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Ma légitimité sur le sujet des limites planétaires
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Ma légitimite sur le sujet des Iimj{‘es JEREIENEES
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Ma legitimite sur le sujet des limifes planetaires

C) Zoom sur quelques conséquences de l'interférence humaine sur le cycle de I'eau

Cycle de I'eau

Une science de
I’Anthropoceéne

ARTICLES

https://doi orz/101038/541561-019-0374-y

Human domination of the global water cycle

absent from depictions and perceptions

Benjamin W. Abbott® ', Kevin Bishop 92, Jay P. Zarnetske ©3, Camille Minaudo ®**, F. S. Chapin Il¢,
Stefan Krause’, David M. Hannah ©’, Lafe Conner ©?, David Ellison®", Sarah E. Godsey™,

Stephen Plont©3%, Jean Marcais™", Tamara Kolbe*™, Amanda Huebner', Rebecca J. Frei',

Tyler Hampton®', Sen Gu', Madeline Buhman', Sayedeh Sara Sayedi', Ovidiu Ursache",

Melissa Chapin®, Kathryn D. Henderson® and Gilles Pinay™

e Tt

Abott et al. 2019
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Mes limites sur les limites

INITIATIVE INDIVIDUELLE
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Objectifs de la présentation

 Definir le concept

* Naviguer dans I'etendue litterature et montrer ou est
la science dans le concept et dans le debat qu'll
suscite

* Ouvrir une discussion sur l'interét et les limites du
concept et son utilisation




Définition des limites planétaires
Ce qu’elle ne sont pas...

Comment la croissance

LiNTES A LA mo écon0m|que_ et

CROISSANCE el . demographique peuvent

MobELe WoRlLD3 +*"v | desoméesprécédentes 3 . 5

S0 RN ' . conduire a un effondrement
y = systemique sous contrainte

des limites physiques des

ressources naturelles et des

pollutions engendrées.

+/ + -
Pollution J—=> -

Meadows et al. 1972 (+ update)




Définition des limites planétaires

Ce qu’elle ne sont pas...

Limites a la croissance

LIMITES A LA e
CROISSANCE "‘ lﬂ{"ll{elfteﬂdeflnel

suite d |'effondrement

MobtL WorLD3 Aot | desomespricdens
STANDARD RUN s

.
.,
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.

Nourriture
Production

‘1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2104

+/ + -
Pollution |—> -

Meadows et al. 1972 (+ update)
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Comparaison entre:

- Empreinte: Superficie des
terres et des océans pour
produire la ressource
consommeée et absorber
les déchets géneres

- Biocapacité: la superficie
des terres et des océans
effectivement disponible
pour regéeneérer les
ressources et absorber les
pollutions.

Ce jeudi1”aolt 2024, c’estle ¥
L] I I [ I I I I

Evolution du jour du dépassement de la Terre : 1971-2024

Nombre de 1 planete Terre Lzzg'ﬁ‘”ete Terre
planétes Terre en1971
«consommeées»

Source: National Footprint and Biocapacity Accounts, édition 2024 m vert

data.footprintnetwork.org

Rees, 1992, Wackernagel and Rees, 1996



Définition des limites planétaires
Ce qu’elle ne sont pas...

Limites a la croissance

Empreinte écologique 8

Ce jeudi1”aolt 2024, c’estle 1
h iy g tdelaT

N 4 Evolution du jour du dépassement de la Terre : 1971-2024
R Facteurs socio- Indicateurs - Ml
CROISSANCE K . 2 Nov. I

Mookt Wor3 . economiques Globaux

STANDARD RUN

Avril

Limites Planétaires

aaaaaa

Ressources/Pollutions Rees, 1992, Wackernagel and Rees,

1996

Filiation revendiquée
Meadows et al. 1972 (+ update) (Rockstrom et al. 2009a)

Donner une voix a la Terre
dans les instances de
négociations a partir
d’indicateurs globaux

Définir des seuils critiques
indépendants des choix
socio-economiques et dont
le caractére « physique »

- non-négOCiabIe -




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the stability of the Earth system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Le cadre des limites planétaires définit un espace de fonctionnement sdr pour I'humanité sur la base des
processus biophysiques intrinseques qui réegulent la stabilité du systeme terre.

Limites Planétaires




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on 4% w ¢

the intrinsic biophysical processes that regulate the L »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Pal| Eocene |Oli| Mio | Plocene | Pleistocene | Holocene |

| S. Hemisphere Ice Sheets

N. Hemisphere Ice Sheets

= Zachos et al. (2008) = Liglecki & Raymo (2004)

60 40 20 5 3
Myr Before Present

Homo Erectus Homo Sapiens



Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the . »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

L'Europe au dernier maximum glaciaire

La température de la
planete était plus
froide qu’aujourd’hui
de 5°C

mid-Holocene

500 km
[[] Terres émergées
e




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the . »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

L'Europe au dernier maximum glaciai

mid-Holocene

TLE§ ALPES NORD-OCCIDENTALES.
MAXIMUM GLAC




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the . »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

mid-Holocene




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the . »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

» Début de I'agriculture

« Développement des grandes civilisations sur 'ensemble des continents.

« Des impacts humains connus (modifications d'occupation des sols, des feux,
extinction d'especes) mais rien de global jusqu'ici.

« The relatively stable, 11,700-year-long Holocene epoch, [is] the only state of the
planet that we know for certain can support contemporary human societies »

Steffen et al. 2015




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the intrinsic biophysical processes that regulate the . »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Evolution future qui pose la question de
|  Holocene |  Anthropocene | la réversibi"té des trajectoires

Glacial-interglacial
limit cycle

o

—

Holocene

N
Anthropocene

2 f:'arrhSysrem @Human /
~ stewardship o¥ Bemissions
..-ll-‘ . ‘
’.‘

% Biosphere / / |/,
.degradanon ,f /]

= l Intrinsic / / !

‘Stabilized Earth’ | \ & feedbacks ”

Neliid E/aré

Stability

Temperature

]
Cold Hot

» Historical
strial

Steffen et al. 2018, PNAS

“Environmental changes that would be
deleterious or even catastrophic for

human well-being”
Rockstrom et al. 2009a




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the that regulate the stability of the Earth system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

|  Holocene | Anthropocene




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the INtrinsic biophysical processes that regulate the stability of the Earth system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023) GCoralboilndaries

Cadre d’analyse Extraction boundaries
Waste boundaries

Novel Entities

Biosphere
Integrity

Stratospheric Ozone
Depletion




Définition des limites planétaires

« The planetary boundaries framework defines a safe operating space for humanity based on

the INtrinsic biophysical processes that regulate the stability of the Earth system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023) Core boundaries

Cadre d’analyse Extraction boundaries
Climate Waste boundaries

Change Novel Entities

Biosphere
Integrity

Stratospheric Ozone
Denletio




Définition des limites planétaires

« The planetary boundaries framework defines a based on

the that regulate the stability of the Earth system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Extraction boundaries
: : Waste boundaries
9 processus biophysiques Novel Entities

« Déterminent la capacité d’auto-régulation
du systeme Terre
« Variables ple controle T TR
» Descripteurs (1 ou 2) de chaque processus Depletion
» Echelle globale — ou régionale agregée
« Seuils pour chague processus

Process X Process Y

Globally mixed, with continental/global threshold Heterogeneous, with no continental/global threshold

Atmospheric
Planetary Land-SyStem

Global e h Aerosol

feedbacks 1 C ange Loadl ng
% é Local/regional
§ § thresholds
§ Local/regional ?-,
£l impacts &

Freshwater Ocean
Change Acidification
Control vlariable Control variable BI O g eO C h m I C al

Flows

. Safe operating space Zone of uncertainty: Increasing risk of impacts - Dangerous level: High risk of serious impacts




Définition des limites planétaires

« The planetary boundaries framework defines a based on

the that regulate the system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Traduction personnelle Cerveau

Globally mixed, with continental/global threshold Seuil p hyS i Olog |q ue au-del é.
L e , : ety duquel les capacités cognitives
Le cadre des limites planétaire permet d'évaluer si la : ko diminuent voire s’effondrent

Terre est en bonne santé: (coma éthylique)

- les processus sont les organes vitaux de la Terre

- les seuils sont les valeurs critiques

- les limites sur l'organe sont les valeurs a ne pas
franchir pour ne pas menacer le fonctionnement
d'un organe

Incertitude liée a la physiologie
de chacun, étre a jeun, Iésions
tube digestif, ...(3g/1 — 8g/l)

n
&)
>
=
=
o
o
O
o
N
i
3
@
o
-
Q

Seuil « safe » 0.5g/I - arbitraire

|
Control vari*ﬁux d’alcool

. Safe operating space Zone of uncertainty: Increasing risk of impacts . Dangerous level: High risk of serious impacts

Variable a seulil



Définition des limites planétaires

« The planetary boundaries framework defines a based

on the that regulate the system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

Traduction personnelle Cerveau Foie

Globally mixed, with continental/global threshold Heterogeneous, with no continentai/global threshold

Planetary
boundary

Planetary
boundary

Le cadre des limites planétaire permet d'évaluer si la

Terre est en bonne santé:

- les processus sont les organes vitaux de la Terre

- les seuils sont les valeurs critiques

- les limites sur l'organe sont les valeurs a ne pas
franchir pour ne pas menacer le fonctionnement
d'un organe

- ou avoir un impact important sur un autre organe ] Control variable  Ajoo| Control variable o0

- I'Holocene définit I'état de bonne santé de
référence.

Global
feedbacks

e

Local/regional
thresholds

Fonction hépatique

Local/regional
impacts

Capacités cognitives

1

I

I

1

I

I

I

I

I

|
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1
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. Safe operating space Zone of uncertainty: Increasing risk of impacts - Dangerous level: High risk of serious impacts

Variable a seulil Seuil non défini



Définition des limites planétaires

« The planetary boundaries framework defines a based

on the that regulate the system. »
(Rockstrom et al. 2009a,b; Steffen et al. 2015; Richardson et al. 2023)

. 9 processus biophysiques Quelle science derriere le concept ?

« Déterminent la capacité d’auto-régulation
du systeme Terre
« Variables de contrdle
» Descripteurs (1 ou 2) de chaque processus
» Echelle globale — ou régionale agregée
« Seuils pour chague processus

Process X Process Y

Climate change

Globally mixed, with continental/global threshold Heterogeneous, with no continental/global threshold

Global
feedbacks

—

Local/regional
thresholds

Local/regional
impacts

Response variable

&Y
e
(]
=
[
>
o
)
c
o
[o%
a
]
-4

1]
Control variable Control variable

. Safe operating space Zone of uncer i . Dangerous level: High risk of serious impacts

Rockstrom et al. 2009b, Nature



Quelle science derriere le concept ?

Rockstrom et al. 2009b, Nature Rockstrom et al. 2009a,
I Non peer-reviewed !! Ecology & Society
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Quelle science derriere le concept ?
Dynamique des systemes

Small forcing

—

Big external change
Rockstrom et al., 2009 16th September 2009

Ecosystem State
Ecosystem State

Supplementary Information

affecting an almost O, across a
linearly responding system threshold

Table of Contents Conditions Conditions

d
Small forcing
across border of

<

Supplementary Di .
1. Small forcing

mics of sy
tting boundari J son with other approaches
ption of the climate change boundary
cription of the global freshwater use boundary
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e
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Supplementary Methods
1. Method for identifying and defining planetary boundaries
2. Data and data treatment for computing figure 4

Supplementary Notes
1. Additional references for Supplementary Information

Conditions Conditions

Figure S2. Degree of change in conditions required to generate large impacts in system state.
For systems characterized by non-linear threshold dynamics a small forcing can generate large
change, while systems responding largely linearly to change, will require big external change to
cause large impacts. Source: Scheffer (2009).

Process X Process Y
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Global
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Rockstrom et al. 2009, Ecology & Society

[ safe operating space Zone of uncertainty: Increasing risk of impacts [JJf] Dangerous level: High risk of serious impacts




Quelle science derriere le concept ?

Rockstrom et al. 2009b, Nature
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species-years exceeds the space available in the figure. Although climate change, ocean acidification,
. stratospherij ozone deplgiiog, land-use C:Engc. freshwater use, and interferencg wi?_ﬁ)c phosphorus
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amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).

\

d e co ntr@ | e Chemical pollution idiﬁcalion L | m |te
- 1990 '

Not yet quantified
\

- 1970 4 [ " -

Atmospheric ‘ \ Stratospheric
- 1950aerosol loading | ‘\ ozone depletion

]
\
< '

Niveau moyen de
_ Climate charige reférence (Holocene)
Valeur de la variable
- Donnée laplus
récente en 2009
Not yet quantified ;' \
/
//

Nitrogen cycle
(biogeochemical
flow boundary)

Phosphorus cycle
(biogeochemical
flow boundary)

Land system cm

Global freshwater use

Rockstrom et al. 2009, Ecology & Society




Quelle science derriere le concept ?

Ecology and Society 14(2): 32

http:/fwww pre/vol14/iss2/art32

Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
saturation state, and stratospheric ozone concentration, percentage of land under crops, maximum
amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).

Climate change

Chemical pollution

Not yetq ified Ocean acidification

Atmospheric
aerosol loading |
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Stratospheric
| ozone depletion
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flow boundary)

Land system change Global freshwater use
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Rockstrom et al. 2009, Ecology & Societ
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Quelle science derriere le concept ?

Ecology and Society 14(2): 32
http:/fwww ciety.org/vol | 4/iss2 art32

Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
saturation state, and stratospheric ozone concentration, percentage of land under crops, maximum
amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).
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Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
saturation state, and stratospheric ozone concentration, percentage of land under crops, maximum
amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).
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Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
saturation state, and stratospheric ozone concentration, percentage of land under crops, maximum
amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).
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Global freshwater use

Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
saturation state, and stratospheric ozone concentration, percentage of land under crops, maximum
amount of global annual freshwater use, cumulative P loading in oceans, respectively), the remaining
boundary, biodiversity loss, and the component of the biogeochemical boundary related to the human
interference with the N cycle are defined by rates of change for each respective control variable
(extinctions per million species per year, rate of N, removed from atmosphere for human use).
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Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
industrial levels to the present (see Appendix 1, Supplementary Methods 2 for details). The inner (green)
shaded nonagon represents the safe operating space with proposed boundary levels at its outer contour.
The extent of the wedges for each boundary shows the estimate of current position of the control
variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
variable. For biodiversity loss, the estimated current boundary level of >100 extinctions per million
species-years exceeds the space available in the figure. Although climate change, ocean acidification,
stratospheric ozone depletion, land-use change, freshwater use, and interference with the phosphorus
cycle are boundaries defined as the state of a variable (concentration of atmospheric CO,, aragonite
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Littérature scientifique

Critiques constructives

Choix de processus

Choix des variables considérées non
représentative du processus souvent trop
réducteur de la complexité

Mauvaise estimation des variables.
Mauvaise prise en compte des interactions
entre processus

Choix des seuils qui cachent des sous-
seuils régionaux non représentes.
Incompatibilite du concept aux
problématiques locales et régionales
Subjectivité des limites basées sur des
criteres influencés par le contexte socio-
eéconomique (capacité a appréhender le
risque)

L'espace « safe » ne garantit par le bien-
étre
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criteres influencés par le contexte socio-
eéconomique (capacité a appréhender le
risque)

L'espace « safe » ne garantit par le bien-
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Critiques anti-PB

Il N’y a que de l'arbitraire

Les indicateurs ne sont pas pertinents

Les limites reposent sur la définition de
tipping point dont [I'existence n’est pas
scientifiquement avérée

Les processus sont des boites noires dont
la complexité est ignorée

Les concepts sont flous non objectives

Le choix du vocabulaire repose souvent sur
I'émotionnel

Risque de deécrédibiliser les scientifiques
aupres des décideurs

Ignore les initiatives communautaires dans
lequel il y a une vraie construction de
consensus scientifique et une interaction
avec les acteurs (IPBES)

Intheir final reply itici Y i Rockstrom, Ri i
al. i iticismi: i i on: F. Pharand-Dy

PLANETARY BOUNDARIES

A doubly frustrating exchange

A final reply to Montoya et. al's criticism of the planetary boundaries framework

Rockstrom et al. 2018b

The notion of a ‘safe operating
space for biodiversity’ is vague
and encourages harmful policies.
Attempts to fix it strip it of all mean-
ingful content. Ecology is rapidly
gaining insights into the connec-
tions between biodiversity and eco-
system stability. We have no option
but to understand ecological com-
plexity and act accordingly.

Montaya et al. 20183,
Trends in Ecology and
Evolution

fundamental misrepresentation of the

Planetary Boundaries framework
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Un concept au succes planétaire sans limites...

" “In 2007 Bo Ekman [Tdllberg Foundation] made the point that Earth is
2 always the missing ‘stakeholder’ around any negotiation table — be it
#=  climate, trade, or finance,” explains Rockstrom. “So, his idea was to create
a big (like ten metres in diameter) round table, have Earth depicted visually
g‘ as the “cloth” and run a negotiation with actors from business, culture,
-k science, politics, etc., over how to govern humanity’s future on Earth.
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Un concept au succes planétaire sans limites...
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" “In 2007 Bo Ekman [Tdllberg Foundation] made the point that Earth is Médiatique « Planetary boundaries »
\’/ always the missing ‘stakeholder’ around any negotiation table — be it . ONG
# = climate, trade, or finance,” explains Rockstrom. “So, his idea was to create - Journaux
a big (like ten metres in diameter) round table, have Earth depicted visually - Médias en ligne
g‘, as the “cloth” and run a negotiation with actors from business, culture,
«% ¥ L1 science, politics, etc., over how to govern humanity’s future on Earth.
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Au-dela du débat?

The trajectory of the Anthropocene: The Great Acceleration

Steffen et al. 2015, The Anthropocene review
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Approche en silo
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Approche en silo

Fleuve Sénégal
La breche de Saint Louis

Remede pire que le mal:
salinisation des terres par
incursion d’eau de mer.



Approche en silo
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Hydroclimatic ~ Water Economic
trends T supply damage

Resarvaoir Public
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— Short-term response
» Long-term planning
— External drivers

Fig. 1| Water supply to cope with water shortage. The causal loop diagram
shows the positive (+) and negative (=) feedbacks between physical,
technical and social processes, This diagram is based on traditional
approaches in water management and long-term planning that emphasize
the role of external drivers of change (black arrows): sociveconomic

trends influencing water demand and hydroclimatic trends influencing
water supply.

Di Baldassarre et al. 2018, Nature Sustainability
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Fig. 2 | Water supply can worsen water shortage. The cavsal loop diagram
shows the positive (+) and negative (—) feedbacks between physical,
technical and social processes, Qur hypothesis emphasizes the role of
internal feedback mechanisms, and the potential emergence of

long-term dynamics: supply-demand cycle (red loop) and reservoir
effects (pink loop).




Petit exemple de maladaptation

(a) Number of farmponds

Agricultural Water Management

journal homepage:

How can resource-level thresholds guide sustainable intensification of
agriculture at farm level? A system dynamics study of farm-pond
based intensification

Pooja Prasad ™" , Om P. Damani “**, Milind Sohoni

Intensive tple cropped greg —
Orchard

(c) Groundwater behaviour and fraction demand met
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Recommandation de lecture

— Archétype systémique A

Thinking in Systems Comprendre
> pour bien agir

Donella H. Meadows

——b | eviers systémiques ./

Mental models
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System
structure
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- - * Utilisation et cycle de I'eau douce
Les 9 limites planétaires o rlvements n 2 doves g
,,—1111.1(?,5[ h act

le cycle de l'e

~,, Changement climatique 444

— Eau bleue : 2 600 km?fan prélevés {‘G'?‘ («(
/Y Les émissions anthropiques perturbent I'équilibre @ (seuils Iimiies%OOO-SOngm’/an) ST
A , climatique avec de multiples conséquences : Eau verte : anomalie d'humidité
/] hausse des températures, cvcncmcnt_slcllmathucs pour 18 % des sols (limite : 10 %)
extrémes, montée des océans, disparition d'espéces... 0,2 % des prélévements nets mondiaux <%
Augmentation censtante de la concentration annuels pour 'eau b!eue, BVEC
%9 de CO. dans I'atmosphére : 425 ppm en 2023 localement des tensions saisonniéres.
" contre 280 ppm en 1850, 5
Acidification des océans
::ma':;:";?iag;T[;?nye?;ﬁieégancals 3 olution de CO; dans l'océan réduit
mopyenne mondiale. P ? , le I'eau de mer, entrainant une
’ diminution des carbonates nécessaires a
a formation des coquillages en aragonite
 Erosion de la biodiversité Eay

£7» En 2015, Iétat de saturation de l'eau
Destruction d'habitats, exploitation yé de mer en aragonite est estimé a
d'espéces, pollution... le déclin de la nature 84 % du niveau préindustriel.
s'accentue, menacant |a santé des écosystémes
et le bien-étre humain.

£7 Entre 100 et 1 000 extinctions d'espaces
‘2 ¥ par an sur 1 million d'espéces.

i SR Appavvrissement de l'ozone stratosphérique
Lindice de risque d'extinction d'espéces 5 o /— @ Les substances appauvrissant la couche

a augmenté de 99 % entre 2000 et 2022, d'ozone réduisent son protecteur

contre 35 % dans le reste du monde. 1 . , face aux rayons du soleil, nocifs pour la

Phosphore | ' santé humaine et les écosystémes

J p"; La concentration d'ozone dans
A | » ¥ la stratosphére est estimée a

Azote 285 DU (unités Dobson) en
\ 2015 (limite : 275 DU).

L'excés d'azote et de phosphore \
apporté aux cultures (engrais) dégrade
les milieux aguatiques : eutrophisation des
rivigres et anoxie des océans. Augmentation des aérosols
dans I'atmosphére = .
L

7y 150 Mt d'azote rejetées dans la nature (seuils limites :
"’-9 6262 Mr) et 22 Mt de phosphore arrivant en mer /5 Une quantité croissante d'aérosols
par les cours d'eau chague année (limites : 11100 Mt). ) Seec, ¢ % R
(petites particules en suspension) émis
L'excés d'azote atteint la limite planétaire ¢ dans I'atmosphére po‘rturbeAle climateta
(55 kg/ha). L'excés de phosphere (2 kgfha) des effets sur la santé humaine. p
respecte la limite. , Pas de seuil global défini en I'absence (¢
de connaissances suffisantes.

Changement d’vsage des sols
i La déforestation au profit de |"agriculture Introduction d’entités
réduit la capacité des foréts a jover leur lles d a bi he
' 4 réle de puits de carbone indispensable 4 la nouvelles dans la biosphere

ation du climat. La production de produits chimiques et

y, plastiques augmente si vite que la capacité 2 Limite
d‘évaluation des risques pour 'homme et |a 0
biosphére est dépassée.

*La situation décrite

) o
est celle connue 1 - £7» Seulement 62 % de la surface occupée par des
avant la derniére ] 6}3.@’ . ),9 foréts avant 1700 est toujours boisée en 2015.

publication du - M forte incertitude
Stockholm Resilience - Par ses importations de matiéres premiéres, a Produits chimiques : production (Rsqua crossant)
Centre de septembre la France exerce une pression forte sur ‘2 ¥ multipliée par 50 depuis 1950. Produits M non dépassée
2023. la ressource fonciére étrangére. plastiques : + 79 % entre 2000 et 2015

M dépassée (risque élevé)

non quantifiée

M 10 - La France face aux neuf limites planétaires La France face aux neuf limites planétaires - 11

https://www.statistiques.developpement-durable.gouv.fr/edition-numerique/la-france-face-aux-neuf-limites-planetaires/
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