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[1] Recent intra-decadal changes in temperature and
salinity of the Labrador Sea Water and Nordic overflow
waters are quantified on the basis of the CTD data from the
repeats of the zonal transatlantic section along �60�N
carried out in 1997, 2002, 2004 and 2006. The revealed
changes, in general, point to a rapid transition to the warmer/
saltier conditions at the intermediate and deeper levels in the
Irminger Sea and Iceland Basin at the section latitude in
1997–2006. In particular, substantial steady warming and
salinification of the Iceland–Scotland Overflow Water is
revealed in both basins. The latter result means an abrupt
reversal or, at least, almost a decade-long interruption of the
long-term freshening of this water lasted since the mid-
1960s. Citation: Sarafanov, A., A. Sokov, A. Demidov, and

A. Falina (2007), Warming and salinification of intermediate and

deep waters in the Irminger Sea and Iceland Basin in 1997–2006,

Geophys. Res. Lett., 34, L23609, doi:10.1029/2007GL031074.

1. Introduction

[2] The Labrador Sea Water (LSW), Iceland–Scotland
Overflow Water (ISOW) and Denmark Strait Overflow
Water (DSOW) are the main intermediate and deep water
masses formed in the northern North Atlantic. They spread
within the North Atlantic subpolar gyre and further propa-
gate southward in the Deep Western Boundary Current
forming the lower limb of the Meridional Overturning
Circulation. These water masses inherit and transfer climate
signals from the source regions to the deep ocean. Analysis
of intra- and inter-decadal variability of these waters in
vicinity to their source regions is thus essential for under-
standing and quantification of oceanic response to the
observed climate variations.
[3] Variability of the LSW characteristics in the Labrador

Sea has been well documented since the 1950s [e.g., Curry
et al., 1998; Dickson et al., 2002, hereinafter referred to as
D02; Yashayaev, 2007] and the non-steady freshening of
LSW since the 1960s interrupted by the rather short warm-
ing/salinification events has been reported (D02). Severe
winters of the late 1980s–early 1990s caused an extremely
deep convection in the Labrador Sea producing large
volumes of the coldest, freshest and densest LSW ever
observed [see Lazier et al., 2002; Rhein et al., 2007].
Shallower convection since the mid-1990s resulted in the
coexistence of the so-called deep LSW (dLSW) formed
before 1995 and shallow LSW (sLSW) produced after 1995

[Lazier et al., 2002; Azetsu-Scott et al., 2003]. Since 1995,
the dLSW in the Labrador Sea has been isolated from the
convective renewal and has gradually become warmer and
saltier due to mixing with ambient waters [Lazier et al.,
2002; Avsic et al., 2006]. Salinity of the shallow LSW in the
Labrador Sea increased after its most intense renewal in
2000, and after 2003 salinification of sLSW has been
accompanied by its warming [see Yashayaev, 2007].
[4] Changes in the LSW properties since the late 1980s

have been detected in different locations of the North
Atlantic primarily by observations at the repeated hydro-
graphic sections [e.g., Koltermann et al., 1999; Johnson et
al., 2005; Falina et al., 2007; Kieke et al., 2007; Yashayaev
et al., 2007]. In the work by Falina et al. [2007] we noted
the two-modal structure of LSW existing in the southern
Irminger Sea (IS) since 1996, and warming and salinifica-
tion (by �0.3�C and 0.04 respectively) in the dLSW core in
the IS in 1997–2004.
[5] The sustained long-term freshening of the Nordic

overflow-derived ISOW (in the western North Atlantic also
known as the Northeast Atlantic Deep Water, NEADW) and
DSOW was observed in the subpolar North Atlantic be-
tween the mid-1960s and the late 1990s. D02 reported
freshening of ISOW (NEADW) by 0.008–0.013 per decade
(depending on the location) in the Iceland Basin (IB), IS and
Labrador Sea. Similarly, DSOW salinity decreased by
0.013–0.015 per decade in the IS and Labrador Sea
(D02). The freshening of the deep waters along with the
non-steady freshening of LSW resulted in the total freshen-
ing of the water column in the subpolar North Atlantic by
approximately 0.03 on average over the last four decades of
the 20th century [Curry et al., 2003]. The salinity time
series for the deep waters (D02) end in 2000 for the IB and
in 2001 for the IS; no quantitative estimates of the deep-
water changes in the two considered basins in the 2000s
have been performed yet.
[6] In this paper, we provide a quantification of the

changes in the LSW, ISOW and DSOW temperatures (q)
and salinities (S) in the IS and IB in 1997–2006 on the basis
of the four co-located sections along 60�N. Using precise
full-depth measurements we quantify the q and S changes in
the water mass cores and layers and the net shift of q and S
at the intermediate and deep levels in the two basins of the
subpolar North Atlantic during the last decade.

2. Data and Methods

[7] We used the CTD data from the 4 occupations of the
repeated zonal transatlantic section along 59.5–60�N (from
the Scottish shelf to Cape Farewell) carried out by the
Russian RVs Professor Schtokman in October 1997 [Sokov,
1998; Sokov et al., 1998], Akademik Mstislav Keldysh in
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