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ABSTRACT 
Examination of satellite-derived 1973-75 sea-ice 

concentrations for the Southern Ocean and comparison 
with 1 000 mbar temperatures and sea-level pressures 
reveal considerable Interannual variability in both 
the ice and atmospheric fields plus strong suggest­
ions of ice/atmosphere interconnections. The mean 
position of the ice edge undergoes a strong yearly 
cycle that lags the cycle of the zonally-averaged 
temperatures by about one month, but the mean ice 
edge does not contain small-term fluctuations or 
interannual variability to the same extent as either 
the temperature or the pressure. Regionally, the ice 
varies much more noticeably from year-to-year, with 
the interannual contrasts showing strong spatial 
dependence in all months and strong spatial coherence 
in winter. These are illustrated by selected maps of 
monthly differences in ice concentrations between 
1973 and 1974 and between 1974 and 1975. It is shown 
that the interannual ice differences can, in many 
cases, be attributed to the Interannual differences 
in the positioning and intensity of cyclonic and 
anticyclonic systems. 

1. INTRODUCTION 
The sea-ice cover in the polar oceans both 

affects and is affected by the overlying atmosphere. 
The sea ice restricts exchanges of heat, mass, and 
momentum between ocean and atmosphere, whereas the 
atmospheric temperatures and winds affect the freez­
ing of the water and the melting and transport of 
the ice. In a recent paper Ackley (1981) reviews 
previous work on sea-ice/atmosphere relationships in 
the Southern Ocean. In some of the studies reviewed 
the change in Ice cover appears to result from atmo­
spheric conditions and in other studies to cause 
them, for example, reduced ice cover intensifying 
cyclonic activity. The availability of several years 
of almost continuous global coverage by satellite 
now permits these interactions to be better defined. 
In an effort to examine year-to-year variations in 
sea ice and ice/atmosphere interactions, monthly sea-
ice concentrations derived from satellite data have 
been compared for the three years 1973 to 1975 and 
these have been further compared with atmospheric 
temperature and pressure fields. 

2. DATA SETS 
(a) Sea-ice data 

The sea-ice data used in this study are derived 
from brightness temperatures recorded by the electri­
cally scanning microwave radiometer (ESMR) on the 
Nimbus-5 satellite. Data from this instrument provide 
a clear indication of the location of the ice edge 
because the ESMR records at a wavelength of 15.5 mm, 
for which the emlssivity of ice differs considerably 
from that of open water. At 15.5 mm, water at the 
freezing point has an emissivity of about 0.40, 
whereas sea ice has an emissivity varying from about 
0.84 for multi-year ice to 0.95 for first-year ice. 
This large contrast also allows an approximate calcu­
lation of ice concentrations within the pack. In 
addition to this ability to distinguish ice and open 
water, two additional advantages of the ESMR instru­
ment are its global coverage and its day/night capa­
bilities. Discussions of the instrument and the 
microwave properties of sea ice appear in Wilheit 
(1972) and in Gloersen and others (1973); and discuss­
ions of the concentration calculation appear in 
Carsey (1980) and in Zwally and others (1976). The 
spatial resolution of the instrument is approximately 
30 km, whereas the ice concentrations are believed 
to be valid to ±15% (Zwally and others 1976). 
Zwally and others (unpublished) averaged the data 
over periods of 3 d, creating, for most of these 
periods, an image that provides complete coverage of 
the Southern Ocean region. These images were further 
combined to monthly averages. Because of various 
satellite difficulties, data are not available for 
March to May or for August of 1973 or for June to 
August of 1975. Hence, for 1973 to 1975 there are 29 
months of available data. 

(b) Atmospheric data 
The atmospheric data used in this study are 

1 000 mbar temperatures and sea-level pressures from 
the 12 h southern hemisphere analyses of the Aust­
ralian Bureau of Meteorology. These data were obtain­
ed in digitized form in a rectangular array of 
47 x 47 elements for the hemisphere and were con­
verted to a latitude-longitude grid. The 1973 data 
are only available once a day (at 2300 GMT), whereas 
the 1974 and 1975 data are available twice daily (at 
1100 and 2300 GMT). 

Recent examinations of the southern hemisphere 
Australian data sets for both 1979, the year of the 
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First GARP (Global Atmospheric Research Program) 
Global Experiment (FGGE), and for earlier years 
evidence the need for caution in using the pre-1979 
data. Guymer and LeMarshall (1981) find that the 
1979 analyses, with the incorporation of the more 
complete pressure data from the FGGE buoy network, 
reveal larger and more intense high and low pressure 
systems than are typical in the analyses of the 
earlier years. This bias probably results partly from 
interannual differences and partly from the improved 
1979 data base. In any case, the sparse 1973-75 data 
are probably not appropriate for detailed quanti­
tative analyses on short time and space scales. Van 
Loon (1980), however, has examined the analyses of 
both the Australian Bureau of Meteorology and the US 
National Meteorological Center (NMC), and has con­
cluded that the southern hemisphere analyses from the 
Australian data are generally better than those from 
the NMC data. He further indicates that the Austral­
ian analyses, although questionable on a daily basis 
at individual points, are appropriate for describing 
atmospheric features that are large-scale in time 
and space. Consequently, we have used the Austra­
lian data and, for spatial comparisons (Section 4), 
have averaged them over monthly time periods. 

3. ANNUAL TRENDS OF TEMPERATURE, PRESSURE, AND 
SEA-ICE EXTENT 

For an initial overall comparison of atmospheric 
fields and sea-ice extent, the mean latitude of the 
ice edge was calculated for each 3-day period of 
available data, and the mean temperatures and mean 
pressures over the latitude belt of the seasonal sea-
ice cover, 60°S to 70°S, were also calculated for 
each 3-day period (Figs. 1-3). The ice-edge data 
reveal a strong, smooth yearly cycle, with minimum 
ice extent occurring in February and maximum ice 
extent occurring in September or October. The decay 
of the ice, which takes place over approximately 
5 months, is decidedly more rapid than the growth, a 
point noted and discussed in several recent studies 
(Rayner and Howarth 1979, Lemke and others 1980, 
Ackley 1981, Cavalieri and Parkinson 1981). This 
contrasts with the situation found by Walsh and 
Johnson (1979) in the Arctic and by Dey (1980) speci-
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Fig.l. Annual cycle of the mean latitude of sea-ice 
extent in the Southern Ocean, 1973-75. The dotted 
portions of the curve signify time periods for 
which insufficient ESMR sea ice data are available. 

fically in Baffin Bay, where the growth is more rapid 
than the decay. For no 3-day period with available 
data do any pair of the 3 years examined differ by 
as much as 1 in the latitude of the mean ice edge 
(Fig.l). 

The temperature data also show a clear yearly 
cycle (Fig.2), though this is far less smooth than 
the cycle for the ice edge (Fig.l). The temperature 
field appears to lead the ice field by 1 to 1.5 
months, with maximum temperatures occurring several 
weeks before minimum ice extents and minimum tempera­
tures occurring several weeks before maximum ice 
extents. (Relatedly, Lemke and others (1980) find the 
sea-ice maximum to lag the solar radiation minimum by 
1.5 to 3 months, dependent upon longitude.) This 
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Fig.2. Annual cycle of zonal mean temperature for 
60°S to 70°S, 1973-75. 
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F ig .3 . Annual cycle of zonal mean sea level pressure 
fo r 60°S to 70"S, 1973-75. 
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reflects the stronger inertia of the ice. The mean 
temperatures exhibit considerably more interannual 
variability than do the mean ice-edge positions. In 
1973 and 1974 temperatures peak in late December and 
early January and reach their minima in late July. 
In 1975 the temperatures reach a higher and sharper 
peak in mid-January and a broader minimum in August 
and September. Marked warmings occur in early May, 
late May, and late June 1975, and in late June 1974. 
Many of these warmings are of about two weeks' dura­
tion (Fig.2), which is typical of large-scale atmos­
pheric wave fluctuations. Such warmings have been 
explained by Van Loon (1967), who demonstrates that 
during the months April to June an increase in wave 
activity, particularly in the Australian sector, 
results in the advection of warm air into high lati­
tudes and often reverses the seasonal cooling. 

The zonal mean temperature maxima vary from 
275 K to 276 K to 277 K and the minima vary from 
262 K to 263 K to 265 K in 1973, 1974, and 1975, 
respectively, offering a rough suggestion of a 1 Ka-1 

warming over these years. In view of the wide-scale 
data interpolation necessitated by the sparsity of 
weather stations in the 60°S-70°S region, this 1 K 
interannual temperature change may be within the 
noise of the data. On the other hand, since it does 
represent an average over an entire latitude band, 
and since it is apparent in both the maximum and 
minimum temperatures, it may not be insignificant. 
There is a small coincident 1973-75 increase in the 
latitude of minimum ice extent, from 63.3°S to 68.6°S 
to 68.9°S, consistent with the January-February 
temperature differences; but the gaps in the ice data 
prevent determining whether a corresponding trend 
exists in the latitude of maximum ice extent. A more 
definitive analysis of the apparent summertime asso­
ciation would require examination of the data on a 
regional basis, especially since the summer ice is 
dominated so strongly by certain regions (in particu­
lar, those in the western hemisphere). Certainly the 
zonal mean data do not show as strong an ice response 
to the temperature as that found by Budd (1975) for 
interannual variations in maximum ice extent versus 
annual mean temperatures at Laurie Island. 

In contrast to temperature and sea-ice extent, 
zonal mean sea-level pressure (Fig.3) does not exhi­
bit a strong yearly cycle. Instead, there is some 
indication of a semi-annual pressure variation con­
sistent with that noted at 65°S by Van Loon (1967). 
This semi-annual variation reflects the semi-annual 
oscillation in the position of the circumpolar trough. 
In all three years, both the highest and lowest mean 
pressures occur during winter months, the highest 
occurring in July or August and the lowest in August 
or September. The mean pressures are almost all with­
in the range 980 to 1 000 mbar, with the highest 
value (1 005 mbar in early August) and the lowest 
value (976 mbar in mid-September) both occurring in 
1974. It is possible that the slightly earlier initi­
ation of ice retreat in 1974 than in 1973 (Fig.l) is 
related to the lower mean pressures in September 1974, 
as intensified cyclonic activity would contribute to 
breaking up the ice cover. 

4. INTERANNUAL SEA-ICE VARIATIONS AND ATMOSPHERIC 
INFLUENCES 

The small amount of interannual variation in the 
mean latitudinal position of the Southern Ocean sea-
ice edge over the years 1973-75 (Section 3) contrasts 
sharply with the large amount of interannual vari­
ation apparent in the ice concentrations when these 
are mapped spatially. This large variation occurs on 
many time scales, including the monthly scales dep­
icted here through maps of interannual differences in 
monthly-averaged ice concentrations. For each month 
with available ESMR data in both 1973 and 1974, the 
monthly-averaged ice concentrations for 1973 were 
subtracted, grid square by grid square, from those 

of 1974. in order to display detail both in the 
regions having more ice in 1973 and in the regions 
having more ice in 1974, maps generated from these 
data are presented in pairs, one map for each of the 
two sets of regions. The same procedure was followed 
for comparing ice conditions in 1974 and 1975. Some 
of the general points apparent from the maps, a few 
of which appear in Figure 4, are the following: (1) 
in each month and with each pair of years, there are 
millions of square kilometers with greater sea-ice 
amount in the first year and also millions of square 
kilometers with lesser ice amount, (2) for no month 
does one year have uniformly more or less ice than 
another year; i.e., the interannual differences are 
strongly spatially-dependent, (3) strong spatial 
coherence exists in the winter months, with lesser 
spatial coherence in the summer months of December 
and January, when the ice cover is decaying. 

Examination of the sea-ice maps in conjunction 
with monthly averages of sea-level pressures and 
1 000 mbar temperatures yields numerous examples of 
apparent atmospheric influences on interannual sea-
ice differences. In many cases, the year-to-year 
differences in the positioning of low pressure 
systems and high pressure ridges correlate closely 
with the year-to-year differences in the ice. To 
illustrate various types of correspondences we have 
selected a few regions of interest in a summer month 
(January), in an ice-growth period (June-July), and 
at the time of maximum ice (September). 

In January 1973, but in neither 1974 nor 1975, a 
prominent extension of ice exists to the north-east 
of the Antarctic Peninsula (Figs.4(a)-4(d)). This ice 
extension can be readily explained by the low press­
ure system which occurs in the Weddell Sea in the 
mean January sea-level pressure field for 1973 
(Fig.5(a)) but not for 1974 or 1975. The winds, mov­
ing roughly clockwise around the low, advect cold 
air to the north-east of the peninsula, inhibiting 
rapid ice decay, and contribute a wind stress term 
encouraging transport of ice to lower latitudes. The 
greater ice extent in 1973 in turn contributes to the 
colder air temperatures by restricting the transfer 
of heat from the ocean and by providing a cold sur­
face over which the advecting air is cooled. Indeed, 
the mean monthly temperatures north-east of the 
peninsula are 1 K to 2 K colder in 1973 than in 
either 1974 or 1975 (temperature maps not shown). 

Persistent features in the atmospheric fields are 
reflected in the zonal mean curves (Figs.2 and 3) as 
well as in the monthly maps (Fig.5). An example of 
such a feature in January 1975 is the poleward curv­
ing of the isobars in the South Pacific at about 
170°E (Fig.5(b)). This pressure pattern presumably 
caused advection of warm air into the 60 S to 70°S 
latitude band, contributing to the significantly 
higher zonal mean temperature for the month (Fig.2) 
and thereby influencing the maximum latitude attained 
by the mean ice extent in that year. As discussed in 
section 3, this 1975 maximum latitude exceeds that 
attained in either of the other two years, signifying 
a lesser ice amount (Fig.l). 

For June, the ice difference maps exhibit a 
strong longitudinal wave 3 pattern of contrasts 
between the years 1973 and 1974 (Figs.4(e) and 4(f)). 
At least some of the differences correspond well with 
the respective pressure fields (Figs.5(c) and 5(d)): 
the strong pressure gradient in the Bellingshausen 
Sea in 1974 suggests warm air advection and thereby 
explains the failure of the ice to advance as far 
northward as in June 1973, when no such pressure 
gradient existed; the 10'W to 40"w 1974 Weddell Sea 
pressure gradient suggesting south winds and cold air 
advection is consistent with the greater growth of 
ice there in 1974, and the greater growth off Enderby 
Land (30°E to 75°E) in 1974 can also be explained by 
the low to the east. No corresponding contrast in 
the positioning of low pressure systems can explain 
the prominent interannual ice differences in the 
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Fig.4. Monthly ice concentration differences, calculated by subtracting ESMR-derived mean monthly 
ice concentrations for corresponding months in different years, (a) January differences 1973-74 
for those regions with more ice in 1973 than in 1974; (b) January differences 1974-73 for those 
regions with more ice in 1974 than in 1973; (c) to (1) labeled similarly to (a) and (b). 
The 1974 ice edge is indicated in each map by a dashed line. 

outer reaches of the Ross Sea, but the stronger zonal 
flow associated with the more intense Ross Sea low 
in June 1973 probably contributes to the much lower 
ice concentration in that year. 

Although, as noted by Ackley (1981), it is imposs­
ible with ice maps alone to differentiate defini­
tively between thermodynamic and dynamic processes, 
it is conceivable that greater ice transport from 
the Ross to the Bellingshausen-Amundsen seas in June 
1973 than in June 1974 created the interannual con­
trasts in the June ice extents and concentrations in 
these regions (Figs.4(e) and 4(f)). The possibility 
of west-to-east ice transport in June 1973 was noted 
earlier by Zwally and others (1979) and disputed by 
Ackley (1981). However, Ackley's argument that the 

dominant winds in these latitudes should be the polar 
easterlies is not substantiated by a comparison of 
the latitudes of the ice edge (60°S to 70°S, Figs.4(e) 
and 4(f)) and the June pressure field (Fig.5(c)). 

The amount of ice in a given month naturally 
depends heavily on the amount in the previous month 
as well as on atmospheric variables. To illustrate 
this, we center our discussion of the July ice-
difference maps (Figs.4(g) and 4(h)) on their con­
trasts with the June maps (Figs.4(e) and 4(f)). Many 
of the changes from June to July can be explained 
by the positioning of three intense lows centered at 
70°S, 0°E, 63°S, 120°E, and eS'S, 140°W in July 1973 
(Fig.5(e)). To the west of each of the three lows, 
one would expect a stronger increase in ice concen-
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Fig.5. Monthly mean sea-level pressures. 

trations in July of 1973 than in July of 1974, when 
the lows were significantly weaker. At least as 
reflected In the June-to-July transition (Figs.4(e) 
to 4(h)), this Is true In each of the three cases: 
(1) in the northern Weddell Sea, the June ice concen­
trations were greater In 1974 but the July concen­
trations were greater 1n 1973, (2) In the northern 
Ross Sea the June concentrations were very much 
greater 1n 1974, but the July concentrations were 
only mildly greater In 1974, (3) at 90*E, the June 
concentrations were slightly greater 1n 1973 but the 
July concentrations were significantly greater 1n 
1973. Similarly, to the east of each of the three 
major lows of Figure 5(e), one would.expect from the 
atmospheric circulation a lesser Increase In ice 
concentrations In July of 1973 than In July of 1974. 
As reflected In the June-to-July transition (Figs.4(e) 
to 4(h)), this 1s true for two of the three lows, 
those at 120'E and 140°W. 

The dramatic shift off Wilkes Land (120°E to 
160°E) from greater June Ice concentrations in 1973 
to greater July concentrations In 1974 is consistent 
with the high pressure ridge located at 170°E in July 
1973. This ridge, 1n combination with the two adja­
cent low pressure centers, suggests strong warm air 
advection Into the region In July 1973, leading to 
some decay of the ice cover. A discussion both of the 
influence of the blocking high over South America in 
July 1973 (Fig.5(e)) on decreasing the ice concen­

trations in the Bellingshausen Sea area and of the 
probable influence of the altered Ice conditions on 
creating, sustaining, or strengthening atmospheric 
lows can be found in Ackley and Keliher (1976). 

The September pressure maps for 1973 and 1974 
(F1gs.5(g) and 5(h)) are characterized by weak low 
pressure centers near the Antarctic coast and by 
predominantly zonal flow further toward the equator. 
The zonal winds are generally stronger in 1974 than 
in 1973 in the proximity of the 1ce edge, particularly 
in the 90*E to 180°E sector. These stronger westerlies 
in 1974, plus the meridional component of the 1973 
winds at 135°E, provide an explanation for the sharp 
regional contrast observed in the ice, i.e., the fact 
that 1n the western portion of the 90 E to 180"E 
sector more 1ce exists in 1973 than In 1974, whereas 
In the eastern portion more 1ce exists in 1974 (Figures 
4(1) and 4(j)). Similarly, the low pressure system 
centered in the Ross Sea (70°S, 180 E) 1n September 
1975 could explain the lesser concentrations along 
the Ice edge in the Amundsen Sea (F1g.4(k)), although 
fluctuations In the position of the Antarctic Circum-
polar Current cannot be ruled out as a contributing 
cause (Zwally and others 1976). Another major Inter-
annual contrast visible in the September Ice maps 
occurs in the region of the Weddell polynya (absent 
in 1973, centered at 0"E, 67"S in 1974, centered at 
20°W, 67*S in 1975). Being unable to explain this 
polynya on the basis of the atmospheric fields, we 
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refer the reader to recent studies examining possible 
oceanographic causes (Gordon 1978, Carsey 1980, 
Martinson and others 1981). 

The fact that in September the ice concentrations 
were much lower in 1974 than in 1973 or 1975 
(Figs.4(i) to 4(1)) is consistent with the greater 
variability in the pressure field in September 1974 
(Fig.3), as the rapid passage of intense low pressure 
systems could be expected to maintain a lower ice 
concentration. This phenomenon of lower September ice 
concentrations in 1974 persists somewhat into October 
but not into November or December (images not shown). 

5. DISCUSSION 
Selected features of the ice-atmosphere system 

over the three years 1973 to 1975 have been described 
using ESMR ice data and Australian southern hemi­
sphere temperature and pressure data. Discussion has 
been basically restricted to large space and time 
scales because of the inherent difficulties in the 
atmospheric data, which, in contrast to the satellite-
derived ice data, are smoothed from very non-
uniformly spaced stations with an unfortunately low 
density over sea-ice regions. The resulting uncer­
tainty in the exact positioning of the temperature 
contours and the centering and intensity of low 
pressure systems makes some more detailed, quantita­
tive analyses unwarranted, although such analyses 
are certainly desirable, and are in the planning 
stages, for the more data-dense FGGE year 1979. 

Both the 60°S to 70°S zonal mean atmospheric 
temperature and the mean latitude of the ice edge 
exhibit strong yearly cycles over the 1973-75 period, 
with the ice lagging the temperature field by about 
1 to 1.5 months. Although the mean ice edge undergoes 
considerably less interannual variation than either 
the pressure or temperature, the variations that do 
exist are consistent with the temperature contrasts. 

Regionally, the ice varies significantly among 
the years 1973-75. Interannual differences in monthly 
ice concentration presented for 1973-74 and 1974-75 
show these variations generally to be coherent spati­
ally on scales of several hundred kilometers and to 
exhibit patterns in which large regions with greater 
ice in one of two years are adjacent to large regions 
with greater ice in the other year. This fact alone 
shows that analysis of records predominantly from 
one or two regions can produce distorted impressions 
of possible climatic change if conclusions are extra­
polated from these regions to the Southern Ocean as 
a whole. Furthermore, the difference maps demon­
strate that the spatial patterns can change signifi­
cantly from one month to the next. 

Even with the data-sparse atmospheric analyses 
available, there are strong indications that the 
large-scale features of the interannual ice differ­
ences, in particular the tendency for alternating 
large regions of heavier and lighter ice near the 
ice edge in one year vs another, often result from 
the interannual changes in the positioning and inten­
sity of cyclonic and anticyclonic systems. Other 
large-scale features presumably result from oceano­
graphic systems, and from the interactions among the 
ice, the atmosphere, and the ocean. 
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