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2Recent 2023/2024 warming in the news
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ESA Climate Change Initiative (CCI) produces global, long-term, satellite-based Climate Data 
Records (CDR)

• Sea Surface Temperature (SST) CCI has recently released version 3 dataset (1980-2021)

• Extended from 2022 to present under Copernicus and UK funding: Earth Observation 
Climate Information Service (EOCIS) and UK Marine and Climate Advisory Service 
(UKMCAS)

SST-CCI Climate Data Record
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Global Mean 60N-60S

1980 to 2025

Shading indicates 
record-breaking years 
since 2010

Global Mean Sea Surface Temperature
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GMSST after removing seasonal cycle:

• Solar effect

• Volcanic effect

• ENSO effect

• Long-term trend

What is the expected long-term trend?

Global Mean Sea Surface Temperature
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6Linear fit to long-term trend
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Assuming:

• Constant Earth Energy Imbalance (EEI)

• Fixed proportion of accumulated energy 
warms the upper ocean

Then expect a linear increase in SST with 
time

Earth Energy Imbalance
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Energy budget 2000-2010, from Stephens et al. 2023



Time-integral of  
Earth energy 
imbalance is the 
accumulation of 
energy in the climate 
system.

Merchant, Allan & Embury, 
2025, Env. Res. Letters.
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Time-integral of  
Earth energy 
imbalance is the 
accumulation of 
energy in the climate 
system.

Merchant, Allan & Embury, 
2025, Env. Res. Letters.

9

Embury    |     o.embury@reading.ac.uk        |     NCEO University of Reading



10

Embury    |     o.embury@reading.ac.uk        |     NCEO University of Reading

SS
T 

/ 
℃

SS
T 

re
sp

o
n

se
 /

 ℃



11

Linear model

• Cannot explain observed SSTs since 2023. Peak underestimated by ~0.13 K

• Sum of square of residuals 2.2 K2

• Warming of 0.13 K decade-1

Long-term warming proportional to Earth’s energy accumulation

• Improves fit with observations. Recent peak within ~0.03 K

• Sum of square of residuals 1.7 K2

• Warming of 0.06 K decade-1 during 1985-89

• Warming of 0.27 K decade-1 during 2019-23

Exceptional GMSST warming
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Statistical fit can be used to predict future SST warming from EEI predictions

Consider three simple scenarios:

On-trend EEI – assume that the post-2010 EEI trend is the best predictor for the near future

Moderate EEI – assume that EEI will return to the pre-2010 trend after 2024

Mitigated EEI – assume current mitigation policies will stabilise the EEI trend by 2030, and 
start to decrease by 2035

• Follows time of maximum and subsequent rate of decrease of SSP1-2.6, but adjusted to 
match current observations of EEI

Future SST warming
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Global Mean SST warming has been accelerating over past 40 years

• Warming of 0.06 K decade-1 during 1985-89

• Warming of 0.27 K decade-1 during 2019-23

If current EEI trends continue global SST may increase a further 0.6 K in the next 2 decades

Merchant, C. J., Allan, R. P., Embury, O., (2025). Quantifying the acceleration of multidecadal global sea 
surface warming driven by Earth’s energy imbalance. Environmental Research Letters, 20 (2). doi: 
https://doi.org/10.1088/1748-9326/adaa8a

SST data available from: https://climate.esa.int/en/projects/sea-surface-temperature/

See poster J3

Conclusions
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