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. The temporal and geographic distribution of coastal polynya ice production in
the Weddell is determined by a low-pressure cyclonic wind pattern that produces
moderately strong offshore winds in the eastern part of the sea and generally
weaker or warmer winds off the Ronne and Filchner ice shelves in the south.

.We confirm the findings of Renfrew et al. (2002) that the Ronne Shelf Polyna ice
production is ~100 km3y-1, but find that this represents only 18-35% of the total
polynya ice production, with the majority (45-67%) of the ice production occuring
in the eastern polynyas along the Coats Land coast.

 .The total ice production from all Weddell coastal polynyas south of ~76oS and
over water with depths less than 1000m is about half of that produced by the
Ross Shelf Polynya.

.Using a flux gate that approximately parallels the 1000m isobath and an
assumption of ice thickness at the flux gate of 0.5-1m, we find that, even given the
differences between the Ross and Weddell Sea, tthe net ice export approximately
balances the polynya ice production.

Conclusions

5. Comparison of ice production and net export
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To compare our observed ice production with the net ice area export across the flux gates, we
must assume an average ice thickness. In the above figure, the solid blue and red bars
respectively show the total ice production in the Ross and Weddell polynyas. The scales shown
in matching colors alongside the ice production bars show the range of equivalent net export
volume for assumed ice thicknesses of 0.5 - 1 m [Wadhams et al., 1987, Renfrew et al., 2002].
The figure shows that for each of the seas, the ice production in the polynyas lies within that
calculated from the ice areal export. From the work of Martin et al. (2007), this result is not
surprising for the Ross, but it is surprising for the Weddell. In contrast, Renfrew et al. (2002)
compare the total ice production of the Weddell Sea (from 0 to 60oW) and show that their
polynya ice production consists of only about 6% of the approximately 1,800 km3 total
production, whereas for our flux gate calculation, the ice export approximately balances the
polynya ice production.

4. Comparison of ice production in the Ross
    and Weddell polynyas
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This figure shows the contribution of each Weddell Sea polynya region to the total ice production and
compares it to the three polynyas that we studied in the Ross Sea. In the Ross, 82-87% of the ice
production occurs in the Ross Shelf Polynya (RSP).  As the figure shows, in each year the production in
the RSP alone easily exceeds that of all of the Weddell polynyas combined, with the total Ross Sea
production being roughly twice that of the Weddell. However, a surprising result is that the combined
contributions of the smaller Weddell polynyas do produce a significant volume of ice compared with the
Ross, even though the weather systems driving the production in the Weddell are much weaker than
those in the Ross.
	 In a previous study, Renfrew et al. (2002) restrict themselves to the Southern Weddell Sea, and
specifically to those polynyas that occur off the Ronne ice shelf. They find that the mean winter ice
production of the Ronne polynya is about 100 km3.  We also find that the Ronne production is about
100 km3/yr, but that only 18-35% of the ice production occurs in the Ronne polynya. In contrast, the Halley
and Lyddan Bank polynyas in the eastern Weddell account for the majority (45-67%) of the total, with the
polynya off of the stationary mega-iceberg A23 adding another 4-10%. Thus we find the majority of the ice
production occuring off Coats Land, and not at the southern ice shelves. Arrigo and van Dijken (2003)
examine the average winter open water areas in the Weddell Sea, and find three dominant polynyas, the
Ronne Ice Shelf, Halley Bay, and Lyddan Island, similar to our observations, but with the Ronne dominant.
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We identified four regions of coastal polynya activity within the flux gate.  These are designated as Cape
Brooks, Ronne, Halley and Lyddan Bank.  A fifth region, designated A23, corresponds to the stationary
iceberg of that name.  In all cases the regions are limited to shelf depths of less than 1000 m.  The color
scale shows the relative amount of ice production in each area in equivalent meters of ice growth per unit
area, where we calculate ice production from a thin ice (0-10cm) heatflux algorithm based on the AMSR-E
36GHz polarization (V/H).  As  the figure shows, the greatest amount of ice production occurs in the
eastern regions where offshore wind components are generally the greatest and where the temperatures
are coldest.  For the year shown (2006), some parts of these regions produced about 20m of ice growth.

3. Distribution of the Weddell polynyas

2. Wind patterns and ice motion

The ice production and transport in the Ross and Weddell seas depend on the mean winds. The 
left-hand figure shows the mean winter ECMWF geostrophic winds and 2-m air temperatures
(days 90-300) in the two seas for the years under study; for the two seas, the right-hand figure
superimposes the winter mean surface pressures (April-November) for 2003-2006 with ice drift
derived from the 89-GHz channel of AMSR-E. These patterns provide insight into the differences
between the two seas. In the Ross, strong cold winds coming off the Ross Ice Shelf maintain the
persistent Ross Shelf Polynya. In the Weddell, the strongest winds occur adjacent the eastern
coast of the sea, and not off the ice shelves. This results in mostly weak sporadic polynyas
distributed along the coastline, primarily along the eastern, Coats Land coast. Comparison of the
right-hand figures show that the ice drift near the ice front of the Ross Ice Shelf is much larger
than that off the Filchner and Ronne Ice Shelves. The polynya coverage is correlated to the
strength of the ice drift. The sea ice export is much higher from the Ross than the southern
Weddell Sea. In the Ross Sea, Martin et al. [2007] show that the ice volume export is
comparable to the ice production in the Ross polynyas, as we show below, if the Coats Land
polynyas are included, this is also true in the Weddell Sea.
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Our regions of study are the Weddell Sea, bounded by the Antarctic peninsula on the west, the
Ronne and Filchner ice shelves on the south, and the Coats Land coast on the east; and the
western Ross Sea, bounded by the Ross ice shelf and the Scott Coast. The dashed lines in the
inset figures show the 1000 meter isobath; the solid lines show the flux gates described below,
which approximately follow the 1000 meter isobaths.

1. The Ross and Weddell Seas

Using an algorithm to estimate heat loss from the 36GHz polarization ratios of AMSR-E, Martin et al. [2007] found that the combined ice production from three largest coastal
polynyas in the Ross Sea was ~500 km3y-1. They also showed that the polynya ice production approximately equaled the ice export. Using the same approach, we
investigate the ice production of polynyas in the southern Weddell Sea. Previous studies which restricted themselves to the southern Weddell Sea found that the Ronne Shelf
Polynya produced ~100 km3y-1 and accounted for a small percentage of the Weddell Sea ice export.  We confirm the ice production of the Ronne polynya but find that it
contributes only 18-35% of the total Weddell production, with 45-67% of the total being produced in the eastern polynyas along the Coats Land coast. Using a flux gate that
parallels the 1000m isobath, we also find that the total net ice export approximately balances the polynya ice production. 
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