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1. Introductisn
i.l According to the Departmental classificatlon of the year into varlous
seasons, the Pre=Monsocon Seascn, also known &s 'Hot Weather Period® covers the
months March, April and May. The weather over the Indian Sea areas {i.e. Arabian
Sea and Bay of Bengal) is relatlvely quiescent in March; disturbed weather is
mostly in the second half of the seaston., Depreessions and cyclonic storms of the
pre=moncsceon typse may continue to Form in the early part of Jume alsoc till the
southwest monsoon establishes over the cea areas. The general features of
storms and depressions in the Indian Sea arcas have already been dealt with im
FMU Rep. No. III-4.1 on “"Weather over the Indlan Sess during the Post-Mansoon
Season"y hence, this aspecl will be touched upon in the present report; when
necesEary, only with reference to the Special chéracteristics of the pre—monsoon
disturbances. The present report may, therefore, be usefully read along with

FMU Rep. Ho. III-4.1l.

1.2 The common synoptic situations cewsing disturbed weether over the sea
aregas during this sSeason are

t) cyclenlc storms and depressicns; and

iti} low pressure areas and troughs of low pressure,

Apart from tropical cyclones, an Important Feature of the weather during the
season i$% the advance of the southwest monsoon which occurs towsrds the second
half of May and the beginning of June. This subject has been dealt with earlier
in FMU Rep. No. IV=18.2 "Synoptic Features associated with onset of southwest
monscon over Kerala" and hence will be discussed only briefly in this report.
Another type of Severe weather Is when the nor'westers® that ococir over Orissa,
Bihar and West Bengal accasionally drlft east or sgutheast into north Bay of

Bengal.

® This subject is discussed in FMU Rep. Ho. I11=2.2.
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2. Storms and Depresslons = Some climatologlcal aspects

.1l Leaving apart the cyclonic disturbances of the southwest monscon Season.
there are two peak periods of tropical cyclone activity in the Indian sSea areas -
cne in the pre—monscon and the other in the post=monsoon ssasen. October and
Lovember are the months of maxlmum storm activity; next comes May and the early
part of June. OClimatological information of siorms and depressions are already
avallable in the departmental storm track atlas as well as the papers by Ral
Sircar (1958) and Rai Choudhary et. al. (1959). A Few additionsl points regar—

ding the climatolooical aspects will be discussed below.

2.2 Fregquency distribution
2.2.1 The statistics of storms and depressions in the Bay of Bengal and
#rabian Sea month by month for the pre-monsoon Season are given in Teble I.
The statistice have been split inte 3 periods = LB77 to 1820, 1E891-=19&0 and 1o6l-=
1972 (the last one is & period when satellite data became available). BEach

month has been sub=divided into two parts.



TAELE — I
Statistics® of cyclonic disturbances that formed in the Bay of Bengal
and the Arablan Sea during the months of March—May

- . N N N R I S S B SR A s S e e S S A S Sm =R = ==

Depression Storm Severe Storm
Month Perlaod
1-1% 16=31 Tetal L=15 16=31 Total 1=15 l6=3l Totsl Total
for the
period

I-Hay of Bennal

March 1ET7=1890 = - - - - = = = i e
1891=1%60 = L 1 1 1 2 2 - 2 3
1961=1872 = - - - - - - - - i
Total - L 1 1 L 2 2 = 2 |

April la?7=la90 - - - - = 5 i = i £

. 189 L=1%60 3 o 2| K | | 11 2 a3 5 26
19681=1972 = - - - = = 1 1 ) 2
Total 3 5 2] 3 2| 11 3 [ 4 28

May Lgm=1890 =~ 3 3 2 = 2 2 2 g q
LEgl=1960 & 1L 17 5 ] 1o ) ) 18 45
19461=1972 = 3 3 | 1 3| 5 3 B La
Total & L7 23 11 i L7 1& 14 aq n

ll-Arabian Sea

March 1877=1830 = - - - . — — — - -
18911960 = - - - = . ) ix -, s
196l=-1972 - - - - s = - s it i,
Total - - = - - - = = = i

April 1E77=1830 = - - - = - - - - a2
189l=1960 - 2 2 1 - 1 1 3 4 7
1961l=l972 = - - - - - - = Rlis o
Total - 2 2 1 - 1 1 3 4 T

May LBTT7=iB90 = - - - - - - 4 4 4
1891-L9ed — 4 4 = 2 2 3 | 1] 17
1961=1972 = 1 1 = - - 1 L 2 3
Taotal = a B - 2 2 4 i3 17 24

® From "Tracks of Storms and Depressions in the Bay of Bengal and Arabian Sea
(1877=1960)" — 1964 and "Tracks of Storms and Depressions in the Bay of Bengal
and Arabian Sea"(1961=1970)" (Addendum) 1972,
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2.2.2 The Table brings out the following Features:=

i) 45 in the post—monsoon season,Bay of Bengal is more prone to cyclenic
storms and depressions than Arabian Sea in the premensoon Geason also. #S
against L14# storms and depressions in the Bay in the monthe of March-May
during the period 1877=1972, there were only 35 in the Arabian Sea.

ii} The storm season begins only by Aprils storms and depressiong occur rarely
garlier. The number is moTe im the second half than im the first half of
April.

iii] May constitutes the main storm month; the storm season maéy continue Into
June also till the sowthwest monsoon iz establicshed over the Ses areas.

iv) Stronger systems like cyclonlic and severe cyclonic storms, are more in
number than weaker systems like depressions. In May, Severe storms are
alep more numerous tham storms. It can, therefore, be antitipated that

storms developing in May have a good chence of reaching the Severes stage.

2.3 Place of oriain
2.3.1 The locations where depressicns wers firet spotted onm the synoptic
thart$ and where they intensifie=d into cyclonic storme and subsequently into
egvere cyclonic storms are glven In Flgs, 2.10a) to 2,.0L{}). Since storm formotion
is practically mnil in March, no chart is given for this month. The mean monthly
Sed surface temperature isopleths™* are alse superposed on these diagrams. Some

of the -climatolegical features brouwght cut by these diagrams are:r=

®* Taking into account the statistics for 1891-1960 as per Table III (b) of

"Tracks of Storms and Depressions im the Bay of Bengal and Arabian Sea 1877-1360"
IND 1964,

** From "Monthly charts of Mean, Min. and Max. sea surface tesmperaturs of the
Indian Ocean", Special Publication, SP-09, 1067 {repripted 1968), published by
U.5. ¥aval Oceanographic Office, Washington, D.C.



(a) April:

Depressions form and also intensify over Bay of Bengal south of 1%%M. Laccadives-
Maldives and the adjoining areas are the places of formation of depressions and
Storm$ in the Arabian Sea. Owver the areas of formation of depressions and

their intensification, both in the Bay of Bengal and Arablan Sea, the sea

surface temperature is about _ 29 to 29.59% (84-85°F) In the mean. This tempe
rature is% ewven higher than the threshold value of 26-27°C considered favour—

able for storm formation.

{b) Mays:

The mhwle of the Bay of Bengal to tha north of 10% is sueceptible to depres-
gion formationj intensification &lso occurs ovar the ares north of 129,

In the Arabian Sea, depredsions form over Southeast and adjolinimg Esst Central
Arabian Sea; intensification is, however, spread out westwards also over West
Arablan Sea. Ower these 4reas; $ea 1% gquite warm as in April, with a tempera-

ture of 29-20,5°C {B4-B59F).

(e) Junes
While depressions form over the Bay of Bengal north of Lat. 15", their

intensification inte cyclonic storms/Severe cyclonic storme is confined to
the area north of Lat. 18"M. In the Arabisn 5ea, depressions form in East
Central Arabian Sea while thelr intensification is spread out inte nertheast
Arabian Sea also. These areas have a sea surface temperature of 29%=29.5°%C

[ B4=gs®F)

2.3.2 Storms and depressione practically cease formation once the south—
west monsoon has advanced into the fea areas and is pstabllshed. Howsver,
in the Bay even aftar the advance of the southwest monsoon, depressions and
on rare occasions cycloni¢ Storms form over the north Bay of Bengal, but
these disturbances are entirely of 4 different character from the ftropical

disturbances of the pre—monsoon Season,



233 The storms and depressions that form léte in the Season towards

Second half of May or beginning of June uSually usher in the southwest monsoon.

2.4 Movemant
2,4,1 A large majority (nearly ﬁ?ﬂ} of eyclonic storm3 in the Bay move
towards Bangla Desh or Burma; omnly about 30% of them c¢ross the Indianm coast,
sych cases being more In May thanm In April. A few alsp disslpate over the
sea. A gensral northward movement which may ultimately result in recurvature

is characteristic of the Bay cyclones during the season.

2.4.2 In the Arablan Sea also, & good percentage of storms elther move
towards Arabia coast or dissipate over the $ea. Only about 25%¥ c¢ross Indian

coast — mainly north Maharashtra - Gujarat coasts.

2.4.3 The details of the statistics of storms and depressions crossing the

coast or comimg within 2 degrees of the coast are given in Table II.

TABLE = II

Statistics of depressions and storms in Bay of Bengal and Arablan Sea
cressing the Indian coast or coming within 2 degrees of the
coast during the months March to May [period 1891=1970)

™ ik e e ol e ol e "V oo % o o "l S i "o e o e o o T . e e T A | e ey r i i o " i "y i v [ g ‘i i —

Marach April May Tatal
Bay Arabian Bay Arabian Bay Arablan Bay Arabian
Sen Sea 5ea Sed
Ho. of depressions - - F - 5 = B s
Mo. of storms - - 2 - 2] - B -
He. of severe stozms 1 - 1 2 L] ] g 11 T
Total Wo. of dis=
turbances formed 5 - 27 B 57 X2 ag 30

Percentage that
crossed/approached
Indian toast 20 - 19 25 a7 23 30 23
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2.% Development, intensity and other details
2:5.1 In Sec. 3 of FMU Rep. Mo, 111-4.1 the different stages of the life
history of a typical disturbance have been given. In Table I1 of the same
Section, the time Intervals between formation end intensification have been
indicated in the case of cyclenic storms of post-monsoon Season. A simllar

statistics for the pre-monscon i$ given below in Table I11,

TABLE — I11

(a) Percentage freguency of depressions Intensifylng lnto storms (in Bay of
Bengal and Arabien Sea) within different time intervals

{Period of datas 1891-1970)

i e | i S D e o e, e e W W W S W, R W G | W W W T W e e - v i

Manth - 12~ 24— A i B T2- 06—
1% hrs 24 hrs 36 hrs 48 hrs 72 hrs 96 hrs 120 hrs

April - 33 33 - - 17 17
May 22 34 g 13 - 22 -
Averaga 11 33 21 T - 20 9
pertentage

(b} Percentage frequency of storms intméiﬁaing into saverse storms lin the
Bay of Bergal and Arabian Sea) within different time intervals
{Period of Data 1891=1970)

0= 12— 24- 3= - d) B 72~ 1.
Month 12 hrs 24 hrs 35 hre 48 hre 72 hre 96 hrs 120 hrs
April - B0 - 20 - - -
May an 44 T 4 - 11 4
hverage
percentage 15 2 3 12 - 5 2

- e B P e O e e . TN s MNP W Sm R BN Em EW T R fm omm owe e e &2

The table shows that during the pre—monsoon months, depressions Lntensify into
cyclonic sterms within 36 hrs, in 65X of the cases; in #44% of the cases it is
within 24 hrsy 12-24 hrs is the most common Interval (33% cases). 5imilerly,
they further intensify into severe cycionlc $torm within 48 hrs In over 2%

of the caces and in 24 hrs in 778 of the cases. The statistics brings out the
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rapid intensification, characteristic of the immature stage of the cyclonic
g-arms. The time interval taken for intensification into cyclonic storms in
tig casg of pre-monscon disturbances does not differ wery much from that of
pist=monsoon cases, However, intensification of cyclonic storms into Severs
storms appear to be guicker during pre-monscon sesason aZe compared to the

POST—mONE00n Eeason.

2.6 The frequency distribution of the lowest pressures observed in the
case of severe cyclonic storss has been given in Table IV of FMl Rep. Mo, III=-

d4.l. From this Table it will be seen that May is & month of intaense storms

curing the pre-monscon season.

w7 As explained in para 4.1.1.8 of FMU Report Ho. III=4.1; an analysis

of the size of the storms in the Bay of Bengal durinmg the pre-monscom season

Was
nay made by measuring the average diameter of the outermost closed isobar. The

fesults are given Iln Table IV below:
TARLE — IV

Percentage frequency of mean diameter {in degrees) of cyclonic
storm$ in the Bay of Bangal durinli March to May
{based on data of 1951—1970

R T R e e e e P e e e e omm m e mm mm mm mm p Em

Mean Diameter {in degrees) Lat/Long

- 2=3 3= 4-5 o 6T =4 AS o1 10-11

Percentage

fraguenty 5 3 21 1S5 l& 19 12 T 2
S (Total No, of observations: 61)
It i% seen that the cyclonic storms of the pre-smonSoon $e3son are slightly less
in size than those of the post-monsoon Season (See Table III of FMU Rep. No.
111-4.1). MNearly 708 of the pre-monscon storms have a diameter of 4 to 8° of
lat/long. The maximum dismeter has been only 11 deq. in contrast to 14.5

degrees in the case of post—monsoon storme. The outermost closed isobar in tha

pre=monsoon storms has generally a value ranging betwesan LO02 and 1006 mb,
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2.8 Table ¥V gives some details of the tropical disturbances during the pre=-
monsoon season, {based on data for the period 1068-1972) as seen in satellite
iictures, The table indicates® that storms of Cat.2 or 3 are the most frequend
grid the most common s5ize of the overcest area of these systems ranges upto 3
degrees in diameter. The smallest diameter was 1.5°, When we derive the maxi-
mum winds from the satellite pictures, we find that according to this table, the
Etorms in this season have winds of the order of 30=73 kt. Higher intensity
stormé are almost nil. When we compare these storms with those of the post-
monsoen season [vide pars 10.9 and 10.10 of FMU Rep. No. III-¢.1} we find that
i) pre-monsoon storms are slightly smaller in size than post-monfoon sknrms and
ii) veary intense storms are more likely in the post-monsoon season than in the

Pre=monsoon Sedson.

TAELE - ¥
{a) Frequency distribution of warious types of disturbances as sean From satellit.
pictures
Type of disturbance Total Ho.
Sea Area A B C GC= C+ Cat,l Cat.2 Cat,3 Cat, 4 of Obens,
Arabian Sea 15 3 0 o 0 1 o 0 14
Bay of Bengal 1 8 4 0 1 Q 3 2 L 18
(b} Frequency distribution of size of overcast (in degrees)
1.1 to 2.9 2.1 to 3,0 3.1 t0 4,0 4.1 to 5.0 Total Ho. of
Obseryations
hrabian Sea 0 1 0 0 1
Bay of Bengal 3 2 i} 1 B

#® In view of the $mall number of samples the conclusions in this paragraph may
be treated only as tentative.
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2.9 The rainfall assoclabted with the depressions and cyclonic storme of the
pre=monsoon season when they cross the ccast, is also heavy b9 very heavy as
In the case of post—monsoon storms. Wery heavy falls of the order of 30=40 nm
have ocourred on such occasions.

3. Synoptic conditions Ffavourable For formation of ¢ycionlc

storm$s and depresslons

2.1 The synoptic factore favourable for formation of storm$ have been
discussed in detail in Sec.B of FMU Rep. No. 11[=4.1. Hare we will briefly

discuss 3 few points peculiar to the pre=monsoon months.

3.2 Depressions and etorms of the pre—moncoon season generally Form in

gitu im tha Indian %$ea areas. Unlike in the post=monsocon Season, those that

develop out of disturbences moving westwards into the Bay from the sast are

not common. The disturbance lnitially Forms ln the past-=west orisnted

trough over the extreme South Bay and scuth Arabisn Sea. The trough may not

be well-delineated on the surface charti but it i{s more marked in the upper

air — B50 to 700 mb Jevels., Inm wiew of iLhis, the disturbances that develop

during this season may ba more sasily detected im the uvpper air first. On

the surface chart and in the very low leweis it =8y be initially seen only

45 4 region of weak pressure gredient or light winds. This ls particularly

true in May. This east-west oriented Lrough 1s usually to the south of Lat.l1C®N

in Aprll; and 1t shifts northwards across the Bay and the Arablan Sea ln May.

The first signe of the intensification of the trough ares

i) Strengthening of the westarlies to the scuth in the low latitudes over thes
extreme south Arabian Sea and south Bay of Bengal. A strengthening of
the lower tropospheric westerlles owver Gan in the sarlier part of the
Beacdn and over Arabisn Sea Islands, 5S¢l Lanks, south Penimsula and
Bay Islands later in the $eason ls usually roticed prior to the formation

of low pressure systess in the Arabian Ses and the Bay of Bengali they
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may reach 3040 kts in speed. Ships in this area alse report on such
occasions stromng winds of the order of 20-30 kts.
ti} FReports of widespread convective activity over the sea areas, as reported
by ships, is another significent sign to anticipate development. Satel-
lite pictures also show heavy ovarcast clouding. Gepsrally, the heawy
cloud belt is broad and extends sast—west over a long distance (some

authors refer to this clouding as the ITCZ).

3.3 Az may be seen from Figs. 2.10a) to 2,.1{1) laroe portions n.E Arablan Sea

and. Bay doring this Sesson are warmer then the threshold value of 26—27°C con-

cidered favourable for development. As in the post monsoon Season

i) Wwarm Sea surface

1i} intemsification of the east-west trouwgh im the lower tropospheric wind
field and

111} heavy convective activity acssociated with the trough aré precursors of

formation of depressions and Storms in the season.

4, Low Fressure Area and Troughs of Low Pressure

4.1 In March and April, anm anticyclomic clroulation predominates over the
Arablan Sea and Bay of Bengal and weather is generally gquieScent over thets
seas. The charts for two typical quis=scent days (20 March 1968 - 12 Z and

4 April 1969 — D3Z) are given in Figs. 4.1(a) and 4.1(b). Satellite pictures
for 20 March 1968 showed broken Cb, Ci over the extreme South Bay of Bengal amd-
South hnbiar{t.jgaﬂth&r'rlﬁe, the Bay as well as the Arabian Sea :;J: free of
clouds. On 4th April 1969, there was only a waxy smaii patch of broken Ra aver

aaxk Cb over the South Bay ixiamds. The Arabiasn Sea and rest of the Bay were

devold of clowds,

4.2 In March and early April, the anticyclone over the sea areas is pronoun—
ced and it gradually becomes less marked as the season progresses. By the

beginning of May, the hiah over the Bay of Bengal collapses. A simllar oceani



high also exists over the Arabian Sea and weskens much later [almost by the end
of May). During these two months (March and April) low pressure areas form only
over the extreme southern pottlons of the $ea areas. Their movement also cannoi
be gasily followed on account of the lack of dace In the near equatorial areas.
Low pressure areas with ssquential east—west movement are generally noticed
enly in the month of May. Sataellite pictures give valuable help in following
the movement of the cloud SyStems assoclated with these low pressure areas.

Im March and April low presfsure aresacs are saen on the charts, mainly tlose lo
the coasts of Sri Lanka #nd south Peninsulas. Sometimes, the low pressure &Tess

may be sean enly in the upper air charts.

4.3 In addition to low pressure areas, we have alse trouvghs of low pressure
and they usually form along and off the coast, those appearing over Comorin,
laccadives, Maldives and off Mysore coast being more ¢oamon. The trough of

low pressure generally forms and dissipates in situ and may not show any appre—
tiable movement. But those that develop later in the Season may move northe

warde and bring in the monsoon to the country.

a4 The statistics of these feeble low pressure systems, monthwise, are
Jiven below in Table V1.
TABLE-VI

Statistics of low pressurs aress which formed i the Indian secas
during the months March to May

Peried of Data 1953-1972

RS A R O e i g . . g | g i et e e SN SN S S S e e

March April May

1. Bay
Surface Llows 20 19 8
Upper ALr Lows 3 3 1

Total 23 122 9
11. Arabian Se.
Surface lows 4 1o 9
Upper Alr RLows 1 4 1

S | e g g
. e e e e | g e e s " i ™
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Table VI shows that these low pressure Systems are more Common in Harch and Apri

in the Bay of Bengal and decrease conslderably in May.

5. The Hear Equat;:ial Trough
- P One of the synoptic Features of the charts over the Indian $sa areas
durihg the pre-monsoon Season is an east-west oriented trough with marked wind
shift, in the near equatorial reglon, with westerlies prevalling to the south
of the trough line. The westerlies are first noticed betwepen equator and 5
by about the middle of April and thereafter they gradually become a persistent
feature by the end of April, as the ssasen advances. In view of availability of
more ships observations in the south Bay, the westerlies can ba better document:
in the Bay of Bengal. The westerlies are weak in the beginning and as the

Season advantess they become moderate or even strong.

5.2 Westerlies are present practically throughout the yedr in the near equa
torial region a5 may be seen from the lower troposphere mean winds over Gan.
In the baginning of the season (1.e, 1n March) northeasterlies prevail over the
south Bay and scuth Arabian Sea; %0 that the trough line is close to the equat:
Subsaeguently in April; the westerlies penetrate $lowly northwards into south

Arabisn Ses end south Bay.

5,3 The monthwise frequency distribution of wind directions {from ship

reports) at some selected locations in the near equatorial region is given

bBalows=—



14

TABLE-VII
Mean parcentage freguencies of wind direction = March to May

(From 5 Mavy Marine Climatic Atlas of the World - ¥ol.I1I = Indlan Ocean,
September 17%7)

o o o R e o e o e ) G B AN SW EW BT Em O m— m— mm me e e = e e e

Location Wind direction
"N NE B SE S St A4 wf

1. %", S0°E

March 15 al 3 4 2 4 3 4

April B 1l g £ A 15 B 4

May —_— - i L L4 =9 12 1
11. O°, BO°E

March 12 6 4 - 11 12 I1 5

April 2 1 4 4 13 24 23 4

Mavy o L1} 2 2 12 58 L& L

111.0%, 65°E

March 25 49 4 K| 2 & 4 L2
April 2 2 2 2 B 15 18 27
May 1 - L 3 17 5 27 i

The table brings out —
i the appearance of westerliet in extreme south Bay and south Arabian Sea by
April amd their greater persistence azs the season advances

i) the appearance of westerlies at corresponding latitudes in the Bay earliar

than In Arablan Sea.

5.4 Thunderstorms and shower activity are found along the trough line as well
&3 in the weﬁtarbjﬂ regima to the sowth of 1t. Satellite plctures often show
heavy blobs of clowds in these areas and sometimes bands stretching over long
distances of the sea. Frequently, the westerly stream in the near squatorial

region freshens and winds may reach 20430 ktj; and such strenathening of the
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westerlies is associated with increased convective activity, Often such streng-
thening may be in association with low pressure systems in the near equatorial
region to the south of the equator. With strong westerlies in the equatorial
reglon, low pressure systems may develop in the low latitudes on eithar side of

aquator in the two troughs; some of them intemsify into depressions and cyclonic

Storms 85 these lows move away from the squator.

&. Advance of the Southwest Monsoon
6.1 While we have well-defined normal dates of onset of southwest monsaon
over the land areas, there are no similar dates for the Sea areas. The charts
published So far contain the dates, only for the Bay of Bengal and that too

perhaps in a tentative way only. The advance normally occure earlier into

Andaman sed and the southeast Bay than into any other part of the Indian sea.

The advance of the monsoon over the Sea area is usually heralded by

iy ehips and island stations reporting moderate to strong winds from south-
west/wast

i) upper winds over island station® showing Fairly deep weesterlies upto at
least 3 kmy (radicsende ascents at these stations may also Show tha
incursion of the moist monsoen current).

111} reports of squalls, rainfall and convective westher by ships and heavy
ralns over island stations

iv) satellite plctures showing heavy clouding which may be in the form of a

long broad band or large blobs,

6.2 The northern limit or the advancing edge of the monsoon current ovaer the
sga area may be fixed by the above mentioned criteria, On the synoptic charts
in the area of the monsoon current, the pressure gradient is falrly steep and
the lower tropospheric winds (Surface and upper air) strong. In contrast, winds
and pressure gradient to the north of the northern limit of the monscon current
are weaker, so that significent cyclonic vorticity is present at the advancling

edge of the monscon currant.
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B.3 A typical day's charts (28 May 1969 0300Z) where the monsocon had
advanced over parts of the Bay and the Arabian Sea are given in Fig. 6.1 a and b.
On this day, the southwest monsoon had advanced upto nearly 12-15"N in the
Arabian Sea and the Bay of Bengali along the Arakan coast it had reached upto
Akyab, The ships observations in the monsoon field reported moderste to strong
southwest/westerly reaching upte 30/35 kts in speed. Along and near the advan—
cing edge of the current, thunderstorms and showers have been raported, and
judging by the 24 hrs amounts at island and coastal stations (see 29-03Z
rainfall) the rainfall had been heavy. On the surface chart, along the northern
edge of monscon current a discontinuity in pressure gradient was noticed with
much stronger gradient to the south. In uppar air also, the monsgon current is
seen to be one of moderate to strong westerlies extending upto atleast TOO mb.
The contrast in moisture distribution may be Seen by a reference to relative
humidity distribution (composite of 27, 28 and 29 May 1969) at B50 and 700 mb
levels (Figs. 6.2 & and 6.2 b). The tephigrams (Port Blair and Calcutta for
27 May 1969 00Z) representing respectively the monsoon and non-monsocon areas

are givem in Flg. 6.3.

.4 The satellite plctures for 2B and 29 May also show extensive heavy
tlouding over the tea areas from West Arabian Sea to Araken coast asscciated

with the advancing monseon current.

6.5 We will now discuss a few case historlies of typical synoptic situations
over the sea areas during this Season. Two typical days of gquiescent weather
in the earlier part of the season have been illustrated in Figs. 4.1 and 4.2,
A zase of advancing monsoon current has also been discussed in this section
(para £.3). 1In the Following sections, tharefore, we will discuss a few othar

tyes of situations wviz. storm, depression and low pressure area.
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7. Severe Uyclonic Storm in the Bay of Bengal moving towards
Bangla Desh = 1 to 7 May 1970

T.1 Cyclonic storms which develop in the Bay of Bengal during the pre-monsoon
months of April and May have a tendency to move more aften im & nerth/northnorth-
pasterly direction than towards the west or westnorthwest which is more common

in the post-monscon ssascn. During the pre-monscon $easen even those cyclonic
storms which move lnitially in 2 west/northwesterly direction may recurve later,
While the cyclonic storms and depressions late in the pre-monsoon Season may

serve to bring in the monsoon, those In the earlier part of the season do not.

Tad In this section we will deal with & case of & severe cyclonic storm in
the Bay of Bengal which moved in a northerly and later northeasterly direction
tewards Bangla Desh and struck coast uc-ut]{l?;:s‘ Bazar. It was one of small
areal sxtent; 4the satellite alsc reported a diameter of about 2 to 3 degress of
owvercast only [which i almost a minimum limlt for sterms). The winds in the

lower troposphers below (1.0 km) along the east coast of India did not come under

the grip of circulation at any stage.

7.3 & low pressurs area which formed in the south Andaman Sea on 30 April
1970 moved westwards into southesst Bay on lst May (Fig. 7.l). The circulation
was extending upto 500 mb but wes better noticed between 700 and 500 mb levels
than lower down (Fig. 7.2). On lst May, the AFT picture showed a comma shaped
{ 2 ) heavy clouding to the South and southeast of the low pressure arsa and
this band of heavy convective activity extended Ffurther southwestwards upto 657E
Rather heavy rain of about 4 ¢m had occurred in the south Bay Islands, Although
pressure change and departure charts did not rewveal any significant feature, the
organization of the clouding and the intense convection in the area of the low

wore Favourable indications for development. The low was also over an area clin

tologically favourable for development.

T.4 During the next 24 hrs; upper winds gvaer Port Blair veered from scuthea

terly to southerly and strengthened frem L0 kts to 25/30 kts in the lower
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troposphere, This together with a rotational field in the cloudmass seen in the
gatellite plétures indicated that the low pressure area had concentrated into at
least a depression (Figs. 7.3 and 7.4); lts centre was within a degree of L1%W
EE"E on the morning of 2nd. A% on the previous day, the clouds in West Central
Bav extended southwestwards to the near equatorial region (upto 65°E) as a broad
band. The pressure changes and departures over the main]land and Bay Islands
did not give any significant information. Because of lack of ships data, the
Sgi $urface temperature data was not avelilable., However, climatologically the
depression was moving into an area favourable for further development. In the
upper troposphere also the system was close to a ridge line. From these factors,
it could be expected that the depression would deepen. Glimatology was in

favour of a northward movement.

1.5 The depression moved almost due north and rapidly intensified into a
cyclonic storm by 3rd morning with centre near 15™W B8°E (Fig. 7.5). MHelther
the scanty ships observations in South Bay nor the observations From the Bay
Islands or the east coast gave any clue to the intensification., The lower tro—
poipheric winds {balow 550 mb) along the east coast did not even indicate
¢learly any ¢yclonic circulation over the Bay (Fig. 7.6). The only evidence for
intensification was the satellite data. HNimbus 3 at 0527 Z gave Stage X

Cat. 2, diameter about 3 degrees, while ESSA B [0320Z) gave a diameter of 2 to 3
decrees only. This will correspond to maximum winds of about 55 kts in the
circulation. In view of the limitations of nomogram used for estimating wind
spegd, it was perhaps only a border case between a cyclonic Storm and a severe
cyvclonic storm. On this day also there was hardly any ship observation in the
Bay to the north of 9°N. Climatology, upper tropospheric ridge pattern as

well a5 the broad "feeder bamd" extending south (as seen in the satellite
pictures) were indications favourable for further intensification. The surface

position of the storm was very close to or even slightly to the morth of the
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sub—tropical ridge line at 200 and 150 mb levels which was indicative of north/

northeasterly movement for the cyclonic storm.®™

T.B The cyclonic storm moved in a northeasterly direction and was centred
near 18°N 909E, on 4th merning (Fig. 7.7). There were hardly two ships observa-
tions in the north and central Bay and they were also at the outer periphery of
the circulation. Observations from the =ast coast of the country were not wieful
to locate the storm. The centre and the intensity of the storm had to be based
almost exclusively on the satellite pictures. which gave the intensity of the
system a3 Stage X Cat.2 diameter 2°. The system appeared better organised and
more typical of Stage X Cat.2 on 4th than on the previous day. 1In the absence
of sxspkeks observations from Bapngla Desh and Burma coasts, no conclusion could

be drawn from the change and departure charts,

T.7 The satellite plctures showed the 'feeder band' extending into the storm
area from B*W. The cyclonlc storm was also in an area climatologically favoura—
ble for further development. These ware the only basis on which one could

expect further intensification of the system.

T.B During the next 24 hrs, the storm moved rather slowly northeastwards and
apparently intensified as revealed by satellite pictures [(ESSA B - Orbit 6345

at 03147 of 5th May which showed development of an 'eye' Fig. 7.8]. Since the
eye was wisible, the position of the centre may be considered quite accurate
and it was near 19.5% 9L°E at OBJBZ when the storm was categorized as Stage X
Cat. 3.% with diameter 2°. Thic gives & maximum wind of about 75 kt. The infe-
rence from this would, therefore, be that the storm had reached Severe intansity
and had hurricane winds in its circulation. Available ships observations did
not indicate more than 25/35 kts within 1 to 2 degrees of the centre. Apparentl

the storm was in early “"lmmature™ s5tage and strong winds were confined to a

# 1p this connection vide para 9.5.4 of FMU Rep. No. I11-4.1,
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Very narrow core. Tha very small diameter of 2° for the circular overcast
shown by the satellites i5 consistent with a small core. The satelllite plcturee
also showed "feeder bands" extending into the storm area from the Bay Islands.
The pressure change and departure patterns toock a waell—deflined shape on this
day and they indiceted a northeast movement towards Akyab, where the pressure
fall was 3.7 mb. Other factors — climatology, persistence and upper tropos—

pheric flow pattern = were also favourable for a northeasterly movement.

7.9 Moving in & northeasterly dirgction, the severe cyclonic storm was off
Banglsa Desh = north Burma ¢oast c¢entred near 20 91.5%E on &th morning

{Fig. 7.9). Akyab winds (below 1.0 km) become southeast 3% kt. BEwen on this
day, the upper winds along Orissa coast were not affected by the severe
tyclonic storm (Fig. 7.10). The surface winds along the Bangla Desh and Burma
cpasts were not helpful %o fix the centre. Satellite picture gave the centre
of the storm near 20.5%% 91 .59°F at 03592, Though the storm was close Lo

caast, in view of its small dimensicn, no other station except Akyab was
affected and satellite picture was wery helpful to determime the centre and the

intensity. The storm wad more or less of the same intensity as on 5th.

.10 The pressure chamges showed heawy falls towards Assam. Climatology
and pesresistence gave a northeasterly track. The Severe stomm moved north—

east, crossed coast south of Cox's Bazar by the early morning of 7th.

T.l1 The zome of the point2 to be noted in this discussion ares

i) The circulation associated with the severe ¢yelonic storm covered a wvary
small area; ewen at the stage of maximum intensity, the outermost closed
isobar did not exceed 4<5* in diameter. OConsequently Indlan coastal and
island stations were not affected. In wview of the lack of ships' data
and the small extent of the storm, the foretaster had to depend mainly
on the satellite pictures for determining the c¢entre and the intensity.

On & few charts where some ships' data were available, we could fix
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the centre using them; but the intensity could not be judged from thess
observations.
Even when an "eye' was seen in satellite plcturss and the e8timates of
maximum winds from the satellite pictures were about 7O kts, conventional
cbsprvations a5 close as l=2 degress from the centre did not report more
than 25/35 kts.
The centre of the storm was on most charts either close to or slightly
te the north of the 200=150 mb ridge line. As a result thers was no wet—
terly component of motion at amy staae.
The cyclonic storm apparently developed from a low in a region of slack
pressure gradient over the south Bay. There wag hardly a mb pressure
difference between the Tami] Nadu coast and the Bay Islands on 1 May.
There was no clear evidence of any disturbance from the sast moving into
Andaman Sea and the Bay. On thes other hand, the sequence of satellite
pictures from 25th April onwards showed & broad cloud band over the egua-—
torial region extending over 30% degrees of lomgitude and shifting north=
wards and a disturbance developing out of the band (Fig. 7.11). Unlike
the post-monsoon season, in the pre-monsocon S=ason, disturbances rarely
move inte the Andamén Sea or the Bay from the sast.
From the beginning, the satellite pictures showed a 'feeder band' extend-
ing from very low e into the storm are=a. Thit washone of the
indications of the progressive intensification. The feeder band which
was woll=marked earlier, began to dissipate from 5th onwards and a northe
eastward extension of clouding from the storm area developed from this

day.
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. Severe Cyclonic Storm in the Arabian Sea =
% to L3 June L9&

8.l In this section we will discuss the case of a severe cyclomic storm
which formed in Esst Central Arablan Sea off Maharashtra coast and moved in a
nerthnorthwesterly/northerly direction and crossed Kathiawar coast near Haliva.
It served to take the southwest monsoon rapidly northwards along the entire
wast ecast. Althouah the number of storms and depressions that develop in the
Arablen Ses in June are only a Few in number, most of them travel morthwest

or north, While the disturbances that form earlier in the month of May

{just like the one in May 1970 discussed in Sec. 7) may not usher in the mon~
soon, those that form in the later part of May or im the beginnimg of June

wsually bring the monsoon also along with them.

B.2 The disturbance was seen Inltlally as a trough of low pressure off
Ceastal Mysore on Tth June 1964 and it shifted slightly northward to south
Msharashtra-Mysore coasts, by Bth (Fig. 8.1). In June, East Central Arabian
Supa to the sast of 67%E and the adloining northesst Arabisn Sea are climato=
legically favourable areas for formatlon of depressicns and thelr further
intencef{ficatlon. In this particular case, ships in the area reported sea
surface temperatures of 29%-30°C (nearly normal for the area), which is also
favourable for development of cyclonic stores. The stromg cyclonic shear in
the area as evidenced by the stronger westorlies to the south was 3 third factor
favourable for development {(Fig. 8.2). With these features the forecaster
would only be watching for the first slans of actual intensification.

A depression devaeloped in East Central Arablan Sea off Maharashtra coast on
the morning of 9th, with its centre near L7 71®*E (Fig. B.3). The intensifi-
cation into a depressionm was Indicated by

i) a ship reporting seutherly wind of speed 25 kts and squally weather, and

ii}) two closed isobare (at 2 mb interval) around the centre
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Although the pressure changes were only about 1 mb alons Maharashtra coast, the
departures were about 2 to 3 mb. Thae depression was very much more marked in
the upper air particularly at TOO=600 mb levels, where winds of speed about

30/95 kts were cbserved (Fig. B.4).

8.3 Climatology gave a northwesterly/northerly movement for the depression.
Though the O3Z pressure chénges were not very useful, pressure falls at 122
(see Fig. B.3)
were more along west Saurashtra coast,/indicating a northnorthwesterly track.
B.4 Conditions being favourable as Iﬂ:iﬂﬂiEqu in para B.2, the depression
intensified into a cyclonic storm during the night of 9th and it was centred on
10th morning near IB.5" 70.5°E (Fig., 8.5). The cyclonic storm stage was lndi-
cated by ships reporting 30/35 kts within a degree or two from the centre. The
stronger winds extended over larger areas to the south than to the north of the
centre. The lower tropospheric winds over Bombay alsc strengthened to 30/35 kts
From the mid-nlght of 9th. From a southeasterly 15/20 kt at 127 of 9th it
became southsoutheasterly 30,35 kt at 00Z of lOth, The circulation apparently
became small in extent above 500 mb level and could not be detected with the
available network of observations (Fig. 8.56). Climatelogy and upper tropospharic

flow pattern indicated a northwest/northerly track, Pressure changes aleng the

coast were also faveurable for a northwest/northerly movement.

B.5 The cyclonic storm moved in a nearly northwesterly direction, further
intensified inte &8 severe storm and was centred on the morning of 1lth near 21°W
£9°% (Fig. 8.7). Coastal stations along Kathiawar coast asbout 2 degree from
the centre reported surface winds of speed 4045 kt, At Veraval the surface
wind vesered from easterly 20 kt at L200Z of 1(Hh to Southscutheasterly 45 kt at
Q0002 of 1lth. It is, thersfore, likely that winds excesded 50 kts close to
the centre. This was the only basis on which the storm could be declared
"severa", There was no Satellite data for the storm. The pressure at Veraval

was 955 mbs with a departure of about —7 mb, Pressure changes and the upper
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tropospheric flow pattern suggested & continued movement towards northwest,
north. Climatology and persistence were alsc favourable for such a mowvement.
The inference of strong winds of S0 kts or more near the centre was borne out
by the hourly observations received from ship "Dumra". On the evening of llth,

when the ship was within half a degree of the centre, it reported winds of

strength &0 kt and a pressure of 979 mb which was about 22 mb below normal.

B.b The severs ¢yclonic storm which till now moved parallel to the coast,
slightly curved to the right and after the evening of llth moved in a northerly
direction. This change in directlon was consistent with the general upper air
flow over Gujarat and northwest India a5 well a5 the centre of the storm rea—
chimg close to the sub—tropical ridge line in the uppar troposphere {(Fig.B.8).
The $everse cyclonic storm was centred close to Maliva on l2th morning when the
statlion reported a surface wind speed of about 75 kt and a pressure of 973 mb
ol B0 il
trigs.ﬂ.g{J which fell further to %69.5 (32.5 below normal) at (M00Z. The storm
had, therefore, developed a core of hurricane winds on this day, which perhaps
was not prefent on the previous day, as tould be judged faom the hourly reports

oi Dumra. The Severe cytlonic storm crossed Kutch and moved in a northeasterly

direction towards lower S5ind and southwest Rajasthan where it weakened.

8.7 The main features to be noted in this case ares=

it In June 19564 we did not have satellite coverage over this storm. Hence,
the forecaster had to depend only on conventional data = viz. ships and
coastal observations. As the track of the storm was within a degree or
50 of the coast, the coastal observations were very helpful to locatse the
centre and judge the Intencity and mowvement, though the storm was net
one of large extent. Had the storm been further out at sea, it would
have been more difficult to locate it accurately and judge its intensity
without ships observations sufficiently close to the centie.

ii}) The depression formed and Further intensiflcatison took plate over an area

climatologically favourable for development and where Sea
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surface temperatures were 29°-309C,

1ii) The movement of the storm appears to hsve been influenced by a deep upper
air westerly trough extending from central USSR southwards to north
Arabian Sea across Iran, Afghanistan and Pakistan (Fig. éa:l.;'ié+ The track
of the storm showed a recurvature and there was a slight retardation -.:‘
tha recurvature stage. The change in the track after llth morning was
also consistent with the position of the upper tropospheric sub=tropical
ridge line (200 mb). The track of the storm was also in general agresment
with the climatological track over the area.

iv) On 1lth when the coastal obsarvations reported winds of speed about 20 kt/
43 kt; the storm was at & distance of about a degree away from the coast;
it was infexred on the basis of the model distribution of winds in the
storm area that the maximum wind$% nearer the centre might be about 20 kt
more than the coastal wind {i.e,) at least 80 kt/85 kt. This was borne
out by the later cbservations received fFrom ship Dumra. We do not have
any svidence to say whether it could have been more than &0 kt (reported
by Dumra) and touched hurricane strength on Llth itself.

9. OCyelonic Storm in the Arabian Sea moving westwards
and crossing Arabis Coast = LS May 1970
to 3 June 1970

g.1 A trouwgh of low pressure devaloped off Kerala-Mysore=Goa coaste on 25th

May 1970 and persisted till 28th, with a slight northward movement (Fig. 9.1 and

9.2). The system was better marked in the upper air, extending upto 300 mb.,

A fgature noticed during this season is that the southwest/westarlies to the

south of the low pressure systems are fairly :tmnl.g. while sast/southeasterlies

to the north are relatively much weaker. In the upper alr, the low pressure
system could be clesrly seen moving northwards parallel to the cosst from off
south Kerala to off north Mysore coast between 24th and 28th (Fig. 9.3). As it

moved north, the winds to the ssuth bacame southwest/westerlies and they wete

alse falrly streng, about 3540 kt.
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9,2 The strengthening of the winds over the Laccadives area on 27th implied
ah intrease ln the cyclonic worticity in the area to the north. The sea surface
temperatures kn Southeast and Bast Central Arabian Sea were between 29°C and 31%C,
wiich was well above the threshold value for storm formationm and which wes algo
slightly more than the normal mean sea surface temperature of 29-29.5"C. over
the area for May and June. The area is alsc climatologlically Favourable for
development. On 28th, the pressure fall ovaer the area was about 2 mb in a
general field of 1-1.% mb fall over the Peninsula. The departure over South=
past and adjoining BEast Central Arablan Sea was about =4 to =5 mb, The satel-
“ite pictures showed continued heavy convective activity in the South and
adioining Central Arabian Sea for the previcus 3 days or 0. ALl these features
sointed towsrds an intensification of the trough of low pressura. By 28th
evening a depression Formed with centre near 14.3%M TL.5°E, as indicated by
the lower tropospheric winds (easterly/southeasterly) to the north of the
system reaching a speed of 20/25 kt for the first time. The depression was
centred within half—s—degres of L&% 71.5°E on 29th morning with an sssoclated
pressure departure of =6 mb (Fig. 9.4). Climatology, pressurs changes and
upper air flow were all indicative of a northwesterly/northerly movement for
tha depression (Fig, 9.8). All factors as discussed earlier in this para,

were also favourable for further development.

9.3 During the next 24 hrs,; the depression intensifled into a cyclonic
storm, and it was centred near 17.5°N 71.%°E on 30th morning (Figs. 9.6 and
%.7). The intensification was indicated by ships' reports of 30 kt winds from
northwest 85 well a% southwetl and a ship reporting pressure of 9% mb which
was nearly 13 mb below normal. The APT picture (E3SA 8 at 0519Z) of the dis~
turbance was classified as Stage X Cat.2 with a diameter of 2% which could

put it even a5 4 severs cyclonlc storm. But in view of the ships so close to
the centre reporting only 30 kts, the system was kept only as a cyclonlc

SLorm,
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%4 On account of the absence of observations to the west in the Arabian Sea,
it was difficult to get a complete picture of the distribution of pressure
changes. Climatology gave a modal direction of movement towards northwest(spe—
cially if we take the climatology for June also into account). The upper alr
pattern at 200 mb over north and central Arabian sea rapldly changed between
29-0000Z and 30-L200Z (Fig. 9.8). By 30th evening, & well-defined anticyclone
appeared over north Arabian Sea at 200-1%0 mb levels and the anticyclone also
shifted northwards during the next 24 hrs so that the cyclonic storm came under
a Field of deep and broad easterlies. Thus the svetem which was initially
moving in & northerly direction, curved to the left [after 30th morning) moved

northwest and later almost due west towards Arabla Coast.

9.5 On 31st the system was centred mear 19°W 6B°E (Figs.9.9 and 9.10).
Fast/southeasterlies of speed 20/30 kts were reported at a distance of about 2
degres from the centre. The AFT picture, however, showed a weakening of the
system sinte the previous day, and it was classified as only Stage C + (in con=
trast to Stege X Cat.2, 24 hours earlier). From the satellite picturs we may
draw the inference that the cyclenic storm had weakened into a deep depresslon.
But for the &PT plcture, there was no other evidence for weakening. The heavy
rises of pressure over Gujarat and Maharashtra States on this day, were indica—
tive of the storm moving away from the coast. Subseguantly, the desp depressior
moved due west end crossed Arabia coast mear 20°H on the morning of 3rd June. O
lst and 2nd the position and intensity have to be based almost exclusively en
satellite pictures till the system came close to Arabia coast. Masirahs which
wad only within half a degree of the track of the disturbance, reported surface
winds of only 20 kt and upper winds (B50 mb) of 20/30 kt on 2nd [morning), in
assoclation with the deep depression (Figs. 9.1l and 9.12). This is in dgreeme
with the inference drawn earlier (on 3lst May) from satellite pictures that the
system was not @ cycleonic storm. However, in the southern quadrants at distan-

cet of 2-4 degrees to the south of the centre of the deep depression, ships



Z8
reported winds of speed 30 to 40 kts (on the night of 2 June and morning of 3rd).
Such a distribution of winds (viz. winds a little away from the centre in come
cectors being stronger than winds nearer the ¢entre} was also another indica-

tlon that the disturbance was not of storm Intensity.

.6 The main points to be noted in the sequence ares—

i) The development of the depressiom at the leading =dge of the advancing
monsoon furrent is typical of the season. An asyemetric distribution of
winds with considerably stronger winds (westerlies) to the couth exten—
ding ocver larger areas than the easterlies to the north, is & characte=
ristic feature of disturbances of the pre-monsoon Season.

1i) So long 45 the system was to the =ast of 70°E it could be traced with the
help of ships cb4ervations and coastal obserwvations, with satellite data
to supplement. Howevaer, whaen it moved to the west of TO®E, satellite
pictures became the main basis till the disturbance reached Arabia coast.

iii} On the 30th, even though the Satellite pictures suggested a maximum
wind of abowt 55 kts$ in the ¢ircwlation, it was kept only as a c¢yclonic
storm in view of the ships obsSarvations close to the centre reporting
winds of speed only 30 kts. In this context, one should note that the
satallite derived winds are uswvally correct within 1015 kts enly. Again,
on 3lst, winds of speed 20/30 kts were reposted in the northemsector
of the depression at a distance of about 22 frem the centre. Although
30 kte winds from an easterly directiom i% wery significant and one can
gven infer stronger winds nearer the centre, in view of the weakening
of the system to $tage C + as seen in the satellite picture, the System
was down—graded into a deep depression.

iv) Considerable changes took place in the upper tropospheric flow pattern
batwesn 29th and 30th and a well defined anticyclone developed over the
north Arabian Sea. Alomg with this change in the upper tropospheric flow

pattern, there wat alsc & change in the track of the deep depression

towards the west.
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10, Low Pressure Ared moving Westwards from Andaman Sea to
extreme Southpast Arabian Sea — 9 to L&
April, 1970
lo.1 A low pressure area was Seen over the Andaman Sea on the morning of Sth

April 1970. It could be delineated on the surface chart only by an odd isobar.

14.2 The sequence of the cloud area as Seen in satellite pictures and weather
and rainfall over Tennasserim, Malaysia and Bay Islands suggested that the low
prassures area might hawve moved intoc Andaman Sea from the east, Tha satellita
pictures imdicated that the main heavy ¢louding associated with the low was to

the south of 10%M.

10,3 Moving rather slowly westwards the low pressure area was to the west of
Bay Islands over southeast Bay on llth morning (Fig. 10,1). This was seen by
the changes inm the wind direction (surface and uppar air) over Bay Islands and on
the pressure change chart. As the low moved westwards, weather alsoc decreased
over south Bay Islands on llth. In view of the westerly winds to the souwth; &
closed isobar could be drawn on the surface chart, delineating the low pressura
area although in the upper air it was not clear [due to lack of data) whether

the system extended into the upper air a8 a closed low or was only a nerth-south

oriented trowgh (Fig. 10.2).

10.4 Continuing to move westwards, it reached Comorin-Sri Lanka and adjoin-
ing south Tamil Nadu on l3th morning (Fig. 10.3a), It was seen 4% a closed low
on the surface iscbaric chart and as a c¢yclonic circelation in the upper air
upto about 2.1 km {Fig. 10.4). Between llth and 13th, the low pressure system
could be traced on the chart mainly by the satellite clouding supplemented by &
few ships observations., As far as could be judged From the satellite pictures,
there had besn a weakening of the System while it was travelling over the

south Bay and it once again became actlve when it reached the Eﬂmuisag;iaaaééj.

There was no rain over south Tamil Madu and Sri Lanka on llth and 12th, However,

on 13th there was widespread rainfall over 5ri lanka and scattered rainfall
in south Tamil Madu,
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10.5 The low pressure area moved across the Maldives and reached to the west
of it by L5th (Fig. 10.5). This could be seen on the sea level isobaric charts,
and alse by the changes in the lower tropospheric upper winds and satellite
observed clouding {Fig. 10.&6). On l&th, it wat over the extreme south Arabian
Ses to the west of Lopg 70°E and subseguently became unimportant (Fig. 10.7).
While It was over the Comorin-Maldives area and south Arablan Sea there were a
nuabar of observations in the near equatorial regions to the south of the low
with westerly winds showing clearly that the system was not a nortscuth orien=
ted trough but a closed circulation. Afterwards the low pressure area apparen—

tly became unimportant.

10,6 The main features noticed in the cese hictory ares=

il The low pressure area moved from the Andaman Sea to Sovtheast Arabkan
Sea. It could be traced on the surface chart as a closed ischar. In
the upper alr alsc the system was seen upto about 700 mb level ¥hile the
low was over the Bay of Bengal,because of lack of data, it is not clear
whethar in the upper air it extended as & closed cyclonic clrculation or
only a& a northsouth orlented trouwgh. But the changes in the upper
winds at Gan (near equator) which became westerlies in the lower tropos—
phere im connection with the movement of the low, suggested that in the
upper alr also it was a clogsed cyclonic circulation.

ii) During the passage of the "low' across the Andaman sea and the south Bay,
the seasonal "high® over the Bay became less marked on the surface
thart.

11§} Satellite plctures indicated that the clouding associated with the low
extended on either side of the central region of the low. There was no
perceptible asymmetric distribution of clouding with reference to the
central pegion of the low pressure area.

iv) The satellite pictures were very heipful in tracing the low pressure

area from day=to=day. The time cross sections of ststions across the



a1
path of the low = viz, Port Blair, Madzagy Trivandrum and Minicoy showed
the sequential passage of the low pressure area from sast to west
(Fig. 10.8). From these time—sections it will be Seen that the low was
mainly in the lewer tropesphere. The low pressure area travelled at an
average speed of about 4-5 degrees (400-500 kms) per day from Bay Islands
to southeast Arabian Sea.

W As seen from the satellite pictures there was 4 decrease of clouding
associated with the low when it moved ascross the south Bay of Bengal.
When it was over Andaman Sea and south Bay Islands, and again over 5ri lank
Comorin and Maldives area, the low was active as inferred from the haavy
clouding and the appreciable rainfall. The rainfall amounts recorded cver
land stations im association with the law were generally moderate to
rather heavy.

vi) The weather asscociated with the low pressure area over the sea area was
heavy Cb, showers and thunderstorms. The convection was heavy ovar a
limited arma.

vil} There was a temporary strengthening of the lower and mid-tropospheric
winds over the Peninsula in association with the movement of the low
pressure arga across Comorim=Sri Lanka area.

Ll1. Well=marked Low Prescsure area moving westwards

from south Andaman Sea to Tomdl Madu
coast = T to 11 May 1970

, in Section 7
11,1 While the severe cyclonic storm (1-7 May 1970) diacuiﬂa{ﬁmlﬁvaﬂ

towards Bangla Desh and crosted coast, a fresh low pressure area developed over
south Andaman Sea on the evening of & May 1970 and persisted over the same

area next day alse., The low could be delinpated on the surface chart (on 7th)
by an odd=valued closed isobar {Fig, 11.1)3 in the upper air, the circulation
extended to about 2.1 km (and perhaps as a trough at higher levels upte 6.0 kms),
with a westward slope with height (Fig. 11.2). The maximum pressure

departure assoctiated with the low pressure area was about =2 to =2.% mhb,
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The satellite pictures showed & heavy mass of clouding (similsr to stsge B) to
the southwest of the low pressure area. Gi1 outflow was evident in tha western

edye of the cloudmass.

l1.2 The low pressure area moved westwards into southeatt Bay of Bengal on
Bty morning and also became well-marked. (Fig. 11.3). The movement could be
Clsarly noticed by the veering and strengthening of the winds over Bay Islands
{pa-ticularly Port Blair) at the surface and in the lower tropospheric levaels
(Ffg. 11.4). The strengthening of the winds over Port Blair alse showed that
the system was becoming more marked. Lower tropospheric winds reached 2% kt
from socutheast over Port Blair. The surface wind at the station was alse South—
gart/20 kt (unusually gusty). Though such a strong southeasterly wind at Fort
Blair in this season is significant and by itself, may even be indicative of a
cyclonlc storm at & distance, in the present case, the avallable ships obServa—
tiens and the satellite pictures did not suggest that the low pressure

syetem was stromger than & well—marked low pressure area or &t best a depres—
$icn. The weaker winds near the centre and stronger winds on the periphery is
a feature characteristic of weak tropical cyclonic systems. Ships observations
to the south of the low, in the westerly field showed wind$ of speed 20725 kt,
implying a considerable cyelonic Shear in the regiom of the low pressure area,
imrediately to the north of the westerly belt. The satellite picture showed a
mass of bright heavy ¢louding to the southwest of the low pressure area, with

1ts western boundary reaching Srl Lanka-and Tamil Nadu coast.

11.3 Continuing the westward movement, the well-marked low pressure area
reathed West Central Bay off Horth Tamil Madu=$outh Andhra cosst on LOth
morning {(Fig. 11.5). The assoctiated cyclonic circulation extended upto 2.1 km,
and sbove this level, the system wos seen a5 & trounh extending into the mid-
troposphere also wheres the system had a southwestward tilt with height {Fig.ll.&6).
The 1200L uppsr wind Lhﬂrtﬁ{i;d“ﬂ:\]: time cross—section of Madras clearly

brought out the tilt of the disturbance (Fig. 11.7 and 11.8 a}.
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Moving westwards across the south Peninsula, the system weakened in

the surface and the lower troposphere (below 850 mb level). Above this level,

the circulation moved imie across East Central and adjoining Southeast Arabian

Bea and progressively weakenaed.

11.5

i)

1i)

iiy)

The main points to be noted in this SeQuence arei—
The well=-marked low pressure area discussed in this section developed over
the south Andaman %Sed in a reglon of slack pressure gradient. In contrast
to March-April where there is & high pressure cell over the sea areas [i.e.
Arahian sea and Bay of Bengal) on the surface chart,the conflguration im May
is one of nearly parallel iscbars over Arabian Sea and the Bay, arcund the
land low over India, The first signs of formation of any cyclopic distur—
bance are
(a) the decrsase in number of lsobars over the spa area and
(b) increase in the distance between two Lcobars, resulting in the formation
of a region of very weak pressure gradient. The isobaric €enfiguration
over the Bay, in the present case, was different from the configura=
tion in the previgus case discussed in Section 10 which occcurred in
the earlier part of the season.
Due to lack of sufficient shipsé observations over the Bay, it was difficutt
to say definitely whether the well-marked low pretsure area attained the
depression Stage at any time, although moderate to strong lower tropospheric
winds from Port Blalr on Bth and 9th would lend support to the view that
disturbance might have been a depression. Satellite pictures could not
throw any light on this point 85 there i% no clear cut difference betwesn
a depression and & low pressure area as viewed by a satellite.
Though it was only a well-marked low pressure area, it extended upto the
mid=troposphere; there was considerable southwest/westerly slope for the
system which could be clearly seen when the low pressure resched the
Tamil Madu ceoast. The slope was of the order of 1:100. Avallable tempera—

ture obeervations over the socuth Peninsula showed that the slope was
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towards the cold air side (Fig. 11.7). Port Blalr time-section also
suggested that the system was perhaps extending upto the mid-troposphere
with a large southwest/west slope even while far out at sea, from the very

(Pig. L1.8 bg,
formationd During the northeast monsoon Season also we have come across
such westward moving syStems which slope towards the west (vide para l6.B
(vif) of PMU Rep. No. IV=1B.4).
The heavy clouding and weather associated with the system was mostly to
the southwest/west of the low. This asymaetric distribution was clsarly
browght out by the satellite cloud plctures, This is in contrast to the
case discusied in the previcus section [Section.l?) where there was no
asymmetrical distribution in clowding.
The winds in the southern sector of the low reached 20/25 kts. Widespread
thundershowers, T8 development and sSqualls were associated with this low
pressure area while it was over the Bay. Rainfall amounts of the order
of 2=3 cm were reported from a number of stations over south FPenlnsula in

association with this system,
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