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To the Editor-

A large body of evidence identifies the Atlantic Meridional Overturning Circulation
(AMOC) as an important driver of changes in climate. Changes in the AMOC have
been implicated in climate events that occurred many thousands of years ago [1], and
others that occurred much more recently, such as in the mid-1990s [2]. Continuous mon-
itoring of the AMOC has only been possible since 2004 [3]. Measurements from the
RAPID-MOCHA array suggest a recent decline in the AMOC [3], but at less than a
decade this record is still short. Here we present evidence from other observations and a
climate model which suggests that this recent measured decline is not merely a short term
fluctuation but is part of a substantial reduction in the AMOC occurring on a decadal
timescale.

Climate model simulations suggest that variations in the density of deep waters in the
Labrador Sea are a useful predictor of changes in the AMOC (Fig 1.c and [4]). Density
anomalies spread southward along the western boundary of the basin, and influence the
east-west density gradient and the AMOC. Observations of density variations in the deep
Labrador Sea show a large positive spike in the mid 1990s (Fig 1.a). This feature has
been linked to an acceleration of the AMOC (estimated to be ∼3 Sv1 at 45◦N [2]) and a
rapid warming of the upper North Atlantic Ocean [2]. Subsequently, the density in this
region dropped very rapidly to the extent that one dataset suggests it is now lower than
at any point in the last 60 years [5] (Fig 1.a). The observed pattern of recent density
change corresponds very well with the pattern associated with AMOC changes in model
simulations (Fig 1b,c and [4, 6]). Based on a comparison with [2] and analysis of Fig 1.c,
the observed density decrease could correspond to a reduction in the AMOC of ∼5-6 Sv
(see supplementary).

The direct AMOC measurements from the RAPID-MOCHA array at 26◦N exhibit a
decline of around –0.5±0.2 Sv yr−1 over the period 2004-12, i.e. a total decline in the
AMOC at 26◦N of ∼ 4Sv (Fig 1.a; trend is estimated after the Ekman component has been
removed and the uncertainty is quantified as 1σ; see [3] for further analysis). Without
the context of the longer density record (Fig 1a), it would be hard to say whether this
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change is a short term fluctuation or is part of a more persistent and significant event. The
density record clearly suggests the latter. Furthermore, there is no sign that the density
has yet ceased to decline. Given the expectation that the AMOC lags the Labrador
Sea density by a few years (Fig 1.c and [4, 6]), this suggests some further decline in the
measured AMOC is likely.

The comparison of the observed and simulated density changes, together with the ob-
served weakening of the AMOC at 26◦N, suggest that a substantial change in the AMOC
is unfolding now. Uncertainties remain, however. In particular, the relationship between
the AMOC at subpolar and subtropical latitudes is still poorly understood [7]. Indeed,
some observed high latitude currents, which are thought to be related to the strength of
the AMOC, have not weakened over the past decade [8]. Numerical models, including the
model used in this study, are unlikely to capture adequately all the important processes,
especially in the subpolar North Atlantic and Nordic Seas [9]. Finally, variables other
than Labrador sea density may contribute to decadal-timescale trends in the AMOC at
26◦N [10]. It follows that observing how these events unfold in detail offers an enormously
important opportunity to test theories and models of the dynamics of the AMOC and,
importantly, its role within the wider climate.
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Figure 1: Labrador Sea density and the Atlantic Meridional Overturning Cir-
culation (AMOC). (a) Observations of 1000-2500m potential density (referenced to
2000m; σ2, relative to 1951-2006) for the EN3 [5] (black), and UK-Met Office [11]
(red) ocean analyses, volume-integrated over the Labrador Sea (65◦W-35◦W, 50◦N-65◦N
- shown by box on panel b) [units: 1013 kg]. Inset is the observed annual-mean AMOC
strength at 26N in Sverdrups [Sv, 106m3 s−1] [3]. (b) The spatial pattern of the observed
vertically-integrated 1000-2500m density change between 1995-2000 and 2007-2012 from
EN3 [units: kgm−2]. (c) shows the scaled regression of integrated 1000-2500m density
onto the AMOC at 40◦N, where the AMOC lags density by 1 year, in HiGEM [12] which
is multiplied by -1 [Units: kgm−2 Sv−1]. See supplementary for further information.
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