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An analysis of the Masulipatam Cyclone of October 1949
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ABSTRACT. The paper
struck Masnlipatam on 28 Ok

ber 1949,

gives the results of an annlysic of a eyelone in the Bay of Bengal which
The aveilable surfuce meteorologienl observations, upper winds and

radiosondo data have boen examined with a view to determine the air masses which took part in the formation and

maintenance of the evelone.

Three ar masses (T'e, Tw and Em) are found to have participated i the development

of the eyclone, the interaction of the Te and T'we air providing the active up-glide surface of a warm front type. The
sequence of rainfail observed along the Orissa -Cirears coast provides useful clue in support of the orientation of the

warm front.
similar eyclone of 1145,

1. Introduction

Althongh sufficient data have not yet heen
collected to enable one to have a complete
idea of the mechanism of formation and of
the structure of tropical cyelones in different
regions, there is perhaps no doubt that their
development, at least in the initial stages,
is associated with convergence of two or more
air masses, The facts that the regions of
formation of the tropical eylones over most
of the ocean areas coineide more or less with
the zone where the two trade winds meet,
i.e., the intertropical front, and that with the
shift of this zone of discontinuity from season
to season, the regions of cyelone formation
also shift correspondingly, have to be taken
as a good evidence in support of such a con-
clusion. Among the earlier papers dealing
with the structure of eyclones in the Bay of
Bengal, reference may be made to those by
Roy and Roy!, Ramanathan and Tyer?,
Ramanathan®, Mal and Desai!, Basu and
Desai® and Normand®.

Experience has shown that most of the
cyelones and depressions in the Bay of Bengal
do not exhibit well defined warm or cold
fronts. In fact, existence of such fronts in
the revolving storms of the tropies is perhaps
itself a controversial point. The cyclone of
October 1949 in the Bay of Bengal, however,
appears to be characterised by an active
warm front and, as such, an analysis of this

The air masses mvelved and the frontal structure of this evelone have been compared with those of a

I the latter case, two alr masses (T'w al Ewm) only appear to have taken part at least
during the furmative stage of the cyclone and even for its maintenance for at least the first foew days,
T'e air at a later stage, however, belped the development of a marksd convergence zone,

Incursion of

storm was undertaken with a view to deter-
mine its frontal structure and the air masses
involved therem. 1t is known that the inter-
action between the intertropical front with
another front, such as a quasi-stationary
temperate front, produces a *Triple point’,
which, in the presence of a wave disturbance
along the intertropical front, would greatly
stimulate  frontogenesis  resulting in  the
development of the disturbance into a violent
cyclone (vide Chapter 8 of Tropical and Equi-
torial Meteorology by Garbell). Deppermann
found in a study of 18 cyclones originating
east of the Philippines that one third of them
were linked up with such a Triple point,
(vide Dynamic Meteorology by Haurwitz
pp. 335). Frontogenesis of this type, by the
interaction of three air masses, is noticed
inthe development of the October cyclone of
1949 under review.

Malurkar and Pisharoty? suggested that
presence of three air masses is a necessary
condition for the development of a tropical
cyclone. Although the October cyclone of
1949 under review corroborates this sugges-
tion, the existence of three air masses does
not seem to be a necessary condition for the
development of tropical eyclones. With
favourable contrasts in the characteristics
of the two air masses meeting at the inter-
tropical front, a wave along the front can also
develop into a depression under the same
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mechanism as in the case of extra-tropical
depressions. The authors have come across
instances where ecyclones and depressions
formed in the Bay of Bengal on the inter-
tropical front by the interaction of two air
masses only without the advent of any
third air mass. The October cyclone of 1945
in the Bay of Bengal has been cited in this
paper as an illustration of this. Comparison
between these two cyclones reveal very inter-
esting features. While the one in 1949
involved three air masses and was charac-
terised by an active warm front, that in 1945
was formed by two air masses only, even
though both the cyclones formed over the
same region, in the same season, and moved
along similar tracks.

Detailed studies of the structure of indi-
vidual eyclones in the Indian areas with the
help of upper air soundings now available
have to be made before any generalised con-
clusions can be drawn in regard to the mecha-
nism and structure of cyclones in this area.
Before any theory of the formation of tropical
storms is propounded, it would be necessary
to make an extensive fact-finding study of
the structures of a number of such storms
in the early stage of their development.

The cyclones of the post-monsoon season
in the Bay of Bengal are comparatively more
violent and destructive in nature. A study
of the structure of one such severe cyelone
which struck the east coast of the Indian
peninsula near Masulipatam on 28 October
1949, forms the subject of the present paper.
2. A short history of the Cyclone

For a few days prior to 22 October 1949,
a shallow low pressure area which is a charac-
teristic of the season, was noticed to persist
over the Andaman Sea, at times becoming
diffuse and also fluctuating in its day to day
position.  On the 22nd morning, conditions
became unsettled over the South Andaman
Sea and, by the same evening, the situation
developed into a depression, which was
centred about 200 miles southsoutheast of
Port Blair. Moving northwestwards, the
depression gradually intensified and, by the
26th morning, it concentrated into a cyclone
about 450 miles southeast of Masulipatam.
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On the same morning, ships about 2 to 3
hundred miles away from the cyclone centre
reported 45-50 knots wind, heavy rain squalls
and very high seas. The cyclone was then
declared to be severe. On the 27th morning,
the severe cyclone was centred about 100
miles eastsoutheast of Masulipatam. Con-
tinuing to move slowly northwestwards, it
struck the coast just north of Masulipatam
at about 0130 IST of 28th, near about the
high tide time. After moving inland, the
cyclone weakened and recurved northeast-
wards through north. A track of the cyclone
is given in Fig. 1.

The severity of the cyclone could be judged
from the lowest pressure (9769 mb) recorded
by Masulipatam, which was about 30 mb
below its normal value. The barogram of
Magulipatam is reproduced in Tig. 2. Re-
ports received from various sources from the
regions over which the centre of the cyclone
passed give definite indications of a pronoun-
ced calm centre—the ‘eye’ of the storm. The
following extract from the report of ohserva-
tions made at Eluru (about 40 miles north-
northwest of Masulipatam) by one of the
officers of the India Meteorological Depart-
ment is significant in this connection.

... The direction of the wind continued northwest.
The worst phase of the storm was experienced  bet-
ween midnight and 3 A.m. (28th). The wind speed
during the period might have heen easily of the order
of 80 to 90 mph. The wind speed subsided after
4 aM. and by 6 a.m. had considerably abated and
was only a few mph. By 7 a.x. the winds had streng-
thened again, direction backing to WSW, By 8 am.,
it was again blowing gales and this continued with
unabated fury till about 2 p.m. The maximum wind
speed during this period might have been of the order
of 50 to 60 mph. Winds subsided hy 4 p.m.. ... "

A very rough estimate of the dimension of
‘calm’ centre of the cyclone can be made
from the above wind observations. It would
appear that the duration of the calm condi-
tion at Eluru was of the order of one hour
(from 6AM. to 7AM.). Judging from the
rate of movement of the storm at this time
(i.e., from the time of the storm crossing the
coast near Masulipatam at 0130 IST of 28th
and its position at 0830 IST on the same day
about 70 miles northwest of Masulipatamn)
the diameter of the calm region works out to
be of the order of ten miles.
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An important feature of the cvelone was a
huge storm wave caused by the high on-shore
winds which swept the coastal parts of East
and West Godavari districts. Masulipatam
and Kakinada experienced very high winds,
reaching a maximum speed of about 85 mph.
The tidal wave rose to a height of 10 to 15 ft
and inundated the coastal area to a distance
of 5 to 10 miles. The heavy downpour of rain
caused by the cyclone (Masulipatam record-
ing 20 inches of rain within a period of 12
hours) resulted in the flooding of rivers and
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irrigation channels.  About 800 human lives
perished and extensive damages to property
and crops were caused in the East Godavari,
West Godavari, Kistna and Guntur districts
as a result of this cyclone.

3. Initial synoptic situation and air masses taking
rart in the cyclogenesis

One noticeable feature of the synoptic
situation, as shown on the extended
chart (Fig. 3), during the formative stage
of the depression in the Bay of Bengal
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was the simultaneous existence ol two other

storms In the southwestern North Paeific
Space, oOne to the northeast of the
Philippines and the other near Guam. The
synoptic chart covering these areas at 1730

IST on 20 October 1949, i.c.. two davs prior
to the formation of the depression in the Bay
of Bengal, is reproduced under Fig. 3. The
tracks of these tropical cyclones giving dates
and their corresponding positions based on
Bangkok and Singapore broadeasts, are shown
in Fig. 4. It issignificant that the depression
in the Bay of Bengal begin to form on 22
October 1949, after the storm to the northeast
of the Philippines which moved into China
Sea had weakened off Hongkone,  In faet,
the latter got filled up by the next morning.
It seems that so long as the Typhoon to the
northeast of Philippines was active, the cy-
clonie drift of the easterly maritime air in the
field of the Typhoon was so strong that these
maritime easterlies could not rveach the
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Tenasserim coa:t in sufficient strength. With
the weakening of the Typhoon, the incursion
of these easterlies (7'm) into Andorman Sea
considerably freshened and was followed by
The other Typhoon near Guam
moved westnorthwest towards northeast of
the Philippines, recurved on the 25th and
oradnally moved away northeastwards.

("-'l'lllj_[-‘!ll‘hl's.

On 13 October, the ITF extended from a
trongh in the east central Arabian Sea to
near about Tavoy via Masulipatam, The
wind systems upto 10,000 ft level over the
Bay of Bengal were light, and the ITF was
rather diffuse. On the 19th morning, the
portion of the ITF over the Andaman Sea
shifted southwards and was running from
north of Port Blair to south of Victoria Point.
This was indicated by the fresh incursion of
casterlies (Tmn) over Tenasserim, vide, 5000 ft
upper wind chart in Figs.5 (a)and (b). This
resulted in the development of a shallow
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trough over South Andaman Sea. A heavy
rainfall of 4inches at Victoria Point on the
19th, i.e., following the incursion of the easter-
ly current, is significant. By the evening of
the 21st, easterly winds appeared over Port
Blair indicating further shift of the ITF to
south of Port Blair. Freshening of the easter-
lies (7'm) along the Tenasserim coast and also
of the westerlies (Em) over Ceylon and Tra-
vancore-Cochin by the 2lst evening indi-
cated accentuation of the trough over South
Andaman Sea. Port Blair started raining
from 2230 IST of 2lst, and by the next
morning recorded a heavy fall of 4 inches.

With the approach of a western disturbance
towards northwest India and its movement
eastwards across Kast Punjab on the 21st and
22nd, the stagnant continental air (7'¢) around
the seasonal anti-cyclone was being pushed
eastwards ahead of the western disturbance.
The spreading of the T'c air eastwards is very
clearly seen on the successive upper wind
charts for the periods 18th to 23rd. Winds at
2000 and 5000 ft on those days are repro-
duced in Figs 5 (a) and (b). It will be seenon
these charts for 19th and 20th that an anti-
cyclone existed over North Bay and it presum-
ably comprised mostly of the stagnant mon-
roon or ‘old monsoon’ air. There isno doubt
that the western disturbance in this case did
not draw any Te¢ air from northeast India.
Later, as the disturbance moved away north-
east to eastwards, a further spreading of NPe
occurred in the rear of the disturbance which
helped the spreading of the T¢ air over the
greater part of India and eventually over the
Bay of Bengal. With the spreading of Tc¢ air
eastwards, the anti-cyclonic cell over the
North Bay was also pushed eastwards and
became less marked. By the 21st, the T'¢ air
extended into North Bay. This is also
supported by the fict that following several
days of local thunder-rain over northeast
India, a spell of dry weather commenced
there onthe 21st. By the 22nd, the Tec air
apparently approached the area of un-
settled conditions in the South Andaman
Sea and participated in the cyclogenesis
there. The radiosonde ascents at Allahabad
and Caleutta during the period from 17th
to 22nd show remarkably well the gradual
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eastward progress of the T'c air, vide, Fig. 6
showing isopleths of saturation potential
temperatures over Allahabad and Calcutta
during the period. The saturation potential
temperatures in the lower levels fell sharply
over Allahabad on the 19th and over Caleutta
from 19th onwards reaching minimum on the
22nd. Incursion of coolerand drier air first
over Allahabad and later over Calcutta and
the actual upper wind pattern indicate that
the 7¢ air from northwest India which was
being pushed eastwards reached Calcutta on
20th or 21st. Northwesterly to northeasterly
upper windsand appreciable fall of dew-points
along the Arakan coast on the 2Ist suggest
that the incursion of 7e¢ air extended south-
wards towards Andaman Sea. It is possible
that this T'c air might have eventually got
mixed with the 7'c air from over China round
the Siberian anti-cyclone, but sufficient data
are not available to confirm or disprove this.

Thus, the air masses taking part in the cy-
clogenesis on 22 October over the South
Andaman Sea were (1)the equatorial maritime
or the monsoon air (Em), (2) the tropical
maritime (7'm), .e., the easterliesfrom the
Pacific region and (3) tropical continental
(Te).  Of these, the Em and Tm associated
with the ITF existed from the beginning.
The third air mass, namely T¢ joined later
and provided the ‘Triple point’ which appears
to favour the development of cyclonic storms
of typhoon intensity. It is, however, diffi-
cult to say with certainty whether 7e¢ air
had reached the area before the depression
vas formed, or the depression was initially
formed by the interaction of the Em and Tm
only, and the incursion of 7¢ air thereafter
was responsible for quick intensification of
the disturbance. The probable distribution
of the air masses on the 22nd is indicated in
Fig. 7. In any case, the incursion of the T¢
air was responsible for the formation of the
active warm front of the cyclone, details of
which have been dealt with in the subsequent
section.

4. The Frontal Structure

The characteristics of the air masses in
India during different seasons have been dis-
cussed by Roy.® During the post-monsoon
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season (October-November), Tm air
warmer than Em in the lower levels upto
2km. When the depression formed in the
South Andaman Sea, the ITF there, 7.e.,
the Em-Tm front eventually acted as a cold
front, though the contrast in virtual tempera-
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5 (a)

tures might be small. In the absence of
radiosonde data over Burma stations, it is
not possible to get the actual temperature
contrasts prevailing at the various levels over
the region. The minimum temperatures
were not reported by the observatories in
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Tenasserim during the period in question,
and as such it has not been possible to see
whether any appreciable rise in minimum

consideration, however, throws some light
on this point—

The radiosonde ascents over Vizagapatam

temperatures corroborated the incursion of from 23rd to 25th (data not available for 26th
and 27th) have been scrutinised. The rise

warm maritime (I'm) air. The following
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of saturation potential temperature and tem-
perature above 1 km on the 25th compared to
those on 24th (vide Figs. 8 a and 8 b) suggests
incursion of 7w air over Vizagapatam on
25th at least above 1 km. Comparing the
actual temperatures over Vizagapatom on
25th above 1 km (representing Tu:) with those
at corresponding levels over Trivandrum on
the same day (representing FKm), the former,
i.e., Tm is found to be 2 to 5 degrees warmer
level for level than Euw. The corresponding
values of saturation potential temperatures
are, however, nearly the sane.

The active warm front of the cvelone de-
veloped between the T and Te aiv. T is
warmer and much more moist while T'e 13
coolerand drier. The contrast in virtual tem-
perature between Tm and Te should. there-
fore, be considerable. The sequence of cloud
kinds and rain along the Orissa-Cirears coast
was characteristic of theapproaching warm
front.

The isobaric charts for the periods 22nd to
28th (0830 I+ T charts for all the dJdays and
1730 IST for 26th and 27th) showing prohahle
positions of the fronts and the distribution
of clouds and rainfall are reproduced in Figs,

9 (a) and (b}. The approximate locaiions of

the fronts have been fixed by taking into con-
sideration wind discontinuities at the lower
levels upto 3000 ft and also the distribution
of weather, specially at later stage, when the
disturbance approached the coast. The
position of the warm front (7'm-Te) at the
initial stage of the depression, i.e., on the
22nd is noticeable on the lower level upper
wind charts, the winds at 1000 ft on 22nd
afternoon being particularly significant.  The
clond sequence and the commencement of
sienificant continuous rain along the Orissa-
north Ciiears coast provide satisfactory clue
fer location of the active warm front at later
stages, viz., on 26th or 27th.  In the absence
of suflicient data over the Bay, the inter-
mediate positions of the warm front cannot be
precisely located but the positions have heen
roughly indie: ted with reference tothe storm
centre keeping in view the initial and later
positions of the front as stated above, and
also by taking into account few available
observations from ships.

The only available ships” logs from S. S,
Chanda and Jalamatsiya were scrutinisged,
from the hourly  observations
recorded by S.N. Jalmmalsya that throughout
26 October 1949, when the ship’s position

It is seen
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ao Warm Front  aaCold Front ==z Inaclive front
Fig. 7

was about 200 to 300 miles south to south-
west of the storm centre, the ship experienced
continuous gales and rough to high seas.
But both the ships being in the south sector
of the storm throughout the period, they did
not come in the path of the active warm
front and as such logs of these ships do not
throw any light on the frontal structure of the
cyclone.

Tt is noteworthy that with the approach of
the warm front, the first spell of heavy rain
commenced earlier along the Orissa coast by
the 26th evening, Puri and Gopalpur record-
ing 6 inches and 4 inches of rain respectively
by 0830 IST of 27th. Calingapatam recorded
3 inches on the same morning, whereas the
rainfall amounts for the same period
gradually decreased southwards from Vizaga-
patam to Masulipatam. Heavy rain occurr-
ed at Kakinada and Masulipatam after 1730
IST on 27th, rainfall recorded at these stations
by 0830IST on 28th being 4 and 20 inches
respectively. Although the inner core of the
cyclone would in all probability be a
frontless eddy and the very heavy rain at
Masulipatam may not be attributable purely
to frontal effect, the observed belt of heavy
rain along the coast, &s stated above, provides
justification for placing the active warm
front in a more or less north-south orienta-
tion, with the northern end of the front than
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its southern end, nearer to the coast asshown
on the charts for the 26th. Another important
feature in the rainfall distribution was that a
fresh spellof heavy rain occurred along Orissa-
north Circars coast on the 27th night. This
seems to be associated with the onset of the
monsoon current (Em) on the coast after
occlusion of the warm (7'm) sector.

The position of the cold front between Em
and Tm air in the initial stages has been
located as part of the ITF on the basis of
the Port Blair and Tenasserim ohservations.
The easterly winds at Port Blairon the 24th
suggest the position of this front to the south
of Port Blair, whereas southerly 40 knots
winds at Port Blair at 0830 IST of 25th
indicate shift of the front to the north of
Port Blair by that day. The radiosonde
ascents at Calcutta showed increase of tem-
perature upto 10,000 ft from 24th to 26th,
possibly due to incursion of T'm air. Tt is
also noticed that from 26th to 27th, there was
appreciable fall in temperatures upto 2 km
over Calcutta which may be due to the app-
roach of Em air or the cold front. In the
absence of sufficient upper air data and ships’
observations, the available data, together
with the above considerations, have been
utilised to indicate the approximate positions
of the cold front,
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The discontinuity between T'¢ and Em
(ITF) across the peninsula and up to the storm
centre could be located without difficulty on
the basis of the surface data and upper wind
discontinuities in the lower levels (1000 and
2000 ft). This discontinuity has been rather
inactive over the peninsula, on account of
insufficient thickness of the monsoon air.

5. Comparison with the strueture f a similar cyclone

of October, 1945

The structure of another similar cyclone
which developed in the Southeast Bay of
Bengal in October 1945 provides an interest-
ing comparison with the structure of Masuli-
patam cyclone under review. It is note-
worthy that both these cyclones of 1945 and
1949 formed in October in the same area,
followed a similar path and struck the coast
almost at the same place. But contrary to
the structure of the Masulipatam cyclone of
1949 where incursion of Te air took place
right from the early depression stage providing
active warm front with the Tm air, it
is seen that in the case of the cyclone of
October 1945, it not.only formed initially by
the interaction of only two air masses (7'm and
Em), but that incursion of Te air from the
northwest into the Bay was conspicuously
absent throughout the period of its develop-
ment and movement. In fact, T¢ air from
west remained confined in an anticyclone
over Gujarat and Kathiawar. The upper air
charts clearly illustrate thatthe cyclone of
1945 formed and was maintained, at least for
a few days, by two air masses only. To
facilitate comparative study, the upper winds
at 3000 ft corregsponding to different stages
of the disturbance, viz., (@) initial depression,
(b) eyclone and (¢) crossing the coast, have
been reproduced for both the cyclones of
1945 and 1949 side by side in Fig. 10.
Although both the cyclones developed in
the second half of October and moving north-
westwards both struck the coast near about
the same place, circulation of upper winds
and distribution of weather are much different.
The following contrasts are roteworthy—

(1) In the case of the October cyclone of
1945, deep easterlies (I'm) prevailed in the
northern sector of the disturbance extending
inland across Orissa-north Circars coast,
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Fig. 10. Morning upper winds at 3000 ft during the Masulipatam cyclone of October 1949
and the Kakinada cyclone of October 1945

Notes—
1. (a) Depression stage (b) Cyclone stage (c¢) Crossing cocast
2. Areas of precipitation are hatched by vertical lines and actual rainfall of 1” or more
for past 24 hours are marked on the charts
3. In chart (a) on 14-10-1945 Recmets (1,000-2,000 ft) are ploited over Bay in broken lines
4. In chart (c) on 18-10-1945 rainfall amounts of Masulipatam and Kakinada have not
been marked as the raingauges were submerged
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This was responsible for the persistent local
to widespread rain along the east coast from
12th, i.e., prior to formation of the depression
whereas in the case of 1949 cyclone, the in-
cursion of T'c kept the weather dry until the
eyclone came sufficiently near the coast.

(2) While the cyclone of October 1949 was
characterised by the existence of an active
warm front, causing corresponding sequence of
clouds and weather along the coast, a regular
sequence of weather as is normally associated
with a typical warm front of temperate lati-
tudes was absent in the case of the 1945
cyclone.

(3) The cyclone of 1945 caused very heavy
rain in Travancore-Cochin (Trivandrum and
Alleppy tecording 8 and 6 inches of rain
respectively on 18 October 1945) when the
cyclone approached the east coast; but the
cyclone of 1949 caused no heavy rain in
Travancore-Cochin and in fact there was
very little rain in Travancore-Cochin during
26th-28th. It is considered that in the case
of the 1949 cyclone, the spreading of the T'c
current southwards across the peninsula
opposed incursion of monsoon air in thick
Jayer and thus prevented heavy rain along the
west coast ; whereas in the case of 1945
cyclone the absence of the northerly current
(Te) ucross the peninsula permitted strength-
ening of the monsoon current (Em) over
Travancore-Cochin when the cyclone came
close to the east coast.

The eyclone of October 1945 caused wide-
spread heavy rain and strong wind along
north Circars-Orissa coast on the 17th
and 18th when the cyclone was within 300
wiles of the coast. These concentrated falls
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