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On-going and future changes of the AMOC:

what can we learn from combining models and

various sources of observations?
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Meridional overturning circulations (MOC) ' "=*"

Present-day large scale ocean circulation

ESM

Effect of a substantial (>50%) Atlantic MOC weakening
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Observed change in surface temperature 1901-2012

Where are we now?

e There is an observed cooling and freshening of
the subpolar gyre (SPG) over the last century
(IPCC SROCC 2019)
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Proximity to a collapse threshold? SN

L :
Salinity advection by the overturning at 34°S (Fgy)
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Future under extreme forcing

AMOC collapse in future? - e

.- South Africa

Dense bottom
waters

- “it does not collapse in the model experiments
considered here. Instead, the AMOC levels off
at a weaker strength that varies widely across
models” (Baker et al. 2025)

- "Diffusive

- The key new question might not be “is the e
AMOC will collapse?”

but AMOC streamfunction in HadGEM3-GC31-MM at 4xCO0,

- “by how much and how fast will the AMOC e A

\
be reduced in the coming centuries”?
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Two crucial questions

1. What can explain any recent AMOC changes?

2. What will be the rate of future AMOC weakening? (can we go
beyond multi-model ensemble mean?)
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Internal variability of the AMOC

. There are a few models showing multi-centennial variability in the AMOC (Mehling et al. 2024)
. The question of the realism of such a variability mode necessitates paleo-data

. Warming over Europe is larger than simulated (Van Oldenborgh et al. 2009) DEC/;\ AL
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We use the few high resolution reconstructions available
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* Varved sediments over Europe (annual resolution)

* Reanalysis over the Holocene (Erbe et al. 2022)

e Various transient simulations from CMIP models
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®* Variability at the multi-centennial time scale
can be found both in proxy records,
reanalysis and transient simulations over the
last 6 ka.
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centennial variability mode of the AMOC in a
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Atlantic interactions (Jiang et al. 2021) 4
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Phase of the multi-centennial 4
variability over the recent period?
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Contribution to the recent and coming Tip
warming (2000-2035 trend)

Rate of increase (2000- Lapland Northern
2035 in °C/decade) Europe

Forced 0.54* 0.57* 0.48* 0.44*
Internal 0.20 0.33* 0.28* 0.13*
Internal constrained by 0.20 0.30 0.24 0.12
observations

Increase in the forced 37% 53%, 50% 27%

warming



AMOC Projections

« CMIP6 models suggesta 32 +
37% (90% probability) reduction
in AMOC strength by 2100 (SSP2-
4.5 scenario, 3 to 72% depending
on the modell)

- This large uncertainty is
dominated by internal variability
at the decadal scale and model
uncertainty for the end of the
century
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A. AMOC strength

B. AMOC strength relative to 2005-2023
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Y Observations

Observational constraints X,
XX y "x’:
« Use of 4 methods of observational T > SR
constraint approaches ¥ N . X X —
- Weighted average X
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Observed variable y;j

- Random forest
Chosen regions in SSS and SST as predictors of the AMOC spread

- Linear regression

S Sy

; Subpolar \
ﬁmmdm Eant g;

- Ridge regression

- Use of one variable (mean AMOC)
or multiple variables to explain
the spread

Tropical|North

jlropical South

« Check robustness of the methods
using leave-one-out method
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Constrained by
I one observed variable (mean AMOC from RAPID)

XA multiple observed variables (9 zones for SSS and SST + mean AMOC]
AMOC fUtu re F  + 90% empirical uncertainty

A. Constrained projections
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B. Cross-validation performances

« Constraining by multiple variables is
leading to weaker future AMOC

« The best method in terms of leave-one-
out is the ridge regression with multiple
precictor variables

j2an AMOC 2091-2100 (Sv)

- It provides a guess of the AMOC E 3
slowdown of 54 + 8% (90% probability), § »
i.e. a 70% stronger weakening than the E
multi-model mean s
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Main factors explaining the change in the mean ' *

A. Correction on future AMOC (Sv) B. Correction on future AMOC (Sv)
induced by the sea surface temperature

f(xo0) = fiy —BT(ﬁX — X0)
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Conclusions " o,

- An internal multi-centennial variability mode of the AMOC might be able to explain variability
observed in the few high-resolution proxy data available over Europe

- The phase of this variability is able to explain a potential AMOC weakening in the second half of
the 20" century, as well as a recovery in the recent decades, explaining the additional warming
observed over Europe compared to forced signal

- Multi-variate observationnal constraints suggest a potentially larger AMOC weakening(70% more)
than suggested by simple ensemble mean of CMIP6 models

- This might be mainly related to large SSS bias in the South Atlantic, possibly related with a biased
salt advection positive feedback at 34°S in models making some models too stable to perturbation
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SST trends over the North Atlantic in the IPSL-EHS Tip
(K decade-1) over the 1940-2018 period
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Link with observed freshening of the Arctic?

Regression of the SSS and currents over the AMOC in IPSL-CM6A-LR model (Jiang et al. 2021)
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