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What the scenarios are (and are not) ?



Interconnection between IPCC working groups

IAMs= policy models
ESMs= climate/geophysical models



Emission Pathways — a long story

Moss et al. (2010) 

SA90: idealized/CO2 scenarios 
1990 => 1992
IS92: comprehensive CO2 
scenarios 1992=>2004
SRES comprehensive multigas
scenarios 2004=>2009
RCP comprehensive multigas
scenarios 2009=>2014



Emission Pathways — Narratives framework

Riahi et al. (2017) 
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IPCC SR15 Glossary: 
Integrated assessment model (IAM) Integrated assessment models (IAMs) 
integrate knowledge from two or more domains into a single framework. 

Energy system & macro-economy

Land-use
system

Earth system

Socio-economic assumptions that are not explicitly modelled

What are Integrated Assessment Models? 
(IAMs)

Friko et al. (2016) 



Let’s have a quick look at the scenario database
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Fuss et al. (2014)

Séférian et al. (2016)

More than 1000 emissions
pathways
Bold lines are archetypes
pathways
See assessed temperature
range on the right (from 0.9�C 
to 5.4�C from the preindustrial
level)

How SRES (green) and RCP 
(red) emission pathways
compare with past historical
emissions
Þ mid-term fit is rather good!



The SSP approach

IPCC AR6 WGI (2021)

The SSP approach allows a comprehensive mapping of the future narratives. It shows 
that:
Þ A given climate target can be reached under several pathways (SSP1 and SSP5 for 

instance)
Þ Some pathways have a smaller set of solutions that others



Carbon budgets: a geophysical tool to inform 
mitigation pathways



IPCC SR15 (2018)

How defining feasibility ?
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The transient climate response to cumulative 
CO2 emissions: an emerging properties



Drivers of this near-linear relationship (MacDougall & Friedlingstein
2015):
(1) the diminishing radiative forcing from CO2 per unit mass is

compensated by the diminishing ability of the ocean to take up 
heat and carbon.

(2) This relationship is maintained as long as the ocean carbon
uptake remains the dominant driver of the change in 
atmospheric CO2

(3) Climate-carbon cycle feedbacks play a smaller role except when
CO2 emissions decline

Þ Ocean Heat and Carbon uptake are the main players of the 
Transient Climate response to cumulative emissions (TCRE)

The transient climate response to cumulative 
CO2 emissions: an emerging properties of ESMs
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An introduction to the carbon budget concept
Remaining carbon budget for 2ºC warming from 2018 (50%)

IPCC AR5 = 230 GtC

IPCC SR15= 410 GtC

Why ?



Remaining budget

1.5 ºC

Rogelj et al. 2019

A new framework to determine carbon budgets
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Remaining budget

1.5 ºC

Historical warming

• Uncertainty in the observed warming 
measurement (� 43%)

Rogelj et al. 2019

A new framework to determine carbon budgets
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Historical human-induced warming

ÞParis agreement and carbon budget concept make the use of human-induced warming
ÞDetection and Attribution methods helps to decompose the human-induced warming 

from the total externally-forced warming
Þ+1.15�C �0.15�C in 2020 (from Ribes et al. 2020)

IPCC SR15 (2018)

2010-2019
1.03�C

(Ribes et al. 2021)
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• Often assumed to be negligible
• knowledge gap at multi-decadal time scale

How much warming can we expect 
once emissions are stopped or reach a 
net-zero level? 
(Jones at al. 2019; MacDougall et al. 2019)

Rogelj et al. 2019

A new framework to determine carbon budgets



Zero emission committment
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ÞCharacterize the response of the Earth system to emission cessation



Zero emission committment
ÞCharacterize the response of the Earth system to emission cessation

models GFDL-ESM2M UKESM1 CNRM-ESM2-1
∆TZEC -0.05 °C +0.5 °C +0.25°C
Change in Carbon
budget (TCRE=0.4°C 
per 1000 GtCO2)

+ 125 GtCO2 - 1250 GtCO2 -625 GtCO2

∆TZEC for a carbon budget compatible with 2�C (3670 GtCO2) 
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• Earth system response to forcing             
(-69% to +34 %) 

• Future scenario uncertainty (� 43%)

Remaining budget
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Non-CO2 forcing

Rogelj et al. 2019

A new framework to determine carbon budgets



Contribution of non-CO2
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ÞLarge uncertainty associated with technological/infrastructure choices 
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• Observation contrained TCRE

• Distribution of the TCRE remains poorly 
constrained

A new framework to determine carbon budgets



IPCC SR15 2018



Matthews et al. (2021)

Transient Climate response
to Cumulative CO2 emissions



lim lim hist nonCO ZEC Esfb2

Historical
human-induced 
warming

Unrepresented Earth system
feedback

Cumulative CO2 emissions from today (Gt CO2)

0

TCRE

Te
m

p
er

at
ur

e 
in

cr
ea

se
 s

in
ce

 p
re

in
d
us

tr
ia

l p
er

io
d
 (°

C
)

Remaining
carbon budget

Global warming limit of interest

0

R
em

ai
ni

ng
al

lo
w

ab
le

 w
ar

m
in

g

Zero emission
commitment

Non-CO2
contribution

Remaining carbon budget

Re
m

ai
ni

ng
  w

ar
m

in
g

1.5 ºCRemaining budget

1.5 ºC

Unrepresented Earth System Feedbacks

• e.g. permafrost carbon cycle 
feedbacks (- 17%)

• Reductions of carbon budgets due to 
permafrost carbon cycle feedbacks 
(Gasser et al., 2017; MacDougall et al., 2016).

Rogelj et al. 2019

A new framework to determine carbon budgets



IPCC AR6 WGI (2021)

Unrepresented Earth system feedbacks

ÞUncertain, poorly understood
ÞPermafrost carbon feedback remains the prominent contributor of the 

carbon budget reduction
ÞMay reduce remaining carbon budget by 100 GtCO2



Carbon budgets compatible with 1.5C or 2C

IPCC SR15 (2018), IPCC AR6 WGI (2021)



Mitigation pathways compatible with the 
remaining carbon budget for 1.5�C (or 2�C)



• In order to hold global warming below 1.5�C, 
CO2 emission should be reduced by 45% in 
2030 with respect to 2010 level

• In order to hold global warming below 
1.5�C, CO2 emission shoud be “net zero” by 
2050

• Reduction in other (non CO2) greenhouse 
gases and aerosols will have immediated
impact on health

20% for 2�C

By 2075 for 2�C

Mitigation pathways compatible with 1.5-2�C 



Paris Agreement NDCs

Mitigation pathways compatible with 1.5-2�C 

• In order to hold global warming below 1.5�C, 
CO2 emission should be reduced by 45% in 
2030 with respect to 2010 level

• In order to hold global warming below 
1.5�C, CO2 emission shoud be “net zero” by 
2050

• Reduction in other (non CO2) greenhouse 
gases and aerosols will have immediated
impact on health

20% for 2�C
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Nexus of forthcoming
Climate negociations

Mitigation pathways compatible with 1.5-2�C 

• In order to hold global warming below 1.5�C, 
CO2 emission should be reduced by 45% in 
2030 with respect to 2010 level

• In order to hold global warming below 
1.5�C, CO2 emission shoud be “net zero” by 
2050

• Reduction in other (non CO2) greenhouse 
gases and aerosols will have immediated
impact on health

20% for 2�C

By 2075 for 2�C
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Our ambition to reduced human-induced greenhouse gases emission drive the likelihood to halt 
global warming below 1.5�C:
Þ Carbon Neutrality in 2055 + emission cuts for CH4, N2O, CFCs
Þ The timing of carbon neutrality increase this likelihood
Þ Emission cuts for CH4, N2O, CFCs are required to halt warming below 1.5�C

Associated warming projections by 2100



Sectoral Implications 
of stringent mitigation pathways
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Power Industry

Other Industrial (combustion)

Transport

Buildings
Other Industrial (non-combustion)
Others (land-use, waste...)

Nitrous oxide (N2O)

Other grenhouse gases

Methane (CH4)

Carbon dioxide (CO2)

Aerosols

Anthropogenic radiative forcing

Anthropogenic emissions of carbon dioxide

Anthropogenic emissions of other key greenhouse gases

Overview
Anthropogenic GHG emissions are connected to global economics



Primary energy supply
for the four illustrative pathway archetypes plus the IEA’s Faster Transition Scenario

IPCC SR15 (2018)

stability stability

increase increase



Electricity generation
for the four illustrative pathway archetypes plus the IEA’s Faster Transition Scenario 

IPCC SR15 (2018)

increase increase increase increase

Reduction in Energy Supply but Increase in Electricity, why ?



Température et 
émissions

Systèmes
énergétiques

Extraction du CO2

Agriculture

Énergie Météo-
dépendante

What mitigation pathways tell us 
on the energy supply ?



Reduction of the carbon intensity in all sectors

IPCC SR15 (2018)

No magical solution in 
sectoral transformation: 
reduction in carbon intensity 
in all sector.
Greater changes in 
transportation are required 
for halting warming below 
1.5�C



Translation of scientific knowledge 
in climate policies



Are we on track ? 

Ø While emission drop by ~6% 
in 2020, They are projected 
to return back to pre-
pandemic level in 2022

Ø Outside the range of 
pathways in line with the 
Paris Agreement



UNEP, Gap Report 2019

Ambitious climate policies implemented so far



UNEP, Gap Report 2019

Comitted structural changes compliant with 
ambitious climate target



National-scale pathways
Cas de la France



Fossil fuel emission 
from IAE

Relative to 2000-
2005

Le Quéré et al. (2019)

Top 12 
0.3 GtCO2/an

Top 2 
5.5 GtCO2/an

Several countries show emission reduction

Þ Reduction is CO2 emission in several countries
Þ Emission cut-off is largely driven by an increase of the energy-to-carbon intensity



Stratégie national bas carbone:
Ambition neutralité carbone en 2050

ÞAtténuation des principaux poles d’émissions de CO2 (transport et 
bâtiments)

ÞRenforcement des puits de carbone (naturel et artificiels via CCS
ÞCompatibilité de cette trajectoire par rapport au budget carbone restant

planétaire ?

Source: Carbone 4



Nouveaux Scénarios de l’ADEME
Transition(s) 2050

Transition(s) 2050 (ADEME 2021)



Transition(s) 2050 (ADEME 2021)

Nouveaux Scénarios de l’ADEME
Transition(s) 2050



Matthews et al. (2020)

Réconsilier les allocations nationales
avec le budget Mondial

-un enjeu majeur-



0

100

200

300

400

500

600

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

20
65

20
70

20
75

20
80

20
85

20
90

20
95

21
00

21
05

M
t C

O 2
e

Emissions GES avec UTCAF

1,5°C sans incertitude

2°C sans incertitude

Principes appliqués au budget carbone de la France

Granfathering= prorata des émissions de la 
France par rapport aux émissions mondiales

Belaunde and Bueb (2019)



0

100

200

300

400

500

600

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

20
65

20
70

20
75

20
80

20
85

20
90

20
95

21
00

M
tC

O2
e

Emissions GES avec UTCAF

1,5°C (dépassement)

2°C

Principes appliqués au budget carbone de la France

Égalité= ponderation par rapport aux indices 
de développement comme l’indice de Gini

Belaunde and Bueb (2019)



0

100

200

300

400

500

600

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

20
55

20
60

20
65

20
70

20
75

20
80

20
85

20
90

20
95

21
00

M
tC

O2
e

Emissions GES avec
UTCAF
1,5°C

2°C

Principes appliqués au budget carbone de la France

Approche combinée= integration de tous les 
critères dans la determination des trajectoires
vers la neutralité

Belaunde and Bueb (2019)



Quid de l’empreinte ?
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Outro
Climate policies and post-COVID recovery plans



Andrijevic et al. 2021

Þ 20 additional billion USD per year = 0.2% of the total fund
Þ Same with Ukraine-Russia war ?

An unexpected opportunity ?


