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Overview

v What do we mean by the Earth System?

v Why is ES Science relevant to climate?

v Climate Models → Earth System Models

v UK’s Current Earth System Model & Plans

v Recent ES Science Highlights
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Why? – Climate Forcing (1)

Skeie et al., npj Climate Atmos. Sci., (2020)

Total O3 forcing of 0.4 W m-2 at the present day … equivalent to a 
3-bar electric fire running all day every day over the area of a 
football pitch!

https://www.nature.com/articles/s41612-020-00131-0
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Why? – Climate Forcing (2) 

IPCC 6th Assessment Report (AR6), 2021
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Can only quantify this 
forcing through 
models that include 
interactive chemistry

O3 contribution 
shown in green

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter06.pdf
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Why? – Carbon Cycle 
Feedbacks (1) 

Earth’s carbon sources/sinks may be sensitive to climate change or 
increased CO2 loading, changing the rate of uptake of (emitted) CO2 

from the atmosphere by the global biosphere
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Why? – Carbon Cycle 
Feedbacks (2) 

Response of C uptake to changing atmospheric CO2 and climate ─ 
Large uncertainties, esp. in terrestrial carbon cycle

• Rising CO2 increases photosynthesis & ocean uptake (-ve feedback)
• Rising temperature decreases both land & ocean uptake (+ve feedback)

IPCC 6th Assessment Report (AR6), 2021

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter06.pdf
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Why? Mitigation & Policy Advice
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Shindell et al., UN GMA (2021)

https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions
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Development of Models (1)

Figure courtesy of UCAR
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Development of Models (2)
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Types of Chemistry Models

Young et al., Elementa (2018)

UKCA
UKCA

1. Box 
model 2. Lagrangian 

model
3. Chemistry transport 

Model (CTM)

4. Chemistry General 
Circulation Model

5. Chemistry Climate 
Model (CCM)

6. Earth System 
Model (ESM)

https://online.ucpress.edu/elementa/article/doi/10.1525/elementa.265/112813/Tropospheric-Ozone-Assessment-Report-Assessment-of


Physical climate variability and 
the carbon cycle interact strongly
   Ocean biological activity, upwelling,
carbon outgassing and nutrient transport

An Earth System Model is only as good as the core physical/dynamical
climate model that is simulating underlying climate processes and variability

Evolution of summer 
      1998 La Nina



Modelling fire occurrence in the Earth 
System is sensitive to the underlying 
vegetation and meteorology

• Overestimation of tree fraction in savanna biomes
• Underestimation of fire size in these regions (e.g., SHSA)

Teixeira et al., GMD (2021)

https://gmd.copernicus.org/articles/14/6515/2021/
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v What do we mean by the Earth System?

v Why are we interested in ES Science?

v Climate Models → Earth System Models

v Current/Next ESM: UKESM1.0
     UKESM1.1
     UKESM2.0

v Recent ES Science Highlights



UKCA
(chem)

UKCA
(aero)

MEDUSA

CICE

UM 
atmosphere

JULES

BISICLES

NEMO
Physical 

component
ES 

component

Key:

Fe

DMS
 CO2Water

    Heat
        Draft

Orography
     Snow
Heat

Radiative properties
                             Meteorology

Direct  &Indirect effects

Deposition

BVOCs

T, S, u

Walters et al 
GMD (2019)
Williams et 
al., JAMES 
(2018)

Mulcahy et 
al., GMD 
(2020)

UKESM1.0

https://doi.org/10.5195/gmd-12-1909-2019
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https://doi.org/10.1002/2017MS001115
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UKESM1.0 → UKESM1.1

Mulcahy et al., GMD (2023)UM-Based
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• Improved SO2 dry deposition
• Reduced magnitude of aerosol forcing
• Bugfixes & re-tunings

https://gmd.copernicus.org/articles/16/1569/2023/
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UKESM1.1 → UKESM2.0

UM-Based

ee-UKESM1.1-ice
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Decision 
making

• Important?
• Expertise?
• Fit for purpose?
• Computational cost?
• Scientific performance?
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v Next Generation ESM: UKESM1s

v Recent ES Science Highlights
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Biogeochemical Feedbacks

Thornhill et al., 
ACP (2021)

First multi-model assessment of different non-CO2 
biogeochemical feedbacks

https://acp.copernicus.org/articles/21/1105/2021/
https://acp.copernicus.org/articles/21/1105/2021/
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Mitigation & Policy Advice

Assessment of climate & air quality impacts from different 
mitigation pathways, e.g., aerosols, land use, methane, etc..

Turnock et al., Earth’s Future (2022)
Turnock et al., Geohealth (2023)
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https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fagupubs.onlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.1029%2F2022EF002687&data=05%7C01%7Cfiona.oconnor%40metoffice.gov.uk%7Cdbea65cbabea4449dff708da7a161aaa%7C17f1816120d7474687fd50fe3e3b6619%7C0%7C0%7C637956532594299422%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ISkUqAPcwRZH64NeLGhEDpVIr8GYl5ptX2dAcE6KAs8%3D&reserved=0
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GH000812
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Conclusions
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Concluding Remarks

• The Earth System

• Motivation behind studying Earth System Science

• Development of Climate Models into Earth
  System Models

• Brief overview of UKESM1, UKESM1.1, & UKESM2

• Recent ES Science Highlights
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Thank you for listening!
Any questions?


