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Supplementary text

In order to investigate the sensitivity of the results to the statistical method, we
additionally employed two other methods to identify the externally forced signal in

SST. Moreover, we investigated satellite-sea levels.

POP analysis

Principal Oscillation Pattern (POP) analysis is applied to the observed annual Atlantic
SSTs 1900-2019 (Methods), which is a multivariate statistical technique designed to
simultaneously inferring the characteristic spatial patterns and timescales of a vector
time series . The leading mode (POP1, Extended Data Fig. 5) accounting for 44.3%
of the total Atlantic-SST variability, is a real mode and has an e-folding time of 10.7
years. POPL1 is consistent with EOF1 (Fig. 2). The time series of POP1 (PC1) well
follows the long-term evolution of the net effective radiative forcing (ERF, Methods),

with a correlation coefficient of 0.86 (Extended Data Fig. 5a). The regression pattern
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upon PC1 exhibits positive anomalies over most of the global ocean, with the

exception of the NAWH (Extended Data Fig. 5b). POP1 accounts for up to 80% of

the SST variability in the subtropical Northwest Atlantic but hardly any in the NAWH.

In the other regions of the Atlantic, the explained variances amount to at least 40%.

The map of local regression coefficients upon PC1 reproduces in large parts the

SST-trend pattern 1900-2019 (Extended Data Fig. 1a).

Signal-to-noise ratio maximizing EOF analysis

We also use the ensemble of historical simulations 1900-2014 with the CMIP6

models (Methods) to derive the externally forced SST variability. A signal-to-noise

ratio (S/N) maximizing EOF analysis (Methods) is applied to the global SSTs from the

models (Extended Data Fig. 6). The leading mode (S/N-EOF1) accounts for 64.3% of

the total SST variance. The corresponding time series (S/N-PC1, Extended Data Fig.

6a) is governed by an accelerating upward trend with a strong rise after 1990. The

map of local regression coefficients of the modeled SSTs upon S/N-PC1 (Extended

Data Fig. 6b) is consistent with EOF1 (Fig. 2b) and POP1 (Extended Data Fig. 5b)

and reproduces in large parts the observed pattern of linear SST trends 1900-2019

with significant warming over most regions except the NAWH (Extended Data Fig.

1a). S/N-PC1 accounts for a relatively large fraction of the SST variability over most

of the global ocean, typically more than 40%. Explained variances are small in the

NAWH region and over parts of the subpolar Southern Ocean, consistent with the

results obtained from the EOF and POP analysis. When applying S/N-EOF analysis

only to the model SSTs over the Atlantic domain, the leading mode explains less
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variance, suggesting that the externally forced signal can be estimated from the

models more effectively by using global SSTs.

Sea level variability

Finally, satellite-sea levels have been analyzed. They feature a globally averaged
rise of about 9 cm since 1993 but no trend in the NAWH. The leading EOF of sea-
level variability 1993-2019 (EOF1s.; Extended Data Fig. 1c, d) can be taken as the
global-warming signal. When removing the global average to obtain dynamic sea
level (DSL) linked to EOF1s,, negative anomalies appear in the subpolar NA
(Extended Data Fig. 1e). A sharp drop is observed prior to 2010 southeast of
Greenland (box in Extended Data Fig. 1e, Extended Data Fig. 1f), concurrent with the
AMOC-slowing event and reduction in heat transport at 26.5°N 2. This event may be
a manifestation of internal variability 3, without excluding it being part of a long-term

trend.
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