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Introduction 

 The Earth’s energy balance has remained relatively stable for millennia

 This balance  is regulated by the atmosphere;  the basic science of this 
has been understood for more than a century and a half

 Greenhouse Gases (GHGs) play a key role in determining the Earth’s 
energy balance 

 Since the industrial revolution this balance has been increasingly altered  
due to the build up of additional GHGs in the atmosphere



The energy imbalance is  2.29 W m-2 which adds up to more than 6.0 Zeta Joules  annually 
Zeta = 1021  the oceans are taking up more  than 90% of this energy. 

Energy imbalance – radiative forcing   



Carbon budgets 

Carbon dioxide is the main driver of current and future climate change 

The German Advisory Council 2009

promoted a carbon budget approach

IPCC  Report, 2013



A  Carbon budget for warming of 2˚C

Scientific uncertainty means we have a budget range rather than one number



Implications of a carbon budget

UNFCCC review of the adequacy of the long term global goal (2015).



 Confirmed that limiting global warming requires staying within a total carbon 
budget

 To limit warming to below 2°C, global CO2 emissions are reduced by about 20% 
from 2010 levels by 2030, reaching net-zero around 2075 (2065–2080)

 To limit warming to 1.5°C, global CO2 emissions are reduced by about 45% from 
2010 levels by 2030, reaching net-zero around 2050 (2045–2055) 

 Emissions of non-CO2 GHGs  are also reduced but do not reach zero, the 
reductions are similar for 1.5°C and 2°C pathways

 Carbon dioxide removal technologies (CDR) are needed to offset any overshoot 
in CO2 emissions and to offset the emissions of non-CO2 GHGs

IPCC Special Report on warming of 1.5°C, 2018



Carbon dioxide pathways relative to 2010 
to limit warming to 1.5°C 



Global pathways; non-CO₂ emissions 
relative to 2010 

. 

These are similar for 1.5 and 2°C  pathways 



Concluding points 

 Accumulated carbon dioxide emissions will largely determine the 
long term global temperature increase  

 Carbon budgets should inform planning for effective actions on 
climate change, including framing; short, medium, and longer term 
emissions pathways to reach net-zero CO2 emissions 

 Planned and timely deployment of decarbonisation technologies 
can reduce future reliance on carbon dioxide removals 

 However planning for large scale and sustained removals of 
atmospheric carbon dioxide should be initiated 



 How much would the Earth warm by if the atmospheric 
concentration of carbon dioxide was doubled?   “Climate sensitivity” 

 A fundamental calculation in climate science and central to 
estimations of  the global “carbon budget”.

 The IPCC considers that the “climate sensitivity” is likely to be 

between 1.5˚ and 4.5˚C i.e. doubling of the CO2 concentration 

could warm the world by at least 1.5˚ and possibly by 4.5˚C.

 Scientific uncertainty means we have a budget range rather 
than one number. 

A carbon budget?  


