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ABSTRACT. A study of polynya characteristics in East Antarctica was undertaken 
using ice concentrations derived from special sensor microwave/imager data for the period 
July 1987- August 1994. The areas ofpolynyas were defined as having an ice concentration 
:=;75%. The analysis revealed a total of28 coastal polynyas within the study region. The 
spatial and temporal variability in areal extent was quantified. The timing of mean max
imum area1 extent varied fromJune to October. The bathymetry and wind regime at each 
polynya site was examined to gauge the relative importance of these parameters in polynya 
formation and maintenance. In 20 locations, shallow banks and shoals form grounding 
zones for icebergs and anchoring sites for fast ice, which form barriers to the predominantly 
westward drift of the pack ice; elsewhere north- south coastal protrusions or alignments 
form similar barriers. The subsequent removal of newly formed sea ice from the lee of such 
barriers by katabatic and synoptic winds maintains areas of reduced ice concentration and 
open water. Very few coastal po1ynyas are attributed solely to katabatic outnow. The com
bined influence of bathymetry, topography and winds is responsible for the characteristics 
of the majority of polynyas. Many were considered to be marginal, characterised by occa
sional periods when the ice concentration falls below 75 %. An analysis of annual winter 
totals of areas with ice concentrations < 75 % shows no trends in total polynya areal extent 
over the period 1987- 94. Known locations of emperor penguin (Aptenodytesforsteri) rook
eries were also found to be associated with the locations of coastal polynyas. 

INTRODUCTION 

At its maximum extent (September-October), Antarctic sea 
ice covers an area of approximately 19 x 106 km2 (Gloersen 
and others, 1992). Leads, or linear openings, are largely 
ephemeral, and open and close with changing synoptic con
ditions. Polynyas, on the other hand, which are non-linear 
areas of open water or thin ice up to 0.3 m thick (WMO, 
1970), tend to be persistent and even recurrent features 
which remain partially or totally ice-free in areas normally 
expected to be ice-covered (Smith and others, 1990). 

Two types of polynya occur: (i) sensible-heat polynyas, 
where ocean turbulence and the upwelling of relatively 
warm deep water prevent or inhibit sea-ice formation, and 
(ii ) latent-heat polynyas, where new ice is removed by winds 
and ocean currents as it forms (Pease, 1987; Anderson, 1993). 
Here, we concentrate on latent-heat polynyas, which in Ant
arctica are almost exclusively coastal. For a discussion of 
sensible-heat polynyas in East Antarctica, see Comiso and 
Gordon (1987,1996), Takizawa and others (1994) and Wakat
suchi and others (1994). 

Latent-heat polynyas can have a large impact on regional 
air-sea- ice interaction processes. Air- water temperature 
differences of - 20°C can occur in polynyas, causing ocean
atmosphere heat fluxes in excess of 500 W m - 2 in winter 

(Fahrbach and others, 1994). This is 1- 2 orders of magnitude 
greater than estimated through the thicker ice cover sur
rounding the polynya (Worby and Allison, 1991). Potter 
(1995) estimated from a high-temporal-resolution study of 
the Cape Darnley polynya that the average heat flux from 
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the polynya is about 430 W m 2. For this reason, polynyas 
may dominate the regional heat flux, particularly in winter 
(Adolphs and Wend1er, 1995), in spite of comprising only a 
small area of the pack. The resultant heat and water-vapour 
transport from the open water surface can also lead to signif
icant local climatic modifications (Takizawa and others, 
1994). Due to the importance of polynyas in regional heat 
budgets, interannual changes in polynya characteristics may 
be sensitive indicators of climate change (Mysak and Huang, 
1992). For this reason, it is vital to understand the natural in
terannual variability in the occurrence of polynyas. 

Particularly rapid sea-ice formation and export occurs 
where strong and persistent katabatic winds emerge from 
the continent via valleys in the ice-sheet topography, often 
associated with outlet glaciers. Polynyas in such locations 
are thought to be sites of significant water-mass modifica
tion due to the high salt nux into the ocean associated with 
enhanced ice growth. This acts as a negative buoyancy 
source near the coastal boundary, producing lateral density 
currents in the shelf waters which drive a baroclinic circula
tion (Garwarkiewicz and Chapman, 1995). The cold, dense 
water also contributes in certain locations to the production 
of Antarctic Bottom Water (Gordon, 1982; Foster, 1995). Poly
nyas can also form oases for biological activity (Massom, 
1988). Although the degree to which regional productivity 
and biomass at higher trophic levels in winter are dependent 
on the presence of polynyas is largely unknown, the latter 
are considered to be a critical component in the ecology of 
certain species (Stonehouse, 1967; Massom, 1988). Through 
the removal of CO2 to the deep ocean, via biological cycling 
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Fig. 1. Locations qf coastal polynyas in East Antarcticafrom 
40-160° E. The approximate maximum extent qfeach polynya 
as observed during the stU{!J; period is marked. The base map is 
qfpredicted streamlines qf near-surface gravity drainage winds 
over the Antarctic continent (Jrom Parish and Bromwich, 
1987). After Potter (1995) and Worby and others (1997). 

and gas absorption at the ocean surface, polynyas may be 

significant high-latitude carbon sinks, and as such may pro
vide a negative feedback to the greenhouse effect (Yager and 
others, 1995). For these reasons, coastal polynyas may play a 
significant role in determining the large-scale dynamics, 
thermodynamics and chemical characteristics of the global 
ocean and atmosphere. 

The occurrence of polynyas in East Antarctica has been 
noted since the early expeditions, but their overall distribu
tion was not known until the advent of polar-orbiting satel
lites. Using early Nimbus satellite visible and infrared 
images, Knapp (1972) concluded that short-term variability 
in the Cape Darnley and Dibble Iceberg Tongue polynyas 

(Fig. I) was related to prevailing synoptic systems. Zwally 
and others (1985) related polynya opening and closing to 
changes in synoptic wind forcing in eight regions of East 
Antarctica, and estimated total ice production and salt 
fluxes in all polynyas around Antarctica. Cavalieri and 
Martin (1985), also using passive-microwave data but over 
a 3 month period, calculated that six coastal polynyas 
between the Shackleton Ice Shelf and the Mertz Ice Tongue 
(Fig. I) produced about 10 m of ice per season per unit area, 
compared to I m of ice growth for adjacent fast ice. Cotton 

Massom and others: Latent-heat polynyas in East Antarctica 

and Michael (1994) showed a strong relationship between 
katabatic winds and polynya occurrence offshore from 
Law Dome (Williamson Glacier and Vincennes Bay) using 
advanced very high-resolution radiometer (AVHRR) data. 
Adolphs and Wendler (1995) also used AVHRR imagery to 
investigate polynya behaviour in response to katabatic 
winds off Terre Adeiie and King George V Land. For a treat
ment of the complex mechanisms that affect the size of 
coastal polynyas, the reader is referred to Pease (1987) and 
Darby and others (1995). 

In this study, we use satellite passive-microwave data to 
identify polynyas in East Antarctica between 40° and 
160° E, and quantify seasonal and interannual variability 
in the polynya spatial characteristics. We then evaluate the 
primary mechanisms responsible [or polynya formation and 
maintenance at each site. A summary of sea-ice conditions in 
the same region is represented by Worby and others (1998). 

DATA AND METHODS 

Sea-ice concentration 

The location and spatial and temporal variability of poly
nyas were determined from ice concentrations derived from 

special sensor microwave/imager (SSM/I ) data using the al
gorithm of Cavalieri and others (1984-), and mapped to a 
standard polar stereographic grid (NSIDC, 1996). Sources 
of error relate to the di!Ticult y in distinguishing open water 
and new ice from low concentrations of thick ice, com

pounded by mixing effects due to the presence of various ice 

types within the large (25 x 25 km ) pixel. Contamination of 
coastal pixels by the adjoining ice sheet may occur, although 
this effect is minimal for larger polynyas. Moreover, overes
timates of ice concentration may occur in large polynyas due 
to the effects o[ wind-roughening of open water on the emis
sivity (Steffen and Schweiger, 1991). In order to minimise 

these effects, this study uses monthly-averaged data. 

Delineation and location of polynyas 

Polynyas were initially identified and delineated by apply
ing a 75% ice-concentration threshold to the SSM/I 

monthly images. The number of pixels was counted for 
three ice-concentration ranges: 75- 66%, 65- 56% and 
::;55%. An assessment was then made of the persistence, re
currence, maximum area, average area and minimum ice 
concentration of each area. Only data for June- October 
were analyzed, for the years 1987- 94, as sea ice typically re
treats to the coast at other times. The efficacy of the 75% 
threshold was determined through an interactive analysis 
of test winter images over a wide range of values at 5 % in
crements; at lower thresholds, it was difficult to distinguish 
certain polynyas from the marginal ice zone. Although 
Gloersen and others (1992) estimate that the average con

centration for the total winter seasonal sea-ice zone is 79%, 
this is weighted to a large extent by the low concentrations 
in the marginal ice zone. Higher concentrations occur in the 
ice surrounding coastal polynyas in winter. 

BathYITIetry and icebergs 

Possible bathymetric controls on polynya location were 
examined using data derived primarily from the predicted 
sea-floor topography for the Southern Ocean (Smith and 
Sandwell, 1994) and ETOPO-5 (NOAA, 1988). In addition, 
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the General Bathymetric Chart of the O ceans (GEBCO), 
5th edition, sheet 18 (circum-Antarctic) (VanneyandJohn
son, 1985), was used to determine the bathymetry at the sites 
of polynyas. 

Large icebergs, grounded on shoal s, can have a signifi
cant localised effect on sea-ice distribution. Iceberg 
locations and fast-ice extent were derived from weekly sea
ice concentration charts produced by the U.S. National Ice 
Center. These charts record the position and size of icebergs 
with a major axis greater than 27 km. During the 8 year 
study period, the movement of five icebergs was monitored. 
These icebergs became grounded on 200- 500 m deep banks 
and remained at fixed locations for periods of up to 8 years. 

Meteorological data 

Polynya locations were compared with katabatic outflow 
patterns as derived by Parish and Bromwich (1987). In the 
coastal areas, katabatic drainage is typically funnelled by 
ice-sheet topography and often associated with outlet 
glacier valleys (Fig. 1). Based ·upon observations from drift
ing buoys (Worby and others, 1997), mean synoptic wind and 
current directions in the near-coastal belt a re taken to be 
predominantly to the west within the East Wind Drift. 
Although synoptic winds play a significant role in the 
short-term opening and closing of polynyas, such changes 
are not resolved in the current study, which uses monthly 
average SSMjI data. 

RESULTS AND DISCUSSION 

Locations of polynyas 

Of the 28 polynyas identified, 26 are in the lee of protruding 
coastal features, iceberg tongues or icebergs grounded on 
shallow banks (Table 1, all except the Amery Ice Shelf and 
Porpoise Bay), which inhibit the westward advection of the 
pack near the coast. A good example is the large polynya 
west of the Mertz GlacierTongue, which extends northward 
approximately 100 km from the coast into the pack in the 
vicinity of 145 0 E (Wendler and others, 1996). The formation 
offast ice around a I ine of grounded icebergs on a shoal di
rectly north of the glacier (marked B in Fig. 2a) effectively 
extends the meridional blocking by about a further 100 km, 
and as such has a significant effect on the polynya size. Fig
ure 2b shows the correspondence between grounded ice
bergs and regions of relatively shallow water. The terminus 
and iceberg locations were determined from a U.S. Defense 
Meteorological Satellite Program Operational Linescan 
(OLS) image from 23 November 1996 (courtesy of the U.S. 
National Ice Center). The line of icebergs emanating from 
Mertz Glacier and other north- south-trending series of 
grounded icebergs may form semi-permanent blocking fea
tures. Another example is the Dibble IcebergTongue which, 
although not strictly a continuous tongue of icebergs, form s a 
significant barrier to the westward ice drift at approximately 
1340 E, contributing to polynya formation to the west. 

Table 1. Locations and areal characteristics qf coastal polynyas (in km~ from 40- 1600 E, based upon the 75% ice-concentration 
threshold, mean timing qf maximum polynya areal extent and modes qf formation 

PolJinya location Lat. Long. Mean area MonthoJ Recurrence Persistence Formation 
oS ° E (75% ) maximum extent mode 

Syowa 68.5 42.0 2,500 Ju ne 4 4 NS 
Casey Bay 67.9 47.9 1,949 June 5 5 NS, GB, K 
Enderby Land 66.0 54.6 3,670 October 8 30 GB,U 
Taylor Glacier 67.1 61.7 2,686 October I I GB, IS 
Cape Darnley 67.6 69.1 17,853 October 8 37 GB 
Mackenzie Bay 68.8 71.4 3,460 October 8 37 GB,K 
Amery Ice Shelf 69.8 74.2 492 June 4 10 K 
Prydz Bay 67.1 78.1 13,750 October 8 33 GB, U 
Barrier Bay 67.4 81.9 5,431 June/October 8 35 NS,GB 
West Ice Shelf 66.3 86.6 3,450 June 8 36 NS 
Drygalski Island 65.6 92.1 5,379 October 8 29 GB, NS, IS 
Shackleton lee Shelf 66.0 95.4 31,642 June 8 37 NS,GB, K 
Denman Glacier 66.0 99.79 2,587 July 8 34 GB, K 
Mill Island 65.4 101.2 1,266 July/October 8 36 NS, K , U, IS 
Bowman Island 65.5 102.8 4,980 June 8 34 NS, K , GB, IS 
Vincennes Bay 66.4 110.3 9,170 June/October 8 37 GB,K,NS 
Cape Poinsett 65.2 110.6 12,153 October 8 37 GB 
Dalton Tceberglbngue 66.5 121.5 5,463 JuneIJuly 8 36 IT 
Paulding Bay 66.7 123.8 177 June I 2 NS, K 
Voyeykov Ice Shelf 66.1 124.8 3,140 June 8 21 K, GB 
Porpoise Bay 66.9 129.8 551 June 3 5 K 
Blodgett Iceberg Tongue 66.6 129.9 2,722 June 3 6 IT, K 
Dibble IcebergTongue 66.9 134'.2 6,833 June 8 34 IT,K 
Mertz Glacier 66.5 145.4 23,300 October 8 37 K, GT, IT, U 
Ninnis Glacier 68.2 149.1 1,883 August 4 8 K, GT 
Cape Hudson 68.3 153.1 1,063 August 5 9 GB,K 
Slava Bay 68.9 155.1 449 September 4 10 GB, K 
Terranova IsI and 69.2 158.8 1,113 August 6 12 K, IS 

Notes: T he mean areas have been calculated considering on ly the months when the polynya was present. Recurrence refers to the number of years from 1987 to 
1994 that the polynya appears during winter with an ice-concentration core of :S75% . Persistence is the number of winter months (in this caseJuly- October 
1987, June-October 1988- 93 andJune-August 1994) that the polynya is present, i.e. the maximum is 37. For formation mode, K is katabatic winds, 1 S is 
north-south oriented coastline, U is possible upwelling of warm, deep water, IS is offshore islands, IT is grounded iceberg tongue, GB is grounded icebergs 
and GT is fl oating glacier tongue. Although synoptic winds play a role, they are not resolved here. Although a polynya typically forms in the lee of Iceberg 
B9B, it did not become grounded ofTthe Mertz GlacierTongue untilJune 1992, and is not included inTables I and 2. 
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Fig. 2. (a) An AVHRR channel 4 image of the Mertz 
Glacier Tongue and associated po!Jnya on 8 August 1995, col
lected at Casey Base. Iceberg B9B is also visible under cloud. 
B is fost ice around grounded icebergs. The fi,lertz Glacier, 
Ninnis Glacier and Cape Hudson polynyas are marked M, 
Nand CH, respectively. Image courtesy of the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO ) 
Division of Marine Research. (b) A schematic of the Mertz 
Glacier Tongue, grounded icebergs and approximate polynya 
location (based upon (a)) overlying the batlrymetry as de 
rivedfrom ETOPO-5 data (NOAA, 1988). The bathymetric 
contour units are in metres, and the resolution is 5 min x 5 
mm. 

Bathymetry thus provides an important control on poly
nya formation and maintenance. The continental shelf off 
East Antarctica is characterised by glacial troughs, often 
deeper than 1000 m, the deepest being the Lambert Glacier 
Trough with a depth of 3400 m (Morgan and Budd, 1974). 
These troughs are situated near the coastal boundary and 
may be either parallel or normal to the coast. They are often 
flanked by shallow banks which ri se to within 200 m of the 
sea surface (Wright and others, 1983). Large icebergs 
become grounded on these banks and may remain in the 
same location for a number of years, having a significant 
effect on the regional sea-ice distribution. Iceberg B9B is 
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Fig. 3. The areal extent of the Mertz Glacier po!J11)a as a 
function of time for the winter months of 1987- 94, as deter
mined by applying three ice-concentration thresholds to the 
SSM/ Idata. 

one such feature (Fig. 2a and b); it became grounded off the 
Mertz GlacierTongue inJune 1992 (Keys, 1994). 

The formation of the Mertz polynya is also related to 
persistent katabatic winds channelled through the valley of 
Mertz Glacier. Katabatic winds in this region of the Terre 
Adelie coast are the strongest anywhere in Antarctica 
(Adolphs and Wendler, 1995). Plotting the areal extent of 
the Mertz Glacier polynya as a function of time (Fig. 3) 
shows it to be a persistent and recurrent feature that typi
cally attains its largest size fairly consistently in October 
each year, a t the approximate time of the maximum pack
ice extent (Worby and others, 1997). This polynya has an 
average size of over 23000 km2 in winter (Table I) and 
extends about 200 km offshore. It is present in all of the 
months examined, and consistently has a large core of ice 
concentrations of < 65 %. 

Katabatic winds are thought to contribute at least par
tiall y to the formation and maintenance of 18 of the 28 poly
nyas identified (Table I; Fig. I). Such strong, cold winds have a 
significant effect on ice formation and removal in that they 
can persist for up to 9 months a year (Parish, 1988). Their in
fluence can extend up to 120 km offshore (Adolphs and Wend
ler, 1995), a lthough a more typical extent is a few tens of km 
(Bromwich and Kurtz, 1984). Cavalieri and Martin (1985) 
showed that prevailing easterly winds poleward of the cir
cum polar trough in winter play a dominant role in the varia
bility of polynya extent. They ascertained that polynyas form 
to the west of coastal protrusions when zonally-propagating 
storms pass to the north. Areas of open water may quickly 
freeze following a cessation of the strong winds, or intermit
tent polynya closure may occur because of a reversal in wind 
direction. Adolphs and Wendler (1995) suggested that pro
longed, strong winds may act to break up the ice cover, facil
itating the formation or expansion of open water by 
subsequent wind events. These polynyas may then persist in 
a near-steady-state condition through simultaneous ice pro
duction and wind-driven ice-divergence processes. Their size 
is controlled by the balance between the production and ex
port of sea ice (Pease, 1987; Darby and others, 1995). 

Variability in polynya size, recurrence and persis
tence 

Eight ofthe smaller polynyas are detected only occasionally. 
The Syowa, Taylor, Amery, Paulding Bay, Porpoise Bay, 
Blodgett Iceberg Tongue, Slava Glacier and Terra Nova Is
land polynyas were all present for 4 years or less out of the 
8 year dataset (Table I). They are considered to be marginal 
in the sense that they represent semi-recurrent areas of open 
water and low ice concentration. 

423 https://doi.org/10.3189/1998AoG27-1-420-426 Published online by Cambridge University Press

https://doi.org/10.3189/1998AoG27-1-420-426


Massom and others: Latent-heat po!Jny as in East Antarctica 

Table 2. Average annual winter polyny a areal extents ( in km2), based upon the 5: 75% ice-concentration threshold, for June-
October ]987- 93 andJune- Augllst1994 

Polynya location Lat. 0 S Long. 0 E 1987 1988 1989 1990 1991 1992 1993 1994 

Syowa 68.5 42.0 269 519 0 0 0 636 0 1,060 
Casey Bay 67.9 47.9 275 107 0 100 0 723 0 1,825 
Enderby Land 66.0 54.6 5,530 2,942 4,525 2,204 4,192 3,091 4,707 5,477 
Taylor Glacier 67.1 6\'7 0 0 0 0 0 0 612 0 
Cape Darnley 67.6 69. 1 18,764 17,596 19,102 16,385 20,011 13,142 18,251 21,021 
Mackenzie Say 68.8 7 \,4 3,006 2,504 4,000 3,929 3,540 3,398 4,147 2,802 
Amery Ice Shel f 69.8 74.2 0 109 0 328 218 437 0 0 
Prydz Bay 67.1 78.1 10,049 17,563 21,883 6,775 16,971 5,974 12,261 10,846 
Barrier Bay 67.4 8\.9 3,304 4,913 6,602 6,418 4,537 4,339 2,541 8,003 
West Ice Shelf 66.3 86.6 4,983 2,749 847 5,292 3,232 3,636 2,297 4,824 
Dryga lski Island 65.6 92. 1 4,849 7,639 5,494 3,371 7,115 1,136 1,756 3,550 
Shackleton lee Shel f 66.0 95.4 33,153 41,842 30,466 34,330 29,141 27,732 16,264 21,147 
Denman Glacier 66.0 99.8 466 935 587 2,553 1,033 1,256 581 577 
Mill Island 65.4 10\.2 1,210 363 0 1,572 0 123 0 0 
Bowman Island 65.5 102.8 4,467 2,798 5,579 3,183 3,038 9,190 4,963 5,248 
Vincennes Bay 66.4 110.3 9,633 9,820 9,082 ll,472 10,388 9,834 6,058 5,826 
Cape Poi nselt 65.2 110.6 12,676 14.151 14,585 14,617 12,588 11,117 12,115 12,551 
Dalton Iceberg Tongue 66.5 12\.5 6,809 5,439 6,347 5,240 6,544 5,224 3,309 2,985 
Paulding Say 66.7 123.8 0 0 0 0 254 0 0 0 
Voyeykov lee Shcl f 66.1 124.8 977 1,348 1,146 1,479 3,063 2,629 571 1,430 
Porpoise Bay 66.9 129.8 0 138 0 0 495 46 0 0 
B10dgett Iceberg Tongue 66.6 129.9 0 950 0 0 0 1,999 0 0 
Dibble Iceberg Tongue 66.9 134.2 7,670 3,594 6,714 3,878 8,144 7,713 5,231 2,772 
Mertz Glacier 66.5 145.4 24,928 24,324 29,672 19,202 20,642 19,150 30,275 15,346 
Ninnis Glacier 68.2 149. 1 0 1,250 166 0 246 1,978 624 0 
Cape Hudson 68.3 153. 1 0 0 1,192 304 75 150 426 0 
Slava Say 68.9 155. 1 0 0 0 112 0 335 558 186 
Terranova Island 69.2 158.8 1,043 249 1,030 428 250 0 470 0 

Total mean area 5,499 5,852 6,036 5,113 5,561 4,821 4,572 4,553 
Standard deviation 9,738 1I ,Q48 8,942 9,204 7,710 6,546 7,154 6,213 

Note: The mean areas are calculated over all winter months (as defined in Table I) for each year. 

The other 20 polynyas are considered to be recurrent and 
were present for at least 5 of the 8 years. Their average size 
over the study period vari es greatly, however, ranging from 
rv 1000 km 2 for the Cape Hudson polynya to rv23 000 km 2 for 
the Mertz Glacier Tongue polynya (based on the 75% ice
concentration threshold ). The large area and persistence of 
some polynyas is likely significant in terms of the regional 
heat budget and meteorology. 

Based upon interannual changes in mean areal extent 
(Table 2), it is apparent that significant differences occur in 
the average size of the more marginal polynyas. This possibly 
refl ects interannual changes in zonal wind patterns (Cava
lieri and Martin, 1985), a lthough no Antarctic circumpolar 
wave-like phenomena are readily apparent. Annual varia
tions in the mean and standard deviation of total polynya 
area, shown in Table 2, indicate a slight decreasing trend 
over the 8 year study period. Larger polynyas, with an aver
age area of > 5000 km 2 (e.g. the Cape Darnley, Prydz Bay, 
Shackleton Ice Shelf, Vincennes Bay and Cape Poinsett 
polynyas), tend to be more stable in areal extent than smal
ler polynyas, with the latter showing a higher degree of 
variability. Large polynyas also have a core consisting of a 
lower ice concentration, ranging between 55% and 65% 
and rarely falling below 45%. 

The mean timing of maximum polynya extent, given in 
Table I, varies fromJune to O ctober. It may allow determi
nation of the potential role of upwelling warm water from 
the deep ocean in polynya formation (personal communi
cation from S. Rintoul, 1998). Further resea rch is required 
to establish possible links a nd their variability. 
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Polynyas as sites of enhanced Inelt 

Polynyas are not only sites of enhanced ice formation; in 
spring and summer, they a re also regions of enhanced melt 
within the pack. Given the narrow width of the pack in East 
Antarctica, polynyas j oin with the melting, marginal ice 
zone to form large regions of reduced ice concentration. By 
this process, the pack melts in regions to the south as well as 
receding poleward. An example is the significantly reduced 
concentration that typically occurs around 1600 E, asso
ciated with the shallow plateau at the confluence of the 
Southeast Indian Ridge and the Macquari e Ridge complex. 
Similarly, a large embayment in the ice edge at 145 0 E some
times encroaches far enough to merge with the large coastal 
polynya which forms off Mertz and Ninnis Glaciers by 
O ctober. This connection is not regular, occurring in only 
6 of the 37 monthly winter images examined. By November, 
however, the embayment becomes much larger, and is gen
erally j oined with the polynya. The polynya increases rapid
ly in size with the onset of the austral summer, and the 
embayment usually reaches the coast by December. 

Relationship of coastal polynyas to eInperor pen
guin rookeries 

Emperor penguins (Aptenodytesforsteri) have the most south
erly breeding distribution of any penguin (Woehler, 1993). 
Non-breeding and imm ature birds have a wide distribution 
(Massom, 1988), whilst breeding pairs a re confined to colo
nies near the Antarctic coast. These penguins breed during 
winter, with the male remaining stationary for about 
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Table 3. Locations rf Emperor penguin ( Aptenodytes forsteri ) rookeries relative to polynyas in the stu4J region (after Woehler, 1993) 

Rookery name Lat. 0 S Long. 0 E Total population Date last counted .Nearest polynya Distance Persistence 

km % 

Umebas hi Rock 68.05 43.12 250 1990 Syowa 20 11 
Casey Bay 67.50 48.00 n/a 1961 At site 0 52 
Amundsen Bay 66.92 50.00 n/a 1958 At site 0 3 
Kloa Point 66.64 57.32 4,500 1985 Enderby Land 90 78 
Fold Island 67.33 59.38 350 1985 Cape Da rnl ey 320 100 
Taylor Glacier 67.47 60.88 2,900 1988 Cape Darnley 240 100 
Auster 67.38 64.03 11 ,000 1988 Cape Darnley 120 100 
Cape Darnley 67.83 69.75 5,000 1961 At site 0 100 

Sandefjord Bay 69.66 73.33 200 1968 Mackenzit Bay 140 100 
Amanda Bay 69.27 76.83 9,000 1987 Prydz Bay 80 73 
Pingvin Isla nd 65.92 81.92 15,000 1960 Barrier Bay 100 8 
Karelin Bay 66.50 85.50 500 1958 At site 0 97 
Gaussberg 66.22 89.58 2,000 1960 West Ice Shelf 120 97 
Haswell Island 66.55 92.97 17,000 1970 Shackleton Ice Sh. 20 97 
Shackleton Ice Shelf 64.66 97.50 5,000 1960 At site 0 97 
Bowman Island 65.08 102.83 1,500 1960 At site 0 73 

Petersen Bank 65.93 110.20 3,500 1994 Cape Poinsett 80 100 
Pointe Geologic 66.66 140.02 2,300 1987 Ninnis Glacier 120 97 
Ninnis Glacier 68.20 147.20 n/a 1959 At site 0 97 
Wilson Hill s 69.66 158.50 90 1959 At sile 0 27 

Note: Recurrence refers to the percentage of winter months that the polynya was present from 1987 to 1994, as defin ed by the :S 75 % ice-concentration threshold. 

4 months. There are 20 known emperor penguin breeding 
sites within the study area (Table 3). The most important 
physical characteristics of the rookeries appear to be stable 
fast ice, proximity to open water and fresh snow, and shelter 
from the wind (Kooyman, 1993). Half of the rookeries are 
located within 20 km of polynyas, and the majority of the 

remaining colonies are within 150 km of polynya locations, 
well within the reported foraging range of this species (An
cel and others, 1992). 

CONCLUSIONS 

Through analysis of SSM/I-derived sea-ice concentrations, 
28 polynyas were identified around the East Antarctic coast 
(29 including that in the lee of Iceberg B9B fromJune 1992 
onwards). The areal extent of each polynya was quantified 

for each winter month from 1987 to 1994. The results suggest 
that larger polynyas have lower ice concentrations and are 
more stable spatially. There may be some bias within the 
smaller polynyas towards higher concentrations, however, 
due to the coarse resolution of the data; this would lead to 
an underrepresentation of the actual variability in ice con
centration. One way of counteracting this in a future study 
may be to employ a technique similar to that of Mark us and 
Burns (1993) to better resolve narrow (i.e. sub-pixel-scale) 
polynyas. This technique uses 37 and 85 GHz data succes
sively to take advantage of the higher resolution at 85 GHz, 
and is based on simulating microwave images of polynya 

events by convolving an assumed brightness-temperature 
distribution with the satellite antenna pattern. 

The polynyas tend to reduce in size during the colder 
mid-winter months. This is thought to be related to an 
increase in ice production associated with colder tempera
tures, along with a relatively constant rate of ice advection 
(Pease, 1987; Darby and others, 1995). As a result, several 
marginal polynyas disappear during the winter months. An 
analysis of annual winter totals of areas with ice concentra
tions of < 75% shows no trends in total polynya areal extent 

over the period 1987- 94. The timing of maximum polynya 
extent may be significant, but future research is necessary. 

This study suggests that polynyas are formed as the 
resul t of the complex interaction between several processes. 
Very few coastal polynyas are attributed solely to katabatic 
outflow. Meridional coastal protrusions, in the form of 

headlands and floating ice shelves and glacier tongues, 
block the mean near-coastal westward ice advection. Shal
low banks provide a grounding zone for large icebergs, 
which also act as a barrier to ice drift. Katabatic winds lead 
to both heavy ice formation and removal of ice from the lee 
of these barriers. Synoptic winds also play a significant role 

in polynya formation and maintenance, but are not resolved 
by this study of monthly variability. Large outlet glaciers 
act as conduits for katabatic winds from the continent, and 
consequently a large proportion (66% ) of coastal polynyas 
are associated with the front of these features. 

The study has shown that known emperor penguin 

rookeries occur in close proximity to coastal polynyas. This 
supports the hypothesis that access to a polynya is an impor
tant factor controlling their breeding location and success 
(Stonehouse, 1967). 

Retrospective studies at greater resolution may be possi
ble if recent attempts to produce an automated ice-classifi

cation algorithm for AVHRR data (Zibordi and Van 
vVoert, 1993; Nunez and others, in press) prove successful, 
although cloud cover remains a serious limitation to visible 
to thermal infrared sensors. Future studies will also benefit 
from the launch of improved passive-microwave radiom

eters such as the advanced microwave scanning radiometer 
(AMSR) on board ADEOS Il and EOS PM-l by the turn of 
the century, and also the enhanced coverage offered by Ra
darsat synthetic aperture radar. 

ACKNOWLEDGEMENTS 

SSM/I data were provided by the Earth Observing System 
Distributed Active Archive Center (DAAC) at the U.S. 
National Snow and Ice Data Center, University of 

425 https://doi.org/10.3189/1998AoG27-1-420-426 Published online by Cambridge University Press

https://doi.org/10.3189/1998AoG27-1-420-426


lvlassom and others: Latent-heat polyny as in East Antarctica 

Colorado, Boulder; the authors are very grateful to C. Han
son and others at User Services, a nd to V Dirita (Antarctic 
CRC) for developing software to display and analyze the 
data. We are also very grateful to our colleagues at the 
Australian Bureau of Meteorology, S. Pendlebury, R. Jar
dine and R . Lurz, and at the CSIRO Division of Marine 
Research, P. Tildesley, K. Badcock and K. Suber, for supply
ing AVHRR data. Thanks are also due to C. Parkinson 
(NASA Goddard Space Flight Center) and an anonymous 
reviewer for helpful review comments, N. Young and G. 
Hyland (Antarctic CRC) for help in the processing of the 
AVHRR data, and S. Jacobs (Lamont Doherty Geophys
ical Observatory), I. Allison, A. Worby and M. Wall (Ant
arctic CRC), S. Ushio Uapanese National Institute of Polar 
Research), S. Rintoul (CSIRO Division of Marine 
Research) and H. Keys (Department of Conservation, 
New Zealand ) for useful suggestions. This paper is based 
on the Honours thesis work of M. Potter while at the Ins
titute for Antarctic and Southern Ocean Studies (Potter, 
1995). We thank N. Bindoff of the Antarctic CRC for help in 
analysis of the ETOPO-5 data. 

REFERENCES 

Adolphs, U. and G. Wendler. 1995. A pilot study on the interactions between 
katabatic winds and polynyas at the Adelie Coast, easte rn Antarctica. 
Antare!. Sei. , 7(3), 307- 314. 

Ancel, A. and 9 others. 1992. Foraging behaviour of emperor penguins as a 
resource detector in winter and summer. Nature, 360(6402), 336-339. 

Anderson, P. S. 1993. Evidence for an Antarctic winter coasta l polynya. Ant
arct. Sei., 5 (2), 221- 226. 

Bromwich, D H. and D D Kmtz. 1984. Katabatic wind forcing of the Terra 
Nova Bay polynya. J Geopll)'s. Res. , 89 (C3), 3561- 3572. 

Cavalieri, DJ. and S. Martin . 1985. A passive microwave study ofpolynyas 
along the Antarctic Wilkes Land coast. InJacobs, S. S. , ed. Oceanology if 
Ihe Antarctic continental shelf. Washington, DC, American Geophysical 
Union, 227- 252. (Antarctic Research Series 43.) 

Cavalieri, DJ. , P. Gloersen and WJ. Campbell. 1984. Determination of sea 
ice parameters with the NIMBUS 7 SMMR. J Geopl!ys. Res. , 89 (D4), 
5355- 5369. 

Comiso,J. C. and A. L. Gordon. 1987. Recurring polynyas over the Cosmo
naut Sea a nd the Maud Rise. J Ceophys. Res. , 92 (C3), 2819- 2833. 

Comiso,J. C. and A. L. Gordon. 1996. Cosmonaut polynya in the Southern 
Ocean: structure and va ri ability. J Ceoph)s. Res., 101 (C8), 18,297- 18,313. 

Cotton, J. H. and K.J. Michael. 1994. The monitoring of katabatic wind
coas tal polynya interaction using AVHRR im agery. Antarct. Sci., 6(4), 
537- 540. 

Darby, M. S., A.J. Wilmott and TA. Somerville. 1995. On the influence of 
coastline orientation on the steady state width of a latent heat polynya. 
J Ceophys. Res. , lOO (C7), 13,625- 13,633. 

Fahrbach, E. , E. Augstein and D Olbers. 1994. Impact of shelf and sea ice 
on water mass modifications a nd large-scale oceanic circulation in the 
Weddell Sea. In Hempel, G., ed. Antarctic science: global concerns. Berlin, 
Springer Verlag, 167- 187. 

Foster, T D 1995. Abyssal water mass format ion off the eastern Wikes Land 
coast of Antarctica. Deep-Sea Res., Pan 1, 42 (4), 501- 522. 

Garwarkiewicz, G. and DC. Chapman. 1995. A numerica l study of dense 
water formation and transport on a shallow, sloping continental shelf. J 
Geophys. Res., 100(C3), 4489-4507. 

Gloersen, P. , WJ. Campbell , DJ. Cavalieri, J. c. Comiso, C. L. Parkinson 
and H.J. Zwally. 1992. Arctic and Antarctic sea ice, 1978- 1987 satellite pas
sive-microwave observations and analysis. Washington, DC, National Aero
nautics and Space Administration. (NASA SP-511.) 

GOI·don, A. L. 1982. Weddell deep water va ri ability. J Mar. Res., 40, Supple
ment, 199- 217. 

Keys, H. 1994. Ice giants a chip ofTth e old B9. Aust. Geogr. , J anuary- March, 
22- 23. 

Knapp, W. W 1972. Satellite observations ofl arge polynyas in polar waters. In 
Karlsson, T , ed. Sea Ice. Proceedings cifan Intemational COl/jerenee, 10-13 May 
1971, ReykjaVIk, Iceland. Reykj avik , National Research Council, 201 - 212. 

Kooyman, G. L. 1993. Breeding habits of emperor penguins in the western 
Ross Sea. Antarct. Sci. , 5 (2), 143- 148. 

Markus, T and B. A. Burns. 1993. Detection of coastal polynyas with passive 

426 

microwave data. Ann. GlacioL. , 17, 351- 355. 
Massom, R. A. 1988. The biological significance of open water within the 

sea ice covers of the polar regions. Endeavour, .New SeT. , 12(1),21- 27. 
Morgan, V. 1. and W F. Budd. 1975. Radio-echo sounding of the Lambert 

Glacier bas in. J Claciol., 15(73), 103- 111. 
Mysak, L. A. and F. Huang. 1992. A latent- and sensible-heat polynya model 

for the North Water, northern Bamn Bay. J Phys. Oceanogr., 22 (6), 596- 608. 
National Oceanic and Atmospheric Administration (NOAA). 1988. 

ETOPO-5 bathymetry/ topograpl!y data. Digital reLiif if the surface if the Earth. 
Boulder, CO, U.S. Department of Commerce. National Oceanic and 
Atmospheric Administration. National Geophysical Data Cent er. 
(Data Announcement 88-MGG-02.) 

National Snow and Ice Data Center (NSIDC). 1996. DMSP SSM/f brightness 
temperatures alld sea ice concentration grids jor polar regions: llser~ guide. 
Boulder, CO, University of Colorado. Cooperative Institute for Re
search in Environmental Sciences. National Snow and Ice Data Center. 

Nunez, M. , K. Michael, D1i.trner, M. Wall and C. Nil sson.ln press. A satel
lite-based climatology ofUV-B irradiance for Antarctic coastal regions. 
Int. J Remote Sensing. 

Parish, T R. 1988. Surface winds over the Antarctic continent: a review. Rev. 
Geophys., 26 (1), 169- 180. 

Parish, T R. and D H. Bromwich. 1987. The surface windfield over the Ant
arctic ice sheets . .Nature, 328(6125), 51- 54. 

Pease, C. H . 1987. The size of wind-driven coasta l polynyas. J Geopl!ys. Res., 
92 (C7),7049- 7059. 

Potter, M .]. 1995. An evaluation ofpolynyas in East Antarctica. (B.Sc. the
sis, University of Tasmania.) 

Smith, S. 0.. , R. D Muench and C. H. Pease. 1990. Polynyas and leads: an 
overview of physica l processes and environment. J Ceopl!Js. Res. , 95 (C6), 
9461- 9479. 

Smith, W. H. F. and D. T. Sandwell. 1994. Predicted seafloor topography. 
Boulder, CO, U.S. Department of Commerce. National Oceanic and 
Atmospheric Administrat ion. National Geophysical Data Center. 
(Data Announcement 94-MGG-04.) 

StefTen, K. and A. Schweiger. 1991. NASA team algorithm for sea ice con
centration retrieval from Defense Meteorologica l Satellite program 
special sensor microwave imager: comparison with Landsat satellite 
imagery. J GeoPhys. Res., 96 (CI2), 21,971- 21,987. 

Stonehouse, B. 1967. O ccurrence and effects of open water in McMurdo 
Sound, Antarctica, during winter and early spring. Polar Rec., 13 (87), 
775- 778. 

l iikizawa, T, K. 1. Ohshima, S. Ushio, T Kawamura and H. Enomoto. 
1994. Temperature structure and characteristics appearing on SSM/I 
images of the Cosmonaut Sea, Antarctica. Ann. GlacioL., 20, 298- 306. 

Vanney, J. and G. L. ] ohnson. 1985. GEBCO bathymet ric sheet 5.18 (cir
cum-Antarctic). InJacobs, S. S. , ed. Oceanology if the Antarctic continental 
sheif. Washington, DC, American Geophysical Union, 1- 3. (Antarctic 
Research Series 43.) 

Wa katsuchi, M. , K. 1. Ohshima, M. Hishida and M. Naganobu. 1994. Ob
servations of a street of cyclonic eddies in the Indian Ocean sector of the 
Antarctic Divergence. J Geophys. Res., 99 (ClO), 20,417-20,426. 

Wendler, G. , K. Ahlnas and C. S. Lingle. 1996. On the Mertz and Ninnis 
Glaciers, East Antarctica. J GlacioL. , 42 (142), 447-453. 

Woeh ler, E . .). 1993. The distribution and abundance cif Antarctic and subantarctic 
penguillS. Cambridge, Scientific Committee on Antarctic Research. 
SCAR Bird Biology Subcommittee. (Report.) 

Worby, A. P. and 1. Allison. 1991. Ocean- atmosphere energy exchange over 
thin vari able concentration Antarctic pack ice. Ann. Glaciol., 15, 184-190. 

Worby, A. P , R. A. Massom, I. Allison, V. Lytle and P Heil. 1998. East Antarc
tic sea ice: a review of its structure, properties and drift. InJeffri es, M. 0. , 
ed. Antarctic sea ice: 1)IIysical processes, interactions and variability. Washington, 
DC, American Geophysical Union, 41- 67. (Antarctic Research Series 74.) 

World Meteorological Organization (WMO). 1970. WMO sea-ice nomenclature: 
terminology, codes and illustrated glossary. Geneva, Secretariat of the World Me
teorological Organization. (WMO/OMM/BMO Report 259 TP 145.) 

Wright, R., J. B. Anderson and P. P. Fisco. 1983. Distribution and associa
tion of sediment gravity flows a nd glacial/glacial-marine sediments 
around the continental margin of Antarctica. In Molnia, B. F. , ed. Gla
cial-marine sedimentation. New York, etc., Plenum Press, 265- 300. 

Yager, P. L. , DW. R. Wallace, K. M.Johnson. W. O. Smith,]r, P.J. Minnett 
andJ. W Deming. 1995. The Northeast Water Polynya as an atmospheric 
CO2 sink: a seasonal rectification hypothesis. J Geophys. Res., 100(C3), 
4389-4398. 

Zibordi, G. and M. L. van Woert. 1993. Antarctic sea ice mapping using the 
AVHRR. Remote Sensing Environ. , 45 (2), 155-163. 

Zwall y, H.J. , J. C. Comiso and A. L. GOI·don. 1985. Antarctic offshore leads 
and polynyas and oceanographic effects. InJacobs, S. S., ed. Oceanology cif 
the Antarctic continental sheif. Washington, DC, America n Geophysical 
Union,203- 226. (Antarctic Research Series 43.) 

https://doi.org/10.3189/1998AoG27-1-420-426 Published online by Cambridge University Press

https://doi.org/10.3189/1998AoG27-1-420-426

