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Objectifs de la présentation

Définir le concept de Limites Planetaires
Décrire la science mobilisee dans le concept
Presenter les critigues du concept

Discuter du cadre de son utilisation

Ouvrir vers la demarche systemigque




Définition des limites planétaires
Ce qu'elles ne sont pas...

Comment la croissance

LIMITES A LA ey éC0n0mIque et

(ROISSANCE o b déemographique peuvent

MobELe WorLD3 7%, | desaméesprécédentes E . a

Stunoi Run ' conduire a un effondrement

7l = systémique sous contrainte

des limites physiques des
ressources naturelles et des

pollutions engendrees.

- +

+/ + -
Pollution |]—= -

Meadows et al. 1972 (+ update)




Définition des limites planétaires
Ce qu'elles ne sont pas...

Ce jeudi 1 aolt 2024, c’est le
L] I I - I I I I

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

Comparaison entre:
LIMTES A LA s m w - Empreinte: Superficie des
RN | terres et des océans pour
St o produire la ressource
/ ATp : consommee et absorber

les déchets géneres

- Biocapacité: la superficie
des terres et des océans
effectivement disponible
pour regéenérer les
ressources et absorber les e . Lplepste e .

pollutions.

Production

'1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2108

Source: National Footprint and Biocapacity Accounts, édition 2024 k} vert
data footprintnetwork.org

Rees, 1992, Wackernagel and Rees, 1996
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Pollution J—=> -

Meadows et al. 1972 (+ update)




Définition des limites planétaires
Ce qu'elles ne sont pas...

Limites a la croissance
Ce jeudi1”aolt 2024, c’est le | =

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

LIMTES A LA ’ Facteurs socio- Indicateurs

CROISSANCE

e Wowws 1 économiques Globaux

STANDARD RUN

Limites Planétaires

Ressources/Pollutions Rees, 1992, Wackernagel and Rees,

1996

[rotuton | —= [Resourees] - Filiation revendiquée
Meadows et al. 1972 (+ update) (ROCkStrbm et al. 20093.)

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

Définir des seuils critiques
indépendants des choix
socio-économiques et dont
le caractere « 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'numanité sur la base des
processus biophysiques intrinséques qui régulent la stabilité du systeme terre.

Limites Planétaires




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)

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

| S. Hemisphere Ice Sheets

N. Hemisphere Ice Sheets

d

mid-Pliccene

e Zachos et al. (2008) e |iglockl & Raymo (2004)

60 40 20 5 3
Myr Before Present
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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

S00 km
[ Terresémergées
[ Gicies




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

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)

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)

|  Holocene

» Début de I'agriculture
« Développement des grandes civilisations sur I'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
la réversibilité des trajectoires
I riocens e Environmental changes that would be

deleterious or even catastrophic for human
well-being” Rockstrom et al. 2009a
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Steffen et al. 2018, PNAS




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)

On oscille tranquille dans I'Holocéne
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limit cycle

Holocene
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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)
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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)
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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)

Cadre d’analyse
Core boundaries
Extraction boundaries
Waste boundaries

Climate

Change Novel Entities

Biosphere
In

Stratospheric Ozone




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)

Cadre d’analyse

Core boundaries
Extraction boundaries
Waste boundaries

Climate

Change 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)

Cadre d’analyse

Core boundaries
Extraction boundaries
Waste boundaries

Climate

Change Novel Entities

Biosphere

Integrity Stratospheric Ozone




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)

Cadre d’analyse
Core boundaries
Extraction boundaries
Waste boundaries

Climate

Change Novel Entities

Biosphere

Integrity Stratospheric Ozone

Depletion

S >

risque
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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)

Extraction boundaries Novel Entities
Waste boundaries

« Zones et seuils pour chaque processus
Stratospheric Ozone

Depletion

Process X Process Y

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

oundal
Global

: ) feedbacks
. 1
e 1
|
1
I

Atmospheric : 2

Local/regional

Land-system

Ae roso | ';é; thresholds
Ch af g € L 0] ad | n g g Local/regional
& impacts
Control vlariable Control variable
Freshwater Ocean
C h an g e AC I d Ifl C atl O n . Safe operating space one . Dangerous level: High risk of serious impacts

Biogeochmical
Flows

Lade et al. 2020



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)

ITraduction personnelle trés simplifiée! Cerveau

Globally mixed, with continental/global threshold Seu il p hyS i (0] | Og |q ue au -d e | a
. e = ' anetry duquel les capacités cognitives
Le cadre des limites planétaire permet d'évaluer si la : 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 I'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/l — 8g/l)

%)
()
>
=
c
(@)
o
(S]
(%]
0
=
)
©
o
©
®)

Seuil « safe » 0.5g/I — Arbitraire

Taux d’alcool

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

Variable a seuil



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)

ITraduction personnelle tres simplifiée! 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 I'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 Controlvariable  Alcool ’ Controlvariable A |00l

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

Global
feedbacks

e

Local/regional
thresholds

Fonction hépatique

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

Variable a seuil Seuil non défini



Limites Planétaires: ou en est-on?

steffen et al. 2015
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Quelle science derriere le concept ?

Rockstrom et al. 2009b, Nature
Il Non peer-reviewed !!
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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 across a
linearly responding system threshold

Table of Contents Conditions Conditions

c
Small forcing

d

Small forcing
across border of
a basin of attraction l_

Supplementary Discussion
1. Dynamics of 'm change
son with other approaches
limate change boundary
ption of the global freshwater use boundary
ription of interactions between boundaries

Ecosystem State
Ecosystem State

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
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

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

Planetary Planetary
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Global
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e

Local/regional
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Response variable
Response variable
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Control variable Control variable

Rockstrom et al. 2009, Ecology & Society

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




Quelle science derriere le concept ?

Rockstrom et al. 2009b, Nature
Non peer-reviewed
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species-years exceeds the space available in the figure. Although climate change, ocean acidification,
I I . stratospheri j ozone deplgioy, land-use chjange, freshwater use, and interferencg wig‘_}c phosphorus
~ mare Ry @ @ hom s gl A gte | A oaric o my: m 3 1!:ericf‘ ,. aragonite
Q u e e S C I F) .r ] Qs&?&fioxe twf sﬂJ&E‘:ﬁf cde Iutrag,ucﬂlgidtgjl Cro®, 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).

Niveau moyen de
Climate change référence (Holocene)
- Donnée la plus

/\ Ocean acidification L| m | te
récente en 2008 ' "‘

- 1990 — \
- 1970 .S.A |

Valeur de la variable
de contrd|e Chemical poliution

Not yet quantified

\

Atmospheric .V ' Stratospheric
- 1950 aerosol loading | : - \ \ ozone depletion
Not yet quantified I.' | v '\\
/ 7 \

N

Nitrogen cycle
(biogeochemical
flow boundary)

Phosphorus cycle
(biogeochemical
flow boundary)

R

Land system change Global freshwater use

Rockstrom et al. 2009, Ecology & Society




Quelle science derriere le concept ?

Ecology and Society 14(2): 32
http/iwww.cc cicty.org/voll4/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 Stratospheric
aerosol loading | ozone depletion
Not yet quantified | /
/
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(biogeochemical
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Phosphorus cycle
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Land system change Global freshwater use

This content downloaded from
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Rockstrom et al. 2009, Ecology & Societ

Earth system
process

Control variable

Boundary

Pre-

industrial*

1990**

Climate change

Atmospheric CO,
concentration, ppm

280

Ocean
acidification

Global oceanic
aragonite saturation
ratio

Stratospheric
ozone depletion

Stratospheric O;
concentration, DU

Nitrogen cycle
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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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Fig. 6. Estimate of quantitative evolution of control variables for seven planetary boundaries from pre-
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variable (see Table 2). Points show the estimated recent time trajectory (1950-present) of each control
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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,
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Table1| i it ifications in PB ions 1.0, 2.0 and 3.0

Planetary PB2O

PB3.0O

Baseline Boundary Highrisk Current  Baseline Boundary High-risk Current
value line walue value line value

co, 28 387 Unchanged Unchanged 450" 3985
cancentration

Unchanged Unchanged Unchanged 417
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Control variable: undefined; no boundary  Control variable: defined. but no boundary
pasition or zone of uncertainty quantified - position or zone of uncertainty quantified

ot quantified*

Stratospheric azone depletion
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Atmospheric aerosol loading

Interhemispheric Control varisble: ‘Overall particulate Control variable: AOD; no global quantification of  0.03

differenceaf  concentration in the atmosphere, ona  boundary position or zone of uncertainty
aerosoloptical  regionsl basis'; no boundary pasition of
depth(A0D)  zone of uncertainty quantified

Ocean acidification

Globalsuface 344 2752 2408 29  Unchanged Unchanged Unchanged 28836
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carbanate fon

concentration

()

Unchanged Unchanged Unchanged 28
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Industrialand  New control variable, not existing in P10 0
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from freshwater visual (Fig. 2)*

systems inio the
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iFig. 2)

wisual (Fig.

Regional P flow  Additianal, regional control variable not
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wariable abandoned"

blue water use.
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Table i | Overview of
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line value valve line

Freshwater change (continued)

Basin scale: Additional basin-scale control variable,

Not 25:55 55:85 Not
blue water not existing in PB10 (never shown applicable (low-flow;  (lowflow; ~applicable

Control variable abandoned

withelrawal from  in visual) high-flow  high-flow

mean monthly
river flow (%)

months)  months)

Blue water: New control variable, not existing in PBLO New control variable, not existing in PB 2.0

human-induced
disturbance

of blue water
flow™ (% land
area with
deviations from
preindustrial
variability)

not existing
human-induced  in PBLO

disturbance of

water available

deviations from
preindustrial
variability)

L variable, not existing inPE20 8.8

Land system change

Global land 1 * Control variable abandoned*
coner

convertad
to cropland (%)

Control variable abandoned

Global forested  New control varlable, not existing in PELO 100
land area (% of
original)

Unchanged Unchanged Unchanged 60

Change in biasphere integrity

Genetic 1 0 »100°  Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged Unchanged

diversity:
extinction rate
(extinctions
per million
species-years)

Functional Additional control variable, not existing  Interim PB 2.0 control variable for functional
integrity in PB1O (when functional aspect was aspect was Biodiversity Intactness Index

(%ofhuman  merely mentioned. and P8 name was still
appropriation  “Rate of Biodiversity loss).

of net primary

production,

inGICyr)

“Aatarisks in this ke in Fig. 2, indicating dif

than reflecting actual changes in current status). "Lack of o

amang panets that result from redsfinitions of updates of control wariabiles of values (rathver
9. 2. Uncer

determining Earth system state than temperate. For aerosol loading, a
Jobal ariable could not be de ePB3.0. Theclimate

change boundary (with the control variables of radiative forcing and

atmospheric CO, concentration) has seen an update for the high-risk

linein PB 2.0 — it had tobe brought down from 550 ppm to 450 ppmta

account for new i bout risks ar

gasconcentrations,

inFi y visuslized by o fating wedge in Fig.

Yet other PBs have remained more static (Table 1). For instance,
the str ic ozon ic O, ion) and ocean
acidification (carbonate ion concentration, average global surface
ocean saturation state with respect to aragonite) boundaries are lit-
tle changed from PB 1.0 to PB 3.0. Further knowledge could see more
changesemerge in the future, and potentially the addition of new con-

trol variables. Beyond HANPP™, additional PBs have been proposed for

Earth & Environment | Volume 5 2024 |773-788 778
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Pour une synthese plus lisible

Supplementary Table 1 - Glossary

Glossary:

Planetary Boundaries

A theoretical and methodalogical framework emerging from Earth systam science quantifying safe
(PB) Framework

boundary levels for human perturbation of critical Earth system processes. The framework identifies the
biophysical processes and systams that logether regulate the functioning of life-support systems, and the
resilience and stability of the planet. In other words, it is ultimately a measure of the state of the planet

Nine ”Plallllary Boundaries” have been identified. For each of the Earth system processes/systems, on
or more control variables are identified. A quantitative assessment is made for each of these contral

variables, quanifying the boundary level within which there is a high chance of maintaining Earth system
functions and the state of the planet within Halocene-like inter-glacial conditions, Together, these
quantificalions provide a safe operating space for human development on Earth

Taken together, the framework defines Planetary Boundaries that characterise Earih's biophysical
departure from Holocene conditions and alerts 1o the rising risks in the Anthropocene.

Planatary Boundary This term s denating:
a) The outer bounds of the Holocene-like safe operating space (for example “The Climate Change
Denoting: boundary is ransgressed"”),
a) The oculer bounds of | but also widely used 1o refer lo:
the safe operating b} the individual human-changed Earth-system processes in the Planetary Boundaries Framework, the
space; planetary-boundary processes (for example “the Climate Change boundary is outside of the safe
space’. A mare precise formulation would be “the planetary boundary process Climate Change is
but aiso refers to: outside of the sale operaling space’}
1) the nine planetary-
boundary processes

Planetary Boundary

Strictly speaking, the PB framework includes Earth System “processes” (such as carbon cycling translating
process

into climate forcing) and “systems” (such as critical biomes like the temperate and tropical forests). In short,

this is often denoted as “the nine PB processes”, but sometimes they are defined as “domains”, and other
times more precisely as “processes and systems”.

The nine Planetary Boundary processes (and systems) include the following:

Ciimate Change; ion of Novel Entities;
Loading; Ocean of
Change; Change in Biosphere Integrity.
Three of these are spiit for the sake of refinement:
Biosph Cimate

Ozone Depletion; Atmospheric Aerosol
Flows; Change; Land System

Freshwater Change

controf variabies.

This set comprehensively covers aspects of Earth System functioning that have conferred comparative
stability at planetary scale over timescales of centuries to thousands of years.

lilustration to support the Pianstary Boundsny

o L —
High Risk Control

Increasing Risk Zone Variable

Safe Operating

Safe operating space | Keeping all Earth system regulating processes within safe boundaries that provide a high chance of
safeguarding Holocene-like conditions on Earth. Together, the planetary boundaries for the Earth system
processes included in the framework delineate a safe operating space for humanity, i.e., where there is
little risk that anthropogenic activities will lead to dramatic and potentially irreversible changes in the state
of the Earth system (overall global environmental conditions).

Risk and damage Risk is defined as damage muttiplied with probability (of the damage). The damage referred to in the PB
context is structured as follows:

1._Potential top-level damage, for the case where all nine. are
a. Losing a Holocene-like ES state / destabilizing Holocene-like ES state / change in
functioning of the ES

b. Substantially eroding ES resilience

2. Lower-level damage, for the case individual boundaries are transgressed:

a. Destabilization of the e processes, undermining functions at regional to global
scales (with potential risks of feedbacks and interactions|

b, Regime shifts / crossing thresholds (with high risk of reinforcing feedbacks)

Risk levels/risk zones | Risk levels are derived from the different levels of probability for the specific damage in P8 context, as
described above.

Only two of three zones can be described with (high) confidence:

Green: The safe operating space, where the low risk describes a low probability of damage.
Orange/Red/Purple: The high risk zone where there is a much higher probability of damage.

The intermediate zone (referred to as zone of uncertainty in PB1.0 and PB2.0 and /zone of increasing
risk in PB3.0 ) is a special case (Yellow/Orange)(see below in glossary)

Zone of increasing risk | For each Planetary boundary, control variable(s) are selected, and the state of scientific knowledge on
(formerly referred to as | risk (related to loss of function and deviating from Holocene-like conditions) assessed. The resulting
2one of uncertainty) uncertainty range in science defines the zone increasing risk. The Planetary Boundary is placed just below
And placement of upper the point where scientific avidence shows that fisks of perturbing the overall function and state of the Earth system,
increases with further transgression of the boundary. This is a normative choice in the PB framework, justified
and lower ends by applying the precautionary principle, given that the impact of long-term PB transgression can be
extremely high, making risk very high, even if probability is low (risk = impact x probabilty). The high risk
line is placed at the upper end of the zone of increasing risk, but its quantification and the underlying

reasoning for its placement is assoclated with a notably higher degree of uncertainty compared to the
planetary boundary.

Increasing Risk: All that can be said with high confidence for this zone is that the risk (=the probability of
damage in PB context) is increasing from the lower 1o the upper end. However, the zone was renamed in

PB3.0 from “zone of uncertainty” to “zone of increasing risk’, because all evidence indicates that further
away from the safe boundary level leads o higher risk
Uncertainty: Gaps and weaknesses in the scientific knowledge base do not allow for a more precise

o .

intrinsic in the functioning of the ES might make it
pecific risk level (be it low, intermediate, or high probability of

wi
fundamentally impossible to assign a s
damage) within this zone.

Control variable

Measurable variables closely associated with the state of the nine PB processes, with data allowing the
quantification of an appropriate boundary value at the planetary scale. Pragmatic approaches are
sometimes required, due o data availability, where proxy-variables are used as “2nd best” representatives
of the state of a planetary boundary (for example, extinction rate was originally adopted as a proxy indictor for both
genetic and y. and was later by better control variables for functional diversity (BIl
and HANPP)

In the case of Climate Change, Change in Blosphere Integril, Freshwater Change, and Modification of Biogeochemical Flows,
there are two conirol varkables for the same ES process, capturing different dimensions of each bourxlary (CO2Aolal radiative
forcing; genelicfunctional dversity; greenbiue; N/P)

Boundary valua (of the
control variable)

Value of the control variable that determines the Planetary Boundary position.

Current value (of the
control variable)

Value of the control variable that determines the magnitude of contemporary human-caused perturbation
1o the respective planetary boundary process

Planetary Boundary
science

Scientific work and output that, based on the established PB framework, is explicitly designed to
1. Identify appropriate control variables;

Quantify the associated boundary values and current values;
Describe the risks (damage ane associated with of the
Describe and quantify the uncertainties involved;
Describe interactions
for the set of nine planetary-boundary processes

World-Earth system

The intertwined planetary system in the Anthropocene including biogeophysical Earth system processes
(Earth), socio-economic and socio-cultural processes of human societies (World), and human-Earth system

interactions and feedbacks. “World” refers here to complex human societies as embedded in the
biophysical Earth system

Planatary Boundary
intoractions (between
the nine PB processes)

Planetary Boundary interactions refer to reciprocal influences among the nine boundaries. For example,
climate change transgressions alter the freshwater cycle with subsequent consequences for the land
carbon sink, which in tur can amplify the human pressure on climate change

Individual boundary positions in the PB framework are assessed assuming the absence of interactions with
other PB processes, However, an overall planetary safe operating space ought to account for Earth system

interactions, and might therefore not be identical to the aggrogated space of the safe zones of each
individual boundary
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_ Gritiques du concept dans le milieu académique

&
Y Rw Littérature scientifique

(mtiques constructives Le concept est accepté

< Choix de processus —> Proposition pour

« Choix des Vvariables considérées non améliorer/ajuster/modifier
représentatives du processus souvent trop
réducteur de la Comp|exité Environmental Research Letters

* Mauvaise estimation des variables.

* Mauvaise prise en compte des interactions @
entre processus

* Choix des seuils qui cachent des sous-
seuils régionaux non représentes.

* Incompatibilité o[V concept aux
problématiques locales et régionales

* Subjectivité des limites basées sur des
criteres influencés par le contexte socio-

TOPICAL REVIEW

Matching scope, purpose and uses of planetary boundaries science

economique (capacité a appréhender le Downing al. 2019, ERL
risque)

* L'espace « safe » ne garantit par I'équité ou
le bien-étre 120 commentaires autour du concept

* Le choix de la représentation et des
couleurs n’est pas rigoureux



" Critiques constructives

' Choix de processus

Choix des variables considérées non
représentatives du processus souvent trop
reducteur 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 o[V concept aux
problématiques locales et régionales
Subjectivité des limites basées sur des
criteres influencés par le contexte socio-
economique (capacité a appréhender le
risque)

L'espace « safe » ne garantit par I'équité ou
le bien-étre

Le choix de la représentation et des
couleurs n’est pas rigoureux

Critiques anti-PB

Il N’y a beaucoup d’arbitraire

Consortium d’expert biaisé — géosciences
de pays occidentaux

Les indicateurs ne sont pas pertinents

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

Les processus sont des boites noires dont
la complexité est ignorée

Les concepts sont flous non objectivés

Le choix du vocabulaire repose souvent sur
I’émotionnel

Risque de décrédibiliser les scientifiques
aupres des décideurs

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

Impenallsme des STS sur les SHS

Intheir final reply y - [yS——— -
s . e . . st ey P ——

PLANETARY BOUNDARIES

A doubly frustrating exchange

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

Grjtiques du concept dans le milieu academique
S -

_— Littérature scientifique

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.

Rockstrom et al. 2018b

Montaya et al. 2018a,
Trends in Ecology and
Evolution

A fundamental misrepresentation of the
Planetary Boundaries framework

Respo d ing to recent cri tcsm the main authors behit dthel amewor ke p\a in how Planetary
ies does not rely on an assumption of threshalds or "tipping points” in the biosphere

Rockstrom et al. 2018a

Montaya et al. 2018b,
Trends in Ecology and
Evolution



@Qthues du concept dans le milieu academique

(mt\iques constructives

Choix de processus

Choix des variables considérées non
représentatives du processus souvent trop
reducteur 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 o[V concept aux
problématiques locales et régionales
Subjectivité des limites basées sur des
criteres influencés par le contexte socio-
economique (capacité a appréhender le
risque)

L'espace « safe » ne garantit par I'équité ou
le bien-étre

Le choix de la représentation et des
couleurs n’est pas rigoureux

Littérature scientifique

Critiques anti-PB

Il N’y a beaucoup d’arbitraire

Consortium d’expert biaisé — géosciences
de pays occidentaux

Les indicateurs ne sont pas pertinents

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

Les processus sont des boites noires dont
la complexité est ignorée

Les concepts sont flous non objectivés

Le choix du vocabulaire repose souvent sur
I’émotionnel

Risque de décrédibiliser les scientifiques
aupres des décideurs

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

Impérialisme des STS sur les SHS

Réseaux sociaux/couloirs

Ressentis/Commentaires

e La

Il 'y a que de l'arbitraire

Les indicateurs ne sont pas pertinents

Les limites reposent sur la définition de
tipping point dont l'existence n’est pas
scientifiquement averée

Les processus sont des boites noires dont
la complexité est ignorée

Les concepts sont flous non objectivés

Le choix du vocabulaire repose souvent sur
I'émotionnel

Risque de décrédibiliser 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 (IPBE!

*  Consortium fermé

Auto-citation, auto-promotion
Principalement un outil de comn’
définition de seuil est contre-productif

pour I'action

Dépolitisation de la situation

environnementale
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Au-dela du debat?

Pour I'analyse exhaustive et approfondie des processus
Des communautes plus larges et organisées:
- état de I'art complet et approfondi de la situation de certaines composantes




Un outil de communication

" “In 2007 Bo Ekman [Tdllberg Foundation] made the point that Earth is
‘ ‘/ always the missing ‘stakeholder’ around any negotiation table — be it
S
%
oo

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
as the “cloth” and run a negotiation with actors from business, culture,
science, politics, etc., over how to govern humanity’s future on Earth.

Rockstrom et al. 2009a
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Un outill de communication
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" “In 2007 Bo Ekman [Tdllberg Foundation] made the point that Earth is Médiatique « Planetary boundaries »
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g‘ as the “cloth” and run a negotiation with actors from business, culture,
- science, politics, etc., over how to govern humanity’s future on Earth.
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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 s
#  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,
- science, politics, etc., over how to govern humanity’s future on Earth.
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" “In 2007 Bo Ekman [Tdllberg Foundation] made the point that Earth is Médiatique « Planetary boundaries » Intégration socio-économique
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S climate, trade, or finance,” explains Rockstrom. “So, his idea was to create - Journaux Wedding cake Safe and Just space
a big (like ten metres in diameter) round table, have Earth depicted visually - Médias en ligne
% as the “cloth” and run a negotiation with actors from business, culture,
science, politics, etc., over how to govern humanity’s future on Earth.

Rockstrém et al. 2009a
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news/2016-06-14-the-sdgs- Planetary

The Lancet wedding-cake.html

ADoughnut for the Anthropocene: hus
the 21st century

Applications
Régionales

Gvercha and Vianello, 2025

Raworth 2017

. fued o . Inégalités
‘ Socio-
environnemental
es

Landsystem

‘‘‘‘‘‘‘‘‘‘

Faning and Raworth, 2025
https://blog.duncangeere.com/a-dashboard-for-planet-earth-2/

Richardson et al. 2023
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Un guide qualitatif pour fournir un cadre de réflexion systémique
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solutions a des
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environnementaux

Scenariser des futurs
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* Approche systémique

« [Equité et justice socio-
environnementale
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Quelle utilisation du concept?

Un guide qualitatif pour fournir un cadre de réflexion systémique

Proposer des
solutions a des
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e environnementaux
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Quelle utilisation du concept?

CLIMATE CHANGE 2014

Mitigation of Climate Change

Summary for Policymakers
and Technical Summary

Pensée en silo

Proposer des
solutions a des
problemes socio-

environnementaux
Pensée systémique

Adaptation

——— ‘u‘ NN T4L PANT! O

Maladaptation

g
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 Lien thematique
» Approche systemique
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Approche en silo

S Fleuve Senegal
~ | La bréche de Saint Louis
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Approche en silo

Fleuve Senegal
La breche de Saint Louis

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



O
(%
c
O
O
lic
O
O
LS.
o
Q
<




Approche en silo
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Approche en silo

N FRPRY - NGRS

Pourguol tant de haine ?



Evaporation vs stockage souterrain

Eau souterraine hivernale alimente les rivieres
Dégradation des sols

Eau souterraine hivernale nécessaire a
ecosysteme de rivieres et oceaniques

Privatisation d’'un bien commun
Maintien d’'un systeme agricole intensif polluant
Dégradation de la qualitée des eaux



Approche ensilo VS Démarche systémigue

changements
climatiques

» Evaporation vs stockage souterrain
« Eau souterraine hivernale alimente les rivieres
R eees ' - Dégradation des sols

sotiste - Eau souterraine hivernale nécessaire a
écosysteme de rivieres et oceaniques

* Privatisation d’'un bien commun
* Maintien d’'un systéme agricole intensif polluant
« Deégradation de la qualité des eaux



Autres

effets systemiques
Exemple en Inde

VS Démarche systémigue

Agricultural Water Management 2¢
Contents lists available at 5
Agricultural Water Management

journal homepag

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 ™

Sceénario sans changement climatique

Archétype systémique
« Tragédie des communs »

(a) Number of farmponds

18 20 22

Year
Intensive triple cropped area
Orchard

(¢) Groundwater behaviour and fraction demand met

¢ 1 2 3 4 5 6 7T 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
Year

(d) Profitability

23 24 25 26 27 28 29 30




Démarche systémigue

- Archétype systémique )
Thinking in Systems > Comprendre pour agir en

connaissance de causes
et de consequences

Donella H. Meadows

—— | eviers systémiques  J/

Mental models

L

System
structure

- Feedback
A |—|—| loops

Parameters
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Les 9 limites planétaires’

““-._Ej Changement climatique

JA Les émissions anthropiques perturbent I'équilibre
A l climatique avec de multiples conséquences :
/ hausse des températures, événements climatiques
extrémes, montée des océans, disparition d'espéces...
Augmentation constante de la concentration
3 ¥ de CO; dans I'atmosphére : 425 ppm en 2023
contre 280 ppm en 1850,
Lempreinte CO; moyenne des Francais
dépasse de 48 % l'empreinte CO;
moyenne mondiale.
= Erosion de la biodiversité

Destruction d'habitats, exploitation

d'espéces, pollution... le déclin de la nature
s'accentue, menacant |a santé des écosystémes
et le bien-étre humain.

§7 Entre 100 et 1 000 extinctions d'espéces
“» ¥ par an sur 1 million d'espéces.

Lindice de risque d'extinction d'espéces
a augmenté de 99 % entre 2000 et 2022,
contre 36 % dans le reste du monde.

Phosphore

, Perturbation des cycles biogéochimiques
i/ de l'azote et du phosphore Azote
L'excés d'azote et de phosphore \
apporté aux cultures (engrais) dégrade
les milieux aquatiques : eutrophisation des
rivigres et anoxie des océans.

(9 150 Mt d'azote rejetées dans la nature (seuils limites :
‘» ¥ 62-82 Mt) et 22 Mt de phosphore arrivant en mer
par les cours d'eau chaque année (limites : 11100 Mt).

Lexcés d'azote atteint la limite planétaire
(55 kg/ha). Uexces de phosphore (2 kg/ha)
respecte la limite.

La déforestation au profit de I'agriculture
réduit la capacité des foréts a jouer leur
, rile de puits de carbone indispensable & la
régulation du climat,

ﬁ“ Changement d’usage des sols

fl

*La situation décrite

: ~
est celle connue | - £ Seuvlement 62 % de la surface occupée par des
g‘@’ ’é foréts avant 1700 est toujours boisée en 2015,

avant la derniére l‘ Y

publication du ‘

Stockholm Resilience - .. Par ses importations de matiéres premiéres,
Centre de septembre / la France exerce une pression forte sur

2023, la ressource foncigre étrangére.

B 10 - La France face aux neuf limites planétaires

Utilisation et cycle de I'eau douce

Les préi

/ les besoins ¢
affectent les éc

le cycle de

8:9 (seuils limites : 4 000-6000 km*fan)
Eau verte : anomalie d'humidité
pour 18 % des sols (limite : 10 %)
0,2 % des prélévements nets mondiaux
annuels pour I'eau bleue, avec
localement des tensions saisonniéres.

.
Acidification des océans
La dissolution de CO; dans 'océan réduit
, le pH de l'eau de mer, entrainant une
diminution des carbonates né ires a
la formation des coquill n aragonite

‘;'4 En 2015, I'état de saturation de 'eau
‘2 ¥ de mer en aragonite est estimé a
84 % du niveau préindustriel.

@ Les substances appauvrissant la couche
d'ozone réduisent son réle protectet
/ face aux rayons du solei

santé humaine et les écosystémes.

‘:"; La concentration d'ozone dans

* ¥ la stratosphére est estimée a
285 DU (unités Dobson) en
2015 (limite : 275 DU).

Augmentation des aérosols
dans I'atmosphére : N

Une quantité croissante d'aérosols 7
(petites particules en suspension) émis
dans I'atmosphére perturbe le climat et a
des effets sur la santé humaine. <
-
5 Pas de seuil global défini en I'absence &
de connaissances suffisantes. !

Introduction d’entités
nouvelles dans la biosphére

La production de produits chimiques et
p, plastiques augmente si vite que la capacité X Limite
d‘évaluation des risques pour I'homme et la U B dépassée (risque élevé)
biosphére est dépassée. . N
. M forte incertitude
Q Produits chimiques : production 4 S {fsque.ciomsant)
2 ¥ multipliée par 50 depuis 1950. Produits & non dépassée

plastiques : + 79 % entre 2000 et 2015 non quantifiée

La France face aux neuf limites planétaires - 11 ™

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




Maladaptation selection of papers

malad éptétl 0.n . Envi r,'o n.m e.n al
httos://doi.ora/10.1016/i.envs

« Magnan, A. K., and Coauthor
maladaptation to climate change

= htt . //dOI org/lo. 1002/ weEd09. =
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Maladaptation selection of papers

IPCC ARG
RKRs

Adaptation
options

Risk to low-lying Coastal accomodation

coastal socio-ecological
systems

Coastal Infrastructure
Strategic coastal retreat
Risk to terrestrial Mature restoration
Minimizing ecosystem stressors

Fcosystem-based adaptation
Infrastructure retrofitting

Bullding codes

Risk associated

with critical physical

infrastructure,

networks and services Spatial planning
Insurance

Diversification of Ivelihoods

Social safety nets

Risk to
living standards

Awallabiity of health infrastructura
Risk to

human health Access to health care

Disaster early warning

Farm/fishery practice
Risk to

food security Food storage/distribution

Diets/food waste

‘Water capture/storage
Water use/demand

water supply/distnbution
Seasonal/temporary mobility

Risk to water
security

Risk to peace ~ _—
and to human mobility SOVAIERICS Coopsatinl

Pormanent migration

Scoring system for the filter

Could reduce the exposure or
vulnerability for most people in
the world, that is, »5 billion people
Could reduce th

vulnerability of some, that

people

Could reduce the exposure or
vulnerability of specific aroups,
that is, <1 billion people

Mot applicable to anyone outside a restricted case study

Potential
contribution to

Successful adaptation
S,
Risk of maladaptation

Assessment criteria

System-level considerations Equity-related considerations

Margir
ethnic gr

NA
NA

NA

Potential contribution to adaptation to climate change

High contribution (for example. substantially enhances the situation of
marginalized ethnic groups)

Moderate contribution (for example, moderately enhances the situation of
marginalized ethnic groups)

Mixed and unclear contribution (for example, unclear balance between
beneficial and detrimental effects on the situation of marginalized ethnic
aroups)

E Counterproductive (for example, worsens the situation for marginalized
NA

ethnic groups)
Information not available in the literature considered

the RKR level




