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1.

ABSTRACT

Terra Nova Bay polynya plays a key role in the
formation of the High Salinity Shelf Water (HSSW), the
densest water mass of the Southern Ocean which is
crucial in the formation of the Antarctic Bottom Water.
The short residence time of the HSSW in the Ross Sea
represents a rapid conduit to transfer Antarctic
atmospheric anomalies, temporal changes and trends in
the climatic characteristics to the rest of global ocean
making this area a crucial region for multidisciplinary
monitoring activity. A long time monitoring program of
the polynya, started in 1995 by the Italian CLIMA
project, collected thermohaline moored time series in
the
intermediate-deep
layers,
meteorological
information measured by coastal Automatic Weather
Stations; moreover six oceanographic surveys were
carried out during the summer periods. Results reveal
vigorous interannual variability in the heat fluxes, sea
ice conditions, and of water column stratification, which
induce significant variability of HSSW production.
2.

INTRODUCTION

The Antarctic Ocean supplies dense, cold abyssal water
to the world ocean. This dense waters are formed on the
continental shelf of the Antarctica. The dense shelf
waters entrain surrounding fluid as they descend into the
deep ocean to form Antarctic Bottom Water (AABW),
which spreads along the sea floor throughout much of
the abyssal ocean. AABW is formed in only a small
number of locations around Antarctica, where
conditions are right to increase the density of surface
waters (by decreasing temperature and increasing
salinity) to the point where water can sink to the sea
floor. It is widely recognized the crucial role of the
brine released during the sea ice growth processes for
the formation of the AABW. A key element in the
formation of the AABW from the Ross Sea is the
formation of dense High Salinity Shelf Water (HSSW)
by the coastal polynya that form in Terra Nova Bay
(TNB) [1, 2, 3]. This very dense water depends
critically on the production rates of sea ice, which in
turn depend on interplay of the coastal katabatic winds,
the large-scale synoptic winds, and on the thermohaline
condition of the water column for preconditioning
effects. The geometry of the polynya and coastline
shape is also important in these processes. The TNB

polynya, located in the western sector of the Ross Sea,
between the Drygalski Ice Tongue (DIT) and the land, is
formed and maintained by the combined of influence of
persistent katabatic winds, which advect newly formed
bay ice eastward, and by the DIT which prevents
northward drifting pack ice from entering in the bay [4,
5, 2, 6, 7, 8].
Intense heat loss from the open water (sea water free by
the sea ice) to the atmosphere leads to rapid and
persistent ice growth in latent heat polynyas. Brine
rejected from growing sea ice forms dense brineenriched shelf waters that accumulate near the bottom of
basins and eventually spill toward the deep sea as dense
plumes.
Recent observations along the Antarctic shelves, while
discontinuous and sparse, show that Antarctic Bottom
Water has declined in salinity in recent decades
highlighting the importance to continuously monitor this
area, and emphasizing its key role in the global climate
system (9, 10, 11, 12, 13). The observational results
showed that, during the second half of the 20th century,
bottom water formed in the Ross Sea and offshore of
Adélie Land has gradually freshened; also the AABW in
the Australian Antarctic basin has gradually freshened,
likely due to a substantial decline in the salinity of the
Ross Sea shelf waters [12, 14, 15, 10, 16, 17, 18]. The
causes of this freshening are considered to be the glacial
ice melting, an increase in precipitation, or a decrease in
sea-ice formation [10, 12]. A freshening of the
intermediate and deep layers of the water column was
already detected by [19] in the TNB polynya at the end
of the 90’s.
This study describes the interannual variability in the
heat fluxes, sea ice conditions, and of the water column
stratification, which induce significant variability of
HSSW production in the TNB polynya during Italian
CLIMA expeditions between 1994/95 to 2005/06.
3.

RESULTS AND DISCUSSION

Recent studies [20] showed a relative short residence
times of the Ross Sea shelf waters, the 2-4 years seems
a reasonable period representative of the time interval
between their formation and their ventilation of the deep
ocean at the shelf break. Sea-ice remote sensed data
(SSM/I) of the last 15 years allowed us to discriminate
two different behaviours of the polynya during the
summer and winter conditions. The former is peculiar of
the period between December-March and the polynya is

often completely ice free, while the latter is between
April-November when the polynya shows an average
dimension of about 1000 km2 with a maximum
extension of about 5000 km2. The analysis of the
meteorological data collected by the Italian AWS
network (www.climantartide.it) from 1994 to 2008
allowed us to observed that the katabatic events
interesting the polynya area are concentrated during
May-October although with a significant interannual
variability. Moreover this analysis stressed the
importance of the extension in time of the katabatic
events. In particular we observed that the persistency of
the katabatic regime (mainly in the offshore component
(u) of the wind) plays a major role for the maintaining
the polynya opened [21].
The “Fig. 1” qualitatively evidences for the year 2000 –
considered representative of the “typical” behaviour of
the polynya – the relationship between the duration of
the katabatic winds and the size of the area free from the
sea-ice (open water) “Fig. 1a”, and the thermohaline
changes in the water column measured at different
depths by a mooring located approximately in the
middle of the TNB polynya. At the end of February, the
open sea rapidly decreases due to the formation of the
sea-ice. Until June the salinity freshen along the water
column, then it shows a sharp increase between July and
October “Fig. 1b”. Our data show that the increase in
the offshore wind speed, regularly detected in June/July,
is strongly correlate with the increase in salinity which
appears in the surface layer (120 m depth approx.) and
along the water column.
We speculate on the different role of the polynya during
the winter season: the period characterized by a
considerably sea-ice free area and a salinity increase
along the water column, which is proceeded and
followed by a period when the polynya is still open but
the salinity of the water column decrease. While the
former appears related with a maximum efficiency of
the TNB polynya in the sea-ice production, the former
marks a “partial” functioning of the polynya that may
still be open by the presence of relatively intense
offshore winds but the production of sea-ice (and the
associate release of brine) is not allowed by the
shortness or by the infrequency of the katabatic wind
regime.
This is confirmed also by the vertical thermal signature:
a relatively surface warm layer 150 m deep appears in
November producing a thermocline between 150 - 500
m which persists during the austral summer (December
- February) and rapidly disappears at the beginning of
the winter conditions (March) cause the increase of
vertical turbulent mixing provided by the katabatic
events “Fig. 1c”.
At longer time scales [23], the estimated yearly
averaged surface heat budget (using ERA40
meteorological data from European Center for MediumRange Weather Forecasts) in the TNB polynya “Fig.
2a” remarks a large variability in the last two decades

showing higher values between 2001 to 2006
(maximum in 2003 with an average heat loss of -313
Wm2); the minimum heat loss (-58 Wm2) occurred in
1996 and the mean value for the entire period was -140
Wm2. The estimated HSSW mean yearly production
span in the same period between 0.7 to 2.0 Sv with an
estimated average value of 1.2 Sv. In the deeper layers
of the water column “Fig. 2b” a general freshening was
detected from 1995 up today (ΔS = -0.06 at 900 m deep)
with a short positive anomaly measured in
correspondence of the period 2002-03 associated to the
maximum of the heat loss at the surface (i.e. maximum
in the HSSW estimated formation).
A comparative analysis of the whole data set collected
by the Italian CLIMA project [24] focused on the
thermohaline variability of the shelf waters at the shelf
break of the Ross Sea (which are involved in the deep
ventilation processes and in the AABW formation)
showed a significant correlation with the TNB
thermohaline trends; this aspect underlies the key role of
this small area in controlling processes of climatic
relevance. Should be also mentioned that a not
negligible role in the controlling the thermohaline
condition of the TNB water column may be played also
by the heat and salt carried by the modified Circumpolar
Deep Water which flows along the Ross Sea slope and
periodically may reaches the polynya area.
4.

CONCLUSIONS

The TNB polynya is key region of the Southern Ocean
cause its crucial role for the sea-ice production and for
the dense water formation processes which affect the
regional ocean properties. In the last decades both
meteorological and oceanographic conditions showed
relevant changes.
Recent work showed that the meteorological anomalies
and the associated thermohaline changes detected in the
TNB region can rapidly propagates in the properties of
the Ross Sea shelf waters and, cause the relatively short
residence time of the shelf waters, may rapidly modify
the characteristics of the deep ocean ventilation process
and in the composition of the regional AABW.
Therefore the Terra Nova Bay polynya represents, not
only for the logistic facilities due the proximity of the
Italian scientific station, a unique polar environment to
realize a relative cost effective multi-disciplinary
observing system that will provide the long-term
measurements needed to improve understanding of
climate change and variability, biogeochemical cycles
and the coupling between climate and marine
ecosystems in polar environments.
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Figure 1. Terra Nova Bay polynya, year 2000; panel a) fraction of the open sea area (i.e. percentage of sea
surface free by the sea ice) (blue line) and offshore wind component measured by the AWS Eneide (74°41’S;
164°05’E), daily (red line) and low-pass filtered (yellow line) offshore wind component data; vertical
distribution of b) salinity and c) potential temperature along the water column (mooring location:
75°08.206’S; 164°31.627’E). Figure modified by [22].
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Figure 2. Terra Nova Bay polynya; a) interannual changes in the air-sea heat fluxes between 1990–2006 and b)
Salinity changes at 900 m depth measured during the Italian CLIMA cruises. Figure modified by [24].
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