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Very SevereCy c | oni c GAToo ronthefiArabian Sea
(21-24 November 2020)

1. Introduction

Very Sever e Cycl onic St oor nmor(i WS hR)towe ipiréséiufiel o m

area formed over central parts of south Arabian Sea (AS) in the morning (0300 UTC) 19"
November. It lay as a well marked low pressure area over southwest AS & neighborhood
in the early morning (0000 UTC) 21%. It concentrated into a depression over the same
region in the midnight (1800 UTC) of 21%. Moving west-southwestwards, it explosively
intensified into a deep depression in the early morning (0000 UTC) of 22", further into
the cyclonic storm fi G A Tih the same morning (0300 UTC), into a severe cyclonic storm
in the noon (0600 UTC) and into very severe cyclonic storm in the afternoon (0900 UTC)
over southwest AS. |t reached itdéds peak
UTC) over the southwest AS. Continuing to move westwards, it crossed Somalia coast
near latitude 10.45°N and longitude 51.10°E between 1400 and 1500 UTC of 22" as a
very severe cyclonic storm with estimated wind speed of 130-140 kmph gusting to 155
kmph. Continuing to move nearly westwards, it weakened into a severe cyclonic storm in
the early hours (2100 UTC of 22") of 23", into a cyclonic storm in the early morning
(0000 UTC) and into a deep depression in the same noon (0600 UTC) over north
Somalia.

Thereafter, it moved west-northwestwards and emerged into Gulf of Aden in
the evening (1200 UTC) of 23". Continuing to move west-northwestwards, it weakened
into a depression in the early morning (0000 UTC) of 24™ over Gulf of Aden and adjoining
north Somalia and into a well marked low pressure area in the noon (0600 UTC) of 24™
over the same region. As per media reports, intense rainfall activity occurred over north
Somalia. More than 20 cm rainfall occurred during the period of a day against about 10
cm of annual rainfall over this region. The observed track of the system during 21 to
24™ November is presented in Fig. 1.

2. Salient Features:

The salient features of the system were as follows:

GATI was the first very severe cyclo
coast during satellite era as per the best track data available with IMD. However it
is the second severe cyclonic storm to cross Somalia after 1994. A severe
cyclonic storm crossed north Somalia coast during early hours of 20™ November
1994 with a wind speed of 101 kmph. Another cyclonic storm (MURJAN) crossed
Somalia coast on 26th October 2012. Cyclonic storms, Sagar (in 2018) & Pawan
(in 2019) respectively crossed Somalia coast in recent years. Thus though rare,
Somalia gets affected by the cyclones from Arabian Sea. Looking at the above
statistics, the frequency of cyclones hitting Somalia coast has increased in recent
years (2010 onwards).

Yemen and Somalia also get affected by the cyclones moving into Gulf of Aden.

Like the case of cyclone, GATI.
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GATI underwent explosive intensification with an increase in maximum sustained

wind speed by 45 knots in 12 hours during 0000 to 1200 UTC of 22",

It moved very fast with a 6 hourly speed of about 20 kmph against the long period
average of 13.6 kmph for the period 1990-2013 for cyclonic storms over the
Arabian Sea. On 22" November, it moved with a six hourly speed varying

between 36-50 kmph.

It maintained the intensity of cyclonic storm for about 15 hours after crossing

Somalia coast.

Observed track of Very Severe Cyclonic Storm GATI over the Arabian
Sea during215t-24'™" November,2020
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Fig.1 Observed track of VSCS GATI (21-24 November, 2020) over the Arabian Sea

Table 1: Best track positions and other parameters of the Very Severe Cyclonic

St or GATIdD o Yhe Arabian Sea during 21-24 November, 2020
Estimate | Estimated | Estimated
Date Time Centre Ia(}t.0 Cl. d Maximum Pressure
UTC N/long." E NO Central | Sustained drop at Grade
( ) : Pressure | Surface | the Centre
(hPa) Wind (kt) (hPa)
21/11/2020 | 1800| 11.2 | 57.4 | 1.5 1000 25 04 D
0000 | 11.1 | 554 | 2.0 998 30 06 DD
0300 | 10.7 | 53.8 | 2.5 996 40 08 CS
22/11/2020 | 0600 | 10.4 | 52.7 | 3.0 992 50 12 SCS
0900 | 104 | 52.0 | 4.0 982 65 22 VSCS
1200 | 10.4 | 515 | 4.5 976 75 26 VSCS
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Crossed Somalia Coast near lat 10.45° N and long 51.1°E
between 1400 and 1500 UTC of 22™ Nov. with a maximum
sustained wind speed 75 kts gusting to 85 kts
1500 | 104 | 51.0 - 976 75 26 VSCS
1800 | 10.4 | 50.5 - 982 65 22 VSCS
2100 | 104 | 50.1 - 986 60 18 SCS
0000 | 10.5 | 50.0 - 994 45 10 CS
0300 | 10.7 | 49.7 - 997 35 07 CS
0600 | 10.9 | 49.2 - 998 30 06 DD
23/11/2020 Emerged into Gulf of Aden as a Deep Depression around 1200
UTC of 23" Nov.
1200 | 11.3 | 485 | 2.0 999 30 05 DD
1800 | 11.7 | 475 | 2.0 1000 30 05 DD
0000 | 116 | 47.0 | 15 1001 25 04 D
0300 | 11.6 | 46.8 | 1.5 1002 20 03 D
24/11/2020 Weakened into a well-marked low pressure area over the same
0600 | region at 0600UTC of 24™ Nov.

3. Brief life history

3.1. Genesis

A low-pressure area formed over central parts of south Arabian Sea (AS) at 0300
UTC of 19" November. It lay as a well-marked low pressure area over southwest AS &
neighborhood at 0000 UTC of 21%. It concentrated into a depression over the same
region at 1800 UTC of 21,

During 18" i 20" November, the convectively active regime of Madden Julian
Oscillation (MJO), represented mathematically by the MJO index, lay in Phase 2 (western
Indian Ocean) with amplitude more than 1. It shifted eastwards into Phase 3 (eastern
Indian Ocean) with amplitude close to 1, on 21° November, the day of formation of the
Depression. Thus, the MJO had favored the genesis of the system.

The Sea Surface Temperature (SST) was around 29-30°C over most parts of south
and east-central Arabian Sea (AS). It was slightly less (26-28°C) over west-central &
north AS.

High Tropical Cyclone Heat Potential (TCHP), (100-120 KJ/cm?®) prevailed over
Comorin area and adjoining southwest BOB off south Sri Lanka coast and Kerala coast.
TCHP was around 60-80 KJ/cm? over major parts of south AS except off north Somalia
coast. It was less than 50KJ/cm? to the west of 68°E and north 11°N over the central &
north AS and 60 i 80 KJ/cm? over remaining parts of east-central & northeast AS.

On 18™ November, Positive relative vorticity (25-50x10°s™) prevailed over southeast
and adjoining southwest & west-central AS with vertical extension upto 200 hPa level.
Area of positive divergence (20-30x10°s™) prevailed over southeast AS to the southwest
of the potential genesis area. Area of positive convergence zone (05-10 x 10°s™)
prevailed over southeast AS to the southeast of this zone. The vertical wind shear (VWS)
has been moderate (10-15 KTS) over southeast and adjoining southwest & west-central
AS. The upper tropospheric ridge at 200 hPa ran along 15°N over the AS.

On 19™ November, Positive relative vorticity (25-50x10°s™) prevailed over southeast
and adjoining southwest & west-central AS with vertical extension upto 200 hPa level.
Area of positive divergence (30x10°s™) prevailed over southwest AS. Area of positive
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convergence zone (05-10 x 10°s™) prevailed over central parts of south AS. The vertical
wind shear (VWS) was low to moderate (5-20 kts) over central parts of AS and adjoining
south AS. The upper tropospheric ridge at 200 hPa ran along 15°N over the AS.

On 20™ November, Positive relative vorticity (25-50x10°s™ prevailed over central
parts of south AS and adjoining west-central AS with vertical extension upto 200 hPa
level. Area of positive divergence (5-20x10°s™) prevailed over west-central AS to the
northwest of the potential genesis area. Area of positive convergence zone (05-10 x 10
°s™!) prevailed over central parts of south AS and adjoining central AS. The vertical wind
shear (VWS) was low to moderate (5-20 kts) over central parts of AS and adjoining south
AS. The upper tropospheric ridge at 200 hPa ran along 15°N over the AS.

On 21% November, two fragmented positive relative vorticity zones (25-50x10°s™)
prevailed over southwest AS and another (20-30x10°s™) prevailed over southwest &
adjoining southeast AS with vertical extension upto 500 hPa level. Two areas of positive
divergence (10x10°s™ & 20x10°s™) prevailed over southwest AS. Another divergence
zone of 30x10°s™ prevailed over southwest AS. Area of positive convergence zone (20 x
10°s™) prevailed over southwest AS. The vertical wind shear (VWS) was low to
moderate (5-20 kts) over central parts of AS and adjoining south AS. The upper
tropospheric ridge at 200 hPa ran along 15°N over the AS.

Thus, it may be concluded that, under the large scale convective environment,
other favourable dynamic & thermodynamic features like, a marginally high TCHP, Low
VWS and a vertically coupled low level convergence & upper level divergence zones led
to a steady build up of cyclonic vorticity over southwest Arabian Sea leading to the
formation of the Depression on 21° Night.

3.2 Intensification and movement

The intensification of VSCS GATI was explosive in nature, as the Depression, while
moving west-southwestwards, intensified into a deep depression by 0000 UTC of 22"
further into the cyclonic storm i G A Thy ®300 UTC, into a severe cyclonic storm by 0600
UTC and into very severe cyclonic storm by 0900 UTC over southwest AS, all on 22"
November. It reached its peak intensity of 75 knots in the same evening (1200 UTC) over
southwest AS. Continuing to move westwards, it crossed Somalia coast between 1400 and
1500 UTC of 22" as a very severe cyclonic storm. Continuing to move nearly westwards, it
weakened into a severe cyclonic storm by 2100 UTC of 22", into a cyclonic storm by 0000
UTC of 23 and into a deep depression by 0600 UTC over north Somalia. Thereafter, it
moved west-northwestwards and emerged into Gulf of Aden by 1200 UTC of 23". Continuing
to move west-northwestwards, it weakened into a depression by 0000 UTC of 24" over Gulf
of Aden and adjoining north Somalia and into a well marked low pressure area by 0600 UTC
of 24™ over the same region.

The environmental features which supported this type of rapid intensification and movement
are described below:

All through the life cycle, the MJO index lay in phase 3 with amplitude close to 1, favouring
convective environment over the Arabian Sea. Also the SST was around 29-30°C over most
parts of south and east-central Arabian Sea (AS). TCHP was around 60-80 KJ/cm? over
major parts of south AS except off north Somalia coast.

At 1800 UTC of 21% November, Relative vorticity zone (100x10°s™) prevailed over south
Arabian Sea to the southwest of the system. An area of positive upper level divergence
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20x10°s™ and an area of positive low level convergence zone (10 x 10°s™) prevailed to the
southwest of the system. The vertical wind shear (VWS) was low to moderate (10-15 kts)
over and to the west of the system. The upper tropospheric ridge at 200 hPa ran along
15°N.

At 0000 UTC of 22" November, Relative vorticity zone (100x10°s™) prevailed around the
system. An area of positive divergence 20x10°s™ and an area of positive convergence zone
(10 x 10°s™) prevailed over and to the southwest of the system. The vertical wind shear
(VWS) was low to moderate (10-15 kts) over and to the west of the system. The upper
tropospheric ridge at 200 hPa ran along 15°N.

At 0300 UTC of 22" November, Relative vorticity zone (100x10°s™) prevailed around the
system. An area of positive divergence 20x10°s™ and area of positive convergence zone (20
x 10°s™) prevailed around the system. The vertical wind shear (VWS) was low to moderate
(15-20 kts) over and to the west of the system. The upper tropospheric ridge at 200 hPa ran
along 15°N.

At 0600 UTC of 22nd November, Relative vorticity zone (100x10-6s-1) prevailed around the
system. An area of positive divergence 30x10-5s-1 and area of positive convergence zone
(40 x 10-5s-1) prevailed around the system. The vertical wind shear (VWS) was low to
moderate (15-20 kts) over and to the west of the system. The upper tropospheric ridge at
200 hPa ran along 15°N.

At 0900 UTC of 22" November, Relative vorticity zone (100x10°s™) prevailed around the
system. An area of positive divergence 30x10°s™ and area of positive convergence zone (40
x 10°s™) prevailed around the system. The vertical wind shear (VWS) was low to moderate
(15-20 kts) over and to the west of the system. The upper tropospheric ridge at 200 hPa ran
along 15°N.

The very severe cyclonic storm AGATI O crYssert
November. At 2100 UTC of 22" November, Relative vorticity zone (50x10°s™) prevailed

around the system. An area of positive divergence (10x10°s™) and another area of
divergence zone (05 x 10s™) prevailed around the system. The vertical wind shear (VWS)

was low to moderate (15-20 kts) over and to the west of the system. The upper tropospheric

ridge at 200 hPa ran along 15°N.

At 0000 UTC of 23" November, Relative vorticity zone (50x10°s™) prevailed around the
system. An area of positive convergence (10x10°s™) and area of divergence zone (05 x 10°
°s™) prevailed around the system. The vertical wind shear (VWS) was low to moderate (15-
20 kts) over and to the west of the system. The upper tropospheric ridge at 200 hPa ran
along 15°N.

At 0600 UTC of 23" November, Relative vorticity zone (50x10°s™) prevailed around
the system. An area of positive convergence (10x10°s™) and area of divergence zone (20 x
10°s™) prevailed around the system. The vertical wind shear (VWS) was low to moderate
(15-20 kts) over and to the west of the system. The upper tropospheric ridge at 200 hPa ran
along 16°N. By this time, the system had weakened into a well marked low pressure area
over Gulf of Aden and adjoining north Somalia.

Apart from the large scale convective environment provided by the favourable phase
of MJO, sufficiently warm SST & TCHP, low level convergence associated with the easterly
wave regime, low VWS & enhanced upper level divergence could have aided the
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anomalously rapid intensification. Its near westward movement was facilitated by the easterly
winds to the south of the sub-tropical Ridge axis.

The Total Precipitable Water vapour (TPW) imageries during 21-24 Nov. 2020 are
presented in Fig.2. These imageries indicate continuous warm and moist air advection from
the near equatorial belt of Inter Tropical convergence Zone across the southeast sector of
the system into its core till the night of 22" November, during the period of its rapid
intensification. However, as the system approached coast, there was land interaction and
moisture supply also reduced relatively as evident from TPW imageries on 23" and 24" Nov.
The TPW image also indicates relatively cold air advection from Somalia on 23 and 24™
Nov. helping in weakening of the system.

Fig. 2: Total Precipitable Water vapour (TPW) imageries of VSCS GATI during 21-24

November, 2020
The wind speed in middle and deep layer around the system centre is presented in Fig.3.
low to moderate easterly shear (around 15 knots) prevailed during the genesis & mature
phase of the system which gradually increased and became High westerly shear during
the dissipation stage.
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Fig.3 Wind shear and wind speed in the middle and deep layer around the system
VSCS GATI during 21-24 November, 2020

Fig.3, also indicates that from the genesis stage, the mean deep layer winds between
200-850 hPa levels steered the system initially westwards till 15 UTC of 22" Nov. and
west-northwestwards subsequently.

3.3. Maximum Sustained Surface Wind speed and estimated central pressure

The lowest estimated central pressure and the maximum sustained wind speed
are presented in Fig.4a. There was rapid fall in pressure during the period 1800 UTC of
21% to 1200 UTC of 22" The lowest estimated central pressure had been 976 hPa
during at 1200 UTC of 22nd November. The estimated maximum sustained surface wind
speed (MSW) was 75 at 1200 UTC of 22" with pressure drop of 26 hPa. The pressure
rapidly increased during 1200 UTC of 22" to 0000 UTC of 23". At the time of landfall,
the ECP was 976 hPa and MSW was 75 knots (very severe cyclonic storm) gusting to 85
kts.
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Fig.4. (a) Maximum sustained surface winds (kts) & (b) Estimated Central Pressure
and (b) Mean Translational Speed during life cycle of VSCS GATI

3.4. Translational speed & direction of movement

The twelve hourly movement of VSCS GATI is presented in Fig.4b. The 12 hour average
translational speed of the cyclone was about 19.5 kmph against the normal speed of 19.3
kmph for VSCS category over AS during post monsoon season. During initial stages of
i tds devel o8p0nuT@ of 21f' to @00 UTC of 22", it moved very fast with an
average speed of 35-45 kmph. The east-northeasterly winds in the upper level
contributed to this faster movement of the system. The mean wind speed and direction in
the deep layer between 850-200 hPa level and the middle layer between 850-500 hPa
level is presented in Fig. 3.

4. Monitoring o f VSE@TI6 6

India Meteorological Department (IMD) maintained round the clock watch over the north
Indian Ocean and the cyclone was monitored since 12™ November, about 10 days prior
to the formation of depression over southwest AS on 22". The cyclone was mainly
monitored with the help of available satellite observations from INSAT 3D and 3DR,
SCAT SAT, polar orbiting satellites and available ships & buoy observations in the
region. Various numerical weather prediction models run by Ministry of Earth Sciences
(MOES) institutions (IMD, IITM, NCMRWF, INCOIS), global models and dynamical-
statistical models were utilized to predict the genesis, track, landfall and intensity of the
cyclone. A digitized forecasting system of IMD was utilized for analysis and comparison
of various model s6 guidance, deci sdgeneratioma

4.1 Features observed through satellite

Satellite monitoring of the system was mainly done by using half hourly INSAT-3D
and 3DR imageries. Satellite imageries of international geostationary satellites Meteosat-
8 & MTSAT and microwave & high-resolution images of polar orbiting satellites DMSP,
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NOAA series, TRMM, Metops were also considered. Typical INSAT-3D visible/IR
imageries, enhanced colored imageries and cloud top brightness temperature imageries
are presented in Fig.5. The system showed curved band pattern during genesis and
growth stage upto the intensity of CS. It had central dense overcast (CDO) pattern during
SCS stage. It showed sheared pattern after landfall.

At 0000 UTC of 22.11.2020 as per satellite imagery, the intensity of the system
was T 2.0. Broken low and medium clouds with embedded intense to very intense
convection lay over southwest & adjoining west-central Arabian Sea between latitude

7.5°N & 12.5°N and longitude 50.5°E & 57.5 °E in association with the system. The
minimum cloud top temperature has been (Minus) 93°C.

21/1800UTC 22/0600UTC 22/1200UTC

23/0600UTC 23/1200UTC 24/0600UTC

Fig. 5(a): INSAT-3D IR1 imageries during life cycle of VSCS GATI (21 NOV-24 NOV,
2020)

At 0300 UTC of 22.11.2020 as per satellite imagery, the intensity of the system
was T 2.5. It showed curved band pattern with spiral banding of 0.6. Maximum
convection lay in the southern sector of vortex. Broken low and medium clouds with
embedded intense to very intense convection lay over southwest & adjoining west-central
Arabian Sea between latitude 8°N & 12°N and longitude 49.5°E & 55.5°E in association
with the system. The minimum cloud top temperature has been (Minus) 93°C.
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