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Abstract

The Antarctic continent is the coldest, windiest, driest and least accessible of all the continents.
It plays an active role in shaping the global climate and is significantly responsible for future climatic
changes. Extensive meteorological observations, comprising surface and upper-air parameters, were
taken on ship during voyage, fiom Goa to Antarctica and back, and at Maitri during 1991. In this report
the studies carried out at Maitri are discussed.

The interesting features with respect to surface observations, total ozone and vertical profiles of
ozone during the period 01.01.91 to 31.12.91 have been discussed. August was the coldest month with
a lowest monthly mean air temperature of-17.0°C and extreme lowest air temperature of-30.6°C of
the year was observed on 2nd August 1991. There were in all 15 blizzards spanned over 27 days during
1991. Warmer air temperatures were experienced during blizzards. The infrared (terrestrial) radiation
disposition in the different layers of upper atmosphere have also been discussed.

Introduction

Meteorological programme of the Tenth Indian Antarctic Expedition (both
summer and winter) was mainly the continuation of the long term programme of
IMD introduced in earlier expeditions.

The Tenth Indian Antarctic Expedition left Goa from Marmugao port on
27.11.90 and reached Antarctic ice-shelf near Dakshin Gangotri station on
20.12.90. India Meteorological Department contingent consisted of two members
for winter and one member for summer.

Objectives

(1) Recording of 3 hourly synoptic observations and to disseminate 6 hourly
synoptic data to IMD, New Delhi for its global telecommunication network
exchange on real-time basis.

(ii) To investigate ozone-hole phenomena during Austral spring over Antarctica.

(iii) To monitor surface ozone.
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(iv) To measure infrared radiative fluxes in the upper atmosphere.
To accomplish the above objectives the following meteorological observations

were planned:

(a) Onward Cruise

Surface observations at 3 hourly intervals of the parameters such as: surface
pressure, wind speed, wind direction, visibility, air temperature, humidity, sea
surface temperature, state of the sea etc. and transmission of main synoptic data to
IMD, New Delhi on real-time basis.

Radiosonde ascents were taken at the rate of one ascent per clay preferably at 12
Z subject to the suitable surface wind below 30 kts.

(b)At Maitri

(i) Synoptic observation at 3 hourly intervals and transmission of main synoptic
data to IMD, New Delhi on real-time basis.

(i) Ozonesonde ascent, one per week, to study the upper-air profile witlh respect
to temperature, humidity and ozone concentration. Ozonesonde data was
exchanged with George Forster and Syowa station for comparing the data
during ozone-hole period of Antarctica.

(iii) Radiometersonde: These were attempted before and after the blizzard at the
rate of two ascents per month from March to November to study the infrared
radiative fluxes in the upper atmosphere.

(iv) Weather forecast: Outlook of weather for 24 hours was provided for plan-
ning the daily activities and maintenance of the station and also during
convoy from Maitri to Dakshin Gangotri and back.

In addition to these observations the atmospheric turbidity with sunphotometer
on 440 and 640 mm wavelengths, surface ozone and day-to-day maintenance of all
the autographic instruments used for continuous record of temperature, wind speed,
wind direction, pressure, global solar radiation etc. were carried out.

Results and Discussions of Meteorological Data
A. Mean Sea Level Pressure

As seen from the graph of monthly mean sea level pressure for 1991 (Fig.1A),
there is no systematic variation of monthly mean sea level pressure. There are
significant variations from January to April and gradual variations are observed
from April to October followed by steep rise thereafter till December.

The highest maximum mean sea level pressure during 1991 was 1010.5 hPa
recorded on 27 December and extreme lowest M.S.L. pressure of 952.1 hPa was
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Fig. J. Mean monthly variations of (A) mean sea level pressure (B) surface air temperature and (C)
wind speed.
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recorded on July 7. The highest mean monthly M.S.L. pressure of 995.1 hPa was
attained in December and lowest mean monthly M.S.L. pressure of 977.7 hPa in
March. In majority of cases decrease of pressure was associated with bad weather
or strong wind speed.

B. Surface Air Temperature

The monthly mean air temperature during 1991 decreased gradually from +0.9°C
to - 0.9°C from January to February (Fig. 1B). Further decrease is steep due to onset
of winter till April. From April onwards, the decrease in mean monthly temperature
is gradual upto August due to the increased activities of low pressure systems
moving West to East encircling Antarctic coast along polar low pressure belt
fluctuating north-south. These systems are associated with cyclonic circulation
incursing warm and moist air mass from lower latitudes towards polar regions and
thereby raising the temperature. The gradual decrease in temperature is also caused
by obscured and overcast skies causing obstruction to out-going radiation.

Highest temperature of the year (10.3°C) was recorded on December 28, 1991
during overcast skies alongwith light winds. The lowest temperature (-30.6°C) was
attained on August 2 during calm wind and cloud free sky.

The monthly mean, highest maximum and lowest minimum have been compared
with those of previous year (1990) recorded at Maitri and Dakshin Gangotri
respectively. It is found that the year 1991 was warmer than 1990. The temperature
was warmer at Maitri when compared to Dakshin Gangotri by about 10°C to 15°C
for all the months. This is due to the orographic feature of the Maitri station.

C. Surface Winds

Wind speed is very important weather parameter in planning day-to-day outdoor
activities of the station. There was no systematic variation of the wind speed during
1991.

Highest wind speed recorded during 1991 was 82 kts on September 30 during
strong blizzard. The highest monthly mean wind speed of 22.9 kts was attained in
the month of May followed by June and July (Fig. 1C). May, June and July were the
windiest months during 1991 owing to 10 blizzards spanned over 17 days. There
were in all 27 days covered by blizzardic weather. This number is significantly less
compared to Dakshin Gangotri station.

October was the best weather month during the year with monthly mean wind
speed of 13.4 kts and with only one blizzard lasting for 8 hours duration.

The most predominant wind direction observed during blizzardic weather was
SE and ESE al Maitri.
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D. Clouds

During blizzardic weather sky remained obscured due to blowing snow. Cloud
amounts at Maitri are highly variable in nature from day-to-day. Mainly stratus,
strato-cumulus, altostratus, altocumulus, cirrus and cirrocumulus clouds are ob-
served at Maitri. Cumulus with little vertical extent is observed in the northern
portion of the horizon. Increase or decrease of cloud amounts is mainly associated
with the approach of sub-polar lows and passage of the same.

E. Precipitation

In Antarctica, precipitation in the form of rain or drizzle is a very rare phenome-
non. In almost all cases it is in the form of snowfall. During 1991, Maitri
experienced 86 days snowfall. It is generally observed before and after the com-
mencement of blizzard or strong winds. As seen from the monthly weather
summary for 1991, the month of June experienced 16 days of snowfall followed by
December with 12 days. On January 17, 1991 Maitri experienced light rain and
drizzle around 1930 to 2030 hours.

Table 1 gives the monthly weather summary during January '91 to December '91
and Table 2 pertains to climatological features observed during 1991.

Upper-air Studies

The standard isobaric height temperatures and humidity have been worked out
on the basis of 45 successful ozonesonde ascents taken during 1991. These are
summarized in Tables 3 to 6. The following annual variations at almost all pressure
levels have been observed.

(1) The monthly mean heights of all standard pressure levels decrease gradually
from middle of summer to the end of the Antarctic autumn months. The
standard isobaric heights start increasing from September onward till De-
cember. The increase is quite steep.

(i1) Air temperatures at all standard isobaric levels are maximum in summer and
minimum in spring season.

(iii) The monthly mean heights of tropopause show decrease upto March and
increase thereafter till May. It shows gradual decrease thereafter till August
(Fig. 2). The annual mean tropopause is at 256 hPa and the corresponding
geopotentiometric height of 9449 gpm with annual tropopause temperature
- 63.4°C. The tropopause is warmer in summer compared to winter by about
15°C. The monthly mean tropopause temperature shows steep decrease upto
May and exhibits an increasing trend with the onset of summer.
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Table 2: Climatological Features Observed during 1991

SN. Phenomena Value Date
1)  Highest Maximum Temperature 103°C 28 Dec.
2)  Lowest Minimum Temperature _3().6°C 02 Aug.
3) Maximum MSL Pressure 1010.5 hPa 27 Dec.
4) Minimum MSL Pressure 952.1 hPa 07 July
5)  Maximum Wind Speed 82kts 30 Sep.
6)  Warmest month of the year December with mean temp. of 2.0°C.
7 Coldest month of the year August with mean temp. of-17.0°C.
8)  Windiest month of the year May with mean wind speed of 23 kts.
9)  Windiest day of the year 30 Sep. with mean wind speed of 51 kts.
10) Mean temperature of the year -8 .6-C.
11) Mean MSL Pressure of the year 986.6 hPa.
12) Mean wind speed of the year 18.3 kts.
13) Light rain and drizzle 17 Jan. 1991
14)  Warmest day of the year 28 Dec. with mean temp. of 2.0°C.
15)  Coldest day of the year 02 Aug. with mean temp. -27.0°C.
16)  Total number of blizzards 15 with longest blizzard of 70 hrs
duration in March 91
17)  Blizzardous month May and June with 4 blizzards in each
month.
w
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Fig. 2. Antarctic tropopause height variation.
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It is found that ground inversions ranging from 2°C to 8°C arc observed from
March to September. The inversion is feeble in November and February and
disappears in summer period clue to the onset of 24 hours day light.

In most of the ascents from March to October a very feeble inversion in the layer
between 750 to 650 hPa was also observed.

Total Ozone

Table 5 gives the daily mean values of total ozone obtained from George burster
station about 4 km from Maitri. The following variations have been observed in
daily mean total ozone and monthly mean total ozone.

)

(i)

(iif)

(iv)

There are gradual variations in daily mean total ozone from January to April,
The tendency of variations are random during most part of the year except in
the austral spring wherein a pronounced reduction in total columnar ozone is
clearly observed. The lowest daily total ozone values are obtained in decreas-
ing mode and highest values are obtained in increasing mode. The highest
daily mean total ozone during 1991 of 358 DU was recorded on November
22 and lowest amount of 158 DU was obtained on September 16 during
ozone-hole period.

The monthly mean total ozone values have been worked out and summarized
in Table 5. These show negligible variation during January, February and
March. Large decreasing variations are observed in April, August and
September. From October onward the monthly mean total ozone shows
increasimg trend. The lowest monthly mean total ozone of 196 DU is
attained in September and highest value of 312 DU is attained in December,

There are three spells of ozone depletion followed by temporary revival of
daily total ozone values, There is no systematic variations during the deple-
tion and revival period of "ozone-hole" phenomenon.

The daily total ozone values during 1991 are comparable with those of 1987,
1989 and 1990 except the severity of reduction is less marked.

Ozonesonde Studies

The monthly mean values of partial pressure of ozone have been worked out for
standard.isobaric levels (Table 4). The following variations are noticed.

(M)

(i)

The partial pressure of ozone decreases with height and attains minimum
value just before tropopause.

In almost all ozonesonde ascents partial pressure of ozone increases with
height after tropopause.
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(ii)) The variations in partial pressure of ozone are gradual or negligible upto
tropopause compared to those in the ozone maxima layer.

(iv) Maximum ozone concentration is observed in a layer ranging between 18 to
25 km height,

(v) The height of ozone maxima decreases steeply from 25 km in January to 16
km in June. Further variations in the height of ozone maxima are gradual
upto August and steep increase thereafter till December. This indicates that
during polar nights the ozone maximas are attained at a lower height com-
pared to summer, autumn and spring.

(vi) The monthly mean temperatures at ozone maximas have been worked out for
1991. These show steep decrease upto July and remain low till September
followed by steep increase during November and December.

(vii) During ozone-hole period the depletion occurs in the maximum ozone layer,
stretching it vertically upward establishing double maxima, one at 16-18 km
and other in 22-25 km layer. This is illustrated in Fig. 3.

(viii) Fig. 4 shows the ozone profiles during maximum ozone period (May),
depletion period (September) and building up period (December). The ozone
depletion commenced in the first week of September and reduced to 40% by
third week of September. During the second week of November ozone
concentration started building up and got fully revived by December.

Radiometersonde Studies

The thermal radiant energy received fiom the sun by earth and its atmosphere
provides the necessary driving force for the general atmospheric circulation. The
actual radiation processes in the atmosphere are extremely complex in nature. The
radiance from adjoining layers undergoes complex changes due to the selective
absorption mostly by the minor atmospheric gaseous constituents and the result of
such interactions is what we measure as the ambient temperature.

The solar energy received by earth and its atmosphere is first converted into
potential energy and then to kinetic energy. The phenomena involving circulation
of the atmospheric evolution and the existence of fossil fuels are totally dependent
on solar energy.

The occurrence of spring time depletion in total ozone amount in Antarctica due
to infra-red radiational cooling of the upper atmosphere below -80°C, facilitates the
formation of polar stratospheric clouds (PSCs). The effect of the PSCs is two fold.
Firstly, they extract nitric acid (HNO3) from air, thereby removing the check over
chloric oxide (ClO) cycle. Secondly, chlorine nitrate can react with HCI on the
surface of the cloud particles much more faster and effectively than in the air to form
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Fig. 3. Partial pressure of ozone during ozone hole period and maximum ozone period.

C12 and HNO3, This releases chlorine gas which can accumulate and survive in
polar dark period until the sun returns in the spring when the sunlight breaks it into
chlorine atoms which are ready to destroy ozone, Taking all these into account, the
measurement of infra-red radiative fluxes in the upper reaches of the atmosphere
are very important, However, this particular parameter has not been given due
importance.



86 P.M. Gulhane & S.S. Katariya

r [

29:9.9]

15.5.5¢

20

7]

PRESSURE (mb]

i . )
[+} 50 11 150 200

[ Le] Ic 150 o
Fig. 4. Partial pressure of ozone for three different months,

50

During 1991, 14 successful radiometersonde ascents have been attempted from
April onward to November and monthly, seasonal and annual values have been
presented in Tables 7,8 and 9. The following variations have been observed:

(1) In the troposphere the water vapour present in various concentrations and
cloud layers of stratiform or high cirrus type have a overshadowing role in
the modification of the radiation field, at any given instances.

(i1) The upward terrestrial radiation and downward terrestrial radiation increase
with height to varying degrees. The net terrestrial radiation decreases with
height.

(iii) The vertical profile of the upward radiation shows decrease near the tro-
popause level. The field is nearly steady in the lower stratosphere due to its

near isothermal temperature profile.
(iv) The decreasing tendency of the upward radiative fluxes is arrested in the
lower stratosphere and the upward radiation starts increasing thereafter.

(v) The net radiation at the surface is centered around 40 Wm™,
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(vi) The upward radiative fluxes are highest in autumn and lowest in spring.

(vii) The net terrestrial radiation generally increases with height but the rate of

(viii)

(ix)

increase reduces just below the tropopause and increases in the stratosphere.

The downward terrestrial radiation at the tropopause is very small compared
to upward terrestrial radiation and net terrestrial radiation.

The lowest temperatures attained due to radiational cooling below -80°C
during austral spring in the higher reaches of the atmosphere, facilitates the
formation of polar stratospheric clouds which provide surfaces to undergo
heterogeneous chemical reactions resulting in the production of chlorine gas;
which survives in the cold dark period of polar nights.

This chlorine gas molecules get dissociated with the return of the sun in spring
into chlorine atoms ready to destroy ozone catalytically.

Conclusions

. At Maitri, August was the coldest month during 1991. Both lowest monthly

mean air temperature (-17,0°C) and extreme lowest air temperature
(-30.6°C) were recorded in August.

Highest mean sea level pressure attained in 1991 was 1010.5 hPa in Decem-
ber and the lowest 952.1 hPa in July.

Ozone-hole at Maitri started developing in the second week of September
and got revived by first week of November. The lowest daily mean total
ozone recorded at George Forster station, 4 km from Maitri, was 158 DU on
September 16. The corresponding depletion in the partial pressure of ozone
was around the level of maxima in the stratosphere found in the ozonesonde
ascent attempted on September 17 of 58.2 NBar and 57.0 NBar on November
2, 1991.

The height of almost all standard isobaric levels was highest in summer
(December, January and February) and lowest in spring (September, Octo-
ber and November). The annual mean tropopause was at 256 hPa level at the
height of 9449 gpm and -63.9°C air temperature. Temperature of tropopause
was highest in summer and lowest in winter.

Maximum ozone concentration was attained at a much lower height in winter
than summer. Similarly, temperature at ozone maxima was lowest in winter
than summer.

. Based on total ozone observations at George Forster station, total ozone

varies in amount hour to hour, day to day, month to month and season to
season.
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7. Longest duration blizzard of the year of about 3 days spanned over 70 hours
was experienced in March. Highest maximum wind speed of the year 82 kts
was experienced in September during strong blizzard. May had maximum
number of blizzard days and January, February, August, November and
December were the months having no blizzardic activity.

8. The mean temperature, the extreme highest and lowest temperatures of the
year 1991 have been compared with those of 1990. It is observed that the
year 1991 was warmer than 1990.
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