
Intense warming and salinification of intermediate waters of southern

origin in the eastern subpolar North Atlantic in the 1990s to mid-2000s

Artem Sarafanov,1 Anastasia Falina,1 Alexey Sokov,1 and Alexander Demidov2

Received 18 June 2008; revised 28 August 2008; accepted 11 September 2008; published 24 December 2008.

[1] Recent thermohaline changes in the layer of intermediate waters (IW) advected into
the eastern subpolar North Atlantic from lower latitudes are quantified using the data from
the repeated transatlantic sections. Positive trends in temperature and salinity in the IW
density class at �53�N (0.049�C/a and 0.0088/a, 1992–2002) and �60�N (0.044�C/a and
0.0085/a, 1997–2005) are derived. The unexpectedly high rates of the IW warming and
salinification cannot be explained solely by the long-term and recent decadal changes
at the intermediate levels in the midlatitude North Atlantic and appear to be a
consequence of the northward advance of the source water masses caused by the North
Atlantic Oscillation-induced contraction of the subpolar gyre.
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1. Introduction

[2] Most studies of temperature (potential temperature,
q) and salinity (S) changes at the intermediate and deep
levels in the subpolar North Atlantic (NA) are focused on
water masses formed at the northern periphery of the
region, the Labrador Sea Water (LSW) and Nordic over-
flow-derived deep waters. The long-term freshening of the
deep waters along with nonsteady freshening of LSW over
the last 3–4 decades of the 20th century [Dickson et al.,
2002] and the subsequent rapid warming and salinification
of these waters in the mid-1990s to mid-2000s [Sarafanov
et al., 2007] have been documented. The q and S changes
of intermediate waters (�500–1250 m) arriving to the
eastern subpolar region from the subtropical NA, are less
well investigated. Quantification of these changes in the
1990s–2000s on the basis of the data from the repeated
hydrographic sections (Figure 1) constitutes the subject of
our study.
[3] Water masses formed by wintertime convection in

the northern NA and subsequently modified by along-path
mixing are rich in oxygen due to their recent contact with
the atmosphere. In the eastern subpolar NA, relatively old
oxygen-poor intermediate waters of southern origin con-
veyed into the region in the permanent pycnocline (s0 <
27.7), are clearly distinguishable by the low oxygen
concentrations (�200–250 mmol/kg) from the oxygenated
(>250 mmol/kg) waters of subpolar origin (Figure 2a),
namely, the overlying Subpolar Mode Water (SPMW) and

underlying LSW [see van Aken and de Boer, 1995; van
Aken and Becker, 1996].
[4] The intermediate oxygen minimum layer in the NA

eastern subpolar region has been tentatively designated
‘‘Intermediate Water’’ (IW) by van Aken and de Boer
[1995], and the following waters are suggested to be the
main contributors to this layer [see van Aken and Becker,
1996]: the Mediterranean Overflow-derived Water (MOW)
advected northward along the European slope from the Gulf
of Cadiz into the Rockall Trough [Reid, 1979] and the
Antarctic Intermediate Water (AAIW) brought to the region
by the North Atlantic Current [Tsuchiya et al., 1992; Álvarez
et al., 2004]. In the eastern subpolar NA, north of �50�N,
these waters appear in a strongly diluted form in the
�27.5–27.6 density range [see Tsuchiya et al., 1992]
corresponding to the oxygen minimum layer, and only the
MOW traces can be identified there in the q–S space [see
van Aken and Becker, 1996]. Following van Aken and de
Boer [1995] and van Aken and Becker [1996], we use the
conditional general term ‘‘IW’’ for the low-oxygen waters
of southern origin in the eastern subpolar NA assuming that
these waters represent a mixture of the two mentioned water
types with the subpolar waters, though a contribution of
each of them to the IW layer is uncertain. While it is not the
main objective of this study, a brief discussion of the IW
layer structure is given in section 4.
[5] On the basis of the application of isopycnal analysis to

the high precision CTD and oxygen data from the repeated
transatlantic sections in the subpolar NA (Figure 1), we
provide a quantification of the recent changes in the IW q
and S. Using the CTD-O2 and bottle oxygen data
collected at �60�N (1997–2007) and �53�N (1990–
2002), we defined the IW density class and calculated
the mean (layer-averaged) IW q and S values for each
repeat of the section. The revealed changes are discussed
in the context of warming of intermediate waters in the
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