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ABSTRACT

Based on satellite observation in visible and microwave ranges
the possibility of investigation of ice formation process and
ice melting in high latitude zones of the World Ocean is con=-
sidered. The modern methods of data acquisition of the borders
of drift ice, size of ice fields, age of ice formations are
analysed. The methods of construction of weekly ice charts of
the Arctic and Antarctic regions resulting from satellites,
aircrafts and vessel observations are considered. The analysis
of ice distribution in the Antarctic region in light period of
1980 - 1984 seasons is made. Annual and seasonal dynamics of
ice cover is estimated. The results obtained are of practical
and theoretical interest for ecological studies and for the in-
vestigations of possibilities of exploitation of live resources
of the Antarctic region. The data available can be used for the
development of some methods for prediction of ice conditions in
the South Ocean.

The processes of ice formation and ice destruction are the main
elements of oceanographic regime in the high latitudes of the
World Ocean and in the seas of temperate latitudes., Ice is the
major factor which produces the effect on the security of navi-
gation and performance of various sea operations. The success-
ful fishery in freezing seas is possible only on the bgsis of
good understanding of the ice situation. The knowledge of the
peculiarities of ice regime is necessary in planning and perfor-
mance of the scientific research in different almost inaccessi-
ble region.

Sea ice can be used as a tracer in studying large-~scale ocea-
nic circulations, streams, rotations and other sea water dyna-
mic features. The quantity of ice in partially freezing seas is
the main index of winter type and good predictor of some produ-
ctive processes in forecoming spring period.

The process of melting ice in the Antarctic region provides the
complex of hydrometeorological processes at the edge of drift-
ing ice and icebergs. The production of phytoplankton in these
regions can be compared with some highly productive zones of
the World Ocean. High abundance of phytoplankton at melting ed-
ges of drift ice is responsible for considerable formations of
macrozooplankton and various fish species. Therefore, the in-~
vestigations carried out aboard the R/V "Gizhiga" in the Atlan-
tic sector of Antarctic region revealed a group of icebers aro-
und which at the distance of 50 miles a concentration of macro=-
zooplankton was observed. The total biomass of this concentra-
tion was estimated at about several hundreds of thousand tones.
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Sea ice serves as a habitat for numerous marine animals such as
penguins and crabeater seals. In high latitudes the ice distri-
bution and shift produces a congiderable impact on marine ani-
mal migrations, promoting the distribution of some species and
regtricting the distribution of the others.

Due to its physical properties ice is considered to be one of
few parameters of marine environment which can be easily detec-
ted by remote sensing. Ice formastions can be observed in visib-
le, infra-red and radio-range waves of the electromagnetic spe=-
ctrum. Bach method mentioned above has its own advantages and
limitations.

At present TV-images, obtained from meteorologic satellites of
"Meteor™ are used in the Soviet Union for operative deciphering.
The application of these images allows for the determination of
large ice-~floes, icebergs, ice~filds, the locations of channels
and polynias, ice unity and age with a high degree of accuracy.
On the basis of this information the Hydrometeorological Servi-
ce of the USSR regularly constructs 5-day charts of ice situa=~
tion in Arctic and Antarctic region.

After geographical bridging of some TV-images from satellite
the composite photographs in the polar stereographic projection
(the scale 1:15000 000) are made ( Fig.1

Fige 1 An example of composite photographs
of TV-images from satellite "Meteor"

By deciphering the borders of drift ice, the location of fast

shore ice, the position of ice-~fields, borders of various den-
sity and age, the location of channels and polynias are deter-
mined. The data obtaind from the analysis of satellite infor-
mation are refined and supplied by some information from shore
stations, vessels and aircrafts. The refined information is

transfered +to the blank of the charts of Arctic and Antarctic
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region in the composite photograph scale and projection. Week-
ly charts serve as the synthesis of satellite information, ob-
servation of aircraft, vessels and shore stations. Since 1985
for the construction of charts the radar data obtained from sa-
tellite "Kosmos-1500" was used. The satellite equipment allow-
ed for the acquisition of data on motion and ice distribution
irrespective of the condition and synoptical situation. On the
radar images the ice fields and icebergs, vast extensive zones,
shelf and continental glaciers are easily differentiated. The
series of several radar images of the same aquatic area allows
for the detection of general drift of sea ice, for estimation
of the dynamics of large polynias and for the determination of
the tendencies of ice compregsion and rarity. PFigure 2 demonst-
rates the composite of the Antarctic ice cover. This figure is
made on the basis of radar images of satellite "Kosmos-1500",
Various ice formations are perfectly distinguished on the ima-
gese.

Weekly charts are used for the estimation of seasonal dynamics
and annual changes of ice conditions and for the determination
of the extreme borders of the ice cover development. Ice charts
serve as the basis for the estimation of ice drift rate and can
be used for various predictions.

Fig. 2 An example of composite photographs
of radar-images from satellite
"Kosmos=-1500"

Recently the Soviet Union as well as the other countries per-
forms the studies on biological resources of the South Ocean.
The investigation of the biological structure of the South Oce-
an demonstrated that existance of the whole complex of sea or-
ganisms functioning on the basis of macrozooplankton abundance
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occurring in the higly productive pelagic zone combined with
the natural zone of drift ice. The viability of the whole com=
plex of these organisms are found to depend on ice conditions,
which becomes more intensive in summer.

Based on satellite data the monitoring of ice conditions in
high latitude zones was carried out. The charts broadcasted by
Hydrometeorological Service of the USSR are received by the ves~
sels and by different scientific institutions. The charts thus
obtained are registered by graphical table on the magnetic di-
sks and demand future processing. In particular for the perfor-
mance of monthly analysis of the ice processes in Antarctic re-
gion the charts of the average monthly and extremal borders of
ice cover development both in the whole South Ocean and in some
region are made.
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Fig. 3 Changes of the areas of Antarctic
region covered by drift ice in
1980-1984
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The location of the edges of the drift ice is compared with the
average year-to-year data. The aquatic areas of waters covered
by ice are calculated. The degree of accessibility of some re-
gions is also evaluated in seasonal and year-to-year aspects.
Figure 3 demonstrates the graphical changes of the areas cove=
red by drift ice in 1980-1984. As a rule the maximal develop-
ment of ice-~cover is observed in October. The edge of the drift
ice is approximately located at latitude of 60°3. The areas co=-
vered by ice was 17-18 mln.kmé. When the antarctic spring be-
gins the ice area gradually reduces. The most intensive dest-
ruction of ice cover is observed in late December - early Janu-
ary. The intermediate maximum observed in late November and De-
cember in all years are of interest. By early February the ares
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of the dr%ft~ice reaches its minimal values and composes 2,5 -
3 mln. km“ . In the whole the edge of fast shore and drift-ice
almost coincides with the slope of slightly mobile ice of the
Antarctic regions. By late March a new period of ice formation
begins. By the end of observatign,(inrmid—April) the ice area
doubles and reaches 6-7 mln. km“. In spite of the common ten-
dencies in the process of ice formation in the Antarctic regi-
on in some years the several variations in the rate of ice-for-
mation and ice~-melting were observed. Thus the presented diag-
ram illustrates the considerable variations in 1983-1984 as can~
pared with previous seasons. It is known, that the first half
of the season the ice conditions were more severe. In January
and February the area of water was covered by ice by 2-3 min.
kme more than usual. In the second part of the season the ten-
dency changed. Figure 4 illustrates the extremal boundaries of
drift ice in light period of 1982-1984.
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Fige 4 Extremal boundaries of drift-ice in season
wwwew 1982-83 and —— 1983-84

In 1983-1984 the maximal development of the ice cover was ob-
gserved in October - November. From the begining of Octobeg till
late November the ice arga reduced from 18 to 13 mln. km™,
which was by 2-3 mln. km® less than observed last year.
The most significant changes in the location of the bordes of
maximal development of ice cover were observed in central parts
of the Indian and Pacific Ocean sectors. The average monthly
edge of October 1983 was located 2-4° southward than that in
last year. From the beginning of December 1983 till mid%le of
February 1984 the ice area reduced from 13 to 4 mln. km“. Dur-
ing these months more severe ice condition weyre registrated. In
December 1983 the ice area was by 2-4 mln. km? more than last
year. By the end of March - early April 1984 the ice area ex-
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tended to 5,5 mln. km2. In this period in 1983 the process of
ice formations was more intensive. By the beg%nning of April
1983 the area of drifting ice was 7.5 mln. km®.

All the above mentioned examples show that the satellites pro-
vide the valuable information on distant regions. The results
of satellite observations are of great practical value for re-
searches. The material obtained can serve as a basis for imp=-
roving of the prediction of ice conditions in the Antarctic re-
gione
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