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and Alexey Sokov1

Received 26 March 2009; revised 22 May 2009; accepted 1 June 2009; published 9 July 2009.

[1] Recent decadal changes (1955–2007) in the baroclinic
transport (TBC) of the Deep Western Boundary Current
(DWBC) carrying the Greenland–Scotland overflow-
derived waters along the East Greenland slope are
quantified from a set of hydrographic sections in vicinity
of Cape Farewell. The updated historical record of TBC

shows clear decadal variability (±2–2.5 Sv) with the
transport minima in the 1950s and mid-1990s, maximum
in the early 1980s and moderate-to-high transport in the
2000s. Since the mid-1990s, the DWBC TBC has increased
by �2 Sv (significant at the 99.9% level), which constitute
�20% of the mean absolute transport (9.0 Sv) as obtained
from three cruises in 2002–2006. The DWBC TBC

anomalies negatively correlate (R = –0.80) with thickness
anomalies of the Labrador Sea Water (LSW) at its origin
implying a close association, albeit not necessarily
causative, between the DWBC transport east of Greenland
and the LSW production. Citation: Sarafanov, A., A. Falina,

H. Mercier, P. Lherminier, and A. Sokov (2009), Recent changes

in the Greenland–Scotland overflow-derived water transport

inferred from hydrographic observations in the southern

Irminger Sea, Geophys. Res. Lett., 36, L13606, doi:10.1029/

2009GL038385.

1. Introduction

[2] Convective overturning in the Nordic Seas produces
cold dense waters that overflow the Greenland–Scotland
Ridge and, while descending into the deep subpolar basins,
entrain lighter Atlantic waters and form the Denmark Strait
Overflow Water (DSOW) and Iceland–Scotland Overflow
Water (ISOW). At the East Greenland slope in the Irminger
Sea, the DSOW and ISOW flows join in the Deep Western
Boundary Current (DWBC) (Figure 1a) constituting the
lower limb of the Atlantic meridional overturning circula-
tion.
[3] At the exit from the Irminger Sea, the DWBC

accounts for most of the overflow-derived water flux to
lower latitudes [e.g., Kieke and Rhein, 2006] (hereinafter
referred to as KR06), and this makes the southern part of the
Irminger Sea one of the best sites for monitoring temporal
changes in transport of the deep waters in vicinity to their
source regions.

[4] In the absence of sufficient long-term direct current
measurements, the basic way to assess the deep water
transport variability is to infer it from changes in geostrophic
transports derived from repeated hydrographic sections
across the flow. This approach based on calculation of
relative baroclinic velocities in the water column has been
repeatedly applied to estimate deep water transport variabil-
ity in the North Atlantic in the 1950s–1990s, and the
advantages and restrictions of the approach have been
discussed [Bacon, 1998, hereinafter referred to as B98;
KR06].
[5] The DWBC baroclinic transport in the southern

Irminger Sea has undergone substantial decadal variability
with stronger DWBC in the late 1970s–1980s and weaker
DWBC in the 1950s–1960s and early–mid-1990s (B98).
Similar decadal signal has been inferred by Koltermann et
al. [1999] from the set of the transatlantic sections (late
1950s, early 1980s and early 1990s) and by Marsh [2000]
from the surface heat and freshwater fluxes (1980–1997),
and southward transport of the overflow-derived deep
waters has been suggested to be negatively correlated with
production and transport of the Labrador Sea Water (LSW)
[Koltermann et al., 1999; Marsh, 2000].
[6] In this study, we assess changes in the baroclinic

transport (TBC) of the DWBC and its two components,
ISOW and DSOW flows, between the 1990s and 2000s
using the data from nearly collocated hydrographic sections
in the southern Irminger Sea (Figure 1a and Table 1)
(section 3). We compare the DWBC TBC with the absolute
transport values when available to estimate to what extent
the TBC variability may account for that of the absolute
transport (section 4). We reconstruct the DWBC TBC time
series for 1955–2007 by extending the historical record
(B98) with the newly obtained estimates and examine
robustness of the earlier suggested link between the deep
water transport and LSW production (section 5).

2. Data and Method

[7] The TBC for the DWBC (the s0 � 27.80 density class,
e.g., B98) and its two components – ISOW and DSOW
(27.80 � s0 � 27.88 and s0 � 27.88, respectively, e.g.,
KR06) – were calculated using CTD data from 19 sections
across the Irminger Sea in 1991–2007 (Figure 1a and
Table 1). The TBC calculation was carried out in exact
accordance with the method applied by B98 to the 1955–
1997 dataset at the same location (see the method section
therein) in order to make our estimates thoroughly compat-
ible with those reported by B98. The 1991–2007 zonally-
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accumulated DWBC baroclinic transports are shown in
Figure 1b. The TBC time series for DWBC, ISOW and
DSOWare shown in Figure 2 in anomalies about the 1991–
2007 mean.
[8] During the cruises on board R/V Thalassa in 2002

and 2004 and R/V Maria S. Merian in 2006, direct current
velocity measurements were carried out with Acoustic
Doppler Current Profiler equipments allowing the DWBC
absolute transport to be estimated with the inverse method
described by Lherminier et al. [2007]. These estimates are
used to compare the absolute and baroclinic transport
variability.
[9] The 1955–2007 DWBC TBC time series (Figure 3) is

obtained by merging our results with B98 estimates. While
thoroughly relying on B98, we omitted the 2 transport
estimates (of total 21) derived from sections carried out
from R/V Hudson (February 1967) and R/V Tyro (April
1991) that did not fully sample the DWBC. When more
than one section was available for a given year we plotted
the mean transport value.

3. Transport Increase Between the Mid-1990s
and 2000s

[10] In the mid-1990s, the DWBC TBC in the Irminger
Sea was the lowest since the 1960s (B98; KR06). Since the
mid-1990s onwards, the transport increased (Figure 2a).
Though the transport increase between the mid-1990s and
2000s is evident by the fact that all transport values in the
2000s are higher than in 1994–1997, its quantification as a
linear trend varies considerably from +2.1 ± 0.7 to +3.4 ±
0.9 Sv/decade depending on the arbitrary choice of the trend
endpoint (2007 or 2004). The difference between the mean
TBC values for the 2000s (2000–2007, 11 sections) and the
mid-1990s (1994–1997, 5 sections) is +2.04 Sv (p < 0.001).
Thus, we conclude that the baroclinic transport of the
DWBC southeast of Cape Farewell has increased since
the mid-1990s by at least 2 Sv, i.e., by 54% relative to
the 1994–1997 mean (3.7 Sv).
[11] The TBC has clearly increased in both the ISOW and

DSOW layers (Figures 2b and 2c) and the ISOW, DSOW
and DWBC TBC anomalies are well correlated (0.96 > R >
0.79, Figures 2d–2f). The ISOW (+1.2 Sv, p < 0.001) and

DSOW (+0.8 Sv, p < 0.001) transport increases, defined as
the differences between the means for the 2000s and mid-
1990s, constitute respectively 60% and 40% of the net
DWBC TBC increase (+2 Sv).

4. Comparison With the Absolute Transport in
2002, 2004 and 2006

[12] One of the issues related to interpretation of the
baroclinic transport changes is how well do these changes
account for those in the absolute (‘actual’) transport derived
using the current measurement data. The absolute transport
estimates for the DWBC carried out for the OVIDE section
repeats of 2002, 2004 (R/V Thalassa) and 2006 (R/V Maria
S. Merian) allow comparison of the DWBC baroclinic and
absolute transports and their changes between the 3 obser-
vations.
[13] The DWBC baroclinic transport (5.3 Sv in 2002,

7.2 Sv in 2004 and 4.6 Sv in 2006) constitutes on average
63% of the absolute one (8.4, 11.1 and 7.6 Sv, respectively);
the mean absolute transport is 9.0 Sv. If we take the latter
value as a tentative estimate of the DWBC absolute trans-
port in the 2000s then the �2-Sv increase in the DWBC
TBC between the mid-1990s and the 2000s constitutes 22%
of the absolute transport.
[14] The 2002–2004–2006 variability of the TBC is

qualitatively consistent with the absolute transport variabil-
ity: the DWBC baroclinic and absolute transports both
increased between 2002 and 2004 (+1.85 Sv and +2.7 Sv,
respectively) and decreased between 2004 and 2006 (–
2.6 Sv and –3.5 Sv, respectively). Quantitatively, the TBC

changes account on average for about 70% of the absolute
transport changes between the 2002, 2004 and 2006 obser-
vations.

5. Long-Term Variability of Baroclinic Transport,
1955–2007

[15] A (multi-) decadal signal with a magnitude of ±2–
2.5 Sv (±35–45% of the long-term mean, 5.5 Sv) is evident
in the 1955–2007 record for the DWBC TBC anomalies
(Figure 3a). The transport increased by 4–5 Sv between the
1950s and the early 1980s, decreased by 4–5 Sv between

Figure 1. (a) Hydrographic section locations and circulation scheme for the Greenland–Scotland overflow-derived waters
and Labrador Sea Water. (b) Zonally-accumulated baroclinic transports (Sv) for s0 � 27.80 in the Irminger Sea (1991–
2007).
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