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Globally-averaged sea surface temperatures have been at record 
highs from April 2023 to July 2024 and shattered previous records 



Sea surface temperatures have jumped since April 
2023 and shattered previous records by 0.2-0.3℃



Averaged over one year, SSTs broke the old record by 0.25℃
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Speculations emerged if this event has come as a surprise 
and even if it is a sign of unexpected accelerated warming



Speculations emerged if this event has come as a surprise 
and even if it is a sign of unexpected accelerated warming

“A general warming trend is 
expected because of rising 

greenhouse-gas emissions, but this 
sudden heat spike greatly exceeds 

predictions made by statistical 
climate models that rely on past 

observations.”



We have addressed the question if the event was 
expectable with statistical and dynamical climate models
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We built a statistical model to create an observation-
based estimate of the return period of such events

We built several 100-million-
year long time-series with 

prescribed variance, 
autocorrelation, and trend to 
calculate the return period of 

jumps in SSTs that exceed 
previous records by at least 

0.25℃

Terhaar et al. (2025)



Trend, variance, and autocorrelation are estimated based on 
observation-based datasets (ERA5, HadISST, ERSST, NOAA OI SST V2.1)
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Trend, variance, and autocorrelation are estimated based on 
observation-based datasets (ERA5, HadISST, ERSST, NOAA OI SST V2.1)

Calculate the trend in 2023 
based on best available 

observational data (NOAA 
OISST V2.1)

Remove fit to calculate 
variance and autocorrelation 
from observational datasets 

(ERA5, HadISST, ERSST)
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Based on these estimates, we created 10,000 combinations of 
possible trends, variances, and autocorrelations

Terhaar et al. (2025)
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For each of these 10,000 combinations, we created 100 million 
years long timeseries

Variance
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For each of these 10,000 combinations, we created 100 million 
years long timeseries and estimate the return period of jumps 
in SSTs that break the old record by more than 0.25℃

Return period
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Warming trends
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Climate models can simulate such record-shattering jumps 
in SSTs that exceed previous temperature records by 0.25℃

190 simulations from 
the CMIP6 archive

50 simulations from the 
CESM2 large ensemble

Rodgers, K. B. et al. Ubiquity of human-induced 
changes in climate variability. Earth Syst.

488 Dyn. 12, 1393–1411 (2021).

30 simulations from 
the GFDL-ESM2M 

large ensemble
Burger, F. A., Terhaar, J. & Frölicher, T. L. 
Compound marine heatwaves and ocean 
acidity extremes. Nat. Commun. 13, 4722 

(2022).
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SSTs between 60ºS and 60ºN



Events as in 2023/24 are very unlikely but the event 
still lies within the range of simulated events

11 jumps in SSTs that break the old record by at least 0.25℃ are simulated by 
climate models from 2000 to 2040 in 270 climate simulations (11,070 years)
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Such jumps in SSTs are found in climate models with a wide 
range of variances, autocorrelations, and warming trends

Warming trend per decade (K)Warming trend per decade (℃)

Te
m

pe
ra

tu
re

 v
ar

ia
bi

lit
y 

(℃
)

Terhaar et al. (2025)



Such jumps in SSTs are found in climate models with a wide 
range of variances, autocorrelations, and warming trends
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SST patterns in models look similar to observations with a positive El-Niño 
phase, a warm North Pacific, and a relatively warm Indian Ocean
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SSTs stop to be record-breaking between May 
and September in the year after the jump
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The observed SSTs also stopped to be record-
breaking in the year that followed the jump (2024)



SSTs return to pre-jump temperatures in 8 of 11 simulations
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Only in models with very high climate sensitivities 
do SSTs not return to pre-jump levels
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Even when the ‘gap’ is not closed, warming does not unexpectedly 
accelerate and remains or returns to on the ensemble mean path

Terhaar et al. (2025)



Observed SSTs returned to pre-jump levels in 
November 2025, two years after the jump in SSTs



SSTs returned later to pre-jump levels, the ECS/TCRE might be higher –
possibly due to a so far not identified sea ice feedback in the Southern Ocean



It remains unclear what we expect to happen over the next years

Unpublished / in prep.



A record-breaking year of atmospheric temperatures 
increases the likelihood of a hiatus over the next years
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A record-breaking year of atmospheric temperatures 
increases the likelihood of a hiatus over the next years

a b

Hiatus length
• any given year: 3.2±2.5 years
• After strong record-breaking atmospheric temperature jump: 5.1±2.4 years
• After strong record-breaking temperature jumps in atmosphere and ocean: 6.7±2.0 years

Unpublished / in prep.



Temperature trends show a distinct pattern during the 
hiatus after record-breaking jumps in atmosphere and ocean
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Temperature trends show a distinct pattern during the 
hiatus after record-breaking jumps in atmosphere and ocean

*no stippling indicates where 80% 
(100%) of the simulated hiatus 

agree on the sign
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1) Based on observational estimates of trends, variances, and autocorrelations, the jump in SSTs 
that broke old SSTs record by 0.25℃ was a 1-in-a-512-years event (205-1185 years)

2) Climate models can simulate such events and can hence be used to assess changes in extreme 
events in the future

3) An El-Niño event is a necessary for such jumps in SST to occur

4) It is not only the ‘hot models’ that simulate such events but also models with a weak warming 
trend

5) SSTs stop to be record-breaking in the year after the start of the jump in SSTs and return to 
expected long-term warming trends

6) After such record-shattering jumps in SST, a relatively long hiatus is very likely

Take home messages


