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Very SevereCy c |l oni ¢ Ti8id o o westientral Bay of Bengal

(08-13 October 2018): Summary

1. Brief Life History:

1 Very Severe Cyclonic Storm (VSCS) Titli originated from a low pressure area
(LPA) which formed over southeast Bay of Bengal (BoB) and adjoining north
Andaman Sea in the morning (0830 IST) of 7" October. It lay as a well marked
low pressure area (WML) over the same region in the same evening (1730 IST).

1 Under favourable environmental conditions, it concentrated into a Depression
(D) over eastcentral BoB in the morning (0830 IST) of 8" October. Moving nearly
west-northwestwards, it intensified into a deep depression (DD) over eastcentral
BoB in the mid-night (2330 IST) of 8" October and further into a cyclonic storm
(CS) fiTitlidaround noon (1130 IST) of 9™ October.

1 It then moved northwestwards and intensified, into a severe cyclonic storm
(SCS) in the early hours (0230 IST) of 10"

1 It then moved north-northwestwards and further intensified into a very severe
cyclonic storm (VSCS) around noon (1130 IST) of 10™.

1 It crossed north Andhra Pradesh and south Odisha coasts near Palasa
(18.8°N/84.5°E) to the southwest of Gopalpur during 0430-0530 IST of 11th as a
VSCS with the wind speed of 140-150 gusting to 165 kmph.

1 Moving further west-northwestwards, it weakened into an SCS around noon
(1130 IST) of 11" and a CS in the same evening (1730 IST).

1 Under the influence of southwesterly winds at middle and upper tropospheric
levels, the system recurved northeastwards from 11" evening

1 It weakened into a DD over south Odisha in the mid-night (2330 IST) of 11". It
further weakened into a D in the afternoon (1430 IST) of 12", into a WML over
Gangetic West Bengal and adjoining Bangladesh & north BoB in the early hours
(0530 IST) of 13™ and into an LPA over the same region in the morning (0830
IST) of 13".

The observed track of the system during 08"-13" October is presented in

Fig.1. The best track parameters of the system are presented in Table 1.

2. Salient Features:
The salient features of the system were as follows:

i Titli was the most destructive cyclonic storm to strike Indian coast during 2018.

1 The genesis of VSCS, Titli over Bay of Bengal took place 45 hours after the
genesis of VSCS, Luban over Arabian Sea. It was one of the rarest of rare
events that simultaneously two VSCSs developed over Arabian Sea and Bay of
Bengal.

9 Considering the data during satellite era (1961 onwards), simultaneous
occurrence of such two VSCSs last occurred in November 1977, viz. (i) Bay of
Bengal Super Cyclonic Storm (14-20 Nov., 1977) which crossed Andhra
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Pradesh coast near Chirala on 19" Nov. and (ii) Bay of Bengal VSCS (09-23"
Nov., 1977) which crossed Tamil Nadu coast close to south of Nagapattinam on
12" 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
Mangalore on 29" Nov. as a depression.

The system exhibited rapid intensification during 10™ Oct with increase in
maximum sustained wind speed from 50 knots at 0230 IST to 80 knots at 1200
UTC.

The peak maximum sustained surface wind speed (MSW) of the cyclone was
140-150 kmph gusting to 165 kmph (80 knots) during 1200 UTC of 10" to 0000
UTC of 11" Oct. The lowest estimated central pressure was 972 hPa 1200 UTC
of 10" to 0000 UTC of 11" Oct.

The VSCS crossed north Andhra Pradesh and south Odisha coast near Palasa
(Srikakulam district) to the southwest of Gopalpur with the same intensity during
0430-0530 IST of 11" Oct. 2018.

The system maintained the cyclonic storm intensity for 15 hours even after
landfall during 0000 UTC to 1500 UTC of 11™.

The life period (D to D) of the system was 117 hours (4 days & 21 hours) against
long period average (LPA) (1990-2013) of 114 hours for VSCS category over
Bay of Bengal during post monsoon season.

It moved slower, as the 12 hour average translational speed of the cyclone was
12.1 kmph against LPA (1990-2013) of 14.3 kmph for VSCS category over north
Indian Ocean (Fig.2).

The Velocity Flux, Accumulated Cyclone Energy (ACE) and Power Dissipation
Index (PDI) were 6.25 X10? knots, 3.85 X 10* knots? and 2.55 X10° knots®
respectively.

The track and intensity of VSCS, Titli was largely analogous to that of the VSCS
over the Bay of Bengal during 15-19 Oct. 1999, which crossed Odisha coast with
a wind speed of 98 knots (180 kmph) in the early morning of 18™ October 1999
and recurved northeastwards across Odisha. While Titli recurved after landfall,
the VSCS of October 1999 recurved during the landfall period.

While there was loss of about 198 human lives due to VSCS of 1999, it is about
89 due to VSCS Titli and associated floods in 2018.
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Fig.1l: Observed track of VSCS Titli over Bay of Bengal (08-13 October, 2018)

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

St orTitlioh over Bay of sBetmfa@dobauri ng

Date Time Centre lat.’ | C.I. | Estimate | Estimated Estimated | Grade
(UTC) N/long.°E | NO. |d Maximum Pressure
Central | Sustained drop at the
Pressur | Surface Wind | Centre
e (hPa) (kt) (hPa)
0300 140 | 888 | 1.5 1002 25 3 D
0600 140 | 888 | 15 1002 25 4 D
08/10/2018 1200 143 | 882 | 15 1002 25 4 D
1800 145 | 876 | 2.0 1000 30 5 DD
0000 147 | 87.1 | 2.0 1000 30 5 DD
0300 147 | 86.9 | 2.0 999 30 6 DD
0600 148 | 86.7 | 2.5 998 35 7 CS
0900 149 | 86.6 | 2.5 997 35 7 CS
09/10/2018 500 [ 151 | 86.4 | 2.5 | 996 40 8 CS
1500 153 | 86.2 | 2.5 995 40 9 CS
1800 155 | 86.0 | 3.0 996 45 10 CS
2100 15.7 | 85.8 | 3.0 994 50 12 SCS
0000 16.0 | 85.8 | 3.5 990 55 16 SCS
0300 165 | 85.8 | 3.5 988 60 18 SCS
0600 17.0 | 85.6 | 4.0 982 70 24 VSCS
0900 17.3 | 854 | 45 976 75 28 VSCS
1200 175 | 853 | 45 972 80 32 VSCS
10/10/2018 1500 177 | 85.2 | 45 972 80 32 VSCS
1800 18.2 | 85.1 | 4.5 972 80 32 VSCS
2100 18.6 | 84.7 | 4.5 972 80 32 VSCS
Crossed north Andhra Pradesh and south Odisha coasts near
18.8°N/84.5°E during 2300 UTC of 10" and -0000 UTC of 11"
0000 18.8 | 844 | - 972 80 32 VSCS
0300 19.0 | 84.1 | - 985 65 21 VSCS
11/10/2018| 0600 19.3 | 838 | - 988 60 18 SCS
0900 196 | 838 | - 994 50 12 SCS
1200 199 | 83.7 | - 996 45 10 CS




1500 20.1 | 84.0 | - 998 40 8 Cs
1800 20.3 | 843 | - 999 30 6 DD
0000 205 | 84.7 | - 1000 30 6 DD
0300 20.6 | 849 | - 1001 30 5 DD
0600 20.8 | 852 | - 1001 30 5 DD
12/10/2018| 0900 209 | 855 | - 1002 25 4 D
1200 21.2 | 86.1 | - 1002 25 4 D
1800 219 | 87.2 | - 1003 25 4 D
2100 221 | 875 | - 1004 20 3 D
Weakened into a well-marked low pressure area over Gangetic
13/10/2018| 0000 West Bengal and adjoining Bangladesh and North Bay of Bengal.

3. Monitoring and Prediction:

The cyclone was monitored & predicted continuously by India Meteorological
Department (IMD) prior to i t gesesis as low pressure area over BoB from 5™
October onwards. The system was monitored mainly with satellite observations from
INSAT 3D and 3DR, SCAT Sat, polar orbiting satellites, scatterometer observations,
Doppler Weather Radar (DWR) Visakhapatnam and Gopalpur and available ships &
buoy observations in the region. Various national and international numerical
weather prediction models and dynamical-statistical models were utilized to predict
the genesis, track and intensity of the cyclone. Tropical Cyclone Module, the
digitized forecasting system of IMD was utilized for analysis and comparison of
various models guidance, decision making process and warning product generation.
IMD issued regular bulletins to WMO/ESCAP Panel member countries including
Bangladesh, Myanmar, Sri Lanka, National & State Disaster Management Agencies,
general public and media since inception of the system over BOB. Typical satellite
and radar imageries are presented in Fig.2 & 3 respectively.

Fig.2: Typical satellite imagery for VSCS Titli over Bay of Bengal

According to IR based satellite imageries, ragged eye developed at 0300 UTC
of 10™ October with a diameter of about 25 km. Gradually, it became a clear eye at
1200 UTC of 10™ with eye diameter decreasing to 18 km. Eye disappeared around
1500 UTC and reappeared at 1600 UTC of 10™. Thereafter, eye was visible till 0100
UTC of 11™ At the time of landfall eye diameter was around 24 km with eye
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temperature of -32°C. The eye region was the warmest during 0900 to 12200 UTC of
10" with temperature of -14°C. According to satellite imagery and eye
characteristics, the intensity may be maximum during 0900-1200 UTC of 10™ with
the smallest and warmest eye.

The system came under Radar surveillance from the morning of 10™. Eye was
visible in DWR Visakhapatnam since 0830 UTC of 10™. Diameter of eye was in the
range 40-50 km during 0830 UTC to 2130 UTC of 10™. Thereafter, it started
decreasing from 2200 UTC of 10™, becoming the least about 12km around 0100
UTC of 11", The eye closed at 0200 UTC of 11". As per observations from DWR
Gopalpur, eye was not visible from 0300 UTC of 11". After landfall, the system was
captured by DWR Gopalpurtillitb s weakeni ng.

MAX (dBZ)
23:01/10-Oct-2018 20080

Fig.3: Typical Radar imagery from DWR Visakhapatham & Gopalpur for VSCS
Titli over Bay of Bengal near landfall time.
4. Realised Weather:

4.1. Rainfall:
Rainfall associated with VSCS Titli based on IMD-NCMRWF GPM merged
gauge rainfall data is depicted in Fig 4.
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Fig.4: IMD-NCMRWF merged satellite and rain gauge observed rainfall
(cm/day) during 07-14 October in association with VSCS Titli.

It indicates that the system caused rainfall at most places with heavy to very
rainfall at isolated places over southeast BoB and adjoining north Andaman Sea on
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7" heavy to very rainfall at a few places over southeast BoB on 8™, heavy rainfall at
most places over southwest BoB upto northeast BoB with extremely heavy falls at
isolated places over eastcentral BoB on 9™ & 10™, rainfall at most places with heavy
to very heavy rainfall at many places over coastal Odisha, Gangetic west Bengal and
adjoining north BoB upto Assam with extremely heavy falls at isolated places over
coastal Odisha on 11", heavy to very falls at a few places with extremely heavy
falls over coastal Odisha & heavy to very falls at most places over Assam on 12"
and heavy to very falls at many places over Gangetic West Bengal upto Assam,
Meghalaya, Manipur, Mizoram on 13™. The rainfall was higher in the right forward
sector of the cyclone during and after the landfall.

Realized 24 hr s ac7cm)endihgaat 682D hrs ST of Hatel during( O
the life cycle of the system is presented below:
11" October

Odisha:- Mahendragarh-23, R.Udaigiri & Mohana-22 each, Purushottampur-21,
Rajghat-17, Nuagada -16, Aska-15, Bhograi, Digapahandi, Balikuda-14 each,
Chhatrapur, Ranpur, Raghunathpur & Sorada-13 each, Kendrapara, Nilgiri, Nh5
Gobindpur, Balasore, Kantapada-12 each, Kaptipada, Soro, Marsaghai , Chandikhol
, Paradeep & Binjharpur -11 each, Alipingal, Jagatsinghpur Aws, Basudevpur, Gop,
Korei & Gopalpur-10 each, Tikabali, Bhanjnagar, Jaipur, Kujanga , Madhabarida,
Odagaon , Betanati , Remuna , Belaguntha , Tirtol , Pattamundai, Bhadrak, Niali -9
each, Raikia , Kakatpur, Nimpara, G Udayagiri , Puri, Nischintakolili , Pipili, Astaranga
, Tangi, Jaleswar-8 each, Banpur, Jagannath Prasad , Krishnaprasad, Narsinghpur,
Balimundali, Derabis , Banki , Akhuapada, Salepur , Bari , Balipatna , Jajpur,
Bhubaneswar , Nayagarh, Jenapur, Garadapur -7 each,

Gangetic West Bengal:- Digha-14, Contai-10,

Coastal Andhra Pradesh: Itchpuram-24, Tekkali-23 and Palasa-20 and
Kalingapatnam-9.

12" October

Coastal Andhra Pradesh: Pathapatham-14, Veeraghattam, Ichchapuram,
Kurupam-11 each, Tekkali-10, Balajipeta-9, Mandasa, Komarada & Sompeta &
Palakonda-8 each, Palasa & Jiyyamma Valasa-7 each,

Odisha: G Udayagiri-35, Kantapada-32, Raikia & Banki-28, Mohana-24, Sorada,
Phiringia-23 each, Ranpur-22, Baliguda-21, Harabhanga, K Nuagaon, Phulbani,
Daspalla-20 each, Puri, Satyabadi, Tigiria, Baripada, Jagatsinghpur & Niali-19 each,
Bolagarh-18, Jaipur, Gania & Banpur-17 each, Tikarpara, Athgarh & Nimpara-16
each, Odagaon, Narsinghpur, Bhanjnagar, Barmul, R.Udaigiri, Nayagarh, Jajpur &
Balipatna-15 each, Tangi, Kotagarh, Krishnaprasad, Garadapur & Cuttack-14 each,
Salepur, Alipingal & Mahanga-13 each, Parjang, Madhabarida, Talcher, Jagannath
Prasad, Gop, Ambadola, Kashinagar, Pipili & Kendrapara-12 each, Gudari,
Balimundali, Mundali, Korei, Samakhunta, Marsaghai, Hindol, Madanpur &
Rampur-11 each, Lanjigarh, Binjharpur, Nilgiri, Dhenkanal, Bari, Sukinda,
Khandapara, Kotraguda, Tirtol, Danagadi, Gunupur, Derabis & Bhubaneswar -10
each, Brahmagiri, Banarpal, Jenapur, Naraj, Bonth, Rajkishorenagar, Angul &
Tihidi-9 each, Muniguda, Dhamnagar, Chandanpur, Akhuapada, Rajkanika,
Berhampur, Kantamal, Bhadrak, Raghunathpur, Bhuban & Astaranga-8 each,
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Purushottampur, Chendipada, Chandikhol, Balikuda, Altuma Cwc, Harichandanpur,
Khairamal, Athmalik, Narla, Boudhgarh, Rayagada, Bangiriposi, Soro, Sonepur,
Bhawanipatna, Nawana, Pattamundai, Saintala, Chandbali, Ghatagaon,
Kamakhyanagar, Anandpur & Basudevpur-7 each.

Gangetic West Bengal:

Murarai-7.

Assam, Meghalaya, Mizoram and Tripura:

Moderate rainfall upto 5 cm at many places

13" October

Assam & Meghalaya: Karimganj and B P Ghat-8 each,

Nagaland, Manipur, Mizoram & Tripura: Serchip-8,

Gangetic West Bengal: Digha-15, Contai-13, Kalaikunda-10,

Odisha:- Betanati Arg-16, Kaptipada, Rajghat & Bhograi-13 each, Danagadi,
Dhamnagar, Balimundali, Tihidi & Bonth-11 each, Jaleswar & Remuna -10 each,
Thakurmunda & Karanjia-9 each, Jajpur, Samakhunta, Bangiriposi, Mahanga,
Anandpur, Bari & Balasore, NH5 Gobindpur & Chandanpur-8 each, Baripada, Nilgiri,
Udala, Sukinda, Ghatagaon, Jamsolaghat-7 each

14" October

Assam & Meghalaya: Cherrapunji-9, Cherrapunji (RKM)-8,

4.2. Wind

Gopalpur reported maximum wind speed of 126 kmph at 0430 hrs IST of 11",
55 kmph wind speed at 1730 IST of 11" and 45 kmph at 0830 IST of 12" October.
Bhawanipatna (Kalahandi district) reported 52 kmph at 1730 IST of 11". Puri
reported 59 kmph at 0530 IST of 12™. Paradip reported 35 kmph on 10™ and 12" and
27 kmph on 11", Estimated wind speed at the time of landfall was 140-150 kmph
gusting to 165 kmph.

4.3. Storm surge

Gopalpur Port (Odisha) reported tide height of 0.85m on 11" and Palasa (Andhra
Pradesh) reported tide height of about 1.0 m at the time of landfall.

5. Forecast performance:
5.1. Genesis Forecast

1 First information about formation of low pressure area (LPA) over south Bay
of Bengal and neighbourhood around 8" was issued in Press Release dated
the 5™ October at 1310 IST (about 45 hours in advance of formation of LPA).
LPA formed at 0300 UTC of 7™.

1 Inthe Press Release issued on 7™ (based on 0300 UTC, issued at 1330 IST),
it was mentioned that, the LPA would become well marked low pressure area
(WML) during next 12 hours and concentrate into a Depression during
subsequent 24 hours (about 9 hours in advance of formation of WML and 24
hours in advance of formation of depression). WML formed at 1200 UTC of 7™
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over southeast BoB and adjoining north Andaman Sea and depression
formed over eastcentral BoB at 0300 UTC of 8™.

5.2. Landfall Forecast

1 First information about that the system would cross Odisha and adjoining
north Andhra Pradesh coasts between Gopalpur and Kalingapatnam around
11™ morning was given in the bulletin issued at 0900 hrs IST of 9" October
(about 43 hours prior to landfall). The system crossed north Andhra Pradesh
and south Odisha coasts near Palasa (18.8°N/84.5°E) to the southwest of
Gopalpur during 0430-0530 IST of 11™.

1 The landfall point was further specified in the bulletin issued at 2030 hrs IST
of 10™ October that the system would cross Odisha and adjoining north
Andhra Pradesh coasts close to Gopalpur around 11" morning (about 9 hours
in advance). Typical observed and forecast track is presented in Fig. 5.

1 The landfall point forecast errors were about 15.6, 15.6 and 46.7 km for 24, 48
and 60 hrs lead period against past five year (2013-17) average errors of
42.3, 94.8 and 115.4 km respectively. The landfall time forecast errors were
about 5.0, 3.0 and 3.5 hours for 24, 48 and 60 hrs lead period against past
five year (2013-17) average errors of 3.6, 5.4 and 4.6 hours respectively. The
landfall point error was significantly less than long period average (LPA) of
past five years for all lead periods (Fig.6)
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Fig.5: Observed track of VSCS Tiltli and forecast based on 1800 UTC of 8" and
0600 UTC of 11" (prior to recurvature)
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Fig.6: Landfall Point (km) and Time (hrs) Errors for VSCS Titli

. Track Forecast

First information that the system will move towards Odisha & adjoining north
Andhra Pradesh Coasts from 8™ onwards for next 72 hours was issued in Press
Release dated the 5™ October at 1310 IST (about 45 hours in advance of
formation of LPA and 140 hours prior to landfall).

In the first Bulletin issued on 8™, it was mentioned that the system would move
northwestwards towards Odisha and adjoining north Andhra Pradesh coasts
during next 72 hours.

First information about the northeastwards recurvature of system towards
Gangetic West Bengal across coastal Odisha from 12" morning was given in
the bulletin issued at 1130 IST 9" October (about 60 hours in advance,
recurvature started at 1500 UTC of 11™).

The track forecast errors were about 98, 114 and 113 km for 24, 48 and 72 hrs
lead period against past five year (2013-17) average errors of 93, 144 and 201
km respectively. For all the lead periods beyond 36 hours, the track forecast
errors were less than the past five years average. For 12 & 24 hours lead
period, it was comparable to past five years average (Fig.7).
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Fig.7: Track Forecast Errors and Skill for VSCS Titli




5.4. Intensity Forecast

1 First information that the system would cross coast as a VSCS with maximum
sustained wind speed of 140-150 kmph gusting to 165 kmph was issued at 0400
hours IST of 11" (about 5 hours prior to landfall).

1 The absolute error (AE) of intensity (wind) forecast for 24, 48 and 72 hrs lead
period were 10.8, 10.3 and 2.0 knots against the LPA of 10.4, 15.5 and 15.7
knots respectively. The skill in intensity (wind) forecast based on AE for 24, 48
and 72 hrs lead period was 69.7, 85.3 and 96.0% against the LPA of 37.1, 56.8
and 69.3% respectively (Fig.8). For all lead periods, the errors in intensity
forecast were significantly less and skill was significantly high.

1 The root mean square error (RMSE) of intensity (wind) forecast for 24, 48 and 72
hrs lead period were 12.6, 17.0 and 2.8 knots against the LPA of 14.0, 20.6 and
20.6 knots respectively. The skill in intensity (wind) forecast based on RMSE for
24, 48 and 72 hrs lead period was 71.2, 79.8 and 94.9% against the LPA of 40.1,
60.0 and 73.0% respectively (Fig.9). For all lead periods, the errors in intensity
forecast were significantly less and skill was significantly high.

Intensity Forecast Skill based on AE of VSCS TITLI and
Long Period Average Errors (2013-17)
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Fig.8: Absolute errors (AE) of intensity forecast and skill for VSCS Titli

Fig.9: Root Mean Square Errors (RMSE) of intensity forecast and skill for VSCS
Titli

10



