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Preface

Cyclones are among the most devastating weather systems on the Earth.
Cyclonesare usually associated with strong winds and rain, high ocean
waves and storm surge. Ar®nsoon (MarciMay) and postmonsoon .
(OctoberNovember) are thetwo primary seasons for formation of \ ,
Cyclone in the Bay of Bengaloastal regions of Banglasleare very
much vulnerable to damage from a Cyclone

Cyclone@MORAbwas the first tropical storm of the seasdr?2017 in the
Bay of Bengal. It developed asl@w pressure area over Soe#stBay and
adjoiningCentralat ®00UTC of 26 May 2017. It conceftrated in to a DepressipBPeep Depressioand then
Cyclonic St oron28Mas20r. & MenRiffed into aSevereCyclonic Storm §C S )MORAS
over North Bay and adjoining East Central at 1200 UTC @f\ay 20T. It moved northnortheastwards fits
and then northeastwards over North Bay and finally cro€sec 6 s -CBittagoagr Coast during 06 AM to 12
Noonof 30 May 2017.

The position and intensification ofCyclone &M O R A &as monitored by Bangladesh Meteorological
Department (BMD)rom its formdion to landfall and issuetthrough17 Special Weather Bulletinsontaining
advisories for the stakeholdeaedend users including fishermen and others. Port Authorities and the Coastal
District Administrations of Bangladeskere alsoadvisedin time to take properpreparatiorthrough hoisting
signals following the Standing Orders on Disaster (SOD). Accordingly, causalities and the loss of lives and
properties werein minimum level.

I like to give my sincere thanks to the Ministry of Disaster ManagemeahRatief (MoDMR) andDepartment
of Disaster Manageme (DDM) for taking timely initiative as per the guidance of BMD for reducing the
causalities and loss of lives thfe vulnerable areas.

My heartfelt thanks are due to theteorologistsand Meteorologicd Techniciansof Storm Warning Centre
(SWC),BMD for their constant effort to release the Special Weather Bulletins for Cydit@&Adin time
and preparation of this report.

Shamsuddin Ahmed
Director
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1. Introduction

Tropical Cyclones (TCs) arene of themost devastating weather systems. They caus¢ of damage

and destruction to lives and propegdgsociated with itstrong gale winds, toential rain and storm
surge. It is thereforedesirable toprovide timely and accuratdorecastof the track and intensitof
cyclones for effective implementation of the disastemagementTo improve the prediction, there is

need of basic understandingphysics and dynamics involved in the genesis, intensity change, structure
and track of tropical cyclone. Grg$968)indicated that developing and neseveloping cyclones are
associated with different upper tropospheric circulation patterns e.gdewetoping TCs have uni
directional upper tropospheric flow which causes vertical shear above the cloud clusters relatively strong
and the developing TCs normally have multidirectional out flow that results in weak vertical shear above
the cyclones. Hollashand Merrill(1984)concluded that not only upper tropospheric interactions but also
the inner core convective heating may directly affect intensity change while lower tropospheric
interactions will produce a size change which may indirectly affect teadity or strength of Tropical
cyclone. Craig and Gray1996) showed that the intensification of numerically simulated tropical
cyclones is due to Wind Induced Surface Heat Exchange (WISHE). H¢ll@88) demonstrated that
nonlinear combination of two pcesses: (i) an interaction between the cyclone and its basic current
(steering current) ani) an i nteraction with the Earthdds vor
TCs.

The CycloneMORA was mainly detected and tracked by synoptic observati@ddition to numerical

model products and satellite imageries. Radar imagefieBMD are also taken into consideration
Higher sea surface temperatures (SSTs) (more than 26.5°C), a deep lower level moist layer, absence of
strong vertical wind sheamdrease in vorticity over the area, are favourable criteria for intensification of

a tropical low to a cyclonic storm and further intensification agGr 1992 and Frank, 1977)he

satellite basednonitoring and prediction of intensification were ewied by Kelkar (1997) and further
updated by Kalsi (2006) and Bhatia et al., (2006). The detailed review of the synoptic and
thermodynamic characteristics associated with the intensification/ decay of the cyclonic storm over
the north Indian Osan are presented by Krishna Rao (1997). The review of the dynamical
characteristics of intensification is given by Mohanty and Gupta (1997). A review of the
prediction of tropical cyclone characteristics by NWP models is presenteaddndR1997) and has

been updated by Rama Ret al (2007). However, the intensity change at present is not properly
ceptured in the NWP models (RarRao,et al, 2007). The genesis and movement of the cyclone
GMORA6 t hough c o u lby varionse NWPp madels, onthereasonable accuracy, the
intensity of the system remained unpredicted by most of the models. It posed a challenge to the
NWP modelling as well as other conventional, synoptic and statistical methods to peeilitnsity
accordingly.

Considering all the above, an-depth study has been undertaken to analyze various features of

t he cycl MORAD | sker mgénesi s, i ntensi ficati on,
disastrous weather The monitoring and prediction aspects of this cyclone by the synoptic
observations, satellite observations, dynamical parameters and numerical weather prediction models
and their limitations have been critically examined anscudised. A brief life historgf cyclone

MORA is presented in section. 2Monitoring and prediction of cyclon®ORA, features observed

through Satellite and Radand numerical modend damages due to tBESGMORAG6 ar e pr esen|
the following sectionsSummary and conclusion is givahlast



2. Brief history of Cyclone MORA

A low pressure area developed o@utheasBay and adjoining Central Bay in the afternadn26 May

2017. It intensified in to a Well Marked LoWVML) over the same area @00 UTC of27 May 2017

The system concentrated in to a Depression (B&’lll, Lon 90.6°E) overthe same areat 0300 UTC of

28 May 2077. It then moved northward and intensified into Deep Depreq§)@) over Southeast By

and adjoining Central Baftat 15.4°N, lon 90.6°’E) at 0900UTC of 28 May 20L/. It then movedurther
northrnortheastward and intensified into a Cyclonic Stq@$) &MORAS6 o astCentral Bay and
adjoining area(Lat 16.°N, lon 91 . 2 AE) . I n cont i nWMORA60 nmotvathd t miog ,
northeastwards aridnt ensi fi ed i nto Sever e CNorhlBayardadjoifingor m (
EastCentral Bay(Lat 18.8°N, lon 91.3°E).Then it moved nortimortheastwardnd crosse€ o x 6 s - Baz ar
Chittagong Coast during 06 AM to 12 Noon of 30.08.2. After making landfal, SE6 MORA® moved
north-northeastward weakeneaato alLand DD over Rangamati Region at 0600 UTC of 30.05.20it7.

then weakened further and became unimportBime. observed track of tH8gCS 6 MO R & &hown in

Fig.1.
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Fig. 1: Observed track of theyelone6 MOR A 6



3. Monitoring and prediction of SevereCy c | oni ¢

3.1Monitoring SevereCy c |l oni ¢

Severe Cyclonic Storm MORAO

Storm

0 MORAO

Storm 6MORASOG

wraositored and predicted by BMD continuously since its

formation The observed track of the cyclone over the Bay of Bengal BoB) during 28-31 May

2017 isillustratedin Figl. Thed et ai | s of diverenTdIMORAS® ar e
Tablel:Posi tion and Status of Cyclone
Sl Date Time Status Area of the | Latitude/ |Bulletin | Distance Signal
system | Longitude (km)
01.| 26.05.2017|Afternoon Low SE Bay and - - - -
adjoining
Central Bay
02.| 27.05.2017|Afternoon] WML SE Bay and - - - -
adjoining
Central Bay
03.| 28.05.2017|09 AM (03 Depression SE Bay and| 15.2°N SWB: |Ctg:790; DC-l for all
UuTC) adjoining /90.6°E 01 |Cxb:710; |maritime ports
CentralBay Mgl:815;
Payra:755
04.| 28.05.2017| 12 Noon | Depression SE Bay and| 15.2°N SWB: |Ctg:790; DC-1 for all
(06 UTC) adj Ctl Bay | /90.6°E 02 |Cxb:710; |maritime ports
Mgl:815;
Payra:755
05.| 28.05.2017| 03 PM Deep SE Bay and| 15.4°N SWB: |Ctg:770; DC-l for all
(09 UTC | Depression adj Central | /90.6°E 03 |Cxb:690; |maritime ports
Bay Mgl:790;
Payra:735
06.| 28.05.2017| 06 PM Deep SE Bay and| 15.”N SWB: |Ctg:735; DC-l for all
(12UTC) | Depression adj Central | /90.7°E 04 |Cxb:655; |maritime ports
Bay Mgl:760;
Payra:700
07.| 28.05.2017| 09 PM Deep SE Bay and| 15.&N SWB: |Ctg:720 DC-1 for all
(15UTC) | Depression adj Central | /90.8E 05 |Cxb:640; |maritime ports
Bay Mgl:750;
Payra:690
08.| 29.05.2017| Midnight | Cyclone | EC Bay and| 16.2°N SWB: |Ctg:670; DW-II for all
(28.05.2017] (18UTC)| 6 Mo r { Adjarea /91.2°E 06 |Cxb:590; |maritime ports
Mgl:715;
Payra:650
09.| 29.05.2017| 03 AM Cyclone | EC Bay and| 16.7°N SWB: |Ctg:615; DW-II  for all
(28.05.2017] (21UTC)| 6 Mo r { Adjarea /91.2°E 07 |Cxb:535; |maritime ports
Mgl:665;
Payra:595
10.| 29.05.2017| 06 AM Cyclone | EC Bay and| 17.1°N SWB: |Ctg:570; LW-Iv for all
(28.05.2017] (21UTC)| 6 Mo r | Adjarea 191.2°E 08 |Cxb:490; |maritime ports
Mgl:620;
Payra:555
11.| 29.05.2017| 09 AM Cyclone | ECBayand| 17.5°N | SWB: |Ctg: 525; |Ctg, Cxb DS
(29.05.2017] (03UTC)| 6 Mo r { Adjarea /91.3°E 09 |Cxb: 445; Vi
Mgl: 580; [Mgl, Pyra DS
Payra:510 |V
12.| 29.05.2017| 12 Noon| Cyclone | EC Bay and| 17.9°N SWB: |Ctg:480; |Ctg, Cxb DS
(29.05.2017] (06 UTC)| 6 Mo r { AdjNorth /91.3°E 10 |Cxb:400; VI
Bay Mgl: 540; [Mgl, Pyra DS
Payra:470 |V
13.| 29.05.2017| 03 PM Cyclone | EC Bay and| 18.4°N SWB: |Ctg: 425; |Ctg, Cxb DS
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Sl Date Time Status Area of the | Latitude/ |Bulletin| Distance Signal

system | Longitude (km)
(29.05.2017] (09 UTC)| 6 Mo r { AdjNorth /91.3°E 11 |Cxb: 345; VI
Bay Mgl: 490; |Mgl, Pyra DS
Payra:415 |V
14.| 29.05.2017| 06 PM |[SCS 61| NorthBay | 18.8°N SWB: |Ctg: 385; |Ctg, Cxb GDS-
(29.05.2017) (12 UTC) and adjEC| /91.3°E 12 |Cxb: 305; X
Bay Mgl: 450; Mg, Pyra

Payra:370 |GDS-VII

15.| 29.05.2017] 09PM |SCS 6| NorthBay | 19.0°N | SWB: |Ctg: 360; |Ctg, Cxb GDS
(15 UTC) and adj EC| /91.3°E 13 [Cxb:280; [X
Bay Mgl: 430; |Mgl, Pyra
Payra:350 |GDS-VII

16.| 30.05.2017| Midnight |[SCS 6 | NorthBay | 19.5°N SWB: |Ctg: 305; |Ctg, Cxb GDS-
(29.05.2017] (18 UTC) and adj EC| /91.3°E 14 |Cxb:230; X
Bay Mgl: 380; |Mgl, Pyra
Payra:300 |GDS-VII

17.| 30.05.2017| 03AM |[SCS 61| NorthBay | 20.2°N SWB: |Ctg: 230; |Ctg, Cxb GDS-
X

(29.05.2017] (21 UTC) and adjEC| /91.4°E 15 |Cxb: 150;
Bay Mgl: 320; Mg, Pyra
Payra:235 |GDS-VII
18.| 30.05.2017| 06 AM |[SCS O | North Bay Started | SWB: - Ctg, Cxb GDS-
(30.05.2017) (00 UTC) Crossing 16 X
Cox6b Magl, Pyra
Bazar GDS-VII
Chittagong
Coast nea
Kutubdia
19.| 30.05.2017| 12 Noon | Land Deep| Rangamati| Crossed | SWB: - Ctg, Cxb GDS-
(30.05.2017) (06 UTC)| Depressionand adjoining Co x 6| 17 X
area Bazar Mgl, Pyra
Chittagong GDsS-VII
Coast
during 06
AMto 12
Noon
Noted SWB6 indicates 6Speci al We at her Bull etino, 6GDO6 St atdd sStfaorrd sO Greerat 6 E
Centédlad 6i ndi catestleeswWed WMIMG rikedli @ w; 6D6 indicates Depression; 6DDO
Storm



3.2Feature of SCS6 MOR A 6

observed

t hrough

As the system was moving along the east coast, it was tracked by DWR Khepupaa, Coxd6 8azar and
Moulvibazarof BMD. Typical Radar imageries collected through these Radars &ig. 10.
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Fig. 3: Moulvibazar Radar imageriésor Cycl one O MORAO®G during 3¢



