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Global context



Rising airborne fraction of carbon dioxide (CO2) is one of the most 
impressive changes of the Anthroposphere

Changes over the lifetime of the Y generation (my case) :
1982 : 339.95 ppm 
2018 : 407.40 ppm
Þ ~+20% in 36 years
2021 : about +50% increase 



1957 : Geophysical year
Ø First measurement of atmospheric CO2 @Mona Loa 
Ø First CO2 measurement in Antarctic ice core

Key date & Historical Figures

Claude Lorius

Roger Revelle Charles Keeling

Ø This year (1957), atmospheric CO2 was 320 
ppm

Ø Today it is greater than 410 ppm



What was said at the time?



29%
11.6 GtCO2/yr

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Le Quéré et al 2018; Global Carbon Budget 2018

22%
8.9 GtCO2/yr

5%
1.9 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

17.3 GtCO2/yr

44%

Variations in anthropogenic CO2 emissions

The source of CO2 are tightly linked to the economic growth (including global 
financial crisis)

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


Where are we ?

Since the industrial area, human-activity and 
human-induced emissions has caused a global 
warming of 1.1�C

• With the current pace of global warming, 
1,5�C will be reached between 2030 et 
2052

• Past emissions do not bring use above 
1,5�C

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

Global Warming
(�C rel. to 1850-1900)

• We can observe the impacts of climate 
change in multiple domains

Rising airborne fraction of carbon dioxide (CO2) drives the current 
warming trend and deeply alters our environment





IPCC SROCC (2019)

Acidification

Desoxygenation

Loss of sea-ice

over Ocean

Rising airborne fraction of carbon dioxide (CO2) drives the current 
warming trend and deeply alters our environment
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B. GHG emissions
An estimated 23% of total anthropogenic 
greenhouse gas emissions (2007-2016)
derive from Agriculture, Forestry and 
Other Land Use (AFOLU).

E. Food demand 
Increases in production are linked to 
consumption changes. 

F. Desertification and 
land degradation 
Land-use change, land-use intensification 
and climate change have contributed to 
desertification and land degradation.
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A. Observed temperature change relative to 1850-1900 
Since the pre-industrial period (1850-1900) the observed mean land surface air 
temperature has risen considerably more than the global mean surface (land and ocean) 
temperature (GMST). 

C. Global land use
in circa 2015
The barchart depicts 
shares of different uses 
of the global, ice-free 
land area. Bars are 
ordered along a gradient 
of decreasing land-use 
intensity from left to right. 

 Extensive pasture 19%

D. Agricultural production 
Land use change and rapid land use 
intensification have supported the 
increasing production of food, feed and 
fibre. Since 1961, the total production of 
food (cereal crops) has increased by 240% 
(until 2017) because of land area 
expansion and increasing yields. Fibre 
production (cotton) increased by 162% 
(until 2013). 
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Rising airborne fraction of carbon dioxide (CO2) drives the current 
warming trend and deeply alters our environment
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An estimated 23% of total anthropogenic 
greenhouse gas emissions (2007-2016)
derive from Agriculture, Forestry and 
Other Land Use (AFOLU).

E. Food demand 
Increases in production are linked to 
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and climate change have contributed to 
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Lenton et al. (2019)

… leading to abrupt or irreversible changes in the Earth system



“
It is indisputable that human 
activities are causing climate 
change

[Credit: Yoda Adaman | Unsplash]



“There’s no going back from some 
changes in the climate system. 
However, some changes could be 
slowed and others could be 
stopped by limiting warming.

[Credit: Shari Gearheard | NSIDC]



“Unless there are immediate, 
rapid, and large-scale reductions 
in greenhouse gas emissions, 
limiting warming to 1.5�C will 
be beyond reach.

[Credit: Peter John Maridable | Unsplash]



vs

Let’s summarize the problem



Routes for climate action
an introduction to mitigation: look up or don’t look up ?



Climate change for dummies

CO2 emissions Climate Change
Impacts

Vulnerability



CO2 emissions Climate Change
Impacts

Vulnerability

mitigation adaptation

(-) (-) (-)

Climate change for dummies



CO2 emissions Climate Change
Impacts

Vulnerability

No mitigation Insuficient
adaptation

(+) (+) (+)

Climate change for dummies



CO2 emissions Climate Change
Impacts

Vulnerability

No mitigation

(+) (-) (assumed to be small)

Geoengineering, Solar Radiation Management, Climate intervention*

Insuficient
adaptation

Climate change for dummies

NASEM 2021: Reflecting Sunlight: Recommendations for Solar Geoengineering Research and Research Governance
National reports: https://france-science.com/rapport-dambassade-interventions-sur-le-climat-etat-des-lieux-des-
initiatives-aux-etats-unis/
Open letter for a non-use agreement : https://www.solargeoeng.org



Mitigation— a definition
Mitigation (of climate change)
A human intervention to reduce emissions or enhance the sinks of greenhouse gases.

Questions: 
Þ Scale of mitigation ?
Þ What kind of mitigation can be put in place ?



Mitigation— a definition
Mitigation (of climate change)
A human intervention to reduce emissions or enhance the sinks of greenhouse gases.

Questions: 
Þ Scale of mitigation ?
Þ What kind of mitigation can be put in place ?

Mitigation measures
In climate policy, mitigation measures are technologies, processes or practices that
contribute to mitigation, for example, renewable energy (RE) technologies, waste
minimization processes and public transport commuting practices. See also Mitigation 
option, and Policies (for climate change mitigation and adaptation).

Mitigation behaviour
Human actions that directly or indirectly influence mitigation.



Mitigation— a definition
Mitigation (of climate change)
A human intervention to reduce emissions or enhance the sinks of greenhouse gases.

Mitigation measures
In climate policy, mitigation measures are technologies, processes or practices that
contribute to mitigation, for example, renewable energy (RE) technologies, waste
minimization processes and public transport commuting practices. See also Mitigation 
option, and Policies (for climate change mitigation and adaptation).

Sources de CO2

Puits de CO2

Réduire les sources
(-)

Renforcer les puits
(+)

Mitigation Exemple: 
SNBC en France

Source: Carbone 4



Mitigation behaviour
Human actions that
directly or indirectly
influence mitigation.

Mitigation— a definition



Major Organizations/Institutions 
involved in climate policies/actions



Some key institutions involved in climate action 

United Nations Environment Program (UNEP, PNUE)
• depends directly upon UN
• coordinating United Nations activities in the field of the environment
• Support/assist countries in the implementation of environmental policies
• Generates reports (UNEP gap report)

World Meteorological Organization (WMO, OMM)
• Depends directly upon UN but it is an non-governmental institution
• Provide standards and recommendations to facilitate the consideration of meteorological, 

climatic and hydrological factors in all human activities
• Ultimate goal is the preservation of people and property, transport (especially air transport), 

agriculture, water resource assessment, dissemination of information through the media.



Some key institutions involved in climate action 

United Nations Framework Convention on Climate Change (UNFCCC, CCNUCC)
• Free-standing entity
• ultimate objective is the 'stabilization of greenhouse gas concentrations in the atmosphere at 

a level that would prevent dangerous anthropogenic human-induced interference with the 
climate system

• Its supreme body is the Conference of the Parties (COP)

Intergovernmental Panel on Climate Change (IPCC, GIEC)
• Provides objective and scientific information on the understanding, the impacts and the risk of 

human-induced climate change and the possible response options (e.g., mitigation)
• Produces reports that contribute to the work of the UNFCCC.

Þ Question: Which was created first ?



Climate policies in timeframe

IPCC SR15 (2018)



UN General assembly

WMO UNEP

UNFCCC

IPCC

Institutional framework for Climate Action (1)

Active since March 1994

Continuous dialogue

propose/create
Nov 1988

Regular interactions/dialogues



How IPCC works ?







Chiffres clés

91 auteurs de 40 pays

3 groupes du GIEC

6000 publications 1 113 relecteurs

42 001 commentaires

133 contributeurs



How the COP works ?
• Conference of the Parties (COP) is a conference established in accordance with

Article 7 “CONFERENCE OF THE PARTIES” under UNFCCC as the supreme body 
of this Convention to assess in dealing with climate change. 

• COP is organized annually since 1995.

• There are 42 parties listed in Annex-I parties to convention, 152 parties including
49 latest developing countries (LDC) listed in Non Annex-I parties to convention. 



Institutional framework for Climate Action (2)

UNFCCC
secretariat

Conference of the Parties (COP)

Subsidary Body for 
Implementation

(SBI)

Subsidary Body for 
Scientific and 

Technoloigical Advice
(SBSTA)

IPCC



Climate Action/Negociations in timeframe

IPCC SR15 (2018)



Major Climate Policy Deals



Kyoto protocol (Dec 1997)= COP3
The main goal of the Kyoto Protocol is to control human-induced emissions of 
the main greenhouse gases (GHGs) considering national differences in GHG 
emissions, wealth, and capacity to make the reductions

Some of the principal concepts of the Kyoto Protocol are below:
• It establishes legally binding commitments to reduce emissions of greenhouse gases

for Annex I Parties. The commitments were based on the Berlin Mandate, which was
a part of UNFCCC negotiations leading up to the Protocol.

• It sets implementation requirements to prepare policies and measures for the 
reduction of greenhouse gases in their respective countries. In addition, they are 
required to increase the absorption of these gases and utilize all mechanisms
available, such as joint implementation, the clean development mechanism and 
emissions trading, in order to be rewarded with credits that would allow more 
greenhouse gas emissions at home.

• It establishes and adaptation fund for minimizing the impacts of climate change on 
Developing Countries.

• It set and ‘Accounting, Reporting and Review’ procedure in order to ensure the 
integrity of the Protocol.

• It establishes a Compliance Committee to enforce compliance with the 
commitments under the Protocol.



Copenhagen Accord (Dec 2009)=COP15
The main goal of the Copenhagen accord is to endorses the continuation of the 
Kyoto protocol. It also reinforced the role of the scientific knowledge in climate
negociations.

Key elements of this accord are below:
• It underlines that climate change is one of the greatest challenges of our time and 

emphasises a "strong political will to urgently combat climate change in accordance 
with the principle of common but differentiated responsibilities and respective 
capabilities ». 

• It recognizes "the scientific view that the increase in global temperature should be
below 2 degrees Celsius", in a context of sustainable development to combat climate
change. 

• It recognizes "the critical impacts of climate change and the potential impacts of 
response measures on countries particularly vulnerable to its adverse effects" and 
stresses "the need to establish a comprehensive adaptation programme including
international support" 

• Recognizes that "deep cuts in global emissions are required according to science » 
(AR4) and agrees cooperation in peaking global and national greenhouse gas
emissions "as soon as possible" and that "a low-emission development strategy is
indispensable to sustainable development »



Copenhagen Accord (Dec 2009)=COP15
The Copenhagen accord also established several funds:

Þ Agrees that developed countries would raise funds of $30 billion from 2010–2012 of 
new and additional resources

Þ Agrees a "goal" for the world to raise $100 billion per year by 2020, from "a wide
variety of sources", to help developing countries cut carbon emissions (mitigation). 

Þ Agrees on a new multilateral funding for adaptation with a governance structure.



Paris Agreement (Dec 2015)=COP21
The main goal of the Paris Agreement is established a novel
multilateral comprehensive accord to fight climate change with a novel
bottom up approach.

The objectives of this accord is established in the Article 2:
1. Limit Global warming well below 2�C above pre-industrial levels and to 

pursue efforts to limit the temperature increase to 1.5�C above pre-
industrial levels.

2. Increase the ability to adapt to the adverse impacts of climate change
3. Make finance flows consistent with a pathway towards low greenhouse gas

emissions.

Key elements/dates:
• Adopted in Dec 2015 at COP21 by 191 over 196
• Signed in 2016
• Enter into force the 4th November 2016
• Composed with 29 Articles including goals and monitoring revision

verification mechanism
• Facilitating dialogue kicked off in 2018  
• Ratched mechanisms in Dec 2020
• Global stocktake planned for Dec 2023



Paris Agreement (Dec 2015)=COP21
Can be found here: https://unfccc.int/fr/processus-et-reunions/l-accord-
de-paris/l-accord-de-paris

Science

Adaptation
Mitigation

Finance

https://unfccc.int/fr/processus-et-reunions/l-accord-de-paris/l-accord-de-paris


Paris Agreement (Dec 2015)=COP21
Key Articles: https://unfccc.int/fr/processus-et-reunions/l-accord-de-
paris/l-accord-de-paris

Principle
of the
global
mitigation

Linkage
with
NDCs and 
Art. 3

https://unfccc.int/fr/processus-et-reunions/l-accord-de-paris/l-accord-de-paris


Paris Agreement (Dec 2015)=COP21
Key Articles: https://unfccc.int/fr/processus-et-reunions/l-accord-de-
paris/l-accord-de-paris

Principle
Of
NDCs

Climate
Education

https://unfccc.int/fr/processus-et-reunions/l-accord-de-paris/l-accord-de-paris


Top-down approach

Bottom-up approach

Why Paris Agreement such a big change ?

IPCC SR15 (2018)



What INDCs/NDCs consists in ?

Countries’ NDC are available on 
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx

Questions:
Þ Have a look at the [first or updated/revised] NDC of some countries ?
Þ What kind of emissions reduction measures are considered ?
Þ Are they comparable between each other ?

https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx


More info on http://unfccc.int/focus/indc_portal/items/8766.php

UE28: 
- at least 40% of domestic GHG emissions by 2030 compared to 1990
3206 MtCO2eq with LULUCF (-277 MtCO2eq)
Deals with 7 GHGs=CO2, CH4,N20,4 HFCs

USA: 
- 26-28% of GHG emissions reduction below its 2005 level in 2025
4599-4735 MtCO2eq with LULUCF (- 420 MtCO2eq)
Deals with 7 GHGs=CO2, CH4,N20,4 HFCs

China:
-Peak in ~2030
- reduce the GHG emissions per unit of GDP (carbon intensity) by 60-65% from the 2025 level
- increase non-fossil energy by 20%
- increase forest stock by 4.5 Mm3 from the 2005 level
13 481 – 16 043 MtCO2 with LULUCF (-292 MtCO2eq)
Deals with 3 GHGs

Exemple de Contributions Nationales

INDCs/NDCs



Aggregating INDCs in emission is challenging
∆T = warming deduced from cumulative aggregated emissions

BAU    = 63-72 GtCO2eq
INDCs = 55-63 GtCO2eq (GICN) 

Source: GICN 2015



Climate Action Tracker
(PIK+NGOs)

Climate Interactive
(MIT+NGOs)

Exemple de projections

Warming projections assumed with INDCs



Global Warming of 1.5�C

An IPCC special report on the impacts of 
global warming of 1.5�C above pre-

industrial levels and related global 
greenhouse gas emission pathways, in 
the context of strengthening the global 

response to the threat of climate 
change, sustainable development, and 

efforts to eradicate poverty.



Major updates (2021)



Glasgow Climate Pact

The main goal of the Glasgow Climate Pact is to continue work on 
implementing the 2015 Paris Agreement’s aim of limiting global 
temperature increase to “well below” 2.0 �C on pre-industrial levels, and 
to pursue efforts to limit temperature increases to 1.5�C.

The objectives of this pact are:
1. Secure global net zero by mid-century and keep 1.5 degrees within reach. 
2. Adapt to protect communities and natural habitats to avoid loss of homes, 

livelihoods, and even lives. 
3. Mobilise at least $100bn in climate finance per year.
4. Finalize the Paris Rulebook and accelerating climate action.

Have a look at the deal :
https://unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pd
f

https://unfccc.int/sites/default/files/resource/cop26_auv_2f_cover_decision.pdf


Glasgow Climate Pact (Nov 2021)=COP26



Glasgow Climate Pact (Nov 2021)=COP26



Around the COP26
Key pledges around the COP26:

Deforestation pledges: « … work collectively to halt and reverse forest loss and 
land degradation by 2030 »

Global methane pledge: the pledge asks countries to cut their methane emissions
by 30% over 2020-30 and move towards using the “best available inventory
methodologies” to quantify emissions.

Coal phase-out pledges : the UK has secured a 190-strong coalition of countries 
and organisations at COP26, with countries such as Poland, Vietnam, Egypt, Chile 
and Morocco announcing commitments to phase out coal power.”

Fossil fuel financing: the signatories will “end new direct public support for the 
international unabated fossil fuel energy sector by the end of 2022, except in 
limited and clearly defined circumstances that are consistent with a 1.5C warming
limit and the goals of the Paris Agreement”.

Glasgow breakthroughs: a commitment to work together internationally this
decade to accelerate the development and deployment of the clean technologies 
and sustainable solutions needed to meet our Paris Agreement goals, ensuring
they are affordable and accessible for all 

https://www.carbonbrief.org/scientists-concerned-by-record-high-global-methane-emissions


Do COP26 pledges keep global warming below 2�C?

Source: Carbon Brief (2021)



Sharm El-Sheikh implementation plan 
(Nov 2022)= COP27
The main goal of the Sharm El-Sheikh was to improve action toward adaptation 
to climate change, make progress on Climate Finance and how to deal with Loss & 
Damages and keep 1.5�C alive. The Egyptian leadership envisions a Sharm el-
Sheikh implementation plan.

First of all, COP27 made history when developing countries secured a new fund to 
support the victims of climate disasters.

It is also the first time that a COP decision mentions food, rivers, nature-based
solkutions, tipping points, etc.

The final text calls multilateral development banks and international financial institutions 
to reform their practices and priorities to address the “global climate emergency”.

It launched the “Sharm el-Sheikh dialogue” on Article 2.1c of the Paris Agreement, 
which says “financial flows” should be aligned with global temperature targets.

It also launched a “work programme on just transition”, including annual “high-level
ministerial round tables”, with the first taking place at COP28 next year.

Have a look at the deal :
https://unfccc.int/sites/default/files/resource/cp2022_L17_adv.pdf

https://unfccc.int/sites/default/files/resource/cp2022_L17_adv.pdf


Sharm El-Sheikh implementation plan 
(Nov 2022)= COP27

Key outcomes: 



Sharm El-Sheikh implementation plan 
(Nov 2022)= COP27



Sharm El-Sheikh accord (Nov 2022)= COP27
Other burning issues:

1. Fossil fuel interests are not going down without a fight
There were 636 lobbyists from the oil and gas industries registered at COP27, 
higher than the 503 at COP26, which already outnumbered the delegation of 
any single country. These figures show the growing influence of oil and gas
interests at the climate talks.

2. Greenwashing will not be tolerated
More than 12,000 businesses have now set net-zero climate targets, with the 
number constantly growing. However, concerns that such targets have “varying
levels of rigour and loopholes wide enough to drive a diesel truck through” 
persuaded the UN secretary-general to set up a task group to recommend the 
criteria that companies would need to meet in order to claim credibility.
Þ Label such as the Science-based targets: 

https://sciencebasedtargets.org/news/sbti-raises-the-bar-to-1-5-c

https://sciencebasedtargets.org/news/sbti-raises-the-bar-to-1-5-c

