10-years of Atlantic Overturning observations
Variability revealed on sub-annual, seasonal, annual and multi-annual timescales
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Impacts

Introduction
The Atlantic overturning circulation (AMOC) is a system of
currents carrying warm, shallow water northwards and
returning cold, deep water southwards (Fig. 1). The heat
released by the ocean over the subtropical and subpolar
ocean is key to maintaining Europe’s mild climate.
Paleoceanographic evidence suggests that shutdowns in
the overturning circulation were linked with the ice ages.
The Intergovernmental Panel for Climate Change (IPCC)
states that it is very likely that the AMOC will weaken in
the 21st century. Prior to 2004, only 5 measurements of
the AMOC existed (Fig. 2, red squares). When these
figures were published1, they showed an apparent decline
in the overturning.

Results
Large sub-annual variability:
The first year’s measurements from
RAPID2 showed that sub-annual
variability of the AMOC encompassed
more than the full range of the historical
measurements.
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A. Accelerated rates of sea-level rise along the densely populated northeast coast of the United
States were observed following the AMOC drop in 20098. A 1 Sv decline in AMOC strength was
associated with 13 mm of sea-level rise in New York.
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The UK-US funded RAPID project began in 2004 with the aim of providing continuous,
full-depth, basinwide measurements of the AMOC. The measurements are based on
moored CTD (for deriving geostrophic currents) and current meter measurements.
These are combined with cable-based measurements in the Straits of Florida and wind
measurements for calculating Ekman transport. The transport measurements are
combined and vertically integrated to calculate an overturning streamfunction, the
maximum of which is defined as the AMOC strength.

A large seasonal cycle:
A seasonal cycle of 6 Sv was
observed3 (green, dashed).
This is driven by density
variations at the eastern
boundary.
This update to ref. 3 shows the
seasonal cycle peaking in July.

Interannual Variability:
From 2009, the AMOC
weakened dramatically. This
30% slowdown persisted for
18 months4 and cooled the
whole of the subtropical
North Atlantic5.

A Double Dip:
Following the minimum in
winter 2010, a second dip in
strength occurred in winter
2011. This was associated
with reemerging sea-surface
temperature (SST)
anomalies6.

Evidence of a slowdown?
A decline of 0.6 Sv/year has
been observed over the first
ten years7 (orange line). This
is ten times larger than long
term decline predicted by the
IPCC.

Figure 3. Sea-surface temperature anomaly in winter 2010/11.
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Figure 2. 10 years of AMOC measurements from the RAPID array. 10-day (grey) and 60-day (black) low-pass filtered values are shown.
The seasonal cycle is shown in green, dashed; a linear trend in orange. Red squares indicate historical AMOC measurements.

C. Changes in the heat transported to high
latitudes by the AMOC could alter rates of
sea-ice melt in the Arctic11.

• Real-time AMOC:
Trials are currently ongoing to deliver a
telemetry system for the RAPID array.
This will allow near real-time
transmission of the data.
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B. SST patterns that re-emerged following
the AMOC slowdown in 2009 (Fig. 3) were
capable of pushing the atmosphere into a
second successive negative NAO in winter
2010/119. Analogues of this ‘double dip’
pattern were found in the late 60s and 70s
and were associated with severe winters in
northwest Europe10.

The Future

• Decadal fluctuations:
The ocean’s greatest influence on the
atmosphere and climate is on decadal
timescales. Long-term measurements
will tell how the AMOC interacts with
fluctuations like the Atlantic
multidecadal oscillation.
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Figure 1. A schematic of the main currents in the North Atlantic with the location of the RAPID moorings illustrated.
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In 1960 Charles Keeling published two
years of CO2 measurements (top
figure). Much like the early papers from
RAPID, he discussed short timescale
variability (in this case, seasonal).
However, as the Keeling curve
continued, it is most famous as a record
of the continual rise of anthropogenic
CO2 in the atmosphere (lower figure). In
50 years time, will the RAPID
measurements have documented the
predicted AMOC slowdown due to
anthropogenic climate change? Only
time will tell.

