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Overview 

• Background to the Climate Emergency

• Global targets and the challenges of mitigation

• The consequences of failure to mitigate



Background to the climate 
emergency



The Earth’s Climate is driven by:

• The way energy from the sun moves 
in & out of the atmosphere 
mediated by:
• Albedo
• Greenhouse effect

• The way heat moves around the 
atmosphere and oceans mediated 
by:
• Wind
• Ocean currents

Source: NASA’s Solar Observatory



Radiation

•  Different gases absorb solar radiation at 
different wavelengths of radiation – ‘greenhouse 
gases’ absorb infra-red radiation or ‘heat’

•  Main gases are water vapour, carbon dioxide, 
ozone, methane, N2O, HFCs, SF6 

     without          with         mean

            Greenhouse Effect Greenhouse Effect      Increase

    Surface 

temperature       -18oC          +15oC          33oC

Greenhouse Gases



Greenhouse gases (GHGs) controlled 
under Kyoto 

*Table 8AI I n Myhre, G., D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. Lamarque, D. Lee, B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T. 
Takemura and H. Zhang, 2013: Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Gas Lifetime in the atmosphere

Carbon Dioxide CO2 10s-1000s of years (see later slides)

Methane CH4 12 years*

Nitrous Oxide N2O 121 years*

Hydrofluorocarbons HFCs days to 100s of years*

Perfluorocarbons PFCs 1000s of years*

Sulphur hexafluoride SF6 3,200 years *



Hannah Ritchie, Pablo Rosado, and Max Roser (2020) - “Greenhouse gas emissions” Published online at OurWorldinData.org. Retrieved 
from: 'https://ourworldindata.org/greenhouse-gas-emissions' [Online Resource]





Hannah Ritchie, Pablo Rosado, and Max Roser (2020) - “Breakdown of carbon dioxide, methane and nitrous oxide emissions by 
sector” Published online at OurWorldinData.org. Retrieved from: 'https://ourworldindata.org/emissions-by-sector' [Online Resource]



Consumption-based emissions per person

The differences between fossil CO2 emissions per capita is larger than the
differences between consumption and territorial emissions.

Consumption-based emissions are calculated by adjusting the 
standard emissions estimates to account for international trade

Source: Peters et al 2011; Friedlingstein et al 2024; Global Carbon Project 2024

http://www.pnas.org/content/108/21/8903
https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/


What happens to CO2?

Perturbation of the global carbon cycle caused by anthropogenic activities,
global annual average for the decade 2014–2023 (GtCO2/yr)

CDR here refers to Carbon Dioxide Removal besides those associated with land-use that are accounted for in the Land-use change estimate.
The budget imbalance is the difference between the estimated emissions and sinks. 

Source: NOAA-GML; Friedlingstein et al 2024; Canadell et al 2021 (IPCC AR6 WG1 Chapter 5); Global Carbon Project 2024

https://gml.noaa.gov/ccgg/trends/
https://essd.copernicus.org/preprints/essd-2024-519
https://www.ipcc.ch/report/ar6/wg1/
http://www.globalcarbonproject.org/carbonbudget/


Global carbon budget

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks is an active area of research

Source: Friedlingstein et al 2024; Global Carbon Project 2024

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


Carbon Cycle: Bathtub Analogy

Source: US EPA, 2012



Global carbon budget

The cumulative contributions to the global carbon budget from 1850
The carbon imbalance represents the gap in our current understanding of sources & sinks

Source: Friedlingstein et al 2024; Global Carbon Project 2024

Ocean Acidification

Climate Change

Incls forests

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


Trends in CO2 - NOAA Global Monitoring Laboratory
277 ppm in 1750 

https://gml.noaa.gov/ccgg/trends/mlo.html


Source: IPCC AR5 (2013) SPM fig 10

The Climate Responds To Cumulative Emissions

Paris goal 

– limiting 

change 

to 1.5oC 



From cumulative emissions to “carbon budgets”

The remaining carbon budget  to limit global warming to 1.5°C , 1.7°C and 2°C is
235 GtCO2, 585 GtCO2, and 1110 GtCO2 respectively, equivalent to 6, 14 and 27 years from 2025.

2650 GtCO2 have been emitted since 1850

The remaining carbon budgets are the average of two estimates (IPCC AR6 and Forster et al., 2023), both updated by removing the most recent emissions.
Quantities are subject to additional uncertainties e.g., future mitigation choices of non-CO2 emissions

Source: IPCC AR6 WG1; Forster et al., 2023; Friedlingstein et al 2024; Global Carbon Project 2024

https://doi.org/10.5194/essd-15-2295-2023
https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


Global targets and the 
challenges of mitigation



Paris! A success?

International agreement:

“to hold global temperature increase to well below 2°C above pre-
industrial levels and pursue efforts to limit it to 1.5°C above pre-
industrial levels”



Carbon reductions required to deliver on Paris

Global CO2 emissions must reach zero to limit global warming

Source: Friedlingstein et al 2024; Global Carbon Project 2024

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


Precendents for rapid emission reductions

For the last 100 years, it has generally taken a crisis to drive global emissions reductions.
To stabilise temperatures, intentional, planned, sustained global reductions must begin.

The 2024 projection is based on preliminary data and modelling.
Source: Friedlingstein et al 2024; Global Carbon Project 2024

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


Source: World Meteorological Organization, 2025 WMO confirms 2024 as warmest year on record at 

about 1.55°C above pre-industrial level

Is 1.5 still alive?

In theory….

https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-level
https://wmo.int/news/media-centre/wmo-confirms-2024-warmest-year-record-about-155degc-above-pre-industrial-level


Delivery of the Paris Agreement

• Every five years, each country is expected to submit an 
updated national climate action plan - known as Nationally 
Determined Contribution, or NDC.

• In their NDCs, countries communicate actions they will take to 
reduce their greenhouse gas emissions in order to reach the 
goals of the Paris Agreement.

https://www.un.org/en/climatechange/all-about-ndcs
https://www.un.org/en/climatechange/all-about-ndcs


Projections of global warming under current NDCs

Source: United Nations Environment Programme (2024). Executive summary. In Emissions 

Gap Report 2024: No more hot air … please! With a massive gap between rhetoric and 

reality, countries draft new climate commitments. Nairobi. https://doi. 

org/10.59117/20.500.11822/46404



Status of Net Zero pledges

Source: Climate Watch Net-zero Target Status | Net-Zero Targets | Climate Watch

https://www.climatewatchdata.org/net-zero-tracker


Net in zero…

• Negative emissions 
technologies (NETs) include:

• Biomass carbon capture and 
storage 

• Direct Air Capture and Storage

• Ocean based measures (e.g. 
alkalinization, filtering out CO2)

• Land based measures (e.g. 
biochar, increasing carbon 
stored in soil, afforestation)

Source: Kevin Anderson, Glen Peters
The trouble with negative 
emissions.Science 354,182-
183(2016).DOI:10.1126/science.aah4567

https://doi.org/10.1126/science.aah4567


Carbon Dioxide Removal – A lot is riding on it, can it deliver?

Vegetation-based  CDR estimates from GCB2024

CDR not based on vegetation from the State of CDR report (2024)

Equivalent to ~1 millionth of annual Fossil CO2 emissions Equivalent to ~5% of annual Fossil CO2 emissions 

0.5 GtC per year 0.001 MtC per year 0.009 MtC per year



Critical Mitigation Actions

• Reduce demand and waste; increase resource efficiency

• Decarbonise electricity supply

• Electrify heat and surface transport

• CCS for industrial process emissions (e.g. cement) coupled 

with switch to alternative renewable materials

• Eliminate HFCs and SF6, with sustainable alternatives

• Halt deforestation, restore and reforest 

• Reduce GHGs from food production



3. The Consequences of 
failing to mitigate



Physical Climate Impacts 

Warmer climate→ warmer land air and oceans; melting sea 
ice and glaciers; increasing sea levels; changes in ocean 
currents; changes in hydrological cycle; more extreme 
weather. 

Despite efforts so far current projections put the world on 
track roughly for 1.5oC – 2oC GW by 2050 up to 3.1oC by the 
end of the century if current policies are followed.

Every fraction counts – mitigation is more urgent than ever



Main climate hazards 

• Hotter average and extreme summer temperatures
• Heatwaves
• Increased wildfire risk

• Drought

• Intense rainfall
• Surface water and river flooding
• Landslip / slope failures
• Shrink swell subsidence

• Wind speeds (UK – impact differ globally)
• Increase in near surface wind speeds (particularly winter)
• Increase frequency of winter storms
• Increased frequency in extreme low wind events (<4m/s) in summer and autumn

• Sea level rise

• Reduction in snowfall, frost days and heating degree days



Source Figure TS.A11.3 pg 117 AR6IPCC, 2022: Climate 
Change 2022: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate 
Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. 
Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. 
Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama 
(eds.)]. Cambridge University Press. Cambridge 
University Press, Cambridge, UK and New York, NY, USA, 

3056 pp., doi:10.1017/9781009325844.



Identifying climate risks

• The potential for adverse 
consequences of a climate-
related hazard on lives, 
livelihoods, health and well-
being, ecosystems and species, 
economic, social and cultural 
assets, services (including 
ecosystem services), and 
infrastructure.

• Risk results from the interaction 
of vulnerability (of the affected 
system), its exposure over time 
(to the hazard), as well as the 
(climate-related) hazard and 
the likelihood of its occurrence

(Source IPCC SR1.5; Technical 
Report CCRA3)



Vulnerability to climate impacts
Vulnerability

The propensity or predisposition to be adversely affected. Vulnerability

encompasses a variety of concepts and elements, including sensitivity

or susceptibility to harm and lack of capacity to cope and adapt.

Sensitivity The degree to which a system or species is affected, either 
adversely or beneficially, by climate variability or change. The effect may 
be direct (e.g., a change in crop yield in response to a change in the mean, 
range, or variability of temperature) or indirect (e.g., damages caused by 
an increase in the frequency of coastal flooding due to sea level rise).

Adaptive capacity:  The ability of systems, institutions, humans and other 
organisms to adjust to potential damage, to take advantage of 
opportunities or to respond to consequences (MA, 2005)

IPCC, 2022: Annex II: Glossary [Möller, V., R. van Diemen, J.B.R. Matthews, C. Méndez, S. Semenov, J.S. Fuglestvedt, A. Reisinger (eds.)]. In: Climate Change 2022: Impacts, 
Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pörtner, D.C. 

Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, 
Cambridge, UK and New York, NY, USA, pp. 2897–2930, doi:10.1017/9781009325844.029.



Climate impact assessment

• Physical risks from climate hazards to a given place or 
activity

• Risks to:
• People
• Power supply
• Water supply
• ICT
• Materials supply
• Transport access

• Socioeconomic risks resulting from the hazards more 
widely



Dangers of using just“averages” to 
understand future climate
• Climate data is often presented in global mean, daily or 

yearly averages

• When averaged some of these changes sound innocuous, 
but they obfuscate the potential impact of weather.

• Extremes events have the most impacts but are not well 
represented 



Climate change impacts | National Oceanic and Atmospheric Administration

https://www.noaa.gov/education/resource-collections/climate/climate-change-impacts


IPCC, 2022: Annex I: Global to Regional Atlas [Pörtner, H.-O., A. Alegría, V. Möller, E.S. Poloczanska, K. Mintenbeck, S. Götze (eds.)]. In: Climate 

Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental 

Panel on Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. 

Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 2811–2896, 

doi:10.1017/9781009325844.028.



Yearly precipitation averages – a lot can 
happen in a year



In summary…

1. It’s an emergency!

2. Every fraction of a degree counts – mitigation is more critical than 

ever

3. We also need to adapt and become resilient to future climate 

and the weather it brings

4. Think beyond averages and physical climate hazards



Thank you



Mean maximum months of severe drought (SPEI12, magnitude -1.5) in a 30-year period. 

MIN/MAX is the minimum to maximum number of months within the country. Units: mean 

(Max, Min) Source: Jenkins et al 2024

CS-N0W_-_WP_D1_-_Searchable_inventory_of_global_climate_impacts__1_.xlsx

Results are based on state of the art models developed over the past decade, and built on three decades 

of experience.  These model results have fed extensively into IPCC AR6.  Previous versions of the results 

were compared in a meta-analysis and showed they were similar to results obtained by other methods. 

These models were used owing to the consistent model development and the number of taxa included. 

Percent of local extinctions (projected species loss owing to climate becoming unsuitable) averaged over 

the entire country at a resolution of 1km x 1km.  Based on the average from 21 CMIP5 models (not an 

ensembled mean). Models were subsequently resampled to 300m to match the resolution of land cover 

data. 

Source: Jenkins et al 2024 

CS-N0W_-_WP_D1_-_Searchable_inventory_of_global_climate_impacts__1_.xlsx

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fmedia%2F66a2584eab418ab055592d54%2FCS-N0W_-_WP_D1_-_Searchable_inventory_of_global_climate_impacts__1_.xlsx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fmedia%2F66a2584eab418ab055592d54%2FCS-N0W_-_WP_D1_-_Searchable_inventory_of_global_climate_impacts__1_.xlsx&wdOrigin=BROWSELINK
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