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From the Rio earth summit (1992) to

the Parls Agreement and d beyond.....
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UNITED NATIONS CONFERENCE: ON

&3} ENVIRONMENT AND DEVELOPMENT
/ Rio de Janeiro 3-14 June 1302
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UNFCCC Article 2: “The ultimate objective of this
Convention ...... is to achieve .... stabilization of
greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous
anthropogenic interference with the climate system.
Such a level should be achieved within a time-frame
sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not
threatened and to enable economic development to
proceed in a sustainable manner.”

Nations Unies
Canférence sur les Changements Climatiques 2015

Paris_France .
v \

Paris Agreement 2015 article 2: “Holding the
increase in the global average temperature to
well below 2°C above pre-industrial levels and
pursuing efforts to limit the temperature increase
to 1.5°C above pre-industrial levels”

Article 4: “.. achieve a balance between
anthropogenic emissions by sources and
removals by sinks of greenhouse gases in the
second half of this century”
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2024 was 1.53°C above the 1850-1900 global average,
according to the HadCRUT5 dataset, and is therefore the
warmest year on record. 2023'’s value of 1.46°C

Global climate has changed

Temperatures in Canada and north-west
US reached record highs on 29 June
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Also focus on the rate of climate
change. E.g. the chance of a summer
day in UK warmer than 40°C became 4x
more likely between 1990 and 2020.
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nature > comment > article Current Global Surface Warming
COMMENT 01D ber 2023 20 20°C
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Approaching 1.5 °C: how will we 15
J, ° ° 1.4 - 1 5 . C .
know we’ve reached this crucial == ]
° 1.2+ s
warming mark? o B
Assessing global mean temperature rise using the average warming over the previous .
one or two decades will delay formal recognition of when Earth breaches the Paris 0.8-
agreement’s 1.5 °C guard rail. Here is what’s needed to avoid the wait. 0.6- Last 20-yrs avg GWL End of 30-yr trend C3S
) Last 10-yrs avg Human-induced Warming
By Richard A. Betts ©J, Stephen E. Belcher, Leon Hermanson, Albert Klein Tank, Jason A. Lowe, Chris D. 04
Jones, Colin P. Morice, Nick A. Rayner, Adam A. Scaife & Peter A. Stott O 2 3 LOESS UKCP18 RCP45 CGWL
; End of 30-yr trend Forecast RCP4.5 CGWL
0.0

Indicators of Global Climate Change 2024: annual update
of key indicators of the state of the climate system and

Kiiiiah irnieacs “For the 2015-2024 decade average, observed warming

May 2025 relative to 1850—-1900 was 1.24 [1.11 to 1.35] °C, of which
ey 1.22 [1.0 to 1.5] °C was human-induced.” “The best estimate
of human-caused warming is 1.36 °C”.

».Piers Forster Piers Forster - Chris Smith - Tristram Walsh - Show all 61 authors -
Panmao Zhai
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How much will the climate warm in future?



=ZMetomcee  Climate change in the future: is it still
possible to limit warming to 1.5°C?

Emissions of greenhouse gases Global mean temperature response
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f} Current policies ' Net zero announcements ' Backtracking

Updated IPCC emissions scenarios no longer limit warming to 1.5°C

Chris Smith'?, Benjamin Sanderson?, and Marit Sandstad®

| 'Vrije Universiteit Brussel, Department of Water and Climate, Brussels, Belgium (chris.smith@vub.be)
2International Institute for Applied Systems Analysis (IIASA), Energy, Climate and Environment Programme, Laxenburg,
Austria

3Center for International Climate Research in Oslo (CICERO), Oslo, Norway
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Letter | Published: 11 June 2009
The proportionality of global warming to cumulative

e 2009ish: several paper identified the carbonemissions
almost |inear relationship between H. Damon Matthews &3, Nathan P. Gillett, Peter A. Stott & Kirsten Zickfeld

Nature 459, 829-832 (2009) | Cite this article

global warming and CO2 emissions

RESEARCH ARTICLE = @ fYyinea ®

Setting cumulative emissions targets to
reduce the risk of dangerous climate change

Relative likelihood of peak warming versus cumulative emissions

6 Kirsten Zickfeld &, Michael Eby, H. Damon Matthews, and Andrew |. Weaver Authors Info & Affiliations
i_ Edited by Hans Joachim Schellnhuber, Potsdam Institute for Climate Impact Research, Potsdam, Germany, and approved July 20, 2009
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e 2009ish: several paper identified the
almost linear relationship between
global warming and CO2 emissions

Cumulative total anthropogenic CO; emissions from 1870 (GtCO5)
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e One of main advances in IPCC AR5

e The concept of net zero is clear from
this relationship

— RCP26 = Historical
w—— RCP4 5 RCP range

Temperature anomaly relative to 18611880 (°C)

st RCP6O = 1% yr' CO,
w— RCP8.5 1% yr* CO, range
I 1 1 1
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Cumulative total anthropogenic CO; emissions from 1870 (GtC)

IPCC AR5, SPM.10
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Rogelj et al., 2019
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The global carbon budget approach

Matthews et al., 2020
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But, we need to understand the uncertainty budget
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Can we constrain
TCRE (the relationship
between emissions
and warming)?

Article = Open access = Published: 29 February 2024

Emergent constraints on carbon budgets as
afunction of global warming

Peter M. Cox B, Mark S. Williamson, Pierre Friedlingstein, Chris D. Jones, Nina

Raoult, Joeri Rogelj & Rebecca M. Varney

Nature Communications 15, Article number: 1885 (2024) | Cite this article
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The global carbon budget approach

(b) Remaining Carbon Budget from 2020 onwards
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e 2009ish: several paper identified the 1200f
almost linear relationship between
global warming and CO2 emissions
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How difficult is it to recover from dangerous levels of global
warming?

J A Lowe, C Huntingford, S C B Raper, C D Jones, S K Liddicoat and L K Gohar

Published 11 March 2009 « Published under licence by IOP Publishing Ltd

)
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Environmental Research Letters, Volume 4, Number 1
Citation J A Lowe et al 2009 Environ. Res. Lett. 4 014012
DOI 10.1088/1748-9326/4/1/014012
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An early view of Zero emission commitment (ZEC)
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Does warming
really halt soon
after we stop
carbon emissions?

Plots from Laura Gibbs
EGU presentation, 2025
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What about earth Fire weakens land carbon sinks before 1.5 °C
SyStem feed baCkS? Chantelle A. Burton ™, Douglas |. Kelley, & Eleanor Burke, Camilla Mathison, Chris D. Jones, Richard A.

Betts, Eddy Robertson, Jodo C. M. Teixeira, Manoel Cardoso & Liana O. Anderson

Nature Geoscience 17, 1108-1114 (2024) ‘ Cite this article

Earth's Future

Research Article 3 OpenAccess () @

Permafrost Thaw Impact on Remaining Carbon Budgets and
Emissions Pathways in 2°C and 3°C Global Warming Scenarios

Goran Georgievski 4 Thomas Kleinen, Philipp de Vrese, Victor Brovkin, Yona Silvy, Thomas L. Frélicher

Effect of terrestrial nutrient limitation on the estimation lshed: 05 July 2025 | https://doi.org/10.1029/2024EF005153
of the remaining carbon budget

How to cite. Steinert, N. J. and Sanderson, B. M.: Normalizing the
Makcim L. De Sisto'-> and Andrew H. MacDougall' permafrost carbon feedback contribution to TCRE and ZEC, EGUsphere

IClimate and Environment, St. Francis Xavier University, Antigonish, NS, Canada ; " ;
2Faculty of Engineering and Applied Science, Memorial University of Newfoundland, NL, St. John’s, Canada [Preprintl htps://dokovel10.5134/EEUspNENE-2025-1714, 2025:
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Effect of terrestrial nutrient limitation on the estimation
of the remaining carbon budget

Makcim L. De Sisto'2 and Andrew H. MacDougall'

Climate and Environment, St. Francis Xavier University, Antigonish, NS, Canada
2Faculty of Engineering and Applied Science, Memorial University of Newfoundland, NL, St. John’s, Canada
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Fire weakens land carbon sinks before 1.5 °C

Chantelle A. Burton &3, Douglas |. Kelley &, Eleanor Burke, Camilla Mathison, Chris D. Jones, Richard A.

Betts, Eddy Robertson, Jodo C. M. Teixeira, Manoel Cardoso & Liana O. Anderson

Nature Geoscience 17, 1108-1114 (2024) ‘ Cite this article

Reduction in carbon budget due to fire (Gt CO;) in JULES driven with

four ESMs
HadGEM2 GFDL IPSL MIROC Mean
1.3°C -7 -40 7 -18 15
1.5°C  _ _40 4 57 55
1.7°C  -33 -59 -18 =37 ~37
2°C - -92 22 -81 -64
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What about earth
system feedbacks?

The impact of Earth system feedbacks on
carbon budgets and climate response

Jason A. Lowe & and Daniel Bernie

Published: 02 April 2018 https://doi.org/10.1098/rsta.2017.0263
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Now being explored in more complex earth system models:
Recent Met Office results by Liddicoat et al., 2025 suggest
reduction in carbon budgets of up to 25%
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|S the Iinear relat|onsh|p Simulating the Earth system response to negative emissions

C D Jones, P Ciais, S J Davis, P Friedlingstein, T Gasser, G P Peters, J Rogelj, D P van Vuuren, J G Canadell,

th e Sa m e if We re m Ove A Cowie, R B Jackson, M Jonas, E Kriegler, E Littleton, J A Lowe, J Milne, G Shrestha, P Smith, A Torvanger

and A Wiltshire a Hide full author list
Published 20 September 2016 « © 2016 Crown copyright and IOP Publishing Ltd

Ca rbo n ? Environmental Research Letters, Volume 11, Number 9

Focus on Negative Emissions Scenarios and Technologies
a
Land use ’
change ’

Citation C D Jones et al 2016 Environ. Res. Lett. 11 095012
b
Fossil fuel
combustion _, ’

DOI 10.1088/1748-9326/11/9/095012
Bioenergy * — “

“Earth system models suggest significant
weakening, even potential reversal, of the
ocean and land sinks under future low
emission scenarios.”

“...will hinder the effectiveness of negative
emissions technologies and therefore
increase their required deployment to achieve
a given climate stabilisation target.”

e
Negative
emissions ¢f
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Asymmetry in the climate-carbon cycle response

to positive and negative CO, emissions

Kirsten Zickfeld 8, Deven Azevedo, Sabine Mathesius & H. Damon Matthews

Nature Climate Change 11, 613-617 (2021) ‘ Cite this article
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Climate constraints: Given an
emissions pathway, what
happens to climate?

Economic and technological
constraints: on achieving an
emission pathway

Political and social constraints:
Creating the situation to drive
emission reductions.
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Carbon budget perspective Emission scenario perspective
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g.ﬁﬁs&&tﬂfg But are integrated assessment models
covering a wide enough range of scenarios?

e - e — Fig. 9: Summary indicators across 2030 pathway adjustment scenarios.
Adjusting 1.5 degree C climate change mitigatio

pathways in light of adverse new information § - % . s § g i 3 g .
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Temporary overshoot: Origins, prospects,

and a long path ahead

Andy Reisinger’-" and Oliver Geden?

TInstitute for Climate, Energy and Disaster Solutions (IECDS), Australian National University, Canberra, ACT, Australia

2German Institute for International and Security Affairs (SWP), Berlin, Germany
*Correspondence: andy.reisinger@anu.edu.au
https://doi.org/10.1016/j.oneear.2023.11.008

Annual Review of Environment and Resources
Overshoot: A Conceptual
Review of Exceeding and
Returning to Global
Warming of 1.5°C

Andy Reisinger,' Jan S. Fuglestvedt,” Anna Pirani,’
Oliver Geden,* Chris D. Jones,”® Shobha Maharaj,”
Elvira S. Poloczanska,”!” Angela Morelli,"!

Tom Gabriel Johansen,'! Carolina Adler,?
Richard A. Betts,”'* and Sonia I. Seneviratne'*

Global annual net CO; emissions (Gt CO3)

permanent exceedance 2°C

permanent exceedance 1.5°C
temporary overshoot 1.5°C
temporary overshoot 2°C

............

Temperature increase (°C)

permanent exceedance 2°C

temporary overshoot 2°C
permanent exceedance 1.5°C

temporary overshoot 1.5°C



== Met Office
Hadley Centre

Overshooting
may enable us
to avoid many
earth system
tipping points

Overshoot scenarios need more
iInvestigation

(a) . (b) o (<)
Global warming stabilises at peak warming Global warming exceeds 1.5°C" for 100 years
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How to cite. Ritchie, P. D. L., Huntingford, C., and Cox, P.: ESD Ideas: Climate tipping is not instantaneous - the duration of an
overshoot matters, EGUsphere [preprint], https://doi.org/10.5194/egusphere-2024-3023, 2024.
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cautiously

USE OF 'T0O HOT" CLIMATE MODELS EXAGGERATES IMPACTS OF GLOBAL WARMING

SCIENCEINSIDER ~ CLIMATE

Use of ‘too hot’ climate models exaggerates impacts
of global warming

U.N. report authors say researchers should avoid suspect models
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Global emergence of regional heatwave hotspots outpaces
climate model simulations

Kai Kornhuber®®< Samuel Bartusek®?, Richard Seager® ), Hans Joachim Schelinhuber®' &, and Mingfang Ting®®
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responding to climate change

« The climate has changed, and the rate of many changes are accelerating

» The risks and impacts of climate change increase with warming — every fraction of a degree
leads to more impacts and a greater chance of earth system tipping points. \We need a global
risk assessment alongside the science assessment

« To halt long term climate change (at any level) we will need net zero emissions (with permanent
removals)

* How quickly we reach net zero will determine the level of climate change and climate impacts —
how quickly we do this has costs and implications and it is a legitimate debate to discuss this

« Climate actions have co-benefits and trade-offs — these are not visible enough in current
discussions. The low carbon transition is an opportunity to reconfigure our future

« We will need to adapt — to climate change that has happened and climate change to which we
are now committed. Consider adaptation, mitigation and co-benefits together

 We need to consider a positive narrative framing for the future
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Our World

Decoupling: Countries that achieved economic
growth while reducing CO- emissions, 2005-20
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Emit now, mitigate later? Earth system reversibility
under overshoots of different magnitudes and durations
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World Weather Attribution studies 2024
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 The climate has changed, and the rate of many changes are accelerating
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 The risks and impacts of climate change increase with warming — every fraction of a
degree leads to more impacts and a greater chance of earth system tipping points. We
need a global risk assessment
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* To halt long term climate change (at any level) we will need net zero emissions

Cumulative total anthropogenic CO, emissions from 1870 (GtCO,)
1000 2000 3000 4000 5000 6000 7000 8000
1 T T I T T T T

Temperature anomaly relative to 1861-1880 (°C)

RCP range
1% yr* CO,
R 5 1% yr* CO, range

26 == Historical

0 500 1000 1500 2000 2500
Cumulative total anthropogenic CO, emissions from 1870 (GtC)




ZMetomce  Towards an updated narrative for
responding to climate change

e How quickly we reach net zero will determine the level of climate change and climate
impacts — how quickly we do this has costs and implications and it is a legitimate debate
to discuss this
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e All climate actions have co-benefits and trade-offs — these are not visible enough in
current discussions and should be central. The net zero transition is an opportunity to

reconfigure our future
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« The climate has changed, and the rate of many changes are accelerating

» The risks and impacts of climate change increase with warming — every fraction of a degree
leads to more impacts and a greater chance of earth system tipping points. \We need a global
risk assessment alongside the science assessment

« To halt long term climate change (at any level) we will need net zero emissions (with permanent
removals)

* How quickly we reach net zero will determine the level of climate change and climate impacts —
how quickly we do this has costs and implications and it is a legitimate debate to discuss this

« Climate actions have co-benefits and trade-offs — these are not visible enough in current
discussions. The low carbon transition is an opportunity to reconfigure our future

« We will need to adapt — to climate change that has happened and climate change to which we
are now committed. Consider adaptation, mitigation and co-benefits together

 We need to consider a positive narrative framing for the future
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 We will need to adapt - to climate change that has happened and climate change to
which we are now committed. Consider adaptation, mitigation and co-benefits together
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Traceable set of Earth System Modelling Tools
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Application Highlights — Remaining
Carbon Budget
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* Quantifying long standing missing
processes in the carbon budget

* Fire-vegetation interactions (-14.6%)
* Nitrogen limitation (-9.7%)
e Diffuse radiation (-8.5%)
* Dynamic Vegetation (+1.5%)
 Wetland methane emissions (-5.1%)
e BVOCs (+1.4%)

* Applying to CMIP6 multi-model
ensemble implies remaining carbon
budget to 2°C may be up to 25%
too high.
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