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Introduction

The Southern polar continent — Antarctica, is endowed with unique features such as
cold temperatures, strong winds, blizzards and the vast glaciers on the earth. Meteorology
is considered paramount because it can foresay the weather conditions in any particular
region, The synoptic systems around Antarctica are typically inhospitable and dreadful,
unlike elsewhere. Prediction of weather in this region is complicated due to unpredicted
movements of upper celestial phenomenal changes. In order to get a better prediction, it is
necessary to correlate the data obtained by various meteorological observatories situated in
the continent, besides satellite cloud imagery. Hitherto i.e. till 1989, the meteorological data
were monitored from Dakshin Gangotri which is located on ice-shelf, and the same were quite
variable as compared to data from a station located on land. India established its second
permanent scientific research station Maitri (Lat 70° 45' 39"S, Long 11° 44' 48"E, Altitude
117M) in the Schirmacher ranges in 1988-89. India Meteorological Department established
its full fledged meteorological observatory at Maitri in January 1990 and discontinued
meteorological observations from Dakshin Gangotri. The various data collected at Maitri
(WMO Station Index 89514) are forwarded to IMD HQ, New Delhi which in turn sends these
to other world meteorological centres to help forecasting weather at any time in this region.

Orography of Maitri

All meteorological parameters are variable and also depend upon orographical features
of the place. Maitri is situated in the valley of Schirmacher ranges extending upto 7 Km in
length and 0.5 to 2 Km in width. Towards its south, high glaciers occupy vast areas
extending upto South Pole and towards the north, the ice shelf extends upto about 100 Km.
There are also numerous lakes between rocky hills.

Programme

(i) Establishing a new Meteorological Observatory at Maitri and monitoring weather
conditions by keeping constant watch.



36 Sarabjit Singh & E. Kulandaivelu

(i) Recording of 3 hourly synoptic observations and disseminating the main 6 hourly
synoptic data to IMD, New Delhi for its global exchange programme.
(iii) To investigate ozone depletion in the Antarctic spring season over this region.
(iv) To monitor the radiation flux in the upper atmosphere.
(v) To monitor surface ozone.

(vi) To do other activities as were done by the previous expeditions.

Installation of Instruments

A. (i) Stevenson Screen and two wind masts were installed during January 1990.

(ii) Due to space constraints in the main station, the installation of self recording

instruments, Radiosonde Ground Equipment, APT Recorder, Ozone Gener-
ator etc. could be commissioned in mid February 1990 only.

(iii) Besides dry bulb thermometer, the maximum and the minimum thermometers
were also positioned in the Stevenson Screen.

(iv) Electrical thermometer (YSI Thermister) was installed in a mini screen on

DCP wind mast at the same height of Stevenson Screen for continuous
recording of surface air temperature.

(v) Cup generator anemometer and wind vane were installed on the top of the
building structure.

(vi) The omni-directional antenna and helical antenna were installed at the top

structure of the building to receive cloud imagery and signals from upper air
soundings, respectively.

(vii) Pyranometer was also positioned on top of the building.
B. The following instruments have been installed in the lab :

(1) Radio Sonde Ground Equipment for receiving signals from upper-air sound-
ings (Ozone Sonde, Radio Sonde and Radio Meter Sonde).

(i) Automatic Picture Transmission (APT) receiver-cum-recorder for receiving

the visible and infra-red cloud pictures fiom Polar Orbitting (NOAA-10 and
NOAA-11) Satellites.

(iii) Temperature recorder for continuous recording of surface air temperature.
(iv) Wind direction and speed recorders for'continuous recording of wind data.
(v) Recorder for continuous monitoring of surface ozone.
(vi) Protek recorder for continuous recording of Global Solar Radiation.
(vii) Microbarograph for self recording of atmospheric pressure.
(viii) Sunphotometer to measure atmospheric turbidity.
C. Data Collection Platform (DCP)

The DCP Unit was installed at Maitri in mid February 1990. The helical antenna was
installed on top of the eastern end of the building. Since Maitri is surrounded by hills, the
direct line of sight with the satellite was available from this comer only. The main unit
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consisting of Signal Conditioner and DCSTS (Data Conversion Storage and Transmission
Sub-System) were installed in the loft. In addition to four sensors (Temperature, Wind
Speed, Wind Direction and Pressure) that were already in use, an additional humidity sensor
(Humicap) has been associated. The system was commissioned in mid February 1990 after
calibration and comparison with ground truth values of various parameters. Since then the
data was being transmitted and received at MDUC (Meteorological Data Utilisation Centre)
New Delhi through INSAT 1B.

D. Weather Facsimile Recorder

Weather fax recorder was installed in March'90 to receive analysed weather charts from
Molodezhnaya and Pretoria. However, charts from Pretoria could not be received due to
very weak signals. On an average about two charts per day were received from Molodezh-
naya. Charts could not be received during magnetic storms and poor signal days.

Meteorological Data Collected

(1) Autographic records of atmospheric pressure, temperature, wind, surface ozone
and solar radiation.

(i) 3-hourly synoptic observations (00, 03, 06,09, 12, 15, 18 and 21 UTC).
(iii)) Upper air radiation flux by Radio Meter Sonde,

(iv) Vertical ozone and temperature profiles.

(v) Cloud pictures from NOAA satellites.

(vi) Fax charts from Molodezhnaya.

(vii) Sunphotometer observations.

Results and Discussions of Meteorological Data
A. Pressure

The station level pressure has been reduced to mean sea level (MSL) pressure for making
a comparative study on synoptic scale. The mean monthly variation of MSL pressure during
the period Jan'90 to Jan'91 is shown in Fig. 1A. There were two oscillations of pressure
during the period, one peak in the month of May with mean value of 996.0 Mb and the other
in November with value of 988.3 Mb. The MSL pressure fell to a low value of 981.6 Mb in
February and then steadily rose till May. It fell again gradually till September with a very
low value of 980.4 Mb and then again rose gradually. The highest MSL pressure of 1030.5
Mb was recorded in April whilst the lowest value of 948.9 Mb was observed in July.

B. A ir Temperature

Monthly mean air temperatures have been depicted in Fig. 1B. The temperature gradually
fell from January onwards due to onset of winter, upto August, except July. From August
to September temperature rose slightly and thereafter shot up sharply by 10°C in October.

The surface air temperature rose fiom -16.3°C in June to -10.10° in July. This may
perhaps be due to the frequent movement of extra-tropical low pressure systems which
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Fig. 1. Mean monthly variations of (4) Mean Sea Level Pressure, (B) Surface Air Temperature and
(C) SurfaceWind Speed during January 1990 to January 1991,

caused the warm and moist air drawn from lower latitudes and mixed with dry and cold
continental air thus giving rise to the increase in temperature. The highest maximum

temperature of 9.0°C was recorded in December and the lowest minimum was -32°C in
August.

It was observed that the mean temperature of Maitri was more than that of Dakshin
Gangotri by about 8-10 deg during all the months. This is due to the fact that Maitri is
situated over rocky area whilst Dakshin Gangotri is on ice shelf. The solar radiations are
mostly absorbed by the land during day time. During night, the land emits heat energy as
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terrestrial radiations and warms the lower atmosphere at Maitri. Solar radiations are mostly
reflected back to the space due to high albedo of snow at Dakshin Gangotri and virtually no
terrestrial emission take place from ice during night.

C. Wind

Generally Maitri experiences wind speed between 15 and 20 Kts from East-South-East
and South-easterly directions. Due to orographical reasons sometimes funnel type of wind
also prevails. During the passage of extra-tropical systems, strong gusty winds from
south-easterly direction prevail. For a few days in a month, katabatic flow from the south
was experienced after 1800 hrs UTC and this phenomenon prevailed almost throughout the
year. The variations of monthly mean wind speed is shown in Fig. 1C. There are two peaks,
one in July and the other in October. In general, winds are stronger in winter than in summer.
In July number of extra tropical systems around the continent were more, which caused
strong gusty winds most of the days. July was the windiest month with mean value of 26.4
Kts, nevertheless the highest maximum speed of 85 Kts was recorded in October.

D. Precipitation

In Antarctica, precipitation occurs mainly in the form of snow flakes but rain might also
occur during the summer season along the coastal areas around the continent and over the
Antarctic peninsula. In the year 1990, Maitri experienced snowfall on 71 days, of which
March recorded 14 days of snowfall while November had none. A light rainfall and drizzle

was experienced on January 17, 1991. Table 1 gives the monthly weather summary during
Jan'90 to Jan'91.

Clouds

Medium type of clouds are common in Antarctica. Chances of low clouds are lesser in
winter. Generally cloudless sky prevails in winter. However, due to the passage of low
pressure systems a sudden incursion of moisture forms mainly altostratus and altocumulus

type of clouds in winter. Chances of formation of convective type of clouds are very rare
even in summer at Maitri.

Weather at A Glance during 1990 at Maitri

S.No Phenomena Value Date

1 Highest Maximum Temperature 9.0°C 14 December
2. Lowest Minimum Temperature -32.0°C 18 August

3. Max MSL Pressure 1030.5 Mb 29 April

4. Min MSL Pressure 948.9 Mb 30 July

5. Max Wind Speed 85 Kts 12 October
6.

Warmest month of the year December with mean

temperature of 1.0°C.
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7. Coldest month of the year August with mean temperature
of -20.5°C.

8. Windiest month of the year July with mean wind speed of 264
Kits.

9. Warmest day of the year 14 December with mean

temperature of 52°C.
10. Coldest day of the year 5 September with mean

temperature 0f-28.7°C
11. Windiest day of the year 10 July with mean wind speed of

45 Kts.

12. Mean temperature of the year -9.2°C
13. Mean MSL Pressure of the year 9881 Mb
14. Mean wind speed of the year 167 Kis.

Balloon Ascents

A. Ozone-hole studies

To study the fluctuation of the ozone profile and investigate the ozone-hole during
Antarctic Spring season, ozone sondes were released fiom mid Feb'90 onwards at Maitri.
At the rate of one ascent per week, 50 ozonesonde ascents in 1990 and 3 in Jan'91 were
taken. The maximum ozone concentration varied from 15 Km in winter to 35 Km in
summer. The ozone depletion commenced in the last week of August and the ozone was
reduced to less than half by the end of September. During the first week of November ozone
concentration again built up. Fig. 2 shows the ozone profile during peak period (May),
depletion period (September), and building up period (November).

B. Upper-air temperature profile

Temperatures at different standard millibaric levels were calculated fiom ozonesonde
ascents during March'90 to Feb'91 and are given in Table 2. Heights of different isobaric
surfaces were also tabulated and are given in Table 3. Monthly mean temperature curves for
different levels upto 500 Mb were drawn and are shown in Fig.3. It may be seen fiom Fig.
3 that the trend of surface temperature was reflected upto 700 Mb and the same did not
reflect in the upper troposphere. During July, the lower troposphere is warmer than it is
during the preceding and the following months. This is due to frequent movement of extra
tropical low pressure systems which brought warm and moist air from lower latitudes and
mixed it with cold and dry continental air, upto 700 Mb height only.

C. Low level inversions

During August and September ground inversions generally occur upto 300 M but low
level inversions can also be seen at around 2000 M height during other winter months. This
is the reason the surface temperature curve intercepts the 900 millibar curve in August.
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D. Radiation flux in the upper atmospheric layers
To investigate the radiation flux in the upper atmosphere and heat transfer in various

layers over the region, 10 Radio Meter Sonde ascents were undertaken, after polar night
period, mostly before and after blizzards.
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E. Antarctic tropopause

Using ozonesonde ascents monthly mean heights of tropopause were calculated from
March'90 to Feb'91 and are shown in Fig. 4. Tropopause height generally varies from 8 to
10 Km. Highest tropopause (11.7 Km) occurred in October and coldest in September
(-73°C). In August the tropopause was not well-marked.

Global Solar Radiation

The polar region receives almost the equal hours of sunshine as do the equatorial regions.
Due to the low elevation of sun and high albedo of the snow however most of the solar
radiations are reflected back in the polar region to space. The surface absorbs only a little
percentage of solar radiations falling over it.

Global solar radiation was monitored using the pyranometer and a protek recorder.
Values were tabulated for every 10 minutes in local apparent time (LAT). The hourly mean
values of radiations in each month are shown in Table 4. The total radiation for March'90
to Jan'91 is plotted in Fig. 5. During June and July the radiation was nil due to the absence
of the sunshine and very low zenith angle of the sun. The second half of the year received
more heat energy than the first half. December received the maximum radiation of 48.78
Mega Joules/Sq. Meter a day. This intensity of solar radiation is sufficient to defreeze the
Antarctic ice but due to high albedo of snow/ice most of the solar radiations are reflected
back to the space without affecting the frozen continent.
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Fig, 5. Monthly total solar radiation for the period February 1990 to January 1991.

APT Pictures and Weather Fax Charts

Cloud pictures from polar orbitting NOAA-10 and NOAA-11 satellites and weather fax
charts from Molodezhnaya were received during the Expedition. The APT pictures, fax
charts and barographic records of the corresponding period were correlated to understand
the weather systems, and issue forecasts to different convoys and for determining the
frequency of cyclonic storms encircling the continent. Fig. 6A shows a cyclonic system
centred at 61° S, 20° E in the satellite picture. The subsequent surface analysis chart (Fig.
6B) received from Molodezhnaya shows a corresponding low pressure system over Schir-
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Fig. 6. Sample of (A) Polar Orbitting NOAA Satellite Picture.
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Fig. 6. Sample of(C) Microbarigraph Chart of an extra-tropical system
during March 26-28, 1990.

macher ranges. The automatic barographic record for the same period (Fig. 6C) depicts the
sharp fall in pressure, measuring about 11 Mb in just 12 hours. The correlation between the
three charts clearly illustrates that a low pressure system was existing over the area on March
27, 1990 when Maitri station experienced snowfall and blizzard.

Logistic Support

Using NOAA-10 and NOAA-11 satellite cloud pictures, fax charts and other meteoro-
logical parameters, forecasts were issued to all convoys and Humboldt and Petermann
camps daily, through HF communication. APT pictures were very useful in locating the
synoptic systems and in issuing the forecasts. During summer period METAR/Special
reports were issued from Maitri for helicopter operations, as and when requested for.

Comparison of Meteorological Parameters between
Maitri and Humboldt Camp

During the geological surveys conducted by GSI team; temperature, pressure and wind
observations were recorded at Humboldt which is 1400 M above mean sea level. The
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observations have been compared with the corresponding observations taken at Maitri at
surface level and 800 Mb level and the same are depicted in Tables 5 & 6.

It may be seen from the Tables 5 & 6 that altitude of the area is very close to 800 Mb
isobaric level. The winds in general are stronger over Maitri than Humboldt. The tempera-
tures are much lower at Humboldt as compared to surface temperatures at Maitri but are
quite comparable to the 800 Mb level temperatures at Maitri. The reasons for the winds to
be stronger over Maitri is that it is.closer to the track of extra tropical low pressure systems.
The temperature difference is due to the altitude difference of two places.

Blizzards

Antarctica is the home of blizzards. Maitri experienced 25 days of blizzards during the
year 1990. During May to December' 89 Maitri experienced blizzards on 9 days only whilst

Table - 5
Date Time 0900 UTC
Humboldt Maitri
Surface Wind Speed Surface Wind Speed
Pressure(Mb) (Kts) Pressure (Kts)
(Mb)
10 Oct.' 90 — 15 — 30
1 — 15 — 30
2 — 25 _ 46
13 — 25 — 43
14 — Calm — 18
15 — Calm — 33
16 — Calm — 26
17 840 10 993.3 05
18 823 20 974.3 20
19 821 25 965.6 38
20 813 30 957.4 29
21 808 15 954.3 24
22 811 Calm 958.1 13
23 813 08 960.8 03
24 820 05 966.9 Calm

25 823 08 974.5 Calm
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Table 6 : Temperature in °C Recorded at

Date 0900 UTC 1200 UTC 800 Mb Level
Humboldt Maitri Tumboldt Maitri
5 Oct.' 90 - 93 - -10.5
6 -18.0 9.3 -15.0 8.4
7 -19.0 -8.8 -16.0 -8.8
8 -16.0 7.3 -14.0 5.7
9 -16,0 6.2 -14.0 4.6
10 -11.0 6.5 -10.0 6.1
11 -8.0 6.0 8.0 47
12 -6.0 13,1 -8.0 -11.0
13 -12.0 8.7 9.0 6.4
14 -19.0 25 -12.0 +0.2
15 -17.0 2.1 -13.0 0.6
16 -11.0 8.4 8.0 -10.0
17 -18.0 -8.8 -16.0 8.1
18 -12.0 9.8 9.0 -10.5
19 -12,0 -10.0 -10.5 -8.8
20 -14.0 4.4 -14.0 4.5
21 -19.0 -10.7 -19.5 6.4
2 21.0 6.9 -16.5 5.6
23 -19.0 9.7 -17.0 -7.8
24 -20.0 7.2 -16.0 -10.6
25 -17.0 9.4 -13.0 -10.0
26 -14.0 8.5 -115 74
27 -19.0 7.8 -14.0 -6.0
28 21.0 -4.6 -13.0 3.6

Dakshin Gangotri experienced them on 59 days during the same period. Blizzards are very
common over the ice shelf due to availability of loose snow. Maitri is surrounded by
morainal land and continental ice-edge having very small amount of loose snow. As such,
the frequency and intensity of blizzards is very low over Maitri, as compared to Dakshin
Gangotri. Each blizzard has its own characteristics. History of each blizzard has been
summarised in Table 7. Table 8 shows comparative figures of blizzards over Maitri and
Dakshin Gangotri during 1989 and 1990.
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Table - 8
Month No. of Blizzards
1989 Maitri 1990 Dakshj{lggjmgotri
May 1 6 7
June 3 2 6
July 4 2 13
August 0 0 4
September 0 1 4
October 1 4 12
November 0 0 13
December 0 0 0
Conclusions

(i) A new meteorological observatory was established at Maitri. All the instruments
brought with the 9th Expedition were installed and were functioning excellently.

(if) Valuable data of various meteorological parameters have been collected for analy-
ses.

(iif) Ozone-hole investigation has been a specific task of the mission and careful efforts
were made to investigate it.

(iv) It has been investigated that ozone-hole exists at Antarctica during spring season
(September and October) and the total ozone reduces to less than half of its value
during that time.

(v) A close liaison with George Forster (Germany) and Syowa (Japan) was maintained
for exchange of ozone data for correlation and study.
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