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CONSIGNES POUR AUJOURD’HUI

OBJECTIF : donner une compréhension physique fondamentale du
changement climatique et des incertitudes associées, et montrer
comment la science peut éclairer I’adaptation et I’atténuation

POSEZ VOS QUESTIONS au fur et a mesure
dans le chat Zoom



QUESTION D’ECHAUFFEMENT

QUEL POURCENTAGE DU RECHAUFFEMENT
PLANETAIRE PEUT ETRE ATTRIBUE

(IMPUTE) AUX ACTIVITES HUMAINES ?



Climate Change

causes
Impacts and Risks

Le changement

climatique est
un facteur ’

cle

. Human Society Ecosystems
des risques futurs s
Losses and damages Limits to adaptation
_ Losses and damages
The risk propeller shows that risk emerges from the overlap of: W
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Climate Change

causes
Impacts and Risks

Les impacts
dépendent AUSSI :
du lieu de vie (exposition)
et du degre
d’adaptation (vulnérabilité)

Human Society Ecosystems

Limits to adaptation including biodiversity
Lo Limits to adaptation

, Losses and damages
Nmpacs
The risk propeller shows that risk emerges from the overlap of: W

@ Climate hazard(s) Exposure \L__/
‘ ‘ Liyg /"hoods rovision ces

...of human systems, ecosystems Ecosystem Se
https://www.ipcc.ch/report/ar6/wg2/ and their biodiversi ty




Gerer les risques climatiques implique de

Comprendre ce qui se passe

( science du climat )



Gerer les risques climatiques implique de

Comprendre ce qui se passe

( science du climat )

Eviter autant de réchauffement que possible
( attenuation |



Gerer les risques climatiques implique de

Comprendre ce qui se passe

( science du climat )

Eviter autant de réchauffement que possible
( attenuation |

Faire face aux changements qui surviennent
( adaptation )



SCIENCE
DU CLIMAT



Le
systeme
climatique

terrestre

https://www.geomar.de/en/discover/ocean-and-
climate/model-simulations/the-earths-climate-

system

The Earth's
Climate System

@ S"ea ice




Qu’est-ce que
le climat ?

https://www.alabamawx.com/wp-content/uploads/
2019/06/weather-vs-climate_orig.jpg

WHAT YOU GET

CONDITIONS OF THE
ATMOSPHERE OVER A SHORT
PERIOD OF TIME

CAN CHANGE WITHIN
MINUTES OR HOURS

Saturday Sunday

WHAT YOU EXPECT

HOW THE ATMOSPHERE BEHAVES
OVER A LONG PERIOD OF TIME
AND SPACE

AVERAGE REGIONAL WEATHER
PATTERN OVER DECADES
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CLIMAT

c’est ce qu’on attend

LA METEO

c’est ce qu’on obtient
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QUAND ON PARLE DE CHANGEMENT CLIMATIQUE,
ON NE CHERCHE PAS A PREVOIR LA METEO

Pleuvra-t-il le 14 avril 2091 ?

Quelle chaleur fera-t-il le 21 juillet 2085 ?
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-> Quelle sera la pluviométrie moyenne
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QUAND ON PARLE DE CHANGEMENT CLIMATIQUE,
ON NE CHERCHE PAS A PREVOIR LA METEO

-> Quelle sera la pluviométrie moyenne
d’avril dans les annees 2090 ?

-> De combien le risque et la
gravite des vagues de chaleur a la

fin du XXle siecle ?



The Terrestrial Planets
 VENUS EARTH - MARS

. Pressure: ~90 atm : Pressure: ~1 atm : Pressure: ~0.006 atm
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Natural

L’effet
de serre

Naturally occuring greenhouse
gases trap some heat from the sun
to maintain a livable climate.

vapeur d'eau

dioxyde de carbone (CO,)

methane (CH,)

protoxyde d’azote (N,O)



Carbon dioxide concentration at Mauna Loa Observatory*
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Pourquoi s’intéresser au CO2 ? '

Natural Human-Enhanced

d&% Naturally occuring greenhouse Burning fossil fuels emits Q\\Q\
(% gases trap some heat from the sun greenhouse gases that trap more gv
(f,é to maintain a livable climate. heat & cause additional warming. g"
) S

SREENHOUSE Gygpe \OPE CREENHOUSE GASES



The relative warming potential of the
most important greenhouse gases

«——— Carbon dioxide = Global warming potential of 1 2 3 ’ 5 o o

28 €—— Methane Sulphur hexafluoride

Comes from both natural and human-caused sources .
Often used in electrical equipment

and semiconductor manufacturing

265 Nitrous oxide

Often used in the medical,

food, and automotive
12,400

Hydrofluorocarbons

Often used in air conditioning and refrigeration systems

11,100 16,100

Perfluorocarbons Nitrogen trifluoride

Often used in industrial processes

2 A ften in semicon r manuf rin
and semiconductor manufacturing Siisn L=ed in semiconductor manuiactiiieg

and flat-panel displays like LCDs

) Source: Globgl Warming Potentials (GWPs) given for 100 year time horizon, IPCC 2021
https://www.climatepartner.com/en/knowledge/qglossary/carbon-dioxide-equivalent
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L’Eocéne
(56-33,9 Ma)

https://www.annualreviews.org/doi/abs/10.1 I46/annurev-earth-082420-063026
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Cycles glaciaires
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Cycles glaciaires
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Thousands of years ago "



Cycles glaciaires
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Calottes glaciaires
lors du DMG

sombre= 5yiourd’hui
Clair =ilya~25000 ans

images from: http://en.wikipedia.org/wiki/lce_age




LA PLANETE SE RECHAUFFE
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RECORD DE CHALEUR : 2024
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2025 : 2E OU 3E RANG
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Recent trends and 2026/2027 forecasts
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2024 peak
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@Glacier Volume
ﬁAir Temperature

in the lowest few Km (troposphere)
Water Vapor
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Signes d’un

monde qui se réchauffe




Glaciers /
calottes glaciaires

D’immenses
masses de glace
qui se deplacent P
lentement sur terre .y e
Sy e 0" - R4 - - <
Ny | T .

https://nsidc.org/cryosphere/glaciers/questions/located.html ’J ° 37 Q*



https://climate.nasa.gov/vital-signs/ice-sheets/

GREENLAND MASS VARIATION SINCE 2002 RATE OF CHANGE

Data source: Ice mass measurement by NASA's GRACE \1/264

satellites. Gap represents time between missions.

Credit: NASA billion metric tons per

year since 2002
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Mass balance of the Greenland Ice Sheet
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Glacier McCarty,
Alaska

http://www.windows2universe.org/teacher_resources/teach_glacier.html




Glacier Blomstrandbreen
Svalbard, Norvege

https://www.theguardian.com/environment/2024/nov/05/people-do-not-want-to-believe-it-is-true-the-photographer-capturing-the-vanishing-of-glaciers




Variation du niveau de la mer (cm, 1993-2023)

I———

e

https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level e
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Global sea level difference from 1993-2010 (mm)
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Global sea level difference from 1981-2010 (mm)
Palmer et al. 2021
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Kopp et al. (2016)

[} = Kemp et al. (2018)
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Les vagues de chaleur augmentent presque partout

Confidence in human contribution

North to the observed change
America Europe eee High
e e Medium

@ Low due to limited agreement
Asia © Low due to limited evidence

Small
Islands

Central

America
E E Small
‘ Islands
Type of observed change
in hot extremes
O Increase (41) South Afri
America rea :

Q Deciesse () Australasia
} Low agreement in the type of change (2)
)

Limited data and/or literature (2)

Type of observed change since the 1950s



(C) Number of days exceeding
90th percentile (TX90p)

Tendance, jours
de chaleur extréme
(1960-2018)

Colour| Significant trends ﬂ FEp— m

%] Non-significanttrends -8 -6 -4 -2 0 2 4 6 8
No data days / 10 years




CLIMATE CHANGE-FUELED EXTREME HEAT

Average annual extremely hot summer days made at least 2x more likely by climate change

12
10
8 .

b

4 ..
2

L e I T

1970s 1980s 1990s 2000s 2010s 2020-2024

DENVER

Average annual summer (June-August) days with maximum temperatures at or
above 96.1°F (local 95th percentile) and a Climate Shift Index level of 2 or higher.

Source: ERAS and Climate Central's Climate Shift Index system. CLIMATE C.D CENTRAL

49



MORE RISKY HUMID HEAT

Days with heat index of 80°F or higher
f

+3()

DAYS
1979 BATON ROUGE 2023




Tempeétes plus intenses dans certaines regions

onfidence in human contribution
North
America @@ Europe

to the observed change
Small

Islands
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e e Medium
@ Low due to limited agreement
Asia © Low due to limited evidence

Small
Islands
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N
\ ] Limited data and/or literature (18)

<& Type of observed change since the 1950s

Central

America E E

Type of observed change
in heavy precipitation

O Increase (19) South
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ol
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HEAVIER DOWNPOURS

Change in precipitation on heaviest 1% of days
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Comment savons-nous que les changements
observes viennent des activites humaines ?

Détection : COMMENT les choses ont-elles change ?
Ex. : fait-il plus chaud ?

Attribution : POURQUOI les choses ont-elles changé ?
Ex. : fait-il plus chaud a cause des
emissions anthropiques de gaz a effet de serre ?



Concept diagram of climate modeling  **

3-D grid box emitted and momentum  incoming
(CO2, dust, H20) reflected radiation (winds) solar radiation

Modeles
climatiques

programmes informatiques qui simulent
I'état du systeme climatique a partir
de forgages imposés (volcans,
GES, variabilité solaire, etc.)

momentum
(currents)

mountains /. land \

. g er s \ \ 7 heat transfer
N
Outils |mportants pqurlattrlbutlon weather \ /' 7\ (ocean to atmosphere)
et I'étude du climat futur system . water

"\ vapour

la classe de modeles climatiques la plus courante
est le modele de circulation générale (MCG)

https://www.nature.com/articles/s41612-025-00955-8 SOUI‘CGI 2000 W.F. Ruddiman



Hotter

What’s Really Warming the World?

Skeptics of manmade climate change offer various natural
causes to explain why the Earth has warmed 1.4 degrees
Fahrenheit since 1880. But can these account for the
planet’s rising temperature? Watch to see how much
different factors, both natural and industrial, contribute

to global warming, based on findings from NASA’s
Goddard Institute for Space Studies.

1880
- [ D U N BN BB

Colder 1880 2014 Based on an interactive by Bloomberg




En 2019, la
planete s'etait
rechauffee de
~1,1 °C depuis

1850-1900

2010-2019 relative to

1850-1900
S
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2010-2019 warming rékative to

1850-1900, assessed from

attribution studies
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Les GES humains
a eux seuls
auraient
rechauffé

la planete de

1.90

2010-2019 relative to

1850-1900
SC
2.0

1.9
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0.5

0.0

0.5

-1.0

2010-2019 warming réfative to
1850-1900, assessed from
attribution studies
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2010-2019 relative to 2010-2019 warming réfative to

1850-1900 1850-1900, assessed from
G attribution studies
2.0 -
Mais d autre_s Autres
facteurs humains 15 facteurs
(aérosols, humains
1.0 (p- ex.
changement aérosols)
d'usage des sols) 05

ont compense une
partie de ce
rechauffement
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Au total,
'ensemble des
forcages humains
a réchauffe la

planete de 1,1°

2010-2019 relative to

1850-1900
SC
2.0
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0.5

-1.0

2010-2019 warming réfative to

1850-1900, assessed from

attribution studies
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httpsi//www.ipcc.ch/report/aré/wg | /downloads/report/IPCC_AR6_WGI_SPM.pdf
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Le changement climatique augmente déja la
gravité et le risque de nombreux phénomenes extrémes

Heat (261)
0000000000000 00000 0000000000000 00000OCOFCOCYYIYIYOIORIYOYRYYYS
0000000000000 0000000 0000000000000 00000OFCKOOCRYIIYOIOYIYYY
0000000000000 0000000000000 0000000000O0OFOCFCYRYRYOYOYOPYORYYYTYS
0000000000000 000 0000000000000 0000000000ODOCCYRYOIOIIIYNYNY
0000000000000 000 0000000000000 000000000OFCVOOCRYYIOINRYIYIYNY

® /43 More severe or likely @ 76 Less severe or likely 81 Had no influence 67 Inconclusive

https://interactive.carbonbrief.org/attribution-studies/index.html



Le changement climatique augmente déja la
gravité et le risque de nombreux phénomenes extrémes

Heat (261)
0000000000000 00000 0000000000000 00000OCOFCOCYYIYIYOIORIYOYRYYYS
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Rain & flooding (223)
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0000000000000 00000000000000000OK0MKY

0000000000000 0000000000000O0K0OKOCKOFOMNNNS

® /43 More severe or likely @ 76 Less severe or likely 81 Had no influence 67 Inconclusive

https://interactive.carbonbrief.org/attribution-studies/index.html



Le changement climatique augmente déja la
gravité et le risque de nombreux phénomenes extrémes

Heat (261)

Rain & flooding (223)

Drought (121)

® /43 More severe or likely @ 76 Less severe or likely

https://interactive.carbonbrief.org/attribution-studies/index.html

Wildfire (50)

81 Had no influence

67 Inconclusive



A quoi ressemblera I’avenir ?

Uncertainty in Global decadal mean ANN temperature

Les modeles climatiques

sont notre principal outil
Nombreuses sources

d’'incertitude
L'incertitude ne veut
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Les principales incertitudes evoluent dans le temps

Uncertainty in Global decadal mean ANN temperature
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Les principales incertitudes evoluent dans le temps

Uncertainty in Global decadal mean ANN temperature
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Les principales incertitudes evoluent dans le temps

Uncertainty in Global decadal mean ANN temperature

La trajectoire 132
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Confiance

« Dans les rapports du GIEC, la confiance E Statement of fact

est exprimeée qualitativement et indique
notre degré de certitude quant a la validité Very h/gh confidence
des resultats scientifiques. Elle dépend

du type, de la quantité, de la qualite

et de la cohérence des elements probants »

High confidence

o—— Medium confidence

Confidence Terminology Degree of confidence in being correct

Very high confidence At least 9 out of 10 chance
High confidence About 8 out of 10 chance

Medium confidence About 5 out of 10 chance - I—OW Confidence

Low confidence About 2 out of 10 chance
Very low confidence Less than 1 out of 10 chance

o—— Very low confidence

https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/



Probabilite

« La certitude des résultats scientifiques est ensuite exprimée par
des probabilités. Les résultats sont évalués de facon probabiliste a partir
d’'observations, de resultats de modelisation ou d’avis d’experts. »

Likelihood Outcome probability
Virtually certain 99-100%
Allison Crimmins : Extremely likely 95-100%
Very likely 90-100%
« Quand vous regardez un produit sur Likely 66-100%
Amazon, le nombre d’étoiles More likely than not >50-100%
correspond a la probabilité et About as likely as not  33-66%
le nombre d’avis a la Unlikely 0-33%
confiance. » Very unlikely 0-10%

Extremely unlikely 0-9%
https://theconversation.com/lost-in-translation-confidence-and-certainty-in-climate-science-17181 EX Cep t,onally Un l, ke Iy O- 1 0/0

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-1/




Tempeérature et precipitations (terres)

(a) Global temperature change
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Simulated change at 2°C global warming

Temperature

Généralisée, unidirectionnelle ;
reponse robuste des modeles ;

Cohérente avec les tendances observées Simulated change at 4°C global warming
(p. ex. réchauffement accru sur les terres,
amplification polaire)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 -->
Change (°C)

Warmer 72



Temperatures extremes
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Evolution des chaleurs extrémes décennales
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Evolution des chaleurs extrémes décennales

Future global warming levels
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Evolution des chaleurs extrémes décennales

Future global warming levels
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Evolution des chaleurs extrémes décennales

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C 4°C
wm
3
3 ®g L %o e,
— - % < 0 ®
O
s &
>.
>
L Once now likely will likely will likely will likely
2 occurs occur occur occur
8 2.8 times 4.1 times 5.6 times 9.4 times
oe (1.8-3.2) (2.8-4.7) (3.8-6.0) (8.3-9.6)

LL , -
heps/naRCheressesagricoles dvinmimgitfubicdanal les regionsvinesiaaseélcental



Simulated change at 2°C global warming

Precipitations
(pluie + neige)

Résultats robustes pour certaines zones : hautes
latitudes plus humides, subtropiques plus secs ;

Incertitude plus forte car plus de processus
(humidité, stabilite, énergie, etc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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Evolution des fortes pluies décennales

Future global warming levels

1850-1900 Present 1°C
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Evolution des fortes pluies décennales

Future global warming levels

1850-1900 Present 1°C 1.5°C
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Evolution des fortes pluies d

Future global warming levels

1850-1900 Present 1°C
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Evolution des fortes pluies d

1850-1900 Present 1°C
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Future global warming levels
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Simulated change at 2°C global warming

Humidité des sols
et sécheresse

Reésultats robustes pour certaines
zones : hautes latitudes plus
humides, subtropiques plus secs ;

Incertitude plus forte car plus
de processus (humidite, stabilite,
énergie, etc.)

https:/Iwww.ipcc.ch/report/ar6/wg | [#SPM
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Evolution des secheresses décennales des sols

Future global warming levels
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Evolution des secheresses décennales des sols
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nrtes teBeégheresses agricoles etiEvé aent sidepsidbmaglons qui s’asséchent

Evolution des secheresses décennales des sols

Future global warming levels

https:/Iwww.ipcc.ch/report/ar6/wg | 1#SPM
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Glace de mer arctique

(b) September Arctic sea ice area
10¢ km?
10

1950 2000 2015 2050 2100
https://lwww.ipcc.ch/report/arb6/wg | [#5PM 88
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Elévation du niveau de la mer et submersions cotiéres

MHHW stands for Mean Higher High Water, which is defined as the average of the highest observed water level at the selected location on each tidal day during the period 1983-2001

Flooding days during the 21st century

The graph below shows the number of days per year that sea level in Montauk, NY is projected to exceed 53 cm above MHHW.
» Read more

NOAA Sea Level Rise Scenarios ®

Choose the local mean sea level projection(s) to use:

350 NOAA Intermediate
mmmmm NOAA Interm. Low
mwmm NOAA Interm. High

=00 Medians and likely

- ranges (17-83%)
©
g 250
| -
7]
Q
n 200
S
©
o
2 150
o
o)
o
L 100
50
2810 2020 2030 2040 2050 2060 2070 2080 2090 2100

https://sealevel.nasa.gov/flooding-days-projection/



Facteurs d’impact climatique

BAR CHART LEGEND
B Regions with high confidence increase

B Regions with high confidence decrease

b B M B ALl B K B U NUMBER OF LAND & COASTAL REGIONS

O Extreme heat

Exemple : chaleur extreme
50/55 : régions vulnérables
B 49/50 : confiance élevée dans une hausse du risque

1/50 : confiance moyenne dans une hausse du risque
https:/lwww.ipcc.chireport/arélwg | 1#SPM 90 https://interactive-atlas.ipcc.ch/



Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected

to increase or decrease with high confidence (dark shade) or medium confidence (light shade)
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REFLEXION

QUEL EST LE POINT LE PLUS FLOU
JUSQU'ICI ? AUTREMENT DIT, CE QUI

VOUS PARAIT LE MOINS CLAIR ?



ATTENUATION
CHANGEMENT CLIMATIC
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Temperature change rel. 1850-1900 (°C)

(a) Temperature response to net-zero CO, by 2070
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IDENTITE DE KAYA

G E _F
GHG = Pr

emissions E E

P = population mondiale

G = PIB mondial

E = consommation mondiale d’énergie

F = émissions de GES d’origine humaine (combustibles fossiles)



IDENTITE DE KAYA

G| E _F
GHG, . = =P*—
€MmISSIoONS P G E

/

PIB par habitant

oooooooo tion économique)




IDENTITE DE KAYA

G |E| F
GHG, = =P*—%—
emissions P G E

=

intensité énergetique

(Quantité d'énergie par unité de
production économiqu e)




IDENTITE DE KAYA

G E |F
émissions P G E
Vs

intensité d’emissions
de I'énergie
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IDENTITE DE KAYA
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GHGémissions =P *_*‘_' _J
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réduire la - /

consommation

ameliorer I’ passer aux
efficacite renouvelables
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Global greenhouse gas emissions by sector and end use, 2023

>76 % des
emissions de GES
viennent de 'usage
final de I’'energie
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Global greenhouse gas emissions by sector and end use, 2023 103

>76 % des
émissions de GES
viennent de I’energie

. WORLD
\/\/\ RESOURCES

&,\\/ INSTITUTE

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Global greenhouse gas emissions by sector and end use, 2023

Electricité + chaleur
et transports :

" principale composante

des émissions

liées a I'énergie
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Trends in sectoral emissions, 1990-2023

Emissions for industrial processes, electricity/heat and transportation sectors are growing fastest

Electricity/Heat (Energy Subsector) Transportation (Energy Subsector)

MtCO2e MtCO2e

8,000
15,000

6,000

10,000
4,000

5000

2,000
7\\/, WORLD
Q/\/\ RESOURCES
A4 INSTITUTE 0 0

1990 2023 1990 2023

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors



Sector/Subsector

106
“ .. WORLD

Flow of global greenhouse gas emissions in 2023 &\/3;\ KESOURGES

A7 INSTITUTE

Sector () Energy (@ Industrial Processes ([ Agricuiture () Land Use, Land-Use Change and Forestry () Waste

End Use

Electricity and Heat 33.6%

Buildings 6.3%
Other Fuel Combustion 1.2%

Buildings

Commercial Buildings 7.2%;
Fishing Energy,Use 1.8%

- i
-

-~

=

- Chemical;andpetrochemical 6.5%

77\

Manufacturing and Construction 12.2%

Transportation 14.3%

International Bunker 2.4%

72.3% C02

———y
1.8% Non‘ferrousmetals.

0.5% Transport.equipment
1:3% Food and tobacco

Road 12.7%

Fugitive Emissions 6.8%

Industrial Processes 6.2%

Agriculture 12.3%

Waste 3.8%

=
Flared 11%

Vented 4.2%
Cement:3%)

Livestocki&Manure!6:6%

Rice|Cultivation!1:4%)
AgriculturelSoilst3:7%)

Landills{2/4%;

https://www.wri.org/insights/4-charts-explain-greenhouse-gas-emissions-countries-and-sectors

P
0.6% Transmission and distribution

19.3% CH4

5.6% N20
2.8% F-Gases




Energy
supply
(indirect)

Agriculture,
foresterie
et autres

~ Total: 59 Gt CO _-eq

usages des sols sost
(AFAT) i

Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do not add to exactly 100% due to rounding to two significant figures.
Credit: Dr. Priya Donti



GHG Emissions (GtCO,-eq yr™)

10

(Og)

a. AFOLU global trends in GHG emissions and removals

10'Gt 11'Gt
—0.5%/yr | +1.4%/yr |

LULUCF (CO,)

Enteric Fermentation (CH,)

Managed soils and pasture (CO,, N,0)
Rice cultivation (CH,)

Manure management (N,0, CH,)
Synthetic fertilizer application (N,0)
Biomass burning (CH,, N,0)

https://www.ipcc.ch/report/ar6/wg3/chapter/chapter-7/

1990 2000 2010

+1.6%/yr
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Annual CO, emissions by world region Our World

Emissions from fossil fuels and industry® are included, but not land-use change emissions®. International aviation
and shipping are included as separate entities, as they are not included in any country's emissions.

40 billion t _International
aviation
Quel Ie est ] , International
35 billion t y shipping
— Oceania
I’ampleur du I e
30 billion t d ., f. d I and India)
25 billion t p - ?
decarbonation *
20 billion t
15 billion t — India
— Africa
—~ South America
10 billion t ~ | North America
(excl. USA)
— United States
5 billion t European Union
(27)
_ Europe (excl.
Otr EU-27)

1750 1800 1850 1900 1950 2000 2024

Data source: Global Carbon Budget (2025) https:/ourworldindata org/co2-emissions OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY
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CO, emissions per capita Our Worid

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

5t

World

4t

3t

2t

1%

https://ourworldindata.org/co2-emissions

Ote S | T T T 1
1750 1800 1850 1900 1950 2000 2024
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CO, emissions per capita

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes®. This includes emissions from
transport, electricity generation, and heating, but not land-use change?.

https://ourworldindata.org/co2-emissions

25¢
20t
15t
United States
10t
China
St World
/ e
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Our World

CO, emissions per capita, 2024 in Dats

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes'. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.

20.38t

South Africa I
Germany I
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CO, emissions per capita, 2024

Carbon dioxide (CO,) emissions from burning fossil fuels and industrial processes. This includes emissions from
transport, electricity generation, and heating, but not land-use change’.
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Equité/justice climatique :

reconnaitre que le changement climatique
est un enjeu social, ethique et politique,

22t et que s’attaquer a ses racines suppose

'f? t de faire face aux responsabilités historiques,
aux heéritages coloniaux et aux

injustices systéemiques.
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Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO, emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.

+250%
CO, emissions

+200%

GDP per capita

+150% Population BONNE NOUVELLE

I’efficacité augmente
+100°/o

+50°/o

¥

+0°/° i - - - 7 g | | ‘H\\.\-\
Carbon intensity (CO. / energy)™ ‘

-50% Energy intensity (Energy / GDP)
| | I | | | | 1
1965 1980 1990 2000 2010 SN RIS e
Data source: Global Carbon Budget (2025) and other sources OurWorIdinData.org/coZ-and-greenouse-gas-eissions | CC BY 114

Note: GDP per capita is measured in 2011 international-$ (PPP). This adjusts for inflation and cross-country price differences.



Our World

Kaya identity: drivers of CO, emissions, World in Data

Percentage change in the four parameters of the Kaya Identity, which determine total CO. emissions. Emissions
from fossil fuels and industry are included. Land-use change emissions are not included.

+250% -
CO. emissions
+200%
: GDP per capita
+150% :
/ Population
+1 00°/o
+300% MAUVAISE NOUVELLE
les émissions totales augmentent encore
+0% —o—s —_—_—— e
=t —e—e—t——t s g pn e
- ————Carbon intensity (CO. / energy)
-50% Energy intensity (Energy / GDP)
I I I | | | i 1
1965 1980 1990 2000 2010 ooy, PAIRON ARSIy (CO2 25)
Data source: Global Carbon Budget (2025) and other sources OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY 115

Note: GDP per capita is measured in 2011 international-$ (PPP). This adjusts for inflation and cross-country price differences.



L’ampleur du defi

+1.2% ' -0.8% ' +954% +1.9% ' +0.1%
1240
COVID
100
Baisse des
3 emissions de

5,8 % seulement
sSur un an

35.3Gt ' 33.3Gt' 351Gt 35.7Gt ' 35.8 Gt
Jan-1Jul-1Jan-1 Jul-1 Jan-1 Jul-1 Jan-1 Jul-1 Jan-1 Jul
2019 2020 2021 2022 2023

.
60
J U/
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Daily CO, emissions (MtCO, d™')




L’Accord de Paris (COP 21, déc. 2015)

« L'objectif central de I'’Accord de Paris est de renforcer la riposte mondiale a la
menace du changement climatique en maintenant la hausse de la température mondiale
ce siecle bien en dessous de 2 degrés Celsius au-dessus des niveaux preindustriels et en
poursuivant I'action menée pour la limiter encore davantage, a 1,5 degré Celsius. »

La limite des 2° vient de I’économiste de Yale William Nordhaus dans
son article de 1975 : « Can We Control Carbon Dioxide? »

Fondée sur I'idée qu’il serait raisonnable de maintenir le changement
climatique dans les limites de la « variation normale »

Nordhaus a souligné que son raisonnement était
« profondement insatisfaisant »

http://unfccc.int/paris_agreement/items/9485.php http://theconversation.com/why-is-climate-changes-2-degrees-celsius-of-warming-limit-so-important-82058
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+4°C

+3°C

+2°C |

+1.5°C

— 1.5°CPARIS AGREEMENT GOAL CAT Wa leﬂg DI'O_leCtIOﬂS
WE ARE HERE Global temperature
1 L BAIINg increase by 2100

November 2025 Update

PRE-INDUSTRIAL AVERAGE

Global mean

temperature Conséquences climatiques des scénarios

increase

by 2100 actuels et engages

https://climateactiontracker.org/global/cat-thermometer/



Policies & action 119
Real world action based on current policies t

+4°C

Policies
& action

+3°C

wad |
e —__ 1.5°C PARIS AGREEMENT GOAL CAT warming projections
WE ARE HERE Global temperature
b d Sl increase by 2100

November 2025 Update

PRE-INDUSTRIAL AVERAGE

Global mean

temperature Conséquences climatiques des scénarios

increase

by 2100 actuels et engages

https://climateactiontracker.org/global/cat-thermometer/



( \ Policies & action 120
Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
B 2030
Policies érzggé
& action only
+3°C e
= | +2.6°C
+2°C | .
+1.5°C § 3 .
—— 1.5°CPARIS AGREEMENT GOAL CAT warmi ng projectlons
WEARETERE Global temperature
1.3°C Warming :
e s increase by 2100
. November 2025 Update
PRE-INDUSTRIAL AVERAGE

Global mean

temperature Conséquences climatiques des scénarios

increase

by 2100 actuels et engages

https://climateactiontracker.org/global/cat-thermometer/
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Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
Pledges & targets
+4°C Based on 2030 & 2035 NDC targets* and
2030 submitted and binding long-term targets t
. s & 2035
Policies targets
& action only
. +3 Pledges
#3C & targets
+2.6°C +2.8°
| +2.2°C
+2°C |
+1.5°C . S -
—— 1.5°CPARIS AGREEMENT GOAL CAT warmi ng projectlons
WEARETERE Global temperature
1.3°C Warming :
e s increase by 2100
November 2025 Update
PRE-INDUSTRIAL AVERAGE

Global mean

temperature Conséquences climatiques des scénarios

increase

by 2100 actuels et engages

https://climateactiontracker.org/global/cat-thermometer/
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Real world action based on current policies t
2030 & 2035 targets only
Based on submitted NDC targets* t
Pledges & targets
+4°C Based on 2030 & 2035 NDC targets* and
2030 submitted and binding long-term targets t
Polici & 2035 .. .
OlicleS  rargets Optimistic scenario
& action only Best case scenario and assumes full
Pledges implementation of all announced targets
+3°C & targets including net zero targets, LTSs and NDCs*
= +2.6°C ' : OPtiMiS.tiC + Temperatures continue to rise after 2100
° scena:rlo * |f either 2030 or 2035 NDC targets are weaker than projected
‘ 19 1° +2.2 C +2.4°C emi.s:?ions levgls under policies & action, we use levels from
+2°C . ) +1.9°C Policies & action
5 +1.5°C
+1.5°C < 5 ;
—— 1.5°CPARIS AGREEMENT GOAL CAT warmi ng projectlons
WEARETERE Global temperature
1 L BAIINg increase by 2100
November 2025 Update
PRE-INDUSTRIAL AVERAGE
Global mean y . . N .
temperature Conseq uences cli math ues des scénarios
Increase
L actuels et engages

https://climateactiontracker.org/global/cat-thermometer/
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2035 EMISSIONS GAPS

CAT projections and resulting
emissions gaps in meeting the 1.5°C
Paris Agreement goal

—Policies & action

Historical
incl. LULUCF b

Target Implementation
gap gap
26 - 31 31-37
GtCOze GtCOze

1.5°C emissions gaps in 2035

Gaps are calculated against the median ﬂﬁ‘i?ate Nov 2025
E Lt ° ction
of the benchmark emissions for 1.5°C. Tracker Update

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

https://climateactiontracker.org/global/cat-emissions-gaps/



Pays : contributions proposees

If all countries followed the rated
country's approach, warming
could be held below—but not well
below—2°C for the "Almost
Sufficient” category. For the
“Insufficient” category, the range is
2°C to 3°C, for the "Highly
Insufficient” 3°C to 4°C, and for
“Critically insufficient” above 4°C.
Given that the overall rating is an
aggregate of different elements,
we do not provide a warming
range for it

http://climateactiontracker.org/countries.html
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ADAPTATION AU CHANGEMENT
CLIMATIQUE

Robustesse : résister a toute une série
d'issues sans impact ou presque

Resilience : se rétablir vite apres un impact



TOUT réchauffement évité est un réchauffement

auquel on n‘aura pas a s'adapter o
(méme si on n’atteint pas les objectifs de Paris) Bl Very high
B High

Moderate

Undetectable

e.g. coral
reefs decline

- Q Q Q'f‘:'

Transition range

Confidence level
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e "(_:"lm‘ s L transition range
eels dechne L -

| by 70-90%
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ADAPTATION _

A Incremental k adaptation through

adaptation through learning and feedback
successful coping -

—p

C Coping to maintain

Coping

status quo, undertake

adaptive strategies
\ \ \ where possible

Adapting

No
am
response =

) D Increased E Maladaptive outcome
Maladapt"‘g vulnerability through of strategies initially set

inaction out to help adapt 128




Spectrum
(Worst to Best)

Outcomes

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fi

Target population
irreversibly more
vulnerable to climate
change

Target population more
vulnerable to climate
change, still fixable

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on

choices/Future adaptation

opportunities in future
undermined

Eventail d
des strategies de (mal)adaptation

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

2

Others adversely
affected by strategy

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Ineffective
Adaptation

Strategy has
negligible
positive or
negative impact

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability
still remain

 — }

Vulnerability to climate
change addressed

Root causes of vulnerability
addressed through system
transformation

es Issues possibles
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Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Ineffective
Adaptation

Strategy has
negligible
positive or
negative impact

Une adaptation efficace renforce
la reésilience a court et long terme
produit des co-bénefices

et exige de la coopéeration

s://www.sciencedirect.com/science/article/pii/S25903322203048384fig2

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Impacts of climate
change addressed, root
causes of vulnerability
still remain

Small-scale irrigation is
developed for farmers,
but climate change
continues to pose
challenge for agriculture

Vulnerability to climate
change addressed

Mediation groups with
upstream/downstream
users are established to
help create sustainable
quotas for water use,
making everyone happy,
building social capital

Root causes of vulnerability
addressed through system
transformation

Few or no real-world
examples exist — this is
an ideal outcome




Target population
irreversibly more
vulnerable to climate
change

Spectrum
(Worst to Best)

Target population more
vulnerable to climate
change, still fixable

Others adversely
affected by strategy

Ineffective
Adaptation

Higher vulnerability to
climate change than
before, vulnerability new
or different
Pathway Lock-in based on
choices/Future adaptation
opportunities in future
undermined

Outcomes

Sell land when value almost
nothing due to climate
pressures, quit farming to
do wage labour in climate-
sensitive sector likely to
result in loss of
employment in the near
future

https://www.sciencedirect.com/science/article/pii/S2590332220304838#fig2

Higher vulnerability to climate
change than before
High opportunity costs
High risk of pathway lock-in,
but some opportunities to
reverse remain

Maintain land but engage in
seasonal wage labour
elsewhere, missing
opportunities to improve
farming conditions, making
changes to livelihood strategy
costly or impossible

Higher or new
vulnerability introduced
Limited or no options for

addressing new
vulnerability

Develop irrigation that
extends life of farming
practices in the location,
creates significant water
stress downstream leading
to new climate change
vulnerability

Short-medium
term effectiveness,
no negative
consequences in
the long term

Long-term
positive impact

Transformation to
climate resilient
pathway

Strategy has
negligible
positive or
negative impact

Impacts of climate
change addressed, root
causes of vulnerability
still remain

®
Effective Adaptation

Vulnerability to climate
change addressed

Root causes of vulnerability
addressed through system
transformation

La maladaptation peut apporter
des bénéfices a court terme, mais
créeer des conflits et ne menera pas

a une durabilité a long terme




EN OUTRE, I'adaptation est plus facile et plus

efficace a des niveaux de rechauffement plus bas

Agro-forestry
and forestry

Changes in cropping
pattern and crop system

Effectiveness I |
Large Moderate Small Negligible

EF—
= |=
= |=F
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. - : Climate
Biodiversity measures change
(& corresponding sections in the main text)

Co-bénéfices S—

] Avoiding deforestation (2.1) +
et a rb Itrag eS Avoiding degradation of permafrost areas
+
(2.1)
I ) - Reforestation, avoiding forests degradation .
e | dCliOn ex
CI | matl e Coastal restoration (2.1) +
q U Restoring degraded semi-arid ecosystems )
(2.1) '
Restoring inland wetlands (2.1) ?
Contribution to climate change mitigation Reliability of the mitigation outcome
Significantly positive, strong scientific evidence Indirect positive ++ High
Potentially positive, incomplete evidence & quantification Loose or non-existent link + Medium

Unresolved, lack of evidence, system-dependent, tradeoffs Negative, strong scientific evidence  ? Unresolved, lack of evidence

i wiley.com/doi/pdfdirect/10.1111/gcb.16109




Reflecting solar radiation

Géo-ingénierie
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Reflecting solar radiation

-'.°I°.'.-'. Stratospheric
aerosols

Absorbing
carbon dioxide

}

Marine cloud
brightening

Gestio

P —

l ] | ) v . i
n du rayonnement solaire|

|
|



3
o e o . O
St @ Space mirror

Q Q Stratospheric

aerosols

9{9
o
0

- F : / \
2 o 2 o 2 Marine cloud " B &
s ¥ s 9 g brightening Absorbing \
o 9 carbon dioxide

= =] ]

1 I 1

e G |

i Y s S i

L A G =

i = B




138

Pas theorique...

Inside Climate News raereemns s |nsight: How two weather balloons led
Mexico to ban solar geoengineering
Nistios & Healt By Cassandra Garrison / N ( N ¢ ‘
. - March 27, 2023 4:02 PM EDT - Updated March 27, 2023 ‘ D ‘ ‘ Aa ’ ‘ < ‘

An Indigenous Group’s Objection to
Geoengineering Spurs a Debate About Social
Justice in Climate Science

The Sami people of Northern Sweden say blocking out the sun with
reflective particles to cool the earth is the kind of thinking that
produced the climate crisis in the first place.

By Haley Dunleavy
July 7,2021

PLANET

A Private Company Wants to Block
the Sun, Responsibly

Stardust sold geoengineering to investors. Now it needs to sell it to the Climeworks Signs firSt AI car bon removal deal
public.

By Molly Burgess
By Alexander C. Kaufman ‘

8 hoursago - 2 min read [J Bookmark



Manciimeworks (centrale Mamm;th)iiity

Located in Iceland, Mammoth is about ten times bigger than its predecessor
plant, Orca.

® Entreprise : ClimeWorks, lieu : Islande

® Alimentée & 100 % par une énergie renouvelable (géothermie) ; f" 5
capacité maximale visée de 36 000 t de CO2 par an
(un peu moins en réalité)

® Emissions humaines mondiales annuelles de CO2 : ~38.6
MILLIARDS de tonnes (2024)

Pour neutraliser ces émissions de CO2, il faudrait
~1 072 222 de ces centrales fonctionnant a capacité
équivalente (p. ex. entiéerement alimentées aux renouvelables).

https://climeworks.com/news/the-carbon-removal-production-waterfall




Inconvénients de 'EDC

Peut couter cher a
mettre en ceuvre a grande échelle

Les bénéfices climatiques peuvent
mettre longtemps a apparaitre

Peut avoir d'autres
conséquences imprevues
sur les ecosystemes (p. ex.
fertilisation des océans)

Inconvénients de la GRS

Doit étre entretenue en permanence,
ce qui peut colter cher

Ne regle pas du tout le probleme
de I'acidification des océans

Cauchemar de gouvernance mondiale

Peut avoir d’autres conséquences

climatiques imprévues (p. ex. précipitations)

AUCUNE N’A ETE DEMONTREE EFFICACE A UNE ECHELLE
SUFFISANTE POUR CONTRER LE CHANGEMENT CLIMATIQUE (POUR L’ INSTANT).



La seule chose dont on sait qu’elle marche,
c’est de laisser les fossiles dans le sol

50 25
a) CO, emissions (billion tonnes per year) ¢) Warming relative to 1850-1900 (°C)

40 - .
0 - Net Zero scenario

30

Emissions, IPCC —p 15-

Glossary definition

20

10 4
10 ...stabilizing global
0 . temperature
———————————
=10 , 0.5+ Mid-range response,
Passive uptake constant post-2020 @ B
-20 by land & ocean non-CO, forcing 503
| | | 1 OO | | I |
2000 2025 2050 2075 2100 2125 2150 2000 2025 2050 2075 2100 2125 215(

https://www.nature.com/articles/s41586-024-08326-8 141




Repensez a la séance. Quelles sont les
trois choses que vous voulez le plus
retenir ? Prenez 60 secondes



PLUS D’EMISSIONS = PLUS DE RECHAUFFEMENT
ne s'arréte que quand les emissions s’arrétent

Eviter le pire exigera A LA FOIS
adaptation et attenuation

Toute decision politique devra tenir compte de nombreuses
incertitudes sur la reponse du systeme climatique,
les co-bénéfices et les arbitrages

Les projets de geo-ingeénierie sont, au mieux, des palliatifs
et n'ont jamais eté demontres efficaces a grande éechelle






