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Abstract

The Atlan@c Meridional Overturning Circula@on (AMOC) transports heat from the subtropical gyre to the subpolar gyre. Changes
in the poleward heat transport are commonly associated with changes in the strength of the circula@on, especially changes in the
Gulf Stream, following the "ocean heat conveyor" conceptual model. Assuming a degree of coherence in circula@on anomalies
between the gyres, the AMOC is currently monitored in the subtropical gyre near 26N. For changes in the large‐scale ocean
circula@on to explain observed decadal anomalies of ocean heat and freshwater, there must be a robust mechanism to move
water proper@es across the boundaries between subtropical and subpolar gyres. However, the conveyor paradigm has been
challenged by recent observa@ons showing liPle connec@vity between the subtropical and subpolar gyres. FiYeen years of
observa@ons from satellite al@meters reveal that anomalies in transport into the subpolar gyre (through the North Atlan@c
Current) result from the Gulf Stream switching ﬂow from one gyre to the other, rather than from transport anomalies in the Gulf
Stream itself, as the conveyor model suggests.

A. Subtropical and Subpolar Gyre Surface Transports

B. Conveyor or Switch?
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Figure 5. (a) Conveyor model: an increase in Gulf Stream inﬂow (GSI) results in increased ﬂow
to the NAC (subpolar gyre). (b) Switch model: NAC (subpolar gyre) and AC (subtropical gyre)
transports are an@‐correlated, that is, the NAC increases at the expense of the AC, but not in
response to GSI increases. The an@‐correla@ons between the NAC and the AC in Figure 4. (top
panel) indicate that the switch model more accurately describes the rela@onship between the
transports. Anomalies in the GSI are reﬂected in the recircula@on (RC), but are not transmiPed
into the NAC (subpolar gyre).

C. Forcing and Consequences of the “Switch”

Figure 1. Mean sea surface height
(Maximenko and Niiler, 2008). Bold line
highlights the boundary between the
subpolar and subtropical gyres, which
was used to set the northeast corner of
the box in Figure 2.
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Figure 3. Example of SSH
along the northern boundary
of the box, showing how the
LC and NAC surface
transports (SSH diﬀerences)
were deﬁned rela@ve to the
minimum in SSH. All other
transports were es@mated as
the diﬀerence in SSH at the
corners of the box. The SSH
diﬀerence is propor@onal to
the geostrophic transport
integrated along the edge of
the box.

Figure 2. Box used to analyze
the @me series of currents at
the subtropical/subpolar gyre
juncture. Five surface
transports were constructed
from the SSH diﬀerence across
the current systems: Labrador
Current (LC), North Atlan@c
Current (NAC), Azores Current
(AC), recircula@on (RC), and
Gulf Stream inﬂow (GSI).

Figure 4. Surface transports
for (top panel) NAC (red) and
AC (blue) and (boPom panel)
for GSI (black), LC (magenta),
and RC (green). Posi@ve
transports are deﬁned by the
direc@on of the arrows in
Figure 2. Note that the sum of
RC and AC is smaller than GSI,
so that in the mean part of the
GSI ﬂows into the NAC.

Figure 6. (a) Surface transport in
the NAC (red) has a low, but
signiﬁcant, correla@on with the
North Atlan@c Oscilla@on, (blue)
lagging it by 9 months. The NAO‐
related wind stress curl (b) has a
tripole structure that may
contribute to the an@‐correla@on of
the two gyres.
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Figure 7. Composite maps for the years of
strong (1993, 1996, and 2007) and weak
(1999, 2002, 2003) NAC transport. (a) SSH
for strong years, (b) SSH for weak years, (c)
SST for strong years minus weak years, and
(d) turbulent heat ﬂux for strong years
minus weak years. SST diﬀerences suggest
increased heat transport into the subpolar
gyre in strong NAC years.

Summary

•Transport anomalies at the subtropical/subpolar gyre boundary respond more like a
switch than a conveyor
•The switching may be controlled by winds related to the North Atlan@c Oscilla@on.
•Higher sea surface temperatures near the gyre boundary correspond to a stronger NAC.

