
density range 36.82 ≤ s2 ≤ 36.97 kg/m3 (see also section 2).
Studying water mass properties in the core of this layer,
Molinari et al. [1998] found that salinity anomalies get
advected from the Labrador Sea to the Abaco line in
approximately 10 years. Using repeat hydrography south of
Cape Cod, Joyce et al. [2005] measured a typical velocity of
cLSW in the DWBC of at least 4 cm/s, in agreement with
typical velocities in numerical models (Figure 1). These
velocities yield average transit time estimates of only 4 years
for the 5000 km between the two locations. This discrepancy
between direct advective time scales and observed lags could
be explained by the slow interior pathways described by
Bower et al. [2009]. The focus of this study is thus how and
on what time scales variability in water mass properties
propagate through the North Atlantic.

2. Data and Methods

2.1. Hydrographic and Climatological Data
[9] The Abaco line hydrography forms the primary data

set for this study [Fine and Molinari, 1988; Lee et al., 1990;
Molinari et al., 1992]. This data set is a collection of
34 hydrographic sections at 26.5°N and between 78°W and
76°W (some sections extend out to 69.5°W) east of Abaco
Island in the Bahamas, collected between 1985 and 2010.
Over the years, the zonal resolution (around 25 km) and
offshore extent are somewhat variable and the temporal res-
olution differs greatly, including a 3 year gap between
March 1998 and April 2001. The first decade of data has

been used in multiple studies of the DWBC [Hacker et al.,
1996; Vaughan and Molinari, 1997; Molinari et al., 1998].
More recent studies have used these hydrographic data in
combination with the moored current meters and pressure-
equipped inverted echo sounders which have been deployed
near the line since the late 1980s [Lee et al., 1996; Meinen
et al., 2004; Johns et al., 2005; Bryden et al., 2005; Meinen
et al., 2006; Cunningham et al., 2007].
[10] Molinari et al. [1998] analyzed the 1985–1997 Abaco

line data set and found a freshening in the cLSW carried by
the DWBC around the year 1994, with the freshening seen
first closest to the coast. They linked this freshening to
changes in the formation rate of cLSW in the Labrador Sea.
An extension of their analysis to March 2010 (Figure 2)
shows that the water at the s1.5 = 34.67 kg/m3 isopycnal in
the middle of the cLSW layer (as used in Molinari’s study) is
still much fresher than in the 1980s. The mean salinity along
this isopycnal, within 100 km offshore of the Abaco coast, is
34.989 with a standard deviation of 0.005 between 1985 and
1994, while after 1996 the mean salinity has decreased to
34.966 with the same standard deviation. The 1994–1996
event thus constitutes a drop in salinity of more than 4 stan-
dard deviations.
[11] In order to investigate how this variability in the

DWBC at the Abaco line is related to its source region,
a time series of temperature and salinity in the Labrador Sea
compiled by Van Aken et al. [2011] is used. This data set is
similar to the time series by Yashayaev [2007]. The time

Figure 2. Hovmoller plots of (a) salinity and (b) temperature on the s1.5 = 34.67 kg/m3 density surface
(the core of the classical Labrador Sea Water) just off the Abaco coast. The black plusses indicate loca-
tions and timing of conductivity-temperature-depth (CTD) stations. Additional CTD stations outside of
the domain shown here were used for the interpolation toward the domain boundaries. This figure is an
extension of a similar figure (on approximately the same color scale) by Molinari et al. [1998] which
showed that between 1994 and 1996 the core of the cLSW freshened and became colder. This extension
shows that since then temperature and salinity have not come back to 1980s levels.
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An extension of their analysis to March 2010 (Figure 2)
shows that the water at the s1.5 = 34.67 kg/m3 isopycnal in
the middle of the cLSW layer (as used in Molinari’s study) is
still much fresher than in the 1980s. The mean salinity along
this isopycnal, within 100 km offshore of the Abaco coast, is
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dard deviations.
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tions and timing of conductivity-temperature-depth (CTD) stations. Additional CTD stations outside of
the domain shown here were used for the interpolation toward the domain boundaries. This figure is an
extension of a similar figure (on approximately the same color scale) by Molinari et al. [1998] which
showed that between 1994 and 1996 the core of the cLSW freshened and became colder. This extension
shows that since then temperature and salinity have not come back to 1980s levels.
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