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Temperature anomaly over Antarctica and monsoon activity
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ABSTRACT, Antarctica covers a significant portion of the southern hemisphere where surface temperature
can be as low as —70°C compared to the surface temperature of 28°C over equatorial region. In this study
a possible linkage between anomalies of surface temperature over Antarctica and the performance of monsoon has

been examined.
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It is observed that the preceding January surface temperature anomaly pattern over Antarctica has an asso-
ciation with the performance of the following monsoon, Drought years are preceded by predominantly warm
anomalies over Antarctica and good monsoon years are preceded by equally marked cold anomalies.

1, Introductjon

Right from the beginning man has been seeking
linkages of weather events occurring at different places.
The lag in their occurrence becomes a useful predictor.
The linkages could be on a smaller or regional scale
with lag relationship of a few hours to a few days.
This knowledge is used by conventional weather
forecasters. The linkages could also be on a planetary
or global scale with lag relationship varying from a few
weeks to months, season or more. These long period
links are generally associated with low frequency
motions, which in the case of monsoon are associated
with 10-20 day, 30-50 day time-scales to several longer
time scale such as semi-annual, the annual and still
longer period.

Since the last century, meteorologists have been
searching for relationships of monsoon rainfall with
weather events of distant regions. Above normal snowfall
over the Himalayas in the pre-monsoon period was
found to be negatively correlated with subsequent
monsoon rainfall over India. Indian droughts were
also associated with high pressure over Mauritius
and Australia. Among other studies on the distant
relationship (Hildrebrandson 1987; Lockyerand Lock-
yer 1902) the studies by Sir Gilbert Walker (1923, 1924)
were significant. He observed that there are three domi-
nant circulation features which he called North Atlantic,
North Pacific and southern oscillations. The two northern
oscillations can be represented by the contrasting
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sub-tropical anticyclones and the low pressure areas
on their poleward sides. One measure of this contrast
is a measure of the strength of the westerlies of mid-
latitudes. The southern oscillation (SO) is, however,
regarded as a large seasaw of atmospheric mass
between the Pacific and the Indian Ocean in the tropics
and subtropics. The main opposing centres of action
of the SO are located near Indonesia and the South
Pacific anticyclone covering the sub-tropical eastern
Pacific.

‘SO’ out of the above three oscillations gained promi-
nance in the mid-sixties, when the observational, theo-
retical and modelling studies showed a strong relation-
ship of sea surface temperature anomalies (SSTA) over
the tropical eastern Pacific well known as El Nino with
SO and associated atmospheric response characteris-
tics. Various workers (Berlage 1966 and Debertiz
1968) provided support of strong relationship between
SSTA and atmospheric characteristics, The studies
by Bjerknes (1969, 1972) and information from satellite
clearly showed physical linkage of the iaterannual
fluctuations of SST over the broad expanse of the eastern
equatorial Pacific (E/ Nino), with SO related changes
in the atmospheric fields such as changes in the zonal
wind components near the equator and the large
scale equatorial Pacific precipitation regimes. Notably,
thus E/ Nino (also called warm event) is considered an
important index of SO and more broadly these phenomena
synthesized are into one and also sometimes referred
to as ENSO.
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Sikka (1980), Shukla and Paolino (1983) and Datta
(1985,1987) in their studies on the association of El Nino
with the performance of the monsoon concluded that:

(i) El Nino or warm events in a majority of cases
are associated with poor performance of
the summer monsoon activity.

(i) Information on the establishment of EI Nino
clubbed with the regional information (i.e.,
rainfall records of last over 100 years show
that there are just 3 cases of two consecutive
years being drought years and never three
consecutive years) can be used as good guidance
for long range forecasting of monsoon rainfall.

(iii) Existence or otherwise of El Nino any year
can be used only for guidance purpose and
not a definite tool for long range forecasting
of monsoon as there were drought during
non El Nino years, e.g., during 1964 and
1979 and good monsoon performance during
El Nino years, e.g., 1917, 1926 and 1942.

Itis generally believed that the south hemispheric
circulation features play a significant role on the onset
and various other phases of monsoon activity (Kumar
et al. 1983). The basic concept of Sir George Simpson
(1921), that the monsoon is a continuation of southeaster-
ly trade winds of the Indian Ocean, which after crossing
the equator attain southwesterly direction due to the
turning effect of coriolis force, is still valid. A conven-
tional forecaster looks for cross-equatorial flow
as an important signal for the onset of monsoon over
Indian sub-continent. Datta et al. (1981) have also
shown a northward shift of the equatorial trough as well
as penetration of flow from southern hemispheie associa-
ted with the progress of monsoon over India. The inten-
sity and location of the well known Mascerene high,
a part of the southern hemispheric sub-tropical anticyclo-
nic Selt, is also observed to have a great influence on
the onset processes and activity of monsoon. Thus,
there is evidently a linkage between anomalies in the
circulation features over southern hemisphere and
performance of monsoon over Indian sub-continent.
Antarctica covers a significant portion of the southern
hemisphere. Moreover, compared to Arctic, where
the surface temperatures are of the order of —40° C,
the temperatures over Antarctica fall below —70° C.
The temperatures over and near the equatorial region
remaining the same, of the order of 28° C, the tempera-
ture gradients in the southern hemisphere are much
steeper. As a result the exchanges taking place between
poles and equator are more marked in the southern
hemisphere compared to the northern hemisphere.
Anomalies in surface temperature (which is to great
degree related to ice cover) and other circulation features
over Antarctica could, we believe, considerably influence
the circulation features over southern hemisphere and,
in turn, the monsoon circulation. The study of Antarc-
tica is, thus, very interesting for understanding its
possible relationship with the anomalies in monsoon
circulation.

While seeking the distant relationship, Sir Gilbert
‘Walker (1924) also observed that the December-February

pressure of Mcmurdu Sound (77.5° S, 166.4° E) in Ant-
arctica has positive correlation coefficient of 0.8 with
the pressure over northwest India during the following
March-May period and correlation coefficient of 0.6 with
the rainfall over Peninsular India during the subsequent
June-August period.

Das and Datta (1985), who examined the temperature
anomalies over Sane (70.19° S & 2.21° W) in Antarc-
tica for the year 1971—80 observed, though qualitati-
vely, that the poor monsoon years of 1972, 1974 and 1979
followed warm anomalies and the rest of the years
which had normal and above normal monsoon
rainfall followed cold epochs. These preliminary results
encouraged us to study the temperature anomalies
over Antarctica in more details.

We have analysed the temperature field over Ant-
arctica for the period 1960-1982. Out of these, we have
picked up contrasting set of years, namely, two drought
years of 1972 and 1979, and two good monsoon years
1977 and 1978. Anomaly patiecns for these years are
discussed in this paper for their possible relationship
with the performance of the monsoon.

Based on all available data for the period 1960-1982,
we have also worked out the monthly mean temperature
over Antarctica and its anomalies during January to
May which are related to the anomalies of subsequent
morsoon performance. The results of this analysis are
also discussed in this paper.

2. Data used
Data used in the study consist of the following :

(/) Antarctica monthly mean surface temperature
for the years 1960-1982 from the WMO
publication on climate data;

(if) Computer printouts of monthly mean data
for the same period supplied by Dr. D.J. Shea
and Dr. H.Van Loon of NCAR, USA;

(iif) Long term mean grid point value from ‘Climate
of Upper Air, Southern Hemisphere, Vol.
1, Sept, 1969, NAVAIR 50-IC 55 (NCAR).

3, Data analysis and discussion of results

3.1. Analysis of temperature field and temperature
anomaly pattern,

Monthly mean data of surface temperature were
plotted and manually analysed. A sample chart for
January and May 1972 and 1977 are shownin Fig. 1.

It is interesting to see that the region of the lowest
temperature does not lie at the south pole but east of
it, centred near Vostok (78.5°S, 106.9°E). Although
there are some interesting differences in the mean month-
ly temperature patterns between 1972 and 1978 but
the differences are very significant when we consider
the anomaly patterns (deviation of temperature from
long time mean).

The anomaly fields for the years 1972 & 1979 (drought
years) and 1977 & 1978 (good monsoon years) for the
five months prior to the monsoon season, viz., January
to May, were prepared. The anomalies show contrasting
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Figs. 2 (a-d). Mean surface temperature anomalies for January
(2) 1972, (b) 1979, (c) 1977 and (d) 1978 3

features between the good and poor monsoon years.
The patterns of January show remarkable contrasting
features and are, therefore, presented in the Figs, 2
(a-d).

It is interesting to note that the evolution of anomaly
patterns during 1972 & 1979 (years of poor monsoon)
are distinctly different from those during 1977 and 1978
(good monsoon years). But between themselves, i.e, 1972,
1979 on one side, and 1977, 1978 on the other side, there
is a great similarity of patterns. Salient characteristics
of these patterns are summarised below. As the presenta-
tion of the patterns are on polar stereographic projec-
tion with south pole at the centre, it is convenient to
consider the location of anomalies with respect to the
quadrants. For simplicity we call region of Antarctica
between 0° & 90°E as quadrant I, between 90° & 180" E
as quadrant 1I, between 180° E & 90° W as
guadrant 1II and between 90°W & 90°E as
guadrant IV.

(i) During January 1972, marked positive temp-
erature anomalies (10°-20°C) are shown in
quadrants I and IT with central portion in the
quadrant Il and a warm anomaly tongue into
western parts of the Antarctica. Mild nega-
tive anomaly exists in quadrants 111 and 1V.

(i) During 1979, the anomaly pattern is broadly
similar to that of 1972, except negative ano-
malies are slightly more prominent than in
1972 in the quadrant II

(#if) The evolution of anomaly pattern consisting
of marked negative anomalies during 1977 and .
1978 are very similar amongst themselves.
Major centres of negative anomaly are located
in quadrant Il and adjoining quadrant IV.

Significant contrasting patterns being dominance of
negative cold anomalies over most of the Antarctica
(especially over most of quadrant 1II and to lesser
degree over adjoining quadrants Il and 1V) preceding
good monsoon, ie., January 1977 and 1978 compared
to dominance of positive warm anomalies preceding
droughts/deficit monsoon years of 1972 and 1979,

3.2. Analysis of mean temperature anomaly over
Antarctica '

We also worked out mean monthly temperature value
for the month of January to May for the years.1960 to
1982. Anomalies have been worked out for each month as
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Fig. 3. Mean femperaturs anomaly cver Antarctici
(Jan-Feh) versus performance of monsoon raintall
(pergentage departure)

well as for the combination of the months. The procedure
adopted to work out this anomaly index is :

(i) Monthly mean data for every year for all
available stations is manually analysed.

(ii) Data is then picked up at regular grid points
and mean computed.

(iii) The difference of monthly mean of every year
from the long time mean gives the anomaly
index.

This anomaly index is compared with the performance
of monsoon. In Fig. 3 we present the January-February
anomalies versus monsoon anomaly for year 1960-1982.
It is interesting to note that the negative relationship
between January & February anomalies with the perfor-
mance of the monsoon during June to September over
India is valid in most of the cases. One significant
case where it has failed is 1975. The analysis clearly
shows that the relationship is consistent and is not
just fortuitous.

4. Physical basis of such relationship

Krauss (1977) observed that during 1972 (a general
drought year) 700 mb surface over Antarctica was
abnormally warm and height of 700 mb and 500 mb
higher than the normal. The similar situation was reflect-
ed in the mean 500 mb height over Antarctica, where for
the group of two contrasting years 1958, 1964 (generally
good monsoon years) and 1968, 1974 (a number of
drought years), the mean 500 mb height during dry
years was higher than the other years. The difference
between these groups was significant and almost double
the standard error. Meridional slope from tropic to
Antarctica of 500 mb surface is. therefore, reduced in
the case of dry years compared to other years (1958-
1964). This observation when combined with surface
temperature anomaly patterns presented above, may
show that these teleconnections are not accidental.

These contrasting features of temperature anomaly
over Antarctica lead one to hypothesize that intense
negative anomaly brings in steep temperature gradient
between equator and Antarctica (the changes over the
equator being small). This results in stronger westerly
thermal/shear winds and thereby stronger sub-tropical
westerlies over the southern hemisphere. The stronger
westerlies, in turn, result in greater momentum transfer
through the equator, i.e., stronger cross-equatorial

flow and stronger monsoon activity. The reverse would
be the situation when there 1is positive temperature
anomaly over Antarctica.

£, Conciuding remarks

The analysis of surface temperature anomaly over
Antarctica vis-a-vis performance of the mons>on
lead us to the following conclusion:

(/) January surface tempezrature anomaly patterns
over Antarctica depict contrasting features
during poor and good monsoon years. Although
the sample studied here is small (2 samples
.of good and poor monsoon years), but it shows
interesting relationship, viz., drought years
are preceded by predominantly warm anomalies
over Antarctica and good mons>on years are
preceded by equally marked cold anomalies.
Moreover, there is characteristic pattern of
anomalies which distinguished 1972, 1979 from
1977 and 1978. It may be noted that whereas
1972 was an intense £/ Nino year but 1979 was
not, although both were drought years. Never-
theless, both these years were drought years
as far as performance of monsoon is concerned
and Antarctica surface temperature anomaly
patterns are more or less similar.

(/i) The combined mezan, January-February tempera-
ture anomaly of Antarctica when compared
with the departure of rainfall over India during
subsequent June to September, shows that two
anomalies are negatively correlated. These
results are in conformity with earlier
hypotheses (Das and Datta 1985) that warm
epochs over Antarctica are followed by poor
performance of monsoon and vice versa.

To further explore this feature, we are also in the
process of analysis of the mzan upper air data of Antarc-
tica, the result of which will bz presented in a subsequent

paper.
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