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1. INTRODUCTION
*A very small percentage of cyc lon ic storms in the Bay

of Bengal are formed by the regeneration of systems which
were previously tropical storms or typ hoons in the South
China Sea and thereafter weakened in crossing Southeast Asia
or Malaya.

However , the probability of such an occurrence is of
concern to naval units operatin g in the area and especially
to the Joint Typ hoon Warning Center (JTWC), Guam which
provides tropical cyclone forecasts for the Bay of Bengal
Such an occurrence is very unlikely in the spring when the
atm ospheric circulation is more favorable for storm develop-
ment in the Bay of Bengal than in the western North Pacific
Ocean or South China Sea. However , in the fall , conditions
favor storm development in all three areas (see mean circula-
tions for May and October in Sadler and Gidley, 1973) and
there are , on the average , as man y or more tropical storms
and typhoons in the South Ch ina  Sea to the w e s t  of  l lOE  as
there are s to rms  in the Bay of Benga l . T h i s  paper  e x a m i n e s
the t r o p i c a l  c y c l o n e  c h a r a c t e r i s t i c s  in the two  areas dur ing
a recent period (1967-1973) of good satellite and synoptic
data to determine if tropical cyclones in the South China Sea
can ma in ta in  a c i r cu la t i on  a f te r  c r o s s i n g  S o u t h e a s t  A s i a  or
Malaya and then reintensify in the Bay of Bengal .

2. DATA SOURCES

a. Satellite. The p r i n ci p a l  satellite data source was
the daily t r o p i c a l  m e r c a t o r - p r o j e c t i o n  mosa i c  produced by the
National Env i ronmenta l  Satellite S e r v i c e  ( N E S S ) .  Th i s  was

*The Ind i a Meteorological Department classifies tropical
c y c l o n e s  a s :  t r o p i c a l  d e p r e s s i o n  -- winds less than 34 kt;
c y c l o n i c  s to rm -- winds 34 to 47 kt; severe cyc lonic storm --
winds greater than 47 kt.
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supp lemen ted  for selected periods during 1972 and 1973 by
Defense M e t e o r o l o g i c a l  Satellite Progra m (DMSP)  pho tog raphs

from the U.S. A i r  Force s t a t i o n  in Thailand.

b . ~yno pt i  c Data.  The pri nci pal s ynop t i c  data s o u r c e s
were the o p e r a t i o n a l  a n a l y s e s  (on m i c r o f i l m )  from the Royal
O b s e r v a t o r y , Hong Kong. The surface and 850-mb analyses were

available four t imes da i l y  and the higher levels (through

200 mb) t w i c e  daily.

c. T rop i ca l  Cyc lone  H i s t o r i e s
( 1 ) Sou th  C h i n a  Sea: Annual Typhoon Reports of

JTWC , Guam .

(2) Bay of Ben gal : Tropical Cyclones of the

North Indian Ocean (Sa dler and Gidley , 1 9 7 3 ) ;  the Wea the r
Section of the appropriate issues of the Indian Journal of

Meteoro lo gy an d Geo phys i cs ;  Annual Ty p hoon Re ports of JTWC

(beginnin g in 1971) for cyclones forming or passing through

the area east  of 90E.

3 . PROCEDURE

A l l  South Ch i na Sea t ro p i ca l  storms an d ty p hoons wh i ch
crosse d ll OE were stratified by month and their tracks were

plo tted (Figures 1-4). Dates  of l a n d f a l l  , or over-ocean

d i ssi pat ion , were entere d. Tracks were also plotted of all

trop i ca l  cy c lones wh i ch a t ta i ned cyc lon i c  storm i ntens i ty  or
greater in the Bay of Bengal and the dates were noted of the

earl y depression stage. The dates of the two sets of tracks

were then com p ared . From a consi de r a t i o n  of t imin g, those
Bay of Ben gal cyclones which could have originated from the

South C hina Sea were identi fied. These were then studied in

deta il by using satellite and synoptic data to determine which

South Ch ina Sea cyclones crossed Southeast Asia or the Isthmus

of Kra , weakened , and then re generated into cyc lonic storms
in the Bay of Bengal.

4
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4 . DISCUSSION

In June , Jul y and August there were only monsoon

de pressions in the Bay of Bengal. The majori ty formed north

of l8N an d none were associated with previous storms in the

South Ch ina Sea. One storm formed in the Bay of Bengal in

Apr il 1972 and one each in December 1968 and 1969 , but none
could be associated with a previous storm in the South China

Sea .

a.  ~~~ (Figure 1). As mentioned earlier , the spr i ng
storm season in the Bay of Ben gal has no counterpart in the

South C hi na Sea , so obviously there is no storm link between

the two areas .

b. Sep tember (Figure 2). In September the Bay of Bengal

experiences a m ixture of monsoon depressions (not shown) and

a few cy c lon i c s torms , most l y north of l5N .

In the Sout h China Sea the storm tracks are

concen t ra te d between 15N and 20N . In 1972 , Typhoons Elsie

and Floss ie maintained well developed circulations while

crossin g 1200 km of rugged terrain including two coastal

mounta i n ran g es . They then regenerated into cyclonic storms

i n the Ba y of Bengal . These w i ll b e di sc u sse d l a t e r .  In
19 69 the remnants of Doris also crossed , ~ut fa i led to
regene ra te  in to  a c y c lo n i c  s to rm .

c. Octo ber (Figure 3). From September to October the

storm generat ing area in the Bay of Bengal and the storm

tracks in the South China Sea shift southward to between lON

and l8N . In 1~97O the remnants of Typhoon Kate crossed South-

east Asia but failed to reintensify . None of the eight storms

in the Bay of Bengal was associated with any of the nine

storms in the South China Sea.

d . Novem ber (Figure 4). The development area in the

Bay of Bengal an d the storm tracks in the South China Sea

continue their southward shi ft from October to the latitudes

5 
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of 7N to l3N in Novem t er . The frequent interaction of fall

typhoons with cold northeast surges in the South China Sea is

reflected in tropical cyclone w e a k e n i n g  and a path change from

WNW near l l5E  to WSW at l lOE . Many of th ese weakened  s ys tems
traverse the Gulf of Thail and and some cross the Isthmus of

Kra,  but regeneration is rare . The only exception was

Tro pical Storm Sarah in 1973. In the seven years , Typ hoon
Sally (1972) was the most intense system in the Gulf of

Thailand and st ill a tropical storm at landfall on the Kra

Isthmus , yet it failed to regenerate in the Bay of Bengal .

e. ~ay-Nove~ ber _Summary (19 67-1973 ). Three of the 26

tro pical cyclones which eventually reached trop i ca l  s torm
intensit y or greater in the Bay of Bengal were regenerated

Sout h China Sea t ro p i ca l  s torms or typ hoons. Conversel y,

three of the 28 t r o p i c a l  cyc i  ones in the South China Sea
wh ic h passed west of 11O E as tropical storms or typhoons

su bsequently reintensified into cyclonic storms in the Bay

of Ben gal . Two of the three were Typhoons Elsie and Flossie

in Sep tem b er 1972 .
For such a rare event to occur twice in the same

mon th su gg es ts  a c i r cu la t i on  anomal y favora b le for ma in ta in i ng
a t r op i ca l  cyc lone for three to four days over  rugged t e r r a i n .
The September s to rm t r a c k s  (F igu re  2)  show tha t  E l s i e  and
F loss ie were sou th  of normal when they en te red  the South  Ch ina
Sea south  of 15N. Typhoon Dor is , w i t h  a s i m i l a r  t r ack , a l s o
c r o s s e d  Southeast Asia , but failed to reintensify . The
monsoon t rough was apparent ly south  of normal  dur ing these
periods and was or iented east-west from the western Pacific

across  Sou theas t  As i a.

5. MEAN CIRCULATION DURING SEPTEMBER 1 972

In 1972 the monsoon trough at 850 mb and 700 mb (Figures

5 and 6) was more intense in the western Pacifi c and further

south than normal across the Phil ippines, the S o u t h  C h i n a  Sea ,

6 
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and Southeast As ia (Sadler and Harris , 1970; or Rama ge and
Raman , 1972). During September 1972 , persistent l ower

tro pospheric wester lies extended as far east as 180 degrees

longitude . The su btropical ridge in the western Pacific and

East China Sea was also sou th of its normal position. Instead

of winds w ith a normal southerly component , zonal eas te r l i es
covered the South China Sea and western Pacifi c north of l5N.

For examp le , the sl ightly north-of-east winds in 1972 at

Cla rk  AFB and Guam con t ras t  to normal SSW at C la rk  and SE a t
Guam. These  anomal ies reflected a ve ry sharp east -west trough

from the Bay of Bengal to the dateline.

Four typ hoons and a t ro p i cal s torm formed i n the t rough
dur ing September. Helen and Id a b ecame ty phoons eas t  of 13OE
and moved no r t hwa rd . Tr o p i  cal Storm Grace d i s s i p a t e d  before
reachin g the Philippines . The depression stages of Elsie and

Floss ie formed in the trough and drifted westward across the

Phi l i pp ines before intensifying in the South China Sea . Eac h

atta ined maximum winds of 75 kt just prior to landfall in

Vietnam . Bo th of these storms eventually regenerated in the

Ba y of Ben gal
The south -o f-normal t r a c k s  c o n t r i b u t e d  to the abnormal

histories of Elsie and Flossie , but were not the controlling
factor since the storm paths in October and November are even

far ther  south than i n Se p tem ber.  The fac t  tha t Se p tember
storms in the South China Sea are not subject to the decaying

influence of cold northeast surges (as are some in October
and most in November) cannot be a controllin g factor because ,

from Fi gure 3 , it is obvious that the majority of October

storms enter V i e t n a m  w i t h o u t  e n c o u n t e r i n g  n o r t h e a s t  su rges ,
yet most then decay rap idly. The most important factor

appears to be the role of the anomalous circulation within

which the storm is em bedded (see following section).

7
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6. HYBRID SYSTEMS IN THE SOUTH CHINA SEA

It has been noted (Sadler et al . , 1 968) that typhoons and

tropical storms wh ich develop in the South China Sea in summe r

sometimes organize the already existing , very lar ge , synoptic-

scale cyc lonic trough into a hu c’°, deep, cyc lonic vortex whose

pen pheral spee ds at a radi us of > 500 km may reach  40 kt or

g rea te r .  Dur ing  the decay phase over land , these hybr id
sys tems , in which the typhoon is only a small embedded part

of the total vortex , b ehave d i f fe ren t ly  from a normal ty p hoon
w h o s e  c i r c u l a t i o n  usual ly shr inks  rapi dly and weakens  a f ter
p a s s i n g  in land , particularly over rugged terrain. The hybrid

cyc lone , howeve r , m a i n t a i n s  a la rge , well develo ped circula-

tion for two to three days after crossing the coast even

thou g h the storm core ma y decay i n the normal manner .  Ty p hoon
Ora in July 1966 (Sadler et al ., 1 968) is an example. Ora

developed slowly within a deep, 2000-km diameter cyclonic
vor tex cover in g the en t i re  Sout h Ch i na Sea an d reache d maximum
winds of 85 kt just before crossing the South China coast on

a nor thwest path. On 25 July at 0000 GMT when Ora was south-

eas t of Ha i nan Is lan d a t 18.4N , ll 2E with winds of 70 kt , win d s
on the per iphery were repo lted as follows:

850 mb 700 mb 500 mb

Saigon 26035 24038 25027 900 km SW of center

Clark 1 8035 18022 21020 900 km SE of center

Hon g Kong 11037 11032 0”029 500 km ENE of center

The vortex surroun ding Ora finally broke up over the
mounta ins of south central China two days after crossing the

c o a s t .
Typhoons Els ie and Flossie were embedded in similar

circula tions. Figures 7- 11 show the circulations at 850 ,
700 , 500 , 300 , and 200 nib a f te r  E ls i e h a d c rosse d the Annam

8
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Mounta ins of V i e t n a m  and Laos and was located just southwest

of Ub on , T ha i lan d. The su rro~ nd ing vortex covers most of

Sou theast Asi a and extends throug h 300 mb. Even at 200 nib it

is with i n the tropical upper tro pospheric t~ ough which extend ;

w e s t w a r d  from the Pac i f i c i nto Sou theast  As i a . T h e su r f ace
low (not shown) had filled to about 998 nib and ther e were no
stron g surface winds reported. However , the observed 850-

an d 700-nib winds at Ubon were 45 and 40 kt , res p ec t i ve l y . The
sa te l l i te o b se rva t i on ne a r 0700 GMT on 5 Se pt ember 19 72
(Fi gure 12a) shows a well organized cloud system associated

with Elsie. Elsie remained within the very deep, lar ge sca le
vortex and ma i ntained winds of 40 to 45 kt across Southeast

As ia. As she passed to the north near 1200 GMT on 6 September ,

the strongest observed wind at Bangkok was 45 kt from 1700  at
700 nib . The rugged mountains on the border between Thailand

and Burma ha d little effect on the very large scale vortex ,

b ut there were  no near by da ta to de term i ne if the w inds  of
Elsie decreased to less than trop i cal s torm in tens i ty . In
any even t , she was of storm intensity shortly after leaving

the Burma coast and attained maximum winds of 80 kt in the Bay

of Ben gal prior to entering India on a northwest path on

1 0 September at 19N. The organized vortex conta ining the

em bedded Elsie continued to be very large and deep. It

covered  most of the Bay of Benga l  on the 8th and 9th and moved
into Ind ia w i t h  the s to rm . Figure 13 shows the la rge  s c a l e
w ind field at 500 nib on 11 September after Elsie had moved

some 500 km inland over the Eastern Ghats. The satellite

photographs near 0845 GMT on 12 September (Figure l2b) and

13 Sep tember (not shown) confi rm that the storm system

rema ined well organized for at least three days and 1200 km

inland over the rugged hil l s  of North Central India .

Floss ie followed Elsie in 12 days an d had a similar

h istory . She was embedded in a large cyc l onic circulation

whic h also extended to 200 nib. However , the maximum win ds

measured by the Thailand rawin network du rin g the passage of

9
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Flossie were about 10 kt less. The strongest w i I~ds at Ubon
were 30 , 40, and 35 kt at 850, 700 , and 500 mb respectively.
In the satellite p icture of 16 September (Figure 12c) Flossie
has just passed over the Annam Mountains. No di git a l pictures
were  available for 17-20 September. Flossie traversed a more
extensive mountain mass than did Elsie , farther to the south.

FlQssie reintensified to 70 kt in the Bay of Bengal and
entered India at about the same point as Elsie. The satellite

view on 25 Se ptember (Figure l2d), three days after crossing

the coas t , shows F l o s s i e  l ess  we l l  or g an i ze d an d weaker  than
Elsie at the same stage .

7. SUMMARY

A t ro pi cal  cyc lone  of t ro p i ca l  storm or ty phoon intens i ty
in the South China Sea rarely maintains a circulation while

c r o s s i n g  S o u t h e a s t  A s i a  or the Malay Pen insu la  or r e i n t e n s i f i e s
in the Bay of Bengal . If the seven -year period of the study

is typical , the even t  i s most p ro b a b le dur i ng the la te  summer
month of Se ptember.

This study indicates that the following combination of

factors probably contributes to the event: (1) the low level

trou gh and subtropical ridge are south of normal in the

western Paci fic -South China Sea so that a disturbance enters

the South Ch ina  Sea south  of l5N;  (2 )  the d i s tu rban ce  f i r s t
intensifies in the South C hina Sea., whi ch it is felt, lea d s
to developmen t of the third and most important factor;

(3) a very large , deep, synoptic - scale cyclone surrounding
the s torm . Systems wh i ch  have been typhoons pr io r  to enter i ng
the South Ch ina  Sea are l i k e ly  to have - a typ ica l  typhoo n
structure and environments not favoring development of a~ hybr id
ty p e cyc lone .

Many October storms satisfy factors (1) and (2). Case
s t u d i e s  of these  to determine i f any s a t i s f y  f ac to r  ( 3 )  w o u l d
provide a test of this tentative hypothesis.

10 
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F igure 12. ESSA 9 mosaics for: (a) 0700 GMT 5 September;
(b) 0845 GMT 12 September 1972; (c) 0800 GMT 16 September
1972; and (d) 0900 GMT 25 September 1972.
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