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Warming of the deep water in the Weddell Sea has
important implications for Antarctic Bottom Water (AABW)
formation, melting of pack ice, and the regional ocean-at-
mosphere heat transfer. In order to evaluate temporal
changes in the deep waters of the Weddell Sea, a historical
data set encompassing CTD and bottle data from 1912 to
2000 was analyzed for both trends and variability in the
Warm Deep Water (WDW) (Robertson et al., 2002). We fo-
cused on two regions with the highest data concentration
(Figure 1a, page 19): an inflow region, near where the
Circumpolar Deep Water (CDW) flows into the Weddell
Sea, and an outflow region after where the WDW interacts
with shelf waters to form Weddell Sea Deep Water, a pre-
cursor to AABW.

The WDW was warmer in both the inflow and out-
flow regions during the 1990’s than in the 1970’s (Figure
1b). Most of the coldest maximum potential temperatures
occurred during 1973 through 1978, which surrounds the
time of the Weddell Polynya (1974-1976). Since then, 1984
had the coldest qMAX values for the inflow and outflow re-
gions.

The post Weddell Polynya warming trend was 0.012
±0.007 oC yr-1 for both regions (dashed lines in Figure 1b).
Since the temperatures of the late 1980’s matched the pre-
1970 temperatures and the temperatures of the 1990’s were
higher than those of the 1980’s (Figure 1b), the warming
indicates not only a return to pre-Weddell Polynya tem-
peratures but further subsequent warming. The increase
in temperature was not compensated by a change in salin-
ity, with the result that the WDW became less dense from
the 1970’s to the 1990’s (Robertson et al., 2002)
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Long-term Warming of Weddell Sea Warm Deep Water

The observed warming trend was comparable to the
average warming of the surface of the global ocean since
the 1950’s, 0.31oC or 0.006 oC yr-1 (Levitus et al., 2000) and
the warming trend of ~0.01oC yr-1 for the Weddell Sea Bot-
tom Water from 1989-1995 observed by Fahrbach et al.
(1998) in the central Weddell Sea. Although there is no di-
rect connection between the surface ice temperature and
the WDW, the trend was also comparable to warming of
the surface ice from 1970 to 1998 in the Weddell Sea, ~0.01-
0.02oC yr-1, observed in satellite data by Comiso (2000).

The cause of the warming trend is hypothesized to
be modification of the inflow waters with warmer or a
larger quantity of Circumpolar Deep Water flowing into
the Weddell Sea. Either of these changes could be linked to
movement of the Weddell Front. The short record and gaps
in the data precluded determination of a robust (lag) cor-
relation between either the Southern Annular Mode (Ant-
arctic Oscillation) (Hall and Visbeck, 2001) or the location
of the Antarctic Circumpolar Front and the changes at the
inflow region.
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ture difference between objectively mapped ALACE and
hydrography. (High error bar regions have been eliminated
from this comparison.) Both data sets are noisy, and ice
edge effects may bias the temperature difference at the
southern end of the domain, since ALACE is unable to re-
turn measurements in ice-covered regions. Nonetheless,
careful examination of the data suggests that the atlas/
ALACE temperature difference is indicative of a longterm
warming trend concentrated in the southern portion of the
Southern Ocean. (Gille, 2001a) provides a detailed discus-
sion of the point by point differences, and two other manu-
scripts examine mapped mean flow (Gille, 2001b) and eddy
heat fluxes (Gille, 2001c).
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As part of the World Ocean Circulation Experiment
(WOCE) in the 1990s, some 300 Autonomous Lagrangian
Circulation Explorer (ALACE) floats were deployed south
of 30oS. The basic measurements from ALACE floats in-
clude mid-depth temperatures and velocities, averaged
over 10 to 25 day time intervals (Davis et al., 1992). Around
the globe, ALACE velocity data have been used to exam-
ine mean and varying flow fields in a variety of regions
e.g. Davis et al. (1996), Davis (1998). Since 1990, ALACE
floats have collected nearly 13,000 Southern Ocean obser-
vations. This is equivalent to roughly two-thirds the total
number of mid-depth temperature observations collected
by ships in the Southern Ocean since the 1930s, and it thus
represents a significant increase to the global database.
Some of the more recently deployed floats also recorded
vertical temperature profiles, but these have not been in-
cluded in the present analysis.

This note compares objectively mapped temperature
fields at 900 m derived from 1990s ALACE observations
with Gouretski et al.’s (1998) objectively mapped tempera-
ture fields from shipboard data collected primarily between
1950 and 1990 (although Gouretski et al included 1990s
WOCE data when it was available.) Figure 1a (page 20)
shows the atlas temperatures at 900 m depth, and Figure 1b
shows objectively mapped ALACE temperatures at 900 m
depth. In both cases, data were mapped using the algo-
rithm described by Bretherton et al. (1976), assuming a
Gaussian covariance function with an isotropic
decorrelation scale of 500 km. ALACE floats drifted at
depths between 700 and 1100 m depth, and historic verti-
cal temperature gradients were used to extrapolate the
ALACE measurements to 900 m. Floats that were entrained
into the Antarctic Circumpolar Current (ACC) tended to
disperse themselves more uniformly around the Southern
Ocean, so geographic coverage in Figure 1b is better within
the ACC than it is to the north or south of the current.

ALACE data are on average 0.16oC warmer than at-
las data. This apparent warm bias in ALACE data exceeds
instrumental errors (<0.02oC, but these should be unbiased),
statistical errors (<0.01oC), and formal mapping errors (es-
timated to be about 0.1oC). Figure 1c shows the tempera-
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Figure 1. a) The bathymetry for the Weddell Sea with contours at 500 and 3000 m. The inflow and outflow regions are indicated by
red and blue boxes, respectively. b) Annual average potential temperature profiles were calculated for three depth ranges represent-
ing the core of the WDW (bottom depths of 3000 to 3500 m, 3500 to 4000 m, and 4000 to 4500 m) for the inflow and outflow regions.
The maximum potential temperature, qMAX , determined for each of these average profiles is shown for the inflow region (red trian-
gles) and the outflow region (blue dots). The pink triangles and light blue dots are the values for the individual profiles in the inflow
and outflow regions, respectively. The error bars represent one standard deviation of the values. The red and blue dashed lines are
fitted trends for the inflow and outflow regions, respectively. For a complete explanation of the technique, see Robertson et al. (2002).
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