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Crise climatique

- Réchauffement global (1970-2020)

Global Warming Stripes #showyourstripes

. G lobal Warming and biodivers Tt\(' loss 1970 — 2020 biodversitystripes.info Data: LP 12024, Living Plane ;r::-::

Crise de la biodiversité

E — Perte de biodiversité (Living Planet Index, 1970-2020)
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+1.19°C en 2014-2023
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Forster et al. 2024
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+1.19°C en 2014-2023

14F +1.7-1.8°C en France
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Réchauffement Global / Changement climatique

Daily Sea Surface Temperature, World (60°S—-60°N, 0-360°E) = Export Chart Arctic Sea Ice Extent

Dataset: NOAA OISST V2.1 | Image Credit: ClimateReanalyzer.org, Climate Change Institute, University of Maine . .
ang 19012020 (Area of ocean with at least 15% sea ice)
- 2024

2023

== Canicules marines,

2020

=¢ Fonte de la banquise

2017

=t Précipitations Extrémes
2015 4
2014

2013

2012 F AN

2011

2010

2009

2008

2007

2006

2005

13w

—2024-2025

-=2012-2013

——1981-2010 Median
Interquartile Range
Inter‘decile Range

Sep Oct Nov Dec Jan
02 Dec 2024

Extent (millions of square kilometers)

National Snow and Ice Data Center, University of Colorado Boulder

Small
. Islands

Central
America

- Type of observed change
- in heavy precipitation
Small VY precip

Islands ‘ Increase (19)
O Decrease (0)

O Low agreement in the type of change (8)

i O Limited data and/or literature (18)
,2021
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Evolution de I'abondance des populations d’oiseaux communs spécialistes
en métropole entre 1989 et 2021

A

Milieux forestiers

‘ -2 %

Abondance des oiseaux
communs spécialistes

en France

-33 %

Indice base 100 en 1989
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Office Francais de la Biodiversité, 2023.
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Global warming and biodiversit Qu e I I eS SO nt I es
causes ?
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(a) Decade-average warming  (b) ARG Update: Decade-average warming contributions
given by observations assessed from attribution studies

100% du réchauffement observé est
attribué aux activités humaines (GIEC, 2021)

0
£

La plupart des autres modifications du climat
(extrémes, niveau des mers, fonte des glaces, ...)
I sont aussi attribuées aux activités humaines

Autres
causes
on o
- B anth.
ol (]
sl
E ] ‘
|
. Gaz a
Observations Facteurs
effet
naturels
de
serre

Attributable change in global mean surface temperature since 1850-1900 (°C)




https://pixnio.com/fr/nature-paysages/ciel-fr/ciel-nuage-temps-nuage-
atmosphere-ciel-soleil-stratosphere-lumiere-du-soleil
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Perte d’habitats, Surexploitation, Saisonnalité
fragmentation des modification des perturbée, migration
habitats, pesticides milieux vers le nord, extrémes
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Réponses évolutives du vivant au changement climatique

‘ T N~ T T T TP C
: FCOLOGYINERNERS

Ecology Letters, (2013) 16: 1095-1103 doi: 10.1111/ele. 12144

LETTER Rates of projected climate change dramatically exceed past La réponse
rates of climatic niche evolution among vertebrate species 3 :
évolutive des

V4 V4

Abstract vertébrés aux
Ignacio Quintero* and John J A key quegtion in predicting responses to anthropogenic climate change is. how quickly can species adapt
Wiens2* to different climatic conditions? Here, we take a phylogenetic goproach to this question. We use 17 time- C h an ge me nt

cdibrated phylogenies representing the mgor tetrapod clades (amphibians, birds, crocodilians, mammas,

squamates, turtles) and cimatic data from digributions of > 500 extant species. We estimate rates of 1 1

change based on differences in dimatic variables between sster species and estimated times of ther plit- Cl | matl q ue eSt

ting. We compare these rates to predicted rates of climate change from 2000 to 2100. Our results are strik- .

ing: matching projected changes for 2100 would require rates of niche evolution that are > 10 000 times 10 OOO fOlS trOp

faster than rates typicaly observed among species, for most varigbles and clades. Despite many cavedts,
our results suggest that adaptation to projected changes in the next 100 years would require rates tha are
largdy unprecedented based on observed rates anong vertebrate species.

lente !

Keywords
Adaptation, climate change, extinction, niche evolution, vertebrates.

Eday Ltes (2013) 16: 1095-1103
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Réponses évolutives du vivant au changement climatique

Dans le canton de Vaud, en Suisse, la frequence des chouettes hulotte (Strix
aluco) au plumage clair régresse au profit de celle des chouettes a plumage
fonce (selection naturelle) en raison de la diminution du nombre de jours de
paysage enneigeé.

Roulin et al. 2003. Journal of
Avian Biology 34: 393-401
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De lI'importance des puits de carbone pour |'évolution du CO2

Sources

35.6 GtCO,/yr Combustion des réserves fossiles
09/ (charbon pétrole, gaz)

4.1 GtCO,/yr

Changement d’utilisation des sols (déforestation)

(Bilan du carbone pour 2014-2023, GCB — 2024)
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19.2 GtCO,/yr
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Sources | = |Sinks

19.2 GtCO,/yr
35.6 GtCO,/yr Gy

11.7 GtCO,/yr

= Dissolution du CO, en exceés,
~= transport en profondeur

10.5 GtCO,/yr B e
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2003: la température moyenne de juillet est de 6°C
plus élevée que la normale et le déficit annuel de
précipitation de 300 mm environ

La production primaire brute (forestiere) en Europe a
diminué de 30 %, ce qui correspond a une réduction
de séquestration du carbone de 0.5 Pg C, soit
I'annulation de quatre années fonction puits de
carbone des écosystemes européens.

Ciais P. et al. 2005. Nature 437: 529-523



La forét, stock de carbone

120 -

Stocks de carbone
(tonnes de C par ha)
dans des foréts de
feuillus (B) et de

Carbon stocks (Mg ha-1)
3

coniferes (C) en
Wallonie, Belgique
0

Latte et al. 2013. European Journal
of Forest Research 132: 565-577
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Tropical forests Boreal forests

—— " Disturbance, fires and aerosols A
) a ' Effets multiples de la

Moderate

Temperate forests

) V4 7’ (] .
cuapoae végetation dur le climat
Strong Moderate wa
carbon albedo Weak
storage (-) ‘ decrease (+) evaporative Strong
cooling (-) albedo

decrease (+)

Strong Moderate
Strong evaporative carbon ‘
carbon cooling (-) storage (-)

Moderate
storage (-) albedo
decrease (+)

Bonan G.B. 2008. Science
320: 1444-1449

Sign of radiative forcing:

Temperate forest: uncertain.

Boreal forest: positive (albedo > C sequestration).
Tropical forest: negative (strong C sequestration, cooling by evapotranspiration).



Température en °C
s

.o Température de l'air a

- 2 m au dessus du sol,
Bl 225220

B 2520 10 aolt 2003, 6

B 232-234

g heures du matin
[ 239-261

B

[ 258-260
[ 1261-262
[ ]263-264

APUR 2012. Les ilots de
chaleur urbains a Paris

] 275-276
B 27,7-278
B 27,9281
B 28.2-28,3



Et demain ?

TR T TSR | S BT o S



Le climat change en fonction de la latitude

Simulated change at 2 °C global warming

Simulated change at 2 °C global warming

0 051 15 2 25 3 35 4 45 5 55 6 65 7 >

Change (°C) ———
Warmer

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sxth 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. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, <--- =40 -30 -20 -10 0 10 20
O. Yelekgi, R. Yu and B. Zhou (eds.)]. Cambridge University Press. In Press.

 — Change (%)



Maximum speed at which species can move (km per decade)
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20

La course entre les
especes et les
| zones climatiques

- - RCP8.5 flat areas

Average climate velocity
2050-2090

Upper
bound

Median — m—

Lower
bound

- - RCP6.0 flat areas

[ RCP8.5 global average 4 —

RCP 4.5 (= SSP2-4.5): 2,6 — 3,5 °C en 2100

— RCP6.0 global average

RCP2.6 flat areas and global average
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IPCC, 2014: Summary for policymakers. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.0. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken,
P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, pp. 1-32.
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RCP 4.5 (= SSP2-4.5): 2,6 — 3,5 °Cen 2100

Fig. 2| Average number of tree speciesper squarekilometrethat are
climatically suitableacrossEurope (6,168,545 cells) under intermediate
climate change (RCP4.5). Barsin dark green show thenumber of species
continuously suitablefrom 2020 until therespectivedecade. For example, tree
speciesindark greeninthe2090sarethespeciesthat can beplanted today and
will bewithin their climatic nichethroughout the entiretwenty-first century.
Barsinlight green showthenumber of speciesthat becomesuitableinthis
decade because of climate changebut arenot yet within their climatic niche
under current conditions(and thushaveahigh plantingrisk today). Barsin brown
showthe number of specieslost in thisdecade, relativeto current conditions—
that is, speciesthat cannot be sustained within their climatic niche. Theerror bars
showthe coefficient of variation across Europe.

Wessely et al. 2024. Nature
Ecology and Evolution




Percentage of

biodiversity
exposed

>80%

+3.0°C

IPCC, 2022: Annex I: Global to*Regional Atlas [Pértner, H.-O., A. Alegria, V. Mdller, E.S. Poloczaia . Mintenbeck,
S. Goitze (eds.)]. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working=Group Il to

the Sixth Assessment Report of the Intergavernmental Panel on Climate Change[H.-0.-Pértner, D.C.Roberts, M:Tignor,

E.S. Poloczanska, K.Mintenbeck, A.Alegria, M. Craig, S.Langsdorf, S. Loschke, V. Mdller, A. Okem, B.Rama (eds.)].
Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2811-2896, doi:10.1017/9781009325844.028.
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Percentage of
biodiversity loss

75-100%

0-25%

Projected biodiversity loss
at +3°C global warming level

IPCC, 2022: Annex I: Global to Regional Atlas [Pértner, H.-0., A. Alegria, V. Méller, E.S. Poloczanska, K. Mintenbeck,
S. Gotze (eds.)]. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor, .

E.S. Poloczanska, K. Mintenbeck, A.Alegria, M. Craig, S.Langsdorf, S.Loéschke, V. Méller, A. Okem, B.Rama (eds.)].

Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2811-2896, doi:10.1017/9781009325844.028. E D.
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Quelles solutions ? s

Les solutions basées sur la nature pour (1) I'atténuation et pour (2) I'adaptation au changement climatique




RESEARCH

RESTORATION ECOLOGY

The global treerestoration potential

Jean-Francois Bastin™, Yelena Finegold?, Claude Garcia®?, Danilo M ollicone?,
M arcelo Rezende?, Devin Routh’, Constantin M. Zohner', Thomas W. Crowther’

Bastin et al. 2019. Science 76-79
Tree Cover (%)
10 Végétation + sol; émission

l ¥ annuelle de C: 7,8 gigatonnes

Excluding existing trees and
agricultural and urban areas, we found that there is room for an extra 0.9 billion hectares
Z of canopy cover, which could store 205 gigatonnes of carbon in areas that would naturally
support woodlands and forests. This highlights global tree restoration as one of the most
effective carbon drawdown solutions to date. However, climate change will alter this potential




Stockage de carbone
dans les écosystemes du
Carbone Bleu

Productivité / stockage importants
Mais surfaces limitées

NPP

g Cm2 j,rr_1 Range (Pg C}rr_])

Seagrass 394449 0.06-1.94
Macroalgae 91-522 0.127-2.9
Salt marsh 438-1100 0.17-0.42
Mangroves 394-1000 0.05-0.15
Total 0.407-5.41

: 24
1y Opportunity for
||/ /expansion/conservation

)

formation §- > ! Sediment
T stabilization

Foréts de mangroves

CO, uptake

Energy dlSﬂpﬂlon/Wa\’e'!ften ion Foae
i — e Carbonburial

Marais salés

CO, uptake
Energy dissipation/wave attentuation
Particle trapping
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Macro-AIgues

CO; uptake
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Dans des foréts d’Europe
centrale, plus le nombre
d’especes (hétre, chéne rouvre,
épicéa commun) présentes a
proximité d’'un méleze, plus la
productivité du méleze est
élevé
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130 210 sites d’'observation aux USA: au
dela de 35 especes, plus les especes
d’arbres sont nombreuses, plus les
pathogenes (insectes, champignons)
ont du mal a se disperser.

Un nombre élevé d’espéces d’arbres
peut freiner la dispersion des
pathogenes alors qu’une diversité
faible peut la favoriser.

Pest diversity

Diversité des arbres et résistance aux maladies
A

30

25 A

20 A

15

10 -

=t

ARG AN [y T B S A
R T Y T NI S e P | g S

10 20 30_40 .50 60
Tree diversity

99

90
.85
75
00

"'98€/-78€L ‘9TT SYNd '6T0C ‘[ 13 "D ONH



dede

j.,'l)ﬁlRECTS_‘,__j"
Récifs coralliens et protection contre les submersions cotieres

156°27'W
EXPLANATION

Flood Mask

100-year return period, with reefs

.h - “A G : : - | "'"i-.\ 100-year return period, without reefs
ki Reef and hardbottom

Healthy Coral Reef

Healthy reefs, formed by live corals, rise to near
the surface and serve as a natural breakwater,
significantly reducing wave energy

(USGS)

el » < > é 1 % .
> 1 Kilometers
S 3 L

Degraded Coral Reef ‘ N e

Kahului
Damaged coral reefs have lost the live corals L i
that provide the most protection, so much :

more wave energy reaches the coast




'-; = cycle de

~

e ¥

DIRECTS

~

Solutions climat fondées sur la nature
(IUCN)
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Examples of NbS application: Protection, restoration and sustainable

use of forest landscapes

Secures water supply, erosion control
Protection and risk reduction

or restoration
of coastal ecosystems
Brings community
resilience, disaster risk
reduction, economic
development
|

Providing space for rivers

to naturally flow
. Protection, restoration
- and management of wetlands Enables flood protection,
- -, water security
- : Provides water storage,
flood protection, food production
‘ h ; t Urban green and blue spaces

Empowers climate regulation,
betters human health,
social development, green jobs

Sustainable management ol aafin
of agroforestry systems

Offers food security,
water regulation, economic
and social development
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