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From the Rio earth summit (1992) to 
the Paris Agreement and beyond…..

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.”

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”



Global climate has changed 
in significantly

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. 

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 



“Paris warming” has reached around 1.35°C

“For the 2015–2024 decade average, observed warming 
relative to 1850–1900 was 1.24 [1.11 to 1.35] °C, of which 
1.22 [1.0 to 1.5] °C was human-induced.” “The best estimate 
of human-caused warming is 1.36 °C”.



How much will the climate warm in future?



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

BacktrackingCurrent policies Net zero announcements

Using IPCC AR6 data



The global carbon budget approach
• 2009ish: several paper identified the 

almost linear relationship between 
global warming and CO2 emissions



The global carbon budget approach

• 2009ish: several paper identified the 
almost linear relationship between 
global warming and CO2 emissions

• One of main advances in IPCC AR5

• The concept of net zero is clear from 
this relationship

IPCC AR5, SPM.10



The global carbon budget approach
Rogelj et al., 2019 Matthews et al., 2020

But, we need to understand the uncertainty budget



Can we constrain 
TCRE (the relationship 
between emissions 
and warming)?

The global carbon budget approach



The global carbon budget approach
• 2009ish: several paper identified the 

almost linear relationship between 
global warming and CO2 emissions

An early view of Zero emission commitment (ZEC)



Does warming 
really halt soon 
after we stop 
carbon emissions?

Plots from Laura Gibbs 
EGU presentation, 2025

UKESM experiments that zero emissions are a range of warming levels

The global carbon budget approach



What about earth 
system feedbacks?

The global carbon budget approach



A reduction of 19% to 
24% in the budget

The global carbon budget approach
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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%

The global carbon budget approach
What about earth 
system feedbacks?



Is the linear relationship 
the same if we remove 
carbon?

“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.”

The global carbon budget approach



Is the linear relationship 
the same if we remove 
carbon?

The global carbon budget approach

Land Ocean



Is limiting warming to below 1.5°C feasible?

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.



Is limiting warming to below 1.5°C feasible?
Carbon budget perspective Emission scenario perspective

For at least a 50% 
chance of limiting 
peak long-term 
warming to below 
1.5°C there is less 
than 3 years of 
emission budget 
left!



But are integrated assessment models 
covering a wide enough range of scenarios?

Within IAMs there are many routes to 
low temperature rise outcomes: but 
many “choices” push up the costs.

Surprises around lack of technology 
solution coming later is more 
problematic.

Experiments with reduced renewables, CCS, DAC, nuclear and 
remaining carbon budget



What about overshoot scenarios?



Overshoot scenarios need more 
investigation

Overshooting 
may enable us 
to avoid many 
earth system 
tipping points



Overshoot scenarios need more 
investigation

Overshooting a 
given warming 
level doesn’t 
need to be 
permanent

But some 
consequences 
might be!

Newer studies
• CSNOW
• TerraFIRMA

• RESCUE
• TiPMIP
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Climate models are an important tool and 
can simulate many aspects of the 
observations BUT must be used 
cautiously 

Percentage of models estimating lower than 
observed trend in “tail widening” in temperature



Towards an updated narrative for 
responding to climate change



Towards an updated narrative for 
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



Cautious optimism for the future

 IPCC AR6



Discussion



Overshoot scenarios need more 
investigation

Costs of avoided 
damages might 
be very large!

But can it be 
achieved!



Overshoot scenarios need more 
investigation

Many projects 
looking at 
overshoot issues:

• CSNOW
• TerraFIRMA
• RESCUE
• TiPMIP





Evolving the global carbon budget 
approach – the relationship is uncertain

Does it matter where 
carbon removal goes?



Towards an updated narrative for 
responding to climate change

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



Towards an updated narrative for 
responding to climate change

• 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



Towards an updated narrative for 
responding to climate change

• To halt long term climate change (at any level) we will need net zero emissions



Towards an updated narrative for 
responding to climate change

• 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



Towards an updated narrative for 
responding to climate change

• 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



Towards an updated narrative for 
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



Towards an updated narrative for 
responding to climate change

• 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



A world-leading community Earth System Model developed in partnership

UNICICLES Ice Sheets





Application Highlights – Remaining 
Carbon Budget

• Quantifying long standing missing 
processes in the carbon budget

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

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

Spencer Liddicoat



What about overshoot scenarios?


