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well known that the dircetion of move-
ment of an ecxtra-tropical cyclone is detler-
mined by the cirrus or 6 km. winds in the
warm sector or the scector containing the mari-
time air. Many attempts have been made to
find out if similar genecral rules are likely in
the ‘case of tropical disturbances. A systema-
tic attempt was made to study tropical wea-
ther and several uscful deductions derived.™
Taking all salient facts into consideration, it is
suggested that a useful rule would be: that
the 'movement of a tropical cyclonic storm. is
determined by the higher level air motion cor-
responding to the scctor conlaining the
“emergy source” air Mmass.

It has been stated that the general sweep of
4, 6 and 8 km. winds gives an approximatce
direction of motion of the tropical cyclonic
storm (p. 46). It has been pointed out (pp.
34-43 and pp. 87-92) that both in the case of
monsoon depressions and_ {ropical cyclonic
storms, one has to consider the advent ol three
air masses. Due to wvarious factors and the
regions of travel, these air masses cannot e
distinguished by the differences of temperature
alone. Some characteristics, like the diurnal
variation of temperature, content of moisture
and degree of inherent instability (latent in-
stability ?) have been pointed out as the dis-
tinguishing characteristics of the diflerent air
masses. The three air masses that go to form
the tropical depressions are:

(1) Equatorial Maritime Air—which  has
crossed the ecquator as a “pulse”, from the
south to the northern hemisphere and from the
north for the southern hemisphere. It has large
moisture content and can be made casily un-
stable and give rise to thunderstorms.

(2) Transitional Air (containing mixture of
tropical maritime and tropical contlinental air
in varying proportions corresponding to the
season and region of the country)-—reaching
the depression in Indian lattitudes from the
tar-east, the ultimate origin being the Pacilic
high.

(8) Continental Air (mostly tropical with an
occasional slight mixture of Polar continental)
reaching Indian area from a north-westerly or
westerly direction. The air is dry and is hot-
ter in summer and colder in winter on ihc
surface than the other air masses.

Without the existence of the three air mass-
es, the formation of a monsoon depression or
a tropical cyclonic storm is not possible, only
a low pressure wave, which {travels faster
across the country than the depression, results.

In the extra-tropical depressions there are
only two air masses involved: one maritime

* Draft Notes prepared in Feb.-March 1943 from which
extracls were printed as Tech. Notes No. 1. India Met,
Dept. and “ Forecasting Weather inand near India’ Print-
ed limited number in May, 1945 and released in Nov. 1045,
To be printed later with diagrams, tables and addenda.

(lropical) and the other continental  (tropieal
or polar in varying proportions  depending, on
the season and localily).

The fropical  eyvelonie  storm recurves {o-
wards  an ecastorly  direction if it reaches o
sifliciently northerly  latitude in the norlthern
hemisphere and o southerly  fitude o the

southern hemisphere, I has been pointed out
(p. 100 A and Addendum to po 7)) that ot is
possible 1o Jocate on an extended  cluort an
oxtra-tropical  eyelone  or  distarbanee  under
whoge influence the tropieal eyelonie storm ap-
parently recurvoed,

[ois also well known that a tropieal eyelonie
storm after recurvalture and entering the {eme-
perate lattitudes has the chavacter of an extra-
tropical  depression (after Djerknesy, The
upper air wind at aboul 6 km. in the lattitudes
nearer the equator (in the regions where the
depressions form and in the seasons when they
form) are ecasterly and in the Editudes further
away woesterly

The tropical cyclonic storm, as a {ropical
cevelonie storm, (ills up soon after the supply of
the fresh equatorial nuuitime adr is et ofl, due
Lo the formation of o fully formed tropical de-
prossion on the other side of  the equator,
Thercalter the resulting low may be intha need
by o passing  extra-tropical  disturbanee  and
may recurve lowinds the cast,

All the above faets can be infegreated into o
sinele unitied picture, under the folloingg hypo-
thosés o

(1) So long as the movement of the tropieal
cyelonic storm is somo westerly direetion, the
cyclonie storm has all the three secetor,

() When the oquatorial maritume e oas cut
off, the tropical eyelonic storm o envisaped
Ll that time asswmes o different eharacter ) it
may Gl up completely or under the influenee
ol an extra=tropieal disturbance may  recurve
towards an casterly direction and  hepee the
recurved eycelonie storm has only fwo e masses
(one maritime and the other continendaly, This,
however, does nol prevent its redevelopent
into a cyclonie storm with three seetors G a
fresh supply of equatorial maritinue air reaches
the depression, when the depression would onee
agnin have a westerly movement,

In this conncetion pp. 116=17 of the book
reforred Lo may be seen. The Calicut eyelone
is being looked inlo  with  collaboration  of
Mr. . R. Pisharothy. The cyclone moved east-
wards [rom the S/, Arabian Sca into the Day
of Bengal, moved in a north-westerly direetion
and later again recurved in an casterly divee-
tivn.  The speed of molion and the short life
pointed 1o the fact that in the initial and final
stagoes, the depression was influenced by woest-
ern disturbances.  As mentioned there, o see-
ondary of a western disturbanee can be de-
struetive and show a good circulation.  The
soveral types of eyclonic slorms mentioned by
Deppermann® and others can also be simpli-
fiedd if they are divided into groups which
were  sccondaries  of - extra-tropical  disturb-
ances and those that formed with all the three
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sectors and moved into China Seas. Then the
same simplification as made by the author in
the book and this note results.

It has been pointed also that the “‘source” of
energy of a tropical cyclonic storm is the
equatorial maritime air and the “sink” is the
continental dry air or tropical conlinental air,
and that the role of the [lar-castern air is to
delay the cycle of operations till suflicient
vorticity is developed (the earth’s rotational
effect being smaller in equatorial latitudes, the
time required to develop vorticity would neces-
sarily be greater). In the exira-tropical de-
pression the “source” of ecnergy is the tropical
maritime air.

In the regions where depressions form neav
the equator and in ihe seasons, the casterly and
westerly winds at levels from 4 to 8 kms. ave
well known, and for India were worked out
by H. C. Banerjee and K. R. Ramanathan.j
The hypothesis and the available diagrams all
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show that the direction of movement of the
tropical cyclonic storms is determined by the
upper air in the equatorial maritime air so long
as there are three air masses and by the tropi-
cal maritime air when there are only two air
masses.  To conclude, it follows that the air
mars which acts as the energy “source” for the
depression seems {o control the direction of
motion of the depression. The result can be
generalised, as a suggestion, that even for a
low pressure wave the upper air motion at
about 6 kms. in the “source” air mass must
determine its divection of motion in addition
1o all other factors that may be responsible for
its movement. When a pulse moves from south
of the equalor to the north carrying fresh mon-
soon air often one (inds that the surface air
is northerly. Bul the upper air at higher levels
give a west south-westerly or even southerly
direetion, which permits the flow of air under
suitable conditions., Further work is in pro-
Lress.

*Deppermann, “Are there warm scctors in Philippine
Typhoons: Burcau of Printing", Manila, 1937,

TSe. Noter Lud. Met. Dept. 13, p. 21,



