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AIR MASSES IN TROPICAL CYCLONIC STORMS FRXROM RADIO-
' SONDE DATA

S, L. MALURKAR anp P. R. PISHARQTY
Poona 5
nged. The incursion of fresh zir masses ¢an be

checked up alternately from surface and upber
air data. When all the T - @ grams are studiled,

IN an attempt to study the air masses! in the
Indian area assocjated with monsoon de-

pressions or with the pre-and post-momsoon -0 _ _
tnonths, it was found that one has essentially the shape of the curves indicates the incursion

tc deal with three distinct air masses with o0f fresh air masses, The fall or rise in

separate regions of travel. The air masses temperature at higher .Ievels, if shown In a
entering into the structure, of all tropical Sequence ata number of stationsfar away from

cvelonic storms or depressions, could be con- ¢ne another or if shown simultaneously at
sidered as nearly the same. In the absence of nearby stations can be relied upon and should

one of.these air masses, usually, no westward nof b2 ignoread,
moving tropical depressions formed and only
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a low pressure wave resulted. ] TRwEILIN | ' KWRILIN
The air-masses are; (1) air from the S. hemi- ;‘ In o as 5 . >f\l oo o

sphere whose incursions across the equator 2™ S 5

occur at discrete intervals. The character of § . § -

this air after crossing the equator remains g o “

sensibly the same {(Fm); (2) air from the Far ¥ o > gm 3K

East ultimatelv the N. Pacific high which forms / g P ;

part of the ‘N.E. Trades’, its character is 2 - ’
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essentially stable but the temperature and M W T o
humidity depend on the season and region of

trave], and 45‘3) drv continental air, with its w CHENGTU » V' lcHemaru
large diurnal variation of temperature, from 5 il S T | O N Tes 3
regions to the west of the depression. The  § X g w0 \4 '- 7
properties of the air masses are described else-  } S AN £ S0 ‘é*
where.? &3 . %" £ v el Fay
- - ad L] =il ’ 1y
The tracing of the far eastern airv as a distinet ; Q‘ »
one was not casy. The observations, from g ‘V‘Y g"' ‘V‘V
regions east of India, were not available. Even 3 _’%}, p‘
180 ]

103"A 763 173

in pre-war days, the area from S. China to
Upper Burma was not meteorcologically well
represented. In the Pacific Ocean, the data
were still less. Only, Deppermann? had tackled
the question of air masses near the Philippines.
The isobaric configuration 'in N. E. 1India, the
weather seguence before the onset of a mon-
soon depression and the nature of precipitation
showed that an air mass dijstinct from that of
fresh monsoon air and also from dry continen-
tal air was involved, During the year 1944,
radio-sonde ascents were made at a number
of stations in India and the nelghbouring
countries like S. China. *

With the close of the war, the radio-sonde
stations, which were mostly maintained by the
army air force of the U, S. A. in places border-
ing to the east of India were closed down.
The detection of the far eastern air, with only
data from inside India, would again present
difficuities, it the exp>-iece gatheved during
the war perywd was not uti'ised and recordead.

Technique'—The radio-sond2 daty arerecenti
in and near India.4 In the trmperate latitudes
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The deductions in this paper were confirmed
in every instance when thare was a tropical
depression and upper air temparaturas avail-
able. Only one typical example of a monsoon
depression and one typical tropical cyclonic
storm are cited here. The examples have
alr2ady been Iooked inte from the surface
indications to minimise spice. QOnly the very
essential diagram; ar2 givan., Thre diagrams
for days immediately preceding and succeeding
days are o1ly described. ¥or the same reason,
the gquestion of tracing of the continental air,
which can be done nven on surface charts has
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where the temperatur2 and humidity change
considerably with different air masszas, the
small instrumenta| defects can be ignored. But
in the tropics, the famperature changes assgo-
ciated with different air masses near a depres-
sion are smal)l. One is5 apt to ignore altogether
the significance of sma'l changes as being
below the limit of instrumentai errors., If
one depended solelv on the upper air tempe-
rature and humidity data, it may be the correct
attitude. When the data are used along with
synoptic charts, their utility cannot be challe-

not been siressed.
Obs2rpations : Based on the westward pass~

age of a shallow low pressure area south of
the equator and the rise of pressure at Mauritiug
in the preceding 24 hrs., a forecast for a week«
ahead was issu2d on July 3rd, 1944, that the
monsnon may strengthen in the Indian area
during the latter half of the week. Jt was
expa>cted that a ‘pulse’ of fresh mansaon air
waos aboui to cross the eguuator and form a
depression at the head of the Bay of Bengal
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after thfee or four days., The Bay depression
formed on 7th July 1944, Pisharoty® has cited
the T - @ grams of Bangalore for 4th and 5th
July and shown that an ‘unstiable’ or more
accurately a less stable than usual air passed
over the place; and that similar less stable air
masses passed over Bangalore before the for-
mation of other monsoon depressions, at tthe
head of the Bay of Bengal. In the following 6, is
used as wet bulb potential temperature in the
absolute scale of degrees, and only the numerals
are put in.
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Main features of the diagrans are only
given.
Bangalore

3rd July 1944, Between 930 and 840 mbs.
8, was greater than 288, while it was_just
296 between 840 and 80) mbs. It was
-again greater than 296 between 803 and
6§30 mbs., and it was 2955 hetween 600
and 525 mbs, The curve was almost dry
adiabatic between 630 and 6)0 mbs.

4th July. The curve was super-adiabatic
hetween 900 and 780 mbs. 8, falling from
peariy 298 at the surface to 290 at the
higher level. 6, was between 2913 and
290 from 783 to 925 mbs.

5th July. From 900 to 650 mbs,, the curve
is almost a straight line, 8, being 297 and
9915 at the extreme levels: At heights
above 650 mbs. 8, was gr2ater than 281-5

6th July., No ascent.

7th Julu. 6, was everywhere greafer than
995 and often greater than 2986.

The drop mthe wet bulb potentiial tempera-
ture ‘showed that thera was an incursion of
freshi air over Bangalore on 4th July 1944
(cf. Pisharoty, loc. cit.). The air was not quite
stable. Itcould easily give rise to or maintain
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thunderstorms. The only source of colder air
at the top could Le from the southern hemi-
sphere where it was winter.,

The dat_a for the Far Eastern Transjtional or
Mmid air (T{) are derived from Kweilin
(110°10'E, 25°15° N.), Chengtu (104° 02’ E,
30" 15" N.), Yunannyi (100° 44’ E, 25° 25’ N},
Lalmanirhat (Assam) and Calcutta.
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28th June 1944. The curve is slightly
superadiabatic from 950 to 920 mbs. and
almost dry adiabatic from 840 to 800 mbs.
g, was less than 298 at all heights above
930 mbs.

29th and 30th June. No ascents,

Ist {)uly. G, was apove 298 upto about 730
mbs.

2nd July. Nothing special to report.
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Chengtu
29th June 1944. Dry adiabatic belt:w.reén
450 and 650 mbs.showing a fresh 1incur-

sion of air gver the place.
20th June. The fresh jncursion of air

persisted.
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Yunannyi 14th Oct. Temperature curve almost nor-

Ist July 1944. ‘“Normal curve.” 8, almost mabl. B, was greater than 296 upto 670
297+5. mbs.

2nd July. Short flisht; between 800 and The radio-sonde ascent of 6th Oct. shows a

790 mbs.—dry adiabatic and higher up the
temperatures had fallen since previous
day and 8, was there 296.

3rd July. Temperatures had increased up-
to 700 mbs. Lapse-rates were between dry
and wet adiabatic values,

4th July. “Normal curve”--all tempera-
tures had increased.

Lalmanirhat

3rd July 1944. Almost super-adiabatic
lapse-rate from ground to 970 mbs. Noth-
ing else of importance.

4th July. Temperatures had fallen from
the previous day from 920 to 820 mbs. 4,
was 29¢ upto 910 mbs. and below 298 at
heights above that level.

Jth and 6th July. No ascents.

7th July. 6, touched 302 at the height
corresponding to 960 mbs. and was above
298 at all heights upto 580 mbs.

Calcutta

3rd July 1944. The curve nearly saturated
upto 780 mbs. 6, was 300.

dth July. From 940 to 840 mbs., a wedge of
cold air had come 1n and above 840 mbs.,
g, did not exceecd 2985,

oth July., No ascent.

6th July. “Normal curve.”

There is an unmistakable incursion of a fresh
air mass from Kwellin on 28th June 1944 to
Chengtu on‘'the 29th, to Yunannyi on 2nd July
and to Assam snd Bengal on the 4th July. At
Lalmanirhat and Calcutia, the thickness of the
Iayer is almost the same and occurs at the same
height intervals. The air is not dry nor unsta-
ble. By the time the air reaches Bengal, itis
more moist and hotter than Em, as shown by a
comparison of 6, over Calcutta and Bangalore,
being 300 and 290 respectively.

The surface chaits, earlier than 7th July,
show distinctly the incursion of fresh dry con-
tinental air into the Bay.

The Far Eastern air, that came over Calcutta
and Lalmanirhat on the same day as Em over
Bangalore, shows a definitely higher tempara-
ture and has to be treated as a distinct mass
from the east and not as part of an ‘old mon-
soon’ stream, The Far Eastern Transitional
air (Tr) passes over the neighbourhood of ihe
thermal equatcr and over regions which are
fully saturated due fo swamps and forests in
the track from Indo-China to Burma. The air
is hotter and very much more oppressive than
Em. Deppermann also noticed the hot air to
the northeast of the Philippine typhoons, but
did not follow it veéry much.

During the middle of October 1944, a tropical
cyclonic storm formed in the Bay of Bengal.
Between the 12th and 13th October 44 a ‘pulse’
of fresh monsoon air crossed to the north of the
eguator.® ¥From the radio-sonde ascents, it is
seen below thata fresh air mass passed over
Colombo on the 13th.

Colombo

12th Qct. 1944. 6, was more than 298 upto
640 mbs. The curve was dry adiabatic
from 850 to 760 mbs.

I13th Oct. From ground to 940 mbs.; the
lapse-rate was dry adiabatic and also
apain from 900 {0 850 mhs.
mis, U, was 299,

¢

distinet colder wedge of air between 700 and

550 mbs. In the next available ascent on 10th,
there is no such wedge.
Lalmanirhat
7th Oct. 1944. Curve normal. .
§th QOct. From 940 to 800 mbs.—slight

superadiabatic lapserate, All tempera-
tures less than on the previous day.,

9th Oct. Colder wedge from 900 to 600 mbs.
can still be seen ; though the shape of
temperature curve has recovered.

10th and 11th Oct. Fresh incursions of air.

After that date for a few days, the curves

wWere normal.
Calcuttq
I12th QOct. 1944. A remarkable wedge of
cold air between 800 and 600 mbs. The
air is not moist though not very dry.
13th Oct. The {emperature curve had re-
covered,

The fresh air mass that was over Chengtu
about the 6th of Oct. 1944 passed over Calcutta
on the 12th to feed the Bay depression; while
the fresh ‘pulse’ passed over Colombo on the
13th. The fresh air mass from the easi1s not
very molst in thaus season. Data from an ear-
lier epoch than the depression have to be exa-
mined as Tr may have to travel longer in case
of tropical cyclonic storms.

The data of Chittagong and Chabua (Assam)
generally support the incursion of fresh air
mass for the above cyclonic storm. Chabua
shows layers of subsidence from 679 to 640 mbs.
and again from 950 to 515 mbs. onn the 11th,
This disappeared on the next day.

The dry continental air gave a sharp wedge
on oth Oct. 44 extending from Russian Turkesg-
tan to Mekran and brought 1n unusuvally low
temperatures over N. W. India. The low
temperatures gradually extended throughout
N. India during the course of the succeeding
weexg and descended down the latitudes to feed
the depression in the Bay of Bengal.®

It toitows that the upper air temperatures
confirm the conclusion that three distinct aip
masses are involved in the tropical cyclonig
storms and in the monsoon depressions. Elso
where,® it has been pointed out that the easterly
upper wind stream should not be looked for
Just north of the place where ultimately a
depression forms but should be noticed very
much further north, just as in the case of the
extra-tropical cyclones.
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