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Greenhouse gases 
(GHGs) absorb and 
emit infrared 
radiation.

An increase in 
GHGs produces a 
“radiative forcing” 
causing surface to 
warm.

NASA (2017)



Impact of greenhouse gases on infrared radiation 
leaving top of atmosphere 
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Contributions to 
warming

from Figure SPM.2 of 
IPCC* Sixth Assessment Report 

Working Group I 
(AR6 WGI, 2021)

*UN Intergovernmental Panel on Climate Change



CO2 emissions 1990-2019

www.globalcarbonatlas.org

non-OECD

OECD countries





A limit on temperature increase implies a limit on accumulated CO2
- and a cessation of emissions when this limit has been reached

IPCC AR6 WGI Figure SPM.10

[after Allen et al, 2009]

Global surface temperature increase (°C) as function of 
cumulative CO2 emissions (GtCO2) since 1850 



Global 
pathways 

which limit 
warming to 

1.5°C

Figure SPM.3a   
IPCC Special Report on 

Global Warming of 
1.5°C (2018)

‘negative emissions’



Net-zero
UN Paris Agreement 2015 aim ‘… to achieve a balance between 
anthropogenic emissions by sources and removals by sinks of 
greenhouse gases in the second half of this century.’

Issues:
• All greenhouse gases (GHGs) or just CO2?
• Which emissions?



The CO2 emissions which would result in the same warming 
as all the GHGs in a given scenario.  
Often calculated from GWP* values.

*Global Warming Potential: the warming a gas produces 
over a given time period, taking account of its atmospheric 
lifetime, relative to the same mass of CO2.

• methane lifetime ~12 years GWP100 ~32
• nitrous oxide ~120 years ~280

CO2 – equivalent emissions (CO2 eq)



Net Zero CO2 cf Net Zero GHGs

Date for net zero

Fuglesvedt et al (2018)

for a >50% chance of staying below 1.5C in 2100



Nationally Determined Contributions 
(NDCs)

Commitments by Parties to UNFCCC* to reductions in 
terrestrial emissions of GHGs (or often just CO2).

First introduced at COP21+ (Paris 2015). 

e.g. UK (2020) has committed to reduce economy-wide GHG 
emissions by at least 68% by 2030, compared to 1990 levels.

*UN Framework Convention on Climate Change    +21st Conference of the Parties



UNFCCC Synthesis Report on NDCs 20 Sep 2021 [before COP26]



Climate Action Tracker



Climate Action Tracker

COP26



>150 countries

https://eciu.net/netzerotracker



Territorial & Consumption Emissions

Winkler, Rogelj & Gilbert (2020)
www.imperial.ac.uk/grantham/publications/2020/emissions-responsibility-accounting-a-new-look-at-emissions-accounting



Territorial production and consumption CO2 emissions

UN Emissions Gap Report 2019

Absolute                                                             Per Capita



Glasgow’s Credibility Gap (Climate Action Tracker Nov 2021)



Negative 
emissions

Methods for GHG removal and storage
Royal Society report (2018)

Needed in nearly all 1.5°C 
pathways.

DACCS: Direct Air Carbon Capture and Storage
BECCS: Bio-Energy with Carbon Capture and Storage 



Offsetting
Offsetting: a polluter pays another party to take on additional 
mitigation activities which can then be included (as negative 
emissions) in the polluter’s carbon inventory. 

Carbon offsetting does not necessarily result in a reduction of 
emissions and can provide a disincentive (can pay to pollute).

Is basis for Carbon Markets and Emissions Trading.

Voluntary (unregulated) schemes used by companies and 
individuals can result in “Greenwashing”.



Achievements 
of COP26

climatehughes.org/cop26-
briefing



BEIS Net Zero Strategy 
(Oct 2021)                

Carbon Brief

www.gov.uk/government/publications/net-zero-strategy

Net Zero will become a core delivery 
objective across the public sector.



Comes into force April 2022.
Will affect 1300 of UK’s largest companies and 
financial institutions

Corporate action

https://sciencebasedtargets.org/



Corporate emissions responsibility

Winkler, Rogelj & Gilbert (2020)
www.imperial.ac.uk/grantham/publications/2020/emissions-responsibility-accounting-a-new-look-at-emissions-accounting



https://zerotracker.net/

Decarbonisation plans of world’s largest publicly-traded companies



Resources to support net zero planning

Smaller businesses SME Climate Hub  https://businessclimatehub.org/

Larger organisations Carbon Trust  https://www.carbontrust.com/

Non-executive directors Chapter Zero https://chapterzero.org.uk/

FE/HE Sector Environmental Association of Universities 
and Colleges  https://www.eauc.org.uk/

Schools Let’s Go Zero https://letsgozero.org/

https://businessclimatehub.org/
https://www.carbontrust.com/
https://chapterzero.org.uk/
https://www.eauc.org.uk/
https://letsgozero.org/


9 things you can do about climate change
https://www.imperial.ac.uk/grantham/
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