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Cyclone, ‘WARD’ : A Preliminary Report

Introduction

A cyclonic storm, ‘WARD’ (10-15 December) developed over the south Bay of
Bengal and crossed northeast Sri Lanka coast, close to south of Trincomalee as a
deep depression between 0800 and 0900 UTC of 14" December 2009. It weakened
into a well marked low pressure area over north Sri Lanka at 0300 UTC of 15"
December. It then emerged into Gulf of Mannar and became insignificant on 16™

December. The main features of this cyclone are as follows.

(i) Cyclone, ‘WARD'’ followed a rare track, as it moved initially in a northerly direction
and then moved west-southwestwards across Sri Lanka.

(i) It was a slow moving system, as it travelled at the average rate of 200 km per
day (8 km per hour).

(iii) It weakened into deep depression over the Sea before the landfall.

The system was mainly monitored with the satellite imageries and other derived
products during its genesis, intensification and movement towards Sri Lanka coast,
as there were a very few observations from the buoys and ships. However, the
surface synoptic data in every three hourly intervals were received from Sri Lanka
which helped immensely to monitor the system, especially during and prior to its
landfall over Sri Lanka, its gradual weakening, emergence to Gulf of Mannar and
dissipation. The brief history of the cyclone, ‘WARD’, satellite observation and
realized weather and performance of Numerical Weather Prediction (NWP) models
along with the operational forecasts issued by Regional Specialised Meteorological

Centre (RSMC)-Tropical Cyclone, New Delhi are described below.
Brief History of Cyclone

In association with an active inter-tropical convergence zone (ITCZ), the

convective cloud clusters persisted over the southeast Bay of Bengal during first
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week of December 2009. As a result, a low pressure area formed over the southeast
Bay of Bengal on 7" December 2009. It slowly moved westwards and became well
marked over southwest and adjoining southeast Bay of Bengal on 10" morning.
Under the favourable conditions like warmer sea surface temperature (28-30 deg.
C), higher Ocean thermal energy (>100 KJ/sec), low vertical wind shear (10-15
konts) between lower and upper tropospheric levels, higher upper level divergence
and increasing lower level vorticity over the region, the well marked low pressure
area intensified into a depression at 0900 UTC of 14™ December over southwest Bay
of Bengal and adjoining southeast Bay of Bengal near Latitude 6.5°N & Longitude
85.0° E.

It further intensified into a deep depression near Latitude 7.0°N & Longitude
84.5° E at 0000 UTC of 11"™. While moving northward, it intensified into a cyclonic
storm ‘WARD’ at 00900 UTC of the same day near latitude 8.5° N & Longitude 84.5°
E.. It continued as a cyclonic storm and moved slowly northward till 0600 UTC of
12", It then moved west-southwestwards and weakened into a deep depression and
lay over southwest Bay of Bengal at 1800 UTC of 12" near Latitude 9.5° N &
Longitude 83.5° E. Continuing to move in a west-southwesterly direction, it crossed
northeast Sri Lanka coast close to the south of Trincomalee between 0800 and 0900
UTC of 14™ as a deep depression. It weakened further into a depression over north
Sri Lanka close to Trincomalee at 0900 UTC of 14™ and into a well marked low
pressure area over Sri Lanka at 0300 UTC of 15" December. It emerged into Gulf
of Mannar as a low pressure area at 1200 UTC of the same day and became less
marked at 0900 UTC of 16™ .

The track of the system is shown in Fig.1. The best track data of the system
are shown in Table 1. The estimated central pressure (ECP) of the system fell from
1004 hPa at 0900 UTC of 10" to 996 hPa at 2100 UTC of 11™. The sustained
maximum wind at surface is estimated to be about 45 knots for a temporary period
during 2100 UTC of 11" to 0600 UTC of 12th. The maximum intensity of the system
was T 3.0 according to Dvorak’s technique The sustained maximum surface wind at
the time of landfall over Sri Lanka was about 30 knots gusting to 40 knots. Along
Tamil Nadu coast, Pamban reported the maximum wind of 25 knots for a temporary

period on 15" morning.



Table 1. Best track Positions and other parameters

for Cyclonic Storm

“WARD” over the Bay of Bengal during 10-15 December , 2009
Date Time | Centre lat’|C.I.NO. | Estimated | Estimate | Estimate | Grade
(UTC) | N/ long.° E Central d d
Pressure Maximum | Pressure
(hPa) Sustaine |drop at
d Surface | the
Wind (kt) | Centre
(hPa)
10-12-2009 | 0900 6.5/85.0 1.5 1004 25 3 D
1200 6.5/85.0 1.5 1004 25 3 D
1800 6.5/85.0 1.5 1003 25 4 D
0000 7.0/84.5 2.0 1000 30 5 DD
0300 7.0/84.5 2.0 1000 30 5 DD
0600 8.0/84.5 2.0 1000 30 5 DD
0900 8.5/84.5 2.5 998 35 6 CS
11-05-2009 =500 8.5/84.5 2.5 998 35 6 CS
1500 9.0/84.5 2.5 998 35 6 CS
1800 9.0/84.5 2.5 998 40 8 CS
2100 9.5/84.5 3.0 996 45 10 CS
0000 10.0/84.5 3.0 996 45 10 CS
0300 10.0/84.5 3.0 996 45 10 CS
0600 10.0/84.5 3.0 996 45 10 CS
12-12-2009 | 0900 10.0/84.0 2.5 998 40 8 CS
1200 10.0/83.5 2.5 998 35 6 CS
1500 10.0/83.5 2.5 998 35 6 CS
1800 9.5/83.5 2.0 1000 30 5 DD
0000 9.5/83.0 2.0 1000 30 5 DD
13-12-2009 | 0300 9.5/83.0 2.0 1000 30 5 DD
0600 9.0/83.0 2.0 1002 30 5 DD
1200 9.0/83.0 2.0 1002 30 5 DD
1800 9.0/82.5 2.0 1002 30 5 DD
14-12-2009 | 0000 9.0/82.0 2.0 1002 30 5 DD
0300 8.5/81.5 2.0 1004 30 5 DD
0600 8.5/81.5 2.0 1004 30 5 DD
THE SYSTEM CROSSED THE NORTH SRI LANKA COAST NEAR
TRINCOMALEE (43336) BETWEEN 0800 AND 0900 UTC.
0900 8.5/81.0 -- 1004 25 4 D
1200 8.5/81.0 -- 1004 25 3 D
1800 8.5/81.0 -- 1005 25 3 D
15-12-2009 | 0000 8.5/80.5 -- 10070 25 3 D
0300 THE SYSTEM WEAKENED INTO A WELL MARKED LOW

PRESSURE AREA OVER SRI LANKA.

D: Depression,

DD: Deep depression,

CS:

Cyclonic Storm
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Fig.1. Track of the cyclonic storm, ‘WARD’ during1  0-15"" December 2009

Satellite observations

The satellite imageries of the system at different stages of intensity are shown
in Fig.2. In association with deep convective cloud clusters, a low level circulation
(LLC) developed over southeast Bay of Bengal at 1800 UTC of 6" December 2009.
Under the favourable conditions, the convective cloud clusters merged with each
other and a vortex with T 1.0., as per Dvorak’s intensity classification based on
pattern recognition, formed at 0900 UTC of 8" December over the same region. It
further organized with development of curved bands around 10" noon when the
system was assigned with T number of 1.5. It gradually intensified further into T 2.5
at 0700 UTC of 11™ and T 3.0 at 2100 UTC of the same day corresponding to

intensity of cyclonic storm. Throughout its cyclone stage, curved band pattern was
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observed. The system slightly weakened from 1200 UTC of 12" due to increased
wind shear and further weakened to T2.0 at 1800 UTC of 12" as the system moved

closer to Sri Lanka coast and interacted with land surface.

(a) Depression : T 1.! (b) DeepDepression T 2.0

(c) Cyclonic storm: T 2.5 (d) Cyclonic storm: T 3.0

Fig.2. INSAT Kalpana imageries during different sta  ges of intensification of the

system



Environmental features

The environmental features like sea surface temperature, vertical wind shear
of horizontal wind, mid-tropospheric humidity, low level convergence, upper level
divergence were favourable for cyclogenesis over the southwest and adjoining
southeast Bay of Bengal during since first week of December. The sea surface
temperature was about 28-30 deg. C over this region. The vertical wind shear of
horizontal wind was low to moderate (10-15 knots) throughout the life period of the
system except 12" December evening when the wind shear became moderate to
high (20-30 knots). It led to the weakening of the system over the sea. However,
from 13" onwards, the wind shear became low to moderate again favouring
intensification of the system. Though, the system did not intensify further due to its
interaction with land surface, as it lay close to Sri Lanka, it could maintain its intensity

of deep depression due favourable wind shear and high ocean thermal energy.

The system lay to close to the upper tropospheric ridge in association with the
upper tropospheric anti-cyclonic circulation throughout the life period of cyclone
leading to slow movement of the system. It was more dominant in the intial phase
leading to near northerly movement of the system till 12" December morning.
However, the system lay to the south of a well defined mid-tropospheric anti-cyclonic
circulation, which guided the system to move in a southwesterly direction from 12"
December onwards. As the system came closer to Sri Lanka coast, the upper
tropospheric flow also supported the system to move in a west southwesterly

direction

Realised weather
Rainfall

In association with the cyclone, the northeast monsoon was vigorous over
coastal Tamil Nadu and Puducherry during 13-16"™ December 2009. Widespread
rainfall with isolated heavy to very heavy falls occurred over this region during this
period. Details of the 24 hrs heavy rainfall events (7 cm or more) ending at 0300

UTC of date over coastal Tamil Nadu and Puducherry are given below.



13.12. 2009

Sriperumbudhur (Kanchipuram dt) and Vallam (Thanjavur dt) 8 each and
Poonamallee (Thiruvallur dt) 7 cms

14.12. 2009 : No heavy rainfall

15. 12. 2009

Sirkali(NPT)14, Thrangambadi (NPT), Rameshwaram (RMD) and Karaikal 11 each,
Kollidam and Vedaranyam (both NPT) 10 each, Mayiladuthurai (NPT) and and
Chidambaram (Cuddalore dt) 9 each, Kodavasal, Thiruthuraipoondi, Valangaiman (

all Thiruvarur dt) 7 each.
16. 12. 2009: No heavy rainfall

17.12. 2009 :

Orathanadu and Vallam(both Thanjavur dt) 11 each, Alangudi (Pudukottai dt) 10,
Parangipettai 9, Vedaranyam and Thirumayam(Pudukottai dt) 8 each, Thozhudhur
(Cuddalore dt) Aranthangi and Arimalam (both Pudukottai dt), Cheyyar

(Thiruvannamalai dt) 7 each

Wind:
The maximum wind of 25 knots was reported by Pamban observatory in

coastal Tamil Nadu during 15" December morning.

Performance of Numerical Weather Prediction (NWP) m  odels

The NWP models including ECMWF, UKMO, T254, WRF (IITD, NCMRWF,
IMD), MM5 (IMD, IAF) and QLM were used for forecast guidance during ‘WARD’.
The cyclogenesis of the system could be well predicted by various NWP models.
However, there were large variations in the prediction of intensity and track of the
cyclone. While some models predicted southwestward movement across Sri Lanka,
a few models predicted northwestward movement towards north Tamil Nadu coast.
Initial northerly movement of the system could not be predicted by none of the NWP

models. However, MM5 based on GFS predicted recurvature of the system towards



northeast without making landfall over Sri Lanka ot Tamil Nadu. The intensity of the
system was under predicted by all the models. However, the trend in intensity
variation like initial intensification and weakening thereafter was predicted by many

models. The detailed performance of various models are discussed below.

Genesis

Genesis potential parameters (GPP) values computed for this cyclone on the basis
of real time model analysis fields along with the GPP values for Developing Systems
and Non-Developing Systems are shown in Table 2. The higher GPP values (> 8.0,
the threshold value) at early stages of development (T.No. 1.0 - 2.5) have clearly
indicated that the low pressure system had enough potential to intensify into a

developing system.

Table 2. Genesis potential parameter (GPP) for Developing Systems, Non-
Developing Systems and cyclone “WARD” of (10 -15) December 2009

over Bay of Bengal.

GPP (x10)

T.No. 1.0 1.5 2.0 2.5
Developing 11.1 12.3 13.3 13.5
Non- 3.4 4.2 4.6 2.7
Developing
Cyclone 20.5 23.2 26.0 25.7
“WARD”
Date/Time 10.12.09/ 10.12.09/ 11.12.09/ 11.12.09/

0000 UTC 1200 UTC 0000 UTC 1200 UTC
Movement

The tracks of the system based on NWP models and multi-model ensemble
(MME) with initial conditions at 0000 UTC of 11", 12" and 13" December 2009 are
shown in Fig.3 (a-c). The track forecast and landfall forecast errors are given in

Table 3 (a-c) accordingly.



Fig. 3(a). Track forecasts of multi-model ensemble (MME) and its member
models based on 0000 UTC/11.12.2009
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Fig.3 (b). Track forecasts of multi-model ensemble (MME) and its member
models based on 0000 UTC/12.12.2009
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Fig.3(c). Track forecasts of multimodel ensemble an  d its member models
based on 0000 UTC/13.12.2009
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Table 3(a). Track forecast error (km) of multimodel ensemble and its member
models based on 0000 UTC/11.12.2009

HOUR | ECMWF GFS JMA MM5 QLM MME

0 201 123 83 94 0 0

12 123 330 67 55 126 163

24 173 418 259 97 192 221

36 267 110 110 121 208 197

48 317 173 333 314 343 320

60 507 223 467 466 584 353

72 296 298 358 611 716 309
ERLRFOR 288P?r kergrly 1frl1ciseea?rly NOLF | NOLF NOLF 32111? (L(g:ly

Table 3(b). Track forecast error (km) of multimodel ensemble and its member
models based on 0000 UTC/12.12.2009

HOUR | ECMWF GFS JMA MM5 QLM MME

0 52 55 259 47 0 0

12 99 104 283 65 91 108

24 193 146 255 165 297 238

36 243 239 496 327 548 385

48 267 239 394 467 675 329

60 185 335 271 683 868 327

72 227 300 358 779 1034 271
ERLRFOR 268hlr kergrly NOLF 441P?r kergrly NOLF 205 ﬁ (l;arf:ly 15 idrf (l;arf:ly
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Table 3(c). Track forecast error (km) of multimodel

models based on 0000 UTC/13.12.2009

ensemble and its member

HOUR | ECMWF GFS JMA MM5 QLM MME

0 114 119 187 40 0 0

12 156 160 301 144 113 112

24 124 160 388 262 135 55

36 140 78 404 492 247 78

48 210 0 393 594 336 55

LF 65 km 60 km Closed NO LE 442 km 89 km_
ERROR | 8 hr early [14 hr early|18 hr early] 20 hr delay|Near LF Time

Intensity

The intensity of the system was predicted by statistical cyclone intensity prediction

(SCIP) model developed by IMD. The performance of this model based on 0000
UTC of 11", 12 and 13 December 2009 ate shown in Table 4 (a-c)

Table 4(a) Model (SCIP) performance based on 0000

UTC of 11 December 2009

Forecasts hours |00 hr |12 hr |24 hr |36 hr |48 hr
Observed (knots) | 30 35 45 35 30
Forecasts (knots) | 30 33 30 31 30
Error (knots) - -2 -15 -4 0

Table 4(b). Model (SCIP) performance based on 0000

UTC of 12 December 2009

Forecasts hours |00 hr |12 hr |24 hr |36 hr |48 hr
Observed (knots) | 45 35 30 30 30
Forecasts (knots) | 45 49 45 45 45
Error (knots) - +14 +15 +15 +15
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Table 4(c). Model (SCIP) performance based on 0000 UTC of 13 December 2009

Forecasts hours |00 hr [(12hr {24 hr |36 hr |48 hr

Observed (knots) | 30 30 30 25 25
Forecasts (knots) | 30 34 34 30 27
Error (knots) - +4 +4 +5 +2

It is observed that the intensity was underestimated on 11”‘, overestimated on
12" and was in general agreement on 13" December 2009.

Performance of Operational forecast

Bulletins issued by IMD

IMD continuously monitored and predicted the system throughout its life
period. It issued forecast and warning bulletins to various national and international
disaster management agencies including National Disaster Management (NDM),
Ministry of Home Affairs (MHA), concerned state Govts and other users in regular
intervals. AS RSMC, it issued tropical weather outlook and tropical cyclone
advisories to WMO/ESCAP Panel member countries including Sri Lanka in regular
intervals. As tropical cyclone advisory centre (TCAC), it also issued tropical cyclone
advisories for international civil aviation purpose as per the requirement of
international civil aviation organization (ICAO). The following are the statistics of

bulletins issued by IMD in association with the system.

Bulletins for Indian coast : 32
RSMC bulletin for WMO/ESCAP Panel member countries :
(Special Tropical Weather Outlook and Tropical Cyclone Advisory) 28

TCAC bulletin for international civil aviation : 07
Similarly bulletins were issued by Area Cyclone Warning Centre, Chennai in

regular intervals to state Govt. agencies, ship and port authorities, fishermen, fishery

officials and general public through All India radio, Door Darshan and press.
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Track and landfall forecast

The operational landfall forecast error of RSMC, New Delhi for this system
has been 78 km for both 24 and 48 hrs forecast. The details of the landfall forecast
error are given in Table 5. Considering the operational track forecast errors, it has
been about 124 and 221 kms for 12hr and 24 hr against the average error of 70 km
and 150 km respectively. The relatively higher error may be attributed to unusual
track and slow movement of the system. Further the relatively higher error is mainly
due to similar error in the time component of the forecast. During initial period, the

forecast position was ahead of the actual realized position.

Table 5. Operational landfall forecast error of cyc  lone WARD

Forecast Forecast | Actual Landfall | Forecast Actual time of Error
period landfall landfall point landfall landfall(Date/Time | (hours)
and point point error Time in UTC)

Date/Time | (Deg. (Deg. (km) (Date/Time

of issue Lat/Long) | Lat/Long) in UTC)

(UTC)

12 hours | 9.0/80.8 8.5/81.3 78 14/0630 14/0830 2
14/0000

24 hours | 9.0/80.8 8.5/81.3 78 14/0630 14/0830 2
13/1200

36 hours | 9.0/80.8 8.5/81.3 78 13/1230 14/0830 20
13/0000

48 hours | 9.0/80.8 8.5/81.3 78 13/0630 14/0830 26
12/1200

Table 5. Operational track forecast error of cyclon e WARD

F/c period Track error (km)
12 hours 124

24 hours 221

36 hours 308

48 hours 401

72 hours 481
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Intensity forecast

The intensity of the system was well predicted by IMD in its operational
forecast. The intensification into a cyclonic storm with sustained maximum surface
wind of 65-75 kmph (40knots) gusting to 85 kmph was first predicted by IMD based
on the observation of 0000 UTC of 11™ December, while the system became cyclone
at 0900 UTC and attained maximum intensity of 83 kmph (45 knots) at 21 UTC of
11" December 2009.

The weakening of the system was also indicated in the bulletin. The sign of
weakening was first indicated in the bulletin based on 0600 UTC of 12" December
2009.

Adverse weather warning

Rainfall

Widespread/ fairly widespread rainfall with isolated heavy to very heavy falls
in the initial period was predicted for coastal Tamil Nadu and Puducherry from 12"
December according to the first bulletin based on 0900 UTC observation of 10™
December 2009. It also further predicted scattered heavy and isolated extremely

heavy rainfall over south coastal Tamil Nadu from 13" December 2009 onwards.

However, widespread/fairly widespread rainfall with isolated heavy to very
heavy rainfall occurred over coastal Tamil nadu and Puducherry as discussed in the

section on realized weather.

Wind

Maximum surface wind of 55-65 kmph gusting to 75 kmph was predicted for
Tamil Nadu and Puducherry coast based on observation of 0000 UTC of 11"
December. However, the maximum wind was about 45 kmph reported by Pamban in
coastal Tamil Nadu on 15™ morning due to weakening of the system. However the
wind speed was reduced in prediction considering the weakening of the system

subsequently based on observation of 0900 OTC of 14" December 2009.
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Conclusions:

IMD monitored, predicted and issued warning/advisories to different Govt. and
non- Govt. agencies in regular intervals with effect from 10" December afternoon. As
the system weakened over the Sea, There has been no loss of lives and properties.
However, the typical characteristics of the cyclone, WARD, needs further
investigation for more accurate prediction of unusual track and very slow movement

and dissipation over the Sea before landfall.
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