.15 per person per day (in 2017 PPPs) in each economy in 2021. CO2e =
carbon dioxide equivalent. GHG emissions per capita values are indicated in CO2e tons per person in 2021.

https://futuremedaction.eu/en/ P 26
World Bank - https://blogs.worldbank.org/en/opendata/the-disconnect-between-regions-at-risk-from-climate-related-haza



Climate change & health =——

Climate change is a intergenerational issue-Young populations today were born and will
continue to live in a world with more extreme climate and possibly inhabitable in the future

20M-2020 was
around 1.4°C warrmer-
than 1850-1900

1900 1940 1980

~Tuture experiences deper d on
Future.em.ssions & now we aaaress cumate cnange
scenarios: 06! 2100

4°C Global temperature change above 1850-1900 levels
B ] b & ’ ‘\ 70 years
orn
5 | 5 ) 25 3 5 (| in 2020 & 2 old in 2000
=< I I A1 i
born A ! 70 years
LS00 old in 205
w ) Fad & X
discover how many more climate
born_ f J 70 years extremes you will face across your
o N old lifetime relative:

Myclimatefuture.info ‘m VRIJE
UMIVERSITEIT

https://futuremedaction.eu;, BRUSSEL P27
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Climate change & health =—

Climate change is making the deadliest extreme weather events we are observing today,
to become the norm in the future & bringing us towards the unknown with even more
extreme events

Risk 2000 Risk 2020 Risk 1.5°C Risk 2.0°C

— e,
— i .

P » — & O & - ~
/ \ / : ® / \ / ’ >
"t S\ \ / ®oe («’ e o

| N ¢ 2| |

/

\ / e @ ' L '\ &
/ / / [
\\~ ol / \\\\ :J-/ / \\\‘\‘ ) § /./ '\_ .— @ ,/

@® 1-in-10 year season in 2000 @® 1-in-100-year season in 2000 @® 1-in-500-year season in 2000

2003 Summer Paris Lathi et al. Nat Comms 2023

https://futuremedaction.eu/en/ P 28



Climate change & health

CLIMATE
CHANGE

*  Heat

* Floods

- Storms

* Precipitation

Mechanisms

Direct exposures

— * Heat stress
» Storm vulnerability
* Flood damage

HEALTH
IMPACTS

Indirect exposures
 Disease vectors
e Pollen

Via economic and

kg social disruption
* Food production/distribution

Adapted from 5th AR IPCC

https://futuremedaction.eu/en/



Direct impacts =

DIRECT IMPACTS

Mortality due
respirat

Extreme weather even

ts
 Heat / heatwaves —
* Floods

» Storms

General population

Vulnerable
populations:

- Old population

- Children

- Pregnant women

- Chronic patients

- Workers (outdoors)
- Deprived population

https://futuremedaction.eu/en/ P 30




Direct impacts =

HEAT Heat during 2022 summer in Europe resulted in more tan 60K deaths

b All ages, both sexes
b Temperature and mortality
@
Azores (Portugal) -‘g 60,000 =l 20229
z
> =
Canarles (Spain) -~ g 50,000 -
% £
o
Cyprus " ]
) @©
: ® 40,000 -
% -
.' 8
5010100 £ 30,000
100 to 150
15010 200 £
20010 250 ~
I 250 to 300 w
300 to 350
- 19.0 19.5 20.0

Summer temperature (°C)

Ballester et al., 2023 Nat Medicine

https://futuremedaction.eu/en/ P31



Direct impacts m—

Two main mechanisms to cope with heat:

—

HEAT - Redistribution of blood flow towards the skin

- Sweating

“Silent killer”

Ebi et al. 2021

During prolonged exposures of extreme
heat, or if preexisting health conditions —
mechanisms may fail

Heat strain

Table. Organs Damaged by Physiological Mechanisms Triggered by Heat Exposure

Mechanisms
Disseminated

Inflammatory Intravascular
Organs Ischemia  Heat Cytotoxicity Response Coagulation Rhabdomyolysis
Brain ® @ (E] (]
Heart @ ® i
Intestines @ ® ® )
Kidneys @ @ i® @ ]
Liver ® @ @ 3 d
Lungs @ @ @ @

Pancreas

(]

Mora et al. 2017

Increased risk of mortality, hospitalizations,

emergency room visits due to cardiovascular,
respiratory and urinary diseases, and mental
disorders

P 32



Direct impacts m——

HEAT

Heat effects are

« Typically non-linear (increasing
non-linearly with temperature)

» Different across population
(acclimatization + adaptation)

» Short-term (within days) but
slightly delayed

Different vulnerability to heat and cold across
populations

Sao Paulo Beijing Tokyo
Brazil China Japan
20 1 : : 20 H H H
" \ y ) I ¥ | : |
10 - o § 10 - & 1 . .
H H . H 1 @ H H a0
1 . - H 1 H 1
0s 1 . 0S5 H [I 1 = L] H H rm
H . |- 20 1 F
' ' ' = ;0
- 0 o o o
=TT 1 T T T T T 1 | T T 1
10 15 20 25 -5 0 5 10 15 20 25 30 o 5 10 15 20 25 30
Temperalure ) Temperatuse (°C) Temgeratur e [:C)
Madrid London New York, NY

Spain UK uUsa

T T T T T T 1
o 5 10 15 20 25 0 [ 5 10 15 20 25 30 =10 [ 10 20 30

Temperature (°C) Temperature (*C) Temperabure "c)

Gasparrini et al. 2015
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Direct impacts m——

The effects of heat on premature births
across 13 countries

HEAT

RR

Carmen liiiguez!?, Coral Salvador®*®, Keren Agayshay®, Howard H Chang’, Francesca
de’Donato?, Yoonhee Kim?, Shoko Konishi'?, Eric Lavigne''*?, Hans Orru'3, Martina S.
Ragettli 1415, Weeberb ]. Requia'®, Dominic Royé!7?, Tanya Singh®1?, Joshua Warren?®
Nicolas Valdés??, Ben Armstrong®?, Antonio Gasparrini*?, Francesco Sera®*, Aurelio
Tobias?®, Ana Maria Vicedo-Cabrera*5. MCC Collaborative Research Network.

’

<‘*, s

PTB (%) Tmean (°C)

Coordinated by the Multi-Country Multi-City

collaborative research netword

(https://mccstudy.lshtm.ac.uk/)

Heat intensity:

B
Esto
Italy
witze!
1o 20 30 40 80 en 7o 60 80 100
Percentile of daily mean temperature
— z Aust
&
—— g
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—_—— &
3
—s— [
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R e —— 4
g
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)
e @ . [
@ ©
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Direct impacts =

HEAT

Environmental Research 226 (2023) 115698

Contents lists available at ScienceDirect

emnironmental
Environmental Research
ELSEVIER journal homepage: www.elsevier. com/locate/envres -
')
Heat-related first cardiovascular event incidence in the city of Madrid £

(Spain): Vulnerability assessment by demographic, socioeconomic, and

health indicators

Coral Salvador ", Pedro Gullén *-“, Manuel Franco "', Ana M. Vicedo-Cabrera "

“ Cenuro de Invest Maring, Universidads de Vieo, Envi Physics Laborarory (EPysLab), Ourense, Spain

‘hmnnf&mmmmmm University of Bern, Bern, Switseriand
© Oeschger Genter for Climate Change Research, University of Bem, Bern, Switseriand

4 Universidad de Aleals, Grupo de Investigocion en Epidemiclogia y Salud Piblica Facultad de Medicina y Ciencias de La Salud, Alealé de Henares, Madsid, Spain

“ Centre for Urban Research, RMIT University, Mebourn,

Australia
" Department of Epidemioloy, Johms Hopiins Bloombere School of Public Health, Baltimore, Md, 21205-2217, USA

DEPRIVATION LEVEL

Low MEDIUM HGH
DEPRVATION  DEPRVATION  DEPRVATION

The effects of heat on CV morbidity

CODE OF
DIAGNOSIS

AGE
(years)

COUNTRY
OF ORIGIN

AREA-LEVEL
DEPRIVATION

PRESENCE OF
COMORBIDITY

STRATIFIED ANALYSIS BY CODE OF DIAGNOSIS, SOCIAL CONTEXT AND OTHER INDIVIDUAL CHARACTERISTICS

Spanish

Non-Spanish

Dystipidaemia

Diabetes

Hypertenuon

bl

P >

07 09 11 1.7 19 2. 23 25

Ischemic heart disease with angina (K74)
Acute myocardial infarction (K75)

Ischemic heart disease without angina (K76)
Heart failure (K77)

Transient cerebral ischemia (K89)
Stroke/cerebrovascular accident (K90)

https://futuremedaction.eu/en/
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Direct impacts m—

FLOODS

Table 1. Health Risks of Flooding, Stratified by Time After Event

Immediate
Drowning
Trauma
Hypothermia
Electrocution
Carbon monoxide poisoning

Early (<10 d after event)
Cutaneous infection
Aspiration pneumonitis/pneumonia
Viral respiratory infections
Gastroenteritis

Late (>10 d after event)
Leptospirosis
Mosquito-borne ilinesses
Cutaneous infection from atypical organisms (fungi, mycobacteria)
Hepatitis A or E virus infection

Mental health disorders, including posttraumatic stress disorder and
depression

Management of chronic disease

Paterson et al. 2018

Various health impacts at different time
scales and level of severity affecting different
populations

Dana in Valencia (Spain, October 2024)
caused 223 fatalities, 15000 displacements,
long-term health consequences and financial
losses

https://futuremedaction.eu/en/ P 36



Climate change & health E—

CYCLONES

Tropical cyclones in US

20,000 A

10,000 1

i ——— ] eeeeleveen. Sl

Additional hospitalization associated with
average decadal tropical cyclone exposure

G‘("\a\f\c et

(oS o od we Y
e U(OQ els 65“
Ay e d.\so(d ee? gee?

T o
Cl L@l <
oW

¢
o sV
Ca‘%\seases Red.\zeases G

Parks et al., 2021 Nat Comms
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Indirect impacts — —

Climate change alters existing environmental and biological
risk factors

* Worse air quality (air pollution / wildfires)

» Alteration of pollen patterns (composition / dispersion /
timing)

» Changes in the spread of infectious diseases (i.e., vector-
borne diseases, food-borne diseases and water-borne
diseases)

SEASON

https://futuremedaction.eu/en/ P 38



Indirect impacts — =

Air pollution and human health

Regulation of
parasympathetic:
sympathetic
balance

Miller, 2022

Table 1. Characteristics and Health Risks of Wildfire Particulate Matter.*

Short-term health effects
Mortality

Morbidity

Risk of other health effects

Long-term health effects

Vulnerable populations

There is consistent evidence of an increased risk of death from any cause but un-
certain evidence of an increased risk of death from specific causes.®**¢

Wildfire particulate matter may have a stronger effect on mortality than urban
particulate matter,*****” owing to the smaller particle size,” more abundant
oxidative and proinflammatory components,** and amplifying effects of high
temperature'’ and ozone.*®

There is consistent evidence of an increased risk of respiratory events, including
hospitalizations and emergency department visits due to asthma, chronic ob-
structive pulmonary disease, and respiratory infection,®®3

Wildfire particulate matter has a stronger effect on the risk of asthma-related
events than urban particulate matter.?*“>#

Data are inconsistent regarding the risk of cardiovascular events,*** but the effect
may be similar to that of urban particulate matter.!

Risks of low birth weight and preterm birth are increased.®*
Rates of influenza are increased.*
Ambulance dispatches among people with diabetes are increased.®

Effects are largely unknown; wildfire particulate matter might impair lung capacity,
self-reported general health, and physical functioning several years later.*

Older adults, children, and pregnant women are more susceptible.

People with preexisting cardiac or respiratory conditions (or both) have increased
risks.

People living in low-income areas have increased risks.

Outdoor workers have increased exposure.

Xu et al., 2020

https://futuremedaction.eu/en/ P 39



Indirect impacts ——

Pollen

Baseline (1986-2005)

Far Future (2041-2060)

Figure 2. Percentage of population sensitized to ragweed pollen at baseline and in the far future; averaged results for WRF/RegCM and CHIMERE, RCP4.5, and

reference invasion scenario. © EuroGeographics for the administrative boundaries.

Lake et al., 2017

climate change is causing an earlier
onset and increased intensity of the
pollen season for many allergenic
plants. It is also increasing the sensitivity
of allergies and pollen allergenicity

Ragweed pollen allergy will become a
common health problem across much of
Europe. Sensitization to ragweed is
expected to increase from the current
total of 33 million to 77 million people by
2041-2060

https://futuremedaction.eu/en/
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VECTOR-BORNE DISEASES

>80% of the global population is at risk of a
vector-borne disease

CLIMATE CHANGE

\ ¢

« vector and host abundance

* local prevalence of disease-causing
parasites and pathogens

* human population behaviour and
disease resilience

https://climatenexus.org/climate-issues/health/climate-
change-and-vector-borne-diseases/

VECTOR-BORNE DISEASES

Increased
Increased Flooding Duration of

& Storms / / / Warm Season

Changes in
Changes in Median
& Precipitation Temperature
i
‘ l---------*----—----i

P
5) R

Expanded Changes in

AANAAAN, Geographical Vector

Range Behaviors

Increased Cases
of Vector-Borne

Diseases such as,
Lyme Disease,

Malaria, Zika
Virus, and West
Nile Virus
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VECTOR-BORNE DISEASES

Lancet Countdown Report 2021

A Dengue (global)

—— Aedes aegypti
—— Aedes albopictus
154
g 104
o
28
i E 5,
22
v
23
o
Q
g 5
-10 \ \ T T T T 1
1950 1960 1970 1980 1990 2000 2010 2020
Year
C Vibrio cholerae
—— Low HDI —— Medium HDI
—— High HDI  —— Very high HDI

100+

~l
vl
|

Area of coastline
suitable for outbreaks (%)
[¥a}
2]
I

¥}
V2]
|

0 T T T T T T T |
2003 2005 2007 2009 2011 2013 2015 2017 2019
Year

B Malaria (highland areas)
— Low HDI — Medium HDI
——HighHDI ~—— Very high HDI
2

Average number of months suitable
for malaria transmission

1 T TR SRR
I

T T T I
1950 1960 1970 1980 1990 2000 2010 2020

Year
D vibrio bacteria
—— Baltics —— Pacific Northwest ~ —— Atlantic Northeast
100
F 804
g
= ¢ 60
z<
&3 .
2 Y
<32 B
£ 20+
@

1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

Figure 8: Change in climate suitability for infectious diseases

Solid lines represent the annual change. Dashed lines represent the trend since 1950 (for dengue and malaria), 1982 (for Vibrio bacteria), and 2003 (for Vibrio P 42

cholerae). HDI=human development index.



Via socioeconomic/social disruption — =

Average annual weather-related displacements, 2010-2020 |09
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Droughts and Health E—

Drought is the most complex and devastating phenomena affecting around 55 million people
every year and causing more deaths and human displacements than any other natural hazard
(UNDRR, 2021; WHO, 2022)

‘ Natural Climate Variability \

Time (duration

4+ No universal definition of drought

|

+ different types of droughts and metrics

Precipitation deficiency
(amount, intensity timing

High temp., High winds, low
relative humidity, greater
sunshine, less cloud cover

+ multiple sectors affected

Reduced Infiltration, runoff,
deep percolation, and
ground water recharge
[

|

Increased evaporation
And transpiration

4+ most of the impacts are accumulated and

Meteorological
Drought

indirect

Soil water deficiency

reduced wetlands,
Wildlife habitat
|

Reduced streamflow, inflow to
reservoirs, lakes, and ponds;

©
[
. 25
33
Plant water stress, reduced )
Biomass and yield g’D
©
L =
'S
o5°
20
T

| Economic Impacts |

| Social Impacts|| Environmental Impacts |

Jeyaseelan, A.T., 2014
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Droughts and Health

Climate change
§ ; )

Conceptual influence diagram on
direct & indirect effects of droughts
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Salvador et al. 2020

+ Few studies address drought
impacts on the public health field
4+ Inconsistences between studies
4+ Vulnerability profiles?

IGIA-SETH project:
Unraveling the Impacts of
droughts on human health.
SNSF Ambizione grant (PI:
Coral Salvador)

!

Monday, 29 september

01.2 - Assessing mortality risk patterns associated with droughts in a multi-location study

17:35 - 1755 C. Salvador
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Climate change & health E—

Climate change causes or aggravates a wide range of exposures with multiple impacts

on health

STAGE 1: INDICATORS & FORECASTING

Exceeding thresholds defined by the indicators

Heat wave, Air quality standard, Number of cases of
Salmonella, Number of imported cases of dengue,

STAGE 2: HEAT IMPACT

Heat related morbidity and mortality STAGE 3: ACTIONS TO MINIMIZE THE IMPACT ON HEALTH
(Daily deaths during heat waves)

Short-term operational Preventive Actions
STAGE 2: AIR POLLUTION IMPACT Traffic restriction
Mortality/morbidity attributable to air pollution
(Asthma morbidity)

STAGE 3: ACTIONS TO MINIMIZE THE IMPACT ON HEALTH

Informative Preventive Actions
Alerts to the population, social services & health services

(Special assistance to vulnerable groups)
Number of viremic cases of dengue

STAGE 4: SURVEILLANCE & EVALUATION

Gastromtestlnal disease admissio

Syndromic Surveillance Systems
Calculation of the real impact
Economic Evaluation
Improvements of the Health Early Warning Systems

Integrated
prevention and
action plans for
climate change and
health addressing
synergies across
various climate-
related exposures

Linares et al., 2020
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