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1. Introduction
The Very Severe Cyclonic Storm (VSCS)

Severe Tropical $Odoben- 28 Mavaniie)ovel wes Pacific Ocean
that emerged into north Andaman Sea. It formed as a low pressure area over north
Andaman Sea in the early morning (0000 UTC) of 04" November. It lay as a well
marked low pressure area (WML) over north Andaman Sea & neighbourhood in the
afternoon (0900 UTC) of 04™ November. Moving west-northwestwards, under favourable
environmental conditions it concentrated into a Depression (D) over east central and
adjoining southeast Bay of Bengal (BoB) in the early morning (0000 UTC) of 05™
November. Moving nearly west-northwestwards, it intensified into a deep depression
(DD) over east central and adjoining southeast BoB in the early morning (0000 UTC) of

nBUI

06" November. It moved north-nor t hwest wards and intensifie

BULO® i n tight&1800 &TC of 96" November over eastcentral and adjoining
southeast BoB. Continuing to move north-northwestwards it further intensified into a
severe cyclonic storm (SCS) in the evening of 07™ November (1200 UTC) over
westcentral and adjoining eastcentral BoB. Moving nearly northwards, it further
intensified into a VSCS in the early morning (0000 UTC) of 08™ November over
westcentral and adjoining eastcentral BoB. It continued to move nearly northwards until
the afternoon (0900 UTC) of 09" November and then started to re-curve northeastwards
from the evening (1200 UTC) of the same day. Subsequently, it weakened into an SCS
and crossed West Bengal coast, close to Sunderban Dhanchi Forest near
21.55°N/88.0°E during the night (1500 to 1800 UTC) of 09" November as SCS with
maximum sustained surface wind speed of 110-120 kmph gusting to 135 kmph.
Continuing to move northeastwards, it weakened into a CS over coastal Bangladesh &
neighbourhood in the early morning (0000 UTC) of 10" November. It then moved east-
northeastwards, weakened into a DD over coastal Bangladesh & neighbourhood in the
same afternoon (0900 UTC) and into a depression in the early morning (0000 UTC) of
11" November over southeast Bangladesh & adjoining Tripura and into a WML over
southern parts of Tripura & neighbourhood in the morning hours (0300 UTC) of 11™
November. The observed track of the system during 05™ i 11" November is presented
in Fig.1a. Best Track parameters associated with the system are presented in Tablel.

2. Salient Features:

The salient features of the system were as follows:
i. It was the third Cyclonic Storm developing over the Bay of Bengal this year and the

second in severe category after the E
the Bay of Bengal, during 2019, against the normal (1891-2018) of 4 per year.

ii. It was the third severe cyclonic storm crossing West Bengal coast in November
during 1891-2018. During the past (1891 i 2018), a total of 22 intense low pressure
systems had genesis as Depression over the eastcentral BoB in the month of
November [Fig.2 (a)]. Out of this, only 7 systems intensified into severe cyclone

stage and above. [Fig.2 (b)]. Among these, 4 of them exhibited northeastward re-
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curving track, similar t o VSCSvestoBengdl 1 BUL 6

Bangladesh i Myanmar coasts. The remaining 3 made landfall over north Andhra
Pradesh coast, south Andhra Pradesh coast and Tami Nadu coast.

At the same time, there was another intense low pressure system, Viz., Extremely
Severe Cyclonic Stormé MAHA® over the Ar ab{ @cobesie7d
November (Fig. 1b). Considering the data during satellite era (1961 onwards),
simultaneous occurrence of two VSCSs, one each over the BoB & AS happened
twice, in the past. (a) In October 2018 with development of VSCS Luban over AS
(06-15 October) and VSCS Titli (08-13 October) over BoB and (b) in November
1977, viz. (i) Bay of Bengal Cyclonic Storm (14-20 Nov., 1977) which crossed
Andhra Pradesh coast near Chirala on 19th Nov. and (ii) Bay of Bengal VSCS (09-
23rd Nov., 1977) which crossed Tamil Nadu coast close to south of Nagapattinam
on 12th Nov. and then emerged into Arabian Sea, made a looping track, intensified
into an SCS, weakened thereafter and crossed Karnataka coast to the north of
Mangaluru on 29th Nov. as a depression. (Fig.2)

It had a brief westward track initially, followed by a nearly northward and then
northeastward re-curving track prior to landfall with length of 1644 km. It was mainly
steered by the winds at the periphery of an anticyclone in middle & upper
tropospheric levels to the northeast of the system centre.

It did not exhibit any rapid intensification during its life cycle. Gradual intensification
occurred as the system gained Latitude. Favourable vertical wind shear
environment, poleward outflow aided by the anti-cyclone to the northeast of the
system along with high Sea Surface Temperatures (29 - 30°C), aided the system to
mature into a VSCS.

The peak MSW of the cyclone was 135-145 kmph (75 knots) gusting to 160 kmph
during 0600 UTC of 08™ November to 1200 UTC of 09™ November over the
westcentral and adjoining northwest BoB. The lowest estimated central pressure
was 976 hPa during 1200 UTC of 08™ November to 0000 UTC of 09" November.
BUL BUL weakened slightly prior to crossing (from 0300 UTC of 09" November
onwards) the Sunderban Delta owing to increased vertical wind shear and Land
interaction.

The system crossed West Bengal coast close to Sunderban Dhanchi Forest near
21.55°N/88.5°E between 1500 UTC and 1800 UTC of 09™ November, 2019 with
maximum sustained wind speed of 110-120 kmph gusting to 135 kmph.

The system maintained the severe cyclonic storm intensity, for 4 more hours after
crossing and subsequently maintained the cyclonic storm intensity for subsequent
09 hours over the land, owing to its proximity with sea water surrounding the Deltaic
zone.

The life period (D to D) of the system was 144 hours (06 days) against long period
average (LPA) (1990-2013) of 140 hours (5 days & 20 hrs) for VSCS categories
over the BoB during post monsoon season.

It moved slower as 12 hour average translational speed was about 11.2 kmph
against LPA (1990-2013) of 14.3 kmph for VSCS category over north Indian Ocean.
The Velocity Flux, Accumulated Cyclone Energy (a measure of damage potential)
and Power Dissipation Index (a measure of loss) were 8.55 X10? knots, 5.21 X 10*
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knots® and 3.35 X10° knots® respectively against long period average during 1990-
2013 of 5.28 X107 knots, 8.6 X 10* knots®and 2.8 X10° knots® respectively.

i OBSERVED TRACK OF VSCS "BULBUL" {05-11 NOVEMBER, 2019) O] OBSERVED TRACK OFEXTREMELY SEVERECYCLDNIC S:TOR'M MAHA_DVER o
— ) TRIPURA = ‘69 30 OCT-07 NOV) AND VERY, SEVERE CYCLDNIC STDRM BULBUL h
“ esremmoi S gabr IVER BAY 0F§EN=GAL(05 11 NQy)L T w&rn“ﬁ-j
. [ ® . " a0 o}
(a) (b) ‘ £l
0612,CS -
L 06100.5¢8
05/00,VSCS- 0900, VSCS
0412, ESCS
08/00,VSCS
07112, 5CS
ATETIME IN UTC MCE BaKT DATE/TIME IN UTC ﬁ :
Ds TD:E:IIES’S‘\};:U e "1 D: DEPRESSION ;
b DD: DEEP DEPRESSION C8 SOKT DD: DEEP DEPRESSION
€8: CYCLONIC STORM C8: CYCLONIC BTORM / .
SCS: SEVERE CYCLONIC STORM SCS: SEVERE CYCLONIC STORM ~ 20112.€® L
VSCS: VERY SEVERE CYCLONIC STORM VSCS: VERY SEVERE CYCLONIC STORM™®"® 2° f)
W OBSERVED TRACK ESCS: EXTREMELY SEVERE CYCLONIC STORM
f ) %
| oS sk f mmm— OBSERVED TRACK OF ESCS MAHA 30600, 0
"'\Df-i?:_.nzmt@ mmm— OBSERVED TRACK OF VSCS BULBUL

Fig.l: (@) Observed trackULofBULSIC So véeld t he (B4ly
November, 2019) and (b) observed tracks of extremely severe cyclonic storm
Maha (30 Oct-07 Nov) and VSCS Bulbul (05- 11 Nov)

ar o v o s
Advanced Optdns 1 Tracks m,\ T Ad e G T
£29.93E and 10-15M ) 9| Cyclone eAtlas - IMD o Ses 1991 2018 5558 and 1D-16% b) <o Cyclone eftlas -
e o
iR R Pov
e Zh
Nl s i . calban i
st e 3
. e \\_ . S \\H -
3 [ D R
i fr ¥ 14
A b o G
1 T
~ ~ g o
# e S
aan ) |
\ =
a i o ):E;@/ S ~‘,\L‘
Fos = B - Lo |y i 98- af g
I kO o f N"GO""""'@ il V@ e 3’5‘ m{:’ e
! T y TR ; < /s
/ o W’R/% \ o w«\/ﬁf‘l & i L
| , ] : i
Arabian Sea - Bay of Bangal f» Arablan Sea i Bay of Bengal 5
=~ =
= 7 w g 3 =

Fig.2: (a) Past tracks of severe cyclonic storms forming over the BoB of similar
genesis and (b) and those intensified into Severe Cyclonic Storms in the
month of November (1891-2018)

3. Brief life history
3.1. Genesis

It originated from the remnantof sever e Tropi cal 8"t Qrtobrer - 6

2" November) over west Pacific Ocean that emerged into north Andaman Sea. This
remnant developed into an LPA over north Andaman Sea in the early morning (0000
UTC) of 04™ November and into a WML over north Andaman Sea & neighbourhood in
the afternoon (0900 UTC) of 04" November.

3.2. Intensification and movement

At 0300 UTC of 5™ November, the sea surface temperature (SST) was about 29-30°C
around the system. The tropical cyclone heat potential (TCHP) was 60-80 KJ/cm? around
the system center and was increasing along the forecast track to 80-100 KJ/cm?. The low
level relative vorticity was 70 X10°s™ to the south of system centre. The lower level
convergence was about 10 x10® s™ around the system centre and the upper level
divergence was about 20 x10® s™ to the southwest of system center. The vertical wind
shear was 10-15 knots over the system area and along the forecast track. The upper
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tropospheric ridge roughly ran along 15°N and lay to the north of the system area. Under
these favourable conditions, the system intensified into a depression over eastcentral
and adjoining southeast BoB and north Andaman Sea near 13.1°N /91.0°E.

At 0000 UTC of 6™ November, the SST was about 29-30°C around the system and
TCHP was 80-100 KJ/cm? around the system center. The low level relative vorticity
increased and was about 150 X10°s™ to the south of the system centre. The lower level
convergence was about 10 x10® s™ around the system centre and the upper level
divergence was about 20 x10® s to the southwest of system center. The vertical wind
shear was moderate (15-20 knots) over the system area. The ridge roughly ran along
15°N to the north of the system. Under these favourable conditions, the system moved
nearly westwards and intensified into a deep depression near 13.4°N/89.7°E.

At 2300 UTC of 6™, similar sea conditions prevailed. The vertical wind shear was
moderate (15-20 knots) over the system area and it was increasing becoming high (20-
25 knots) along the forecast track. The low level relative vorticity was about 150 X10°s™
to the south of the system centre. The lower level convergence was about 20 X10™ s*
around the system centre and the upper level divergence was about 30 X10™ s™ to the
southwest of system center. The ridge roughly ran along 15°N to the north of the system
area. Under these conditions, the system moved northwestwards and intensified into a
CS over eastcentral and adjoining southeast BoB near 13.8°N/89.3°E.

At 1200 UTC of 7™, similar sea conditions prevailed. The low level relative vorticity
increased and was about 200 X10°s™ to the south of system centre. The lower level
convergence was about 20 x10” s™ close to the system centre and the upper level
divergence was about 30 x10™ s™ around the system center. The vertical wind shear was
moderate (15-20 knots) over the system area and was high (20-25 knots) to the west of
system centre. The upper tropospheric ridge ran roughly along 20°N over the BoB. The
anticyclonic circulation over North Thailand steered the system north-northwestwards. At
the same time, an upper tropospheric trough in westerlies was also approaching towards
the system. As a result from 9th onwards, the system was expected to recurve
northeastwards from 9™ onwards and after recurvature, it was expected to experience
high vertical wind shear and colder sea. Under these conditions, the system moved
intensified into an SCS and lay centered over westcentral and adjoining eastcentral BoB
near latitude 15.9°N/88.0°E.

At 0000 UTC of 8", similar sea conditions persisted. The low level relative vorticity
was about 200 X10°s™ to the south of the system centre. The lower level convergence
was about 20 x10™ s™ close to the system centre. The upper level divergence increased
and was about 40 x10° s around the system center. The vertical wind shear was
moderate (15-20 knots) over the system area and was about 20-25 knots to the west of
the system centre. The ridge ran roughly along 20°N over Bay of Bengal region in
association with anticyclonic circulation centered over North Thailand. Under these
conditions, the system moved north-northwestwards and intensified into a VSCS over
westcentral and adjoining eastcentral BoB near latitude 16.9°N/87.6°E.

At 0300 UTC of 9", similar sea conditions persisted. The low level relative vorticity
was about 200 X10°s™ around the system entre. The lower level convergence was about
30 x10™ s™ around the system centre. The upper level divergence increased was about
20 x10”° s™ around the system center. The vertical wind shear was high (20-25 knots)
north-northwest of system centre. The ridge ran roughly along 20°N over the Bay of
Bengal region in association with anticyclonic circulation centered over North Thailand.
Under these conditions, the system moved north-northwestwards and weakened slightly
over northwest BoB near latitude 20.4°N/87.6°E.

At 1500 UTC of 9™, the TCHP was <50 KJ/cm?. SST was 27-29°C over the system
area. The low level relative vorticity was around 250 X10°s™ around the system centre.
The lower level convergence was about 20 x10™ s and the upper level divergence was
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about 40-50 x10° s™ around the system centre. The vertical wind shear increased and
was high (25-30 knots) to the north-northwest of the system centre and was also further
increasing along the forecast track becoming high along West Bengal i Bangladesh
coasts. The ridge ran roughly along 21°N over the BoB region. The system was lying to
the north of the upper tropospheric ridge. Under the influence of southwesterly winds
prevailing to the north of ridge, the system moved northeastwards and lay over northwest
BoB near 21.4°N/88.3°E. It weakened into an SCS, under the influence of high vertical
wind shear, low TCHP and land surface interactions. Continuing to move northeastwards,
it crossed West Bengal coast close to Sunderban Dhanchi forest near 21.55°N/88.5°E
during 1500 to 1800 UTC of 9" November.

At 0000 UTC of 10", the low level relative vorticity further decreased and was around
200 X10s™ to southwest of the system centre. The lower level convergence was about
20 x10”° s to the south of system centre and the upper level divergence is about 40 x
10 s™ to the southwest of system centre. The vertical wind shear was high (25-30 knots)
over the system centre. The ridge ran along 21°N over BoB region. Under these
conditions, it further weakened into a CS over coastal Bangladesh and neighborhood
near 22.1°N /89.5°E.

At 0900 UTC of 10", the low level relative vorticity further decreased and was around
100 X10s™ around the system centre. The lower level convergence also decreased and
was about 20 x10° s™ to the southeast of the system centre and the upper level
divergence remained the same and was about 30 x10™ s to the southeast of the system
centre. The vertical wind shear was high (30-40 knots) over the system centre. The
system was lying underneath the mid-latitude westerlies. Hence, the system moved east-
northeastwards under the influence of west-southwesterly winds in the mid and upper
tropospheric levels. Under these conditions, it further weakened into a DD over coastal
Bangladesh and neighborhood near 22.4°N /90.1°E.

At 0000 UTC of 11", the low level relative vorticity further decreased and was around
50 X10°s™ around the system centre. The lower level convergence also decreased and
was about 5 X10® s* to the southeast of the system centre and no upper level
divergence prevailed over the system. The vertical wind shear was high (40 knots) over
the system centre. Mid-latitude westerlies prevailed over the system. Moving east-
northeastwards, it further weakened into a Depression over southeast Bangladesh and
adjoining south Tripura near 23.1°N / 91.9°E and into a WML over south Tripura and
neighbourhood at 0300 UTC of 11™.

Table 1: Best track positions and other parameters of the Very Severe Cyclonic
Storm, UL BUL6over Bay of Bengal during 05 - 11 Nov, 2019.

Date Time | Centrelat.” | C.I. | Estimated| Estimated | Estimated | Grade
(UTC)| N/long.°E | NO. Central | Maximum | Pressure
Pressure | Sustained | drop at the

(hPa) Surface Centre

Wind (kt) (hPa)
0000 | 13.1 | 915 15 1004 20 03 D
0300 | 13.1 |91.0] 1.5 1003 25 03 D
05/11/2019 | 0600 | 13.1 | 90.7 | 1.5 1003 25 03 D
1200 | 13.2 | 90.1 | 1.5 1003 25 03 D
1800 | 13.3 | 89.8 | 1.5 1002 25 04 D
0000 | 134 | 89.7 | 2.0 1001 30 05 DD
0300 | 134 | 89.6 | 2.0 1001 30 05 DD
06/11/2019 0600 | 134 [ 894 | 2.0 1001 30 05 DD
1200 | 13.5 | 89.3 | 2.0 1000 30 06 DD
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1800 | 13.8 | 89.3 | 25 998 35 07 CS
0000 | 14.2 | 89.3 | 2.5 998 35 07 CS
0300 | 14.7 | 89.3 | 2.5 998 35 07 CS
0600 | 15.3 | 88.7 | 2.5 996 40 08 CS
0900 | 155 | 884 | 3.0 995 45 09 CS
07/11/2019 1200 | 15.9 | 88.0 | 3.0 994 45 10 CS
1500 | 16.2 | 87.9 | 3.0 992 50 12 SCS
1800 | 16.4 | 87.8 | 3.5 989 55 15 SCS
2100 | 16.6 | 87.7 | 3.5 986 60 18 SCS
0000 | 16.9 | 87.6 | 4.0 983 65 21 VSCS
0300 | 17.2 | 87.6 | 4.0 982 65 22 VSCS
0600 | 17.6 | 87.6 | 4.0 980 70 24 VSCS
0900 | 18.1 | 87.6 | 4.0 980 70 24 VSCS
08/11/2019 1200 | 18,5 | 87.6 | 4.0 976 75 28 VSCS
1500 | 19.2 | 87.7 | 4.0 976 75 28 VSCS
1800 | 19.3 | 87.6 | 4.0 976 75 28 VSCS
2100 | 19.6 | 87.7 | 4.0 976 75 28 VSCS
0000 | 20.0 | 87.6 | 4.0 976 75 28 VSCS
0300 | 20.4 | 87.6 | 4.0 980 70 24 VSCS
0600 | 20.6 | 87.8 | 4.0 982 70 22 VSCS
0900 | 20.9 | 87.9 | 4.0 982 70 22 VSCS
1200 | 21.2 | 88.1 | 4.5 982 70 22 VSCS
09/11/2019 1500 | 21.4 | 88.3 | 4.5 986 60 18 SCS
Crossed West Bengal Coast close to Sunderban Dhanchi forest near
21.55°N/88.5°E during 1500 to 1800 UTC of 9" November.
1800 | 21.6 | 88.6 990 60 18 SCS
2100 | 21.9 | 89.1 996 50 12 SCS
10/11/2019 | 0000 | 22.1 | 89.5 998 45 10 CS
0300 | 22.2 | 89.7 1000 40 08 CS
0600 | 22.3 | 90.0 1000 40 08 CS
0900 | 22.4 | 90.1 1002 30 06 DD
1200 | 22.5 | 90.4 1002 30 05 DD
1800 | 22.7 | 91.2 1002 30 05 DD
11/11/2019 | 0000 | 23.1 | 91.9 1004 20 03 D
0300 Well marked Low pressure area over south Tripura &
neighborhood

The TPW imageries during 5™-10" November, 2019 are presented in Fig.3. These
imageries indicate continuous warm and moist air advection from the southern sector into
the system, till 7" November. From 8™ onwards, the supply of warm moist air gradually

reduced.
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Fig. 3: Total Precipitable Water (TPW) imageries during VSCS BULBUL (05"-10"
November, 2019)

The mean vertical wind shear (VWS) speed & direction in the layer 200 to 850 hPa and
500 to 850 hPa is presented in Fig.4. The mean wind shear around the system between
500 to 850 hPa levels remained moderate (around 20 knots) throughout the life cycle.
However, in the layer between 200 to 850 hPa, it remained moderate till 6™ November
and thereafter, it increased gradually becoming high from 6" November onwards. The
direction of mean VWS in the layer 200 to 850 hPa wind and 500 to 850 hPa was
southwesterly during the period. It caused the convective cloud mass to be sheared to
the northeast of the system centre.
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