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The results are presented of shipboard observations of the extent, concentration, and
thickness of sea-ice and the concurrent meteorological conditions in the Prydz Bay
region in the early summer of 1982-83. Comparisons are made with aerial sea-ice
observations and with broadscale analyses of ice concentrations based on satellite
data and locally read-out imagery. These indicate that satellite-analysed concentra-
tions are probably generally greater than actually exist, particularly in conditions of
extensive ice cover. The regional pattern of shore polynya formation is mapped, and
appears to be related to surface ocean circulation, coastal configuration, the exis-
tence of offshore banks on which icebergs are frequently grounded to form a nucleus
for subsequent long-lived and stable sea-ice formation, and on prevailing coastal easter-

ly winds.

Introduction

In recent years it has become apparent in the study
of global climates that it may be important to un-
derstand in more detail the processes at work in the
world’s seasonal sea-ice zones and particularly in the
Antarctic where the seasonal sea-ice extends over
some 17.5 x 10° km?. This vast area exhibits substan-
tial year-to-year longitudinal variability in ice extent,
concentration, and physical characteristics. Thus, be-
cause of the effect of the ice in influencing both the
radiation budget at the surface a.id the magnitude
of sea-air energy exchange, it is likely to be of con-
siderable importance in influencing hemispheric
weather patterns on monthly or seasonal times scales
particularly in the region of the Antarctic trough and
the adjacent high latitude westerlies. Information on
the Antarctic pack-ice for the practical purposes of
shipping operations is also of increasing importance.

At present, however, our knowledge of the An-
tarctic sea-ice and its behaviour is at only the most
basic level, and recent reviews by Allison (1982, 1983)
outline many of the problem areas to which atten-
tion might be given. The Antarctic pack-ice zone has
received little attention primarily because of the ab-
sence of a coordinated hemispheric observational
program over the ocean at high southern latitudes.
However, the buoy and satellite technology such as
was used during and subsequent to the First GARP
(Global Atmospheric Research Programme) Global
Experiment (FGGE) in 1978-79 in the southern
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hemisphere is sufficiently developed for at least ini-
tial studies to be commenced.

Similarly, in the field of biological science there
is an increasing interest in understanding the ecolog-
ical processes controlling the marine living resources
of the high southern latitudes which are believed to
be of considerable significance in the future of world
food supply. This interest led to a large internation-
al experiment known as FIBEX — The First Inter-
national BIOMASS (Biological Investigation into
Marine Antarctic Systems and Stocks) Experiment
in 1980-81. As a supplementary investigation to FI-
BEX the Antarctic Division of the Australian
Department of Science and Technology carried out
an experiment in November and December of 1982
known as ADBEX (Antarctic Division BIOMASS
Experiment).

As with the earlier Australian participation in FI-
BEX, this experiment was carried out in the area of
Prydz Bay from the ship Nella Dan which operated
in the region from 20 November to 21 December
1982. As much of the marine biological work was
to be performed within the outer edge of the pack-
ice at a time when the rapid summer ablation peri-
od had just commenced, the opportunity was taken
to carry out limited observations of the pack-ice zone
from the ship and by aerial reconnaissance as well
as by satellite at a time when few observations had
previously been possible.
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Fig. 1 Location map of the southwest Indian Ocean and
the adjacent coast of Antarctica. Track of the Nel-
Ia Dan from 20 November to 21 December 1982
is shown by the arrowed full line with 00 GMT
positions indicated for respective days. Al to AS
indicate location of aerial observations of sea-ice
(see text).

The study area is shown in Fig. 1 which also indi-
cates the route followed by the Nella Dan. Strictly
speaking, the name Prydz Bay refers only to the
marked embayment fronting the edge of the Amery
Ice Shelf, however, the term ‘Prydz Bay Region’ is
here taken to refer to the offshore waters extending
from the east of the Enderby Land peninsula to the
western extremity of the West Ice Shelf.

Longer-term data on regional sea-ice
extent in the Prydz Bay Region

In order to examine the ice extent of the region in
the context of its annual cycle, and in the light of
past observations, an analysis was made of the sea-
ice data produced by the NOAA — US Navy Joint
Ice Center (JIC) for the nine-year period 1973 to
1981. The Center carries out a global analysis of sea-
ice exter}gﬁtilising all available surface and satellite-
derivedsinformation including microwave data.
The annual cycle of sea-ice extent in terms of the
variations in the northernmost ice-water boundary
averaged over several ten-degree longitude sectors in
the region is shown in Fig. 2, which also indicates
extremes observed during this observation period and
the data for the months of 1982. This follows simi-
lar work carried out on a circumpolar basis by Jac-
ka (1981), and for a shorter time by Streten and Pike
(1980). Such an index of ice extent does not describe.
such important features as the concentration and
thickness of the pack-ice within the outer boundary
or the location and extent of substantial polynyas.
A more detailed analysis of the available data from
the same source is shown in Fig. 3 for the six years
1976-1981 and indicates mean ice concentrations (on
a scale of 0 to 10) in the Prydz Bay Region in the
months of November and December when rapid de-

cay of the ice is occurring (i.e. the period of the AD-
BEX program of 1982). The analysis is on a ‘degree
square’ basis as estimated from the charts and was
made at approximate weekly intervals; however for
brevity, only charts at two-weekly intervals are
reproduced in Fig. 3. The maps show the rapid
decline in ice concentration as the season advances
and indicate some notable features such as the more
rapid ice decay in the area adjacent to the eastern
coast of Prydz Bay proper.

The ADBEX sea-ice observations

Various sources of information were utilised during
the expedition to attempt to describe the sea-ice in
the region and these may be described as follows.

Broadscale ice mapping by satellite

Data corresponding to that of Fig. 3 for the
November-December period of 1982 have been der-
ived from the JIC analyses and are reproduced at
approximately the same intervals in Fig. 4. Notable
features indicated by the data in relation to the
longer-term averages are:
(a) The generally higher concentrations in 1982 par-
ticularly in the earlier part of the period. The

Fig. 2 Annual cycle of the regional northernmost sea-ice
extent at the beginning of each month: dashed line
— mean of data 1973-81; full lines — extreme data
1973-81; dotted line — data for 1982. Figures show
long-term annual means.
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much greater northward extension of the ice in
the period up till early September 1982 and its
subsequent fairly rapid retreat is evident in Fig. 2.

(b) The low ice concentration in Prydz Bay proper,
i.e. the area fronting the Amery Ice Shelf. The
concentration fell below 3 by 25 November in
the eastern part of the embayment and the low
ice area thence extended westward and
northward.

Fig. 3 Mean regional sea-ice concentration at indicated
dates estimated from satellite analyses for individu-
al degree squares. Black indicates concentration
9-10 tenths; cross hatching 7-8 tenths; single hatch-
ing 5-6 tenths; stippling 34 tenths; open 1-2 tenths.
Data are based on means for the period 1976-81.
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Local satellite read-out

In addition to the JIC analyses which were not avail-
able during the expedition, local read-out facilities
for satellite data were available on the Nella Dan and
at Davis (see Fig. 1). The most useful information
was the visible range imagery received from the
USSR satellite, Meteor 7, in real-time — an exam-
ple of which is shown in Fig. 5. In summer, and at
times when the cloud amount is not excessive such
imagery provides an excellent source for the analy-
sis of regional sea-ice extent at the latitudes of the
Antarctic coast. A series of such pictures was avail-
able at intervals of several days throughout the ex-
pedition, though frequently of limited value due to

Fig. 4 As for Fig. 3, but for the indicated dates of 1982.
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Fi

g. 5 USSR Meteor 7 satellite imagery for 2 December
1982 showing the open waters of the Prydz Bay
polynya, the pack-ice zone, and indicated coastal
features.
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cloud cover (see Fig. 7). The information was use-
ful for planning of day-to-day operational activities
and, in particular, revealed the variations in the poly-
nyas along the coast. Such data were used by Ger-
nandt (1981) for observation in the Prydz Bay Region
in the summers of 1978/79 and 1979/80.

Aerial observations

Helicopter operations from ship to shore and specific
flights for ice reconnaissance and seal population
studies enabled analysis of the ice distribution at
several specific locations along the cruise track dur-
ing the course of the expedition. The locations of
the available flights are shown in Fig. 1, and the
characteristics of the flight paths in Table 1. Aerial
observation of the ice floe pattern presents a differ-
ent perspective which is an improvement on that
from the ship’s superstructure, and which enables
more confident estimates of concentration to be
made. Further flights at fixed altitude with vertical
downward photography and utilising known ship
dimensions for calibration of observed distances ena-
bled some information to be obtained on typical ice
floe dimensions. Figure 6 depicts an aerial view of
the pack-ice during Flight 5.

Ship observations

Ship movements were determined by the require-
ments of the marine science program and of ap-
proaches to Mawson and Davis stations for inter-
change of personnel and freight by helicopter. A

Table 1. Statistics of photo-reconnaissance flights

during ADBEX.
(Photographs at 30 s intervals at a flight level of
300 m.)

Date Flight no. Ship position Dirn of run Dist (km)

22/11 Al 63.1°S S-N-E-W 183 km
84.7°E

28/11 A2 65.7°S S-N 52 km
63.5°E

29/11 A3 66.6°S S-N 185 km
62.9°E

3/12 A4 67.3°S E-W 166 km
66.3°E

/12 AS 66.7°S N-S 110 km
74.5°E

Total 696 km

Fig. 6 Aerial view of ice floes and the Nella Dan — from
300 m elevation. Floe size may be estimated from
ship dimensions (77 m x 13 m).

visual log was maintained on a semi-continuous ba-
sis while the ship was operating within or in sight
of sea-ice. Observations were made of ice type, con-
centration, and snow cover, occurrence of small
polynyas and also of estimated thickness (by noting
overturned floes penetrated by the ship). These ob-
servations enable some general comparisons to be
made with the satellite and aerial observations, and
the total of all the data permits a fairly full picture
to be obtained of the sea-ice characteristics during
the period of the expedition.
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Meteorological conditions
during ADBEX

The ice observations described above took place
against a background of meteorological conditions
which may be summarised by the frequency diagrams
of Fig. 7 based on the 3-hourly observations while
the ship was within or in sight of sea-ice. The prin-
cipal features are:

(a) The relatively narrow range of air temperature,

the lowest being — 10°C experienced while the
ship was at the sea-ice edge off Mawson and un-
der the influence of offshore winds from the
continent.

(b) The narrow range of sea surface temperature
(T with maximum frequency of —1°C to 0°C.
The pattern of sea surface temperature in the
substantial open waters of the Prydz Bay poly-
nya contrasts with that of the pack-ice covered
ocean and is described below (see Fig. 16).

(c) A range of Tg— T, but with a predominance of
situations with the sea temperature exceeding
that of the air by 0.5° to 2°C. The highest posi-
tive differences occur in the region of the open
water of the Prydz Bay polynya with offshore
winds from the Amery Ice Shelf.

(d) The high frequency of calm and light wind con-
ditions with directions principally from SW to
W north of the Antarctic trough (see Fig. 8) and
SE to E south of the trough;

(¢) A cloud distribution typical of high oceanic lati-
tudes but with a fairly high frequency of condi-
tions with an absence of low cloud within the
pack-ice zone, these situations being most fre-
quent close to the continental edge. The cloud
was typically of low stratiform type, but nota-
bly the development of cumuliform type was ap-
parent over the warmer waters of the Prydz Bay
polynya.

The broadscale weather pattern for the ADBEX
period is shown schematically in Fig. 8. This indi-
cates the mean latitude of the Antarctic trough in
November and December and the tracks of depres-
sions approaching Prydz Bay. Centres of cyclones
moving towards the region from mid-latitudes are
seen to move on tracks well to the north of the pack-
ice which was largely undisturbed by invasion of
major weather events during the period of the expe-
dition. Only in the period from around 19 to 26
November did depressions approach Prydz Bay.
These systems appeared to decay in the Prydz Bay
Region with the effect on the sea-ice being:

(a) the observed compacting of the ice in the region
just westward of the West Ice Shelf associated
with north-northeasterly winds on the eastern
side of the lows; and

(b) the weakened ice affected by the southwesterly
winds observed during the approach of the Nel-
la Dan through the pack southward towards
Mawson.

Fig. 7 Summary of ADBEX meteorological observations
from the Nella Dan for the pack-ice zone show-
mg histograms of percentage frequency of T,,
air temperature; Tg, sea temperature;
Tg — T,; V — wind velocity; Dy — wind direc-
tion and CL — cloudiness (total cloud and low
cloud).
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Fig. 7 Continued
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Comparison of surface, aerial, and
satellite observations of

sea-ice concentration during ADBEX
The series of observations described above permits

some limited comparisons of estimates of sea-ice con-
centration from the different sources.

Comparison of shipboard estimations
with those derived by the JIC

A perfect comparison is not possible as the JIC ana-

Fig. 8 Broadscale aspects of the low-level atmospheric
circulation during ADBEX. The heavy dashed line
shows the mean axis of the Antarctic trough for
November (upper diagram) and December (lower
diagram). Full arrowed lines show track of depres-
sions and 00 GMT positions with final date that
the depression cloud vortex is distinguishable on
NOAA hemispheric satellite mosaics. C —
Capetown; K — Ile de Kerguelen; P — Prydz Bay.
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lyses are based on satellite observations obtained over
several days and the shipboard observations are
based on a set of individual observations as the ship
traverses the pack-ice. (It should be noted that the
ice observations from the Nella Dan were not trans-
mitted with the usual weather messages and conse-
quently were not available to JIC.) By carefully
selecting particular degree squares some approximate
comparison is possible where the following condi-
tions apply:

(a) no or only very slow change is indicated between
one JIC chart and the next enabling interpola-
tion between charts, where that is necessary, to
obtain an estimated concentration for a partic-
ular time period;

(b) observations are considered only for the inner
pack-ice zone and not at the fringes where con-
ditions may change rapidly with time;

(c) shipboard observations are based on a traverse
of a degree square without very rapid changes
in ice conditions being encountered;
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(d) comparisons are made between the mean of the
range recorded in the satellite analyses and the
mean of the observations recorded from the
ship.

These criteria limit the number of suitable degree

square comparisons to 27 and the results are shown

by the envelope of Fig. 9. Essentially, the compari-
sons indicate that, at middle to high concentrations,
interpretation of the satellite data available to JIC
tends to result in estimates of ice concentration slight-
ly greater than indicated by shipboard observation.

This is more marked at higher concentrations, e.g.

a mean concentration of 8 visually recorded on the

ship may range from a mean of 8 to 10 in satellite

mapping. At concentrations between 2 and 0,

however, the satellite imagery appears to be non-

definitive, i.e. a mean shipboard observation of 2

may variously appear in the analysis mean as rang-

ing from 0 to 2, but a satellite analysis of 2 is some-
times clearly O as observed from the ship. These sit-
uations are generally analogous to satellite observa-
tion of cloud where small amounts of cloud (or many
small openings in a cloud deck) are not detected in
the interpretation of satellite imagery, resulting in
overestimation at high cloud amounts and frequent
underestimates at low cloud amounts. However, the
apparent overestimates which sometimes appear in
the JIC analyses when no ice is present are unusual
and may perhaps be related to difficulties of interpre-

Fig. 9 Envelope (shaded) of corresponding observations
of sea-ice concentration determined by JIC satel-
lite analyses (Cg) and that observed from the Nel-
la Dan (Cg) — see text. The approximate relation
between C, observations and corresponding ob-
servations of concentration determined from ana-
lyses of locally available Meteor 7 imagery (Cg)
is shown by the full line.

tation of microwave imagery. A longer series of com-
parisons is clearly necessary to establish a clear rela-
tionship between the data from the two sources.

Comparison of shipboard observations
with locally read-out ‘Meteor’ imagery

These comparisons were based on observations close
to coincidence in time, and consequently the agree-
ment between the two data sources was closer than
with the JIC comparison. However, the satellite ob-
servations of concentration were again generally
slightly higher than those from the ship. In this case,
however, open water, as interpreted in the imagery,
was clearly also ice-free as seen at the surface.

Comparison of aerial and shipboard observations

These comparisons were only possible by observing
the ice concentrations immediately before a flight
and then from the air at 300 m elevation a few
minutes later. The few available pairs of observa-
tions suggest that there is a tendency to overestimate
the ice concentration from the ship at higher con-
centrations and that the aerial observations (which
are probably the most accurate) would provide esti-
mates perhaps 1 to 2 tenths less than those made
from the ship. At low concentrations the agreement
is much closer.

In summary, on the basis of the limited observa-
tions available for this expedition it appears that:
(a) the ‘real’ amount of ice is probably most ac-

curately and confidently estimated by low-level
aerial observation;

(b) at high ice concentrations shipboard observations
may overestimate aerial observations by perhaps
1 to 2 tenths, and satellite interpretation further
overestimates by up to 1 to 2 tenths;

(c) at low concentrations analyses of satellite imagery
frequently do not accurately distinguish in the
range from 0 to 2 tenths;

(d) there is probably less ice (or more open water)
than is suggested by present long-term satellite-
derived sea-ice climatologies.

Sea-ice characteristics in the
Prydz Bay Region during ADBEX

Concentrations

The overall broadscale decline in the ice cover con-
centration during the expedition period is depicted
in Fig. 4, noting that the satellite estimations differ
somewhat from those made from surface and aerial
observations. The detailed variations in the concen-
tration observed from the ship during the principal
north to south transect at around 62.5 °E, just west-
ward of Mawson from 26 to 29 November, and that
during the south to north transect at 72° to 75°E
north of Prydz Bay from 16 to 18 December are
shown in Fig. 10. This clearly indicates the consider-
able variability over short distances within the pack-
ice, with the implication of a sequence of complex
forces acting on the ice over a period of time.
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Fig. 10 Sea-ice concentraiions (C,) observed from the Several characteristic features which were observed
Nella Dan during: A — Southbound transect at within the pack-ice zone are depicted schematically

approximately 62.5°E on 26-30 November 1982;
B — Northbound transect at 72° to 75 °E on 16-18
December 1982.
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in Fig. 11 and may be described as follows:
* Some nine regular parallel bands of fragmented

ice on the fringes of the principal ice zone near
61.5°E (Fig. 11(a)). These bands, stretching from
horizon to horizon, lay at right angles to the
prevailing southwesterly wind being only sever-
al hundred metres in width and each separated
by 6 to 7 km of open water. In appearance, they
are analogous to atmospheric cloud streets but
are clearly of more complex physical origin.

11 Schematic diagram of observed features within the
sea-ice zone (see text). (a) parallel bands of frag-
mented ice, arrows indicate wind direction; (b)
polynyas in the lee of icebergs, arrows show drift
of sea-ice; (c) polynyas in the lee of heavy floes,
arrows show drift of sea-ice.







