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ABRSTRACT

An attempt hae been made to simulate the diffrent atmospheric conditions amociated with the severe thundersiorms and
lighiming, which occurred during 28-30 March 2017 over northeastain Bangladesh using WRE wmodel The coniinuos very
heavy rainfall associated with the thimderstornts has heen responsthle for the devastaring flavh flood in Sunamgarg and
wdjoining dreasin 2007, The study reveals thar by analvzing different atmospheric parameers simulgied by WREF Model o
iy pegsible fo forecasi sevave thundevstorms which produce flagh flood ond lightning in the northensiem part of
Bangladesh. In this study parometers such ax rainfull, sea level pressure, geapotential Neight fm), CAPE, winds at variaus
rropospheric levels, clowd water mixing rafie and lce water mixing ratio, voriicity und x. ¥, = wind componenis have been
simulated, There hove developed a [ow pressure area and strong civeudlationg aver Wesr Sengal and adioining Banglndesh
with extenged roughs: lowards morthessi, having sirong flows of sowthwesterly te south-routheasrerly winds distinerly
vizilile wt Toww Tevel over fhe Boy of Bengol and Bengladedh There Jay been an inferacfion of northwesterly fows of windy
af 300 hPa level and southerly flow coming fram the Bay of Bengal producing sufficient ingiakility in the moposphere 10
develop severe thundersiorms whick when moved over novikeas: Hﬁngfada;hrﬂff_ghufﬁyu have become sronger dwes {o
oragraphic influence, thareby become flgsh flood producing thundergiorms with liehming potential. Bwe o the presence of
wanterdy jer soveany af 0 -ms={ over Bongladerh and Ingia. the thunderstorms become move markid, The sivdy reveais thar
persiefing charadeeristics of the wind circwladion over Wesr Bengal and Bangladesh, the micro-circulation and the intense
geapotential low ar 850 hPa along with fis sostward extension have been rasponsible for continwons heavy o very heavy
rainfall over Sylhet and Meghalayan region and producing wide-spresd intenke flash ﬂﬁnd.i'r-:rivcr there, On 29 March 2007,
clowd waler mizing ratio i35 found o vange benwesn 60 and 1100 mgm-3 and ice waier mixmg ratio ronges from 27 (o 100
mgm-3 ar different focanons. A1 Chervapunii and Sylker, the olowd warer miving rotic values are (100 and 10070 mgm-3
respectively. The values of clowd water miving ratlo are maximum ar Chervapunii and Sylher whers torrential rain hay
ovcurred. At Mymensingh, Netrokora, NIkl Sunamganj, Srimangal and Moulavihazar, the cloud warer mizing ratio values
are lexs. The high vitliees af cloud warer miving ratic and ice waler piiving ratio in the upper repnsphere over noriheagiern
Bangladesh und adjoming areas indicares sigmificent convection in the iraposphere ownd have been vesponsible for
moderaie: o severe Hohming. The disribution of CAPE how alse shown incrzasing higher values, indicoting moderate 1o
severe Hohining poteniial.
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1. Introduction Bangladesh and adjoining Indian states. these

thunderstorms are known as nor"westers or locally
Because of the unique geographical conditions with Kalbaishakhi, and are very destructive in terms of
the Bay of Bengal in (he south, the Himalayan lightning potential. gusty winds/squalls. hails of
ranges in the north and large continental areas in the different sizes and sometimes heavy showers in
wesl and the easl. Bangladesh bas become (le Bangladesh. Thev cause significant damage fo
playground of thunderstorms during the pre- crops (especially boro crops), trees, blow off kacha
monsoon  (March-May) and monsoon  (Junz- houses/tin sheds. kills human being and domestic
September) seasoms.  These thunderstorms are animals. When thav ocour over the northsastern
associated with lightning, thunder, hails, gusty region of the couniry, fAush floods occur, which
winds, Thails, squalls and rain‘showers. In damage crops. houses and paralyze the livelihoods
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of the people of the reglon. During the recent years,
the lighining and thunders ave found to occeur
frequently, making severs ucougtic sounds and
killing people. From 2011 to May 2017, about
1,174 people were reported to be killed by lightning
in Bangladesh (Anik. 2017). Therefore. the
prediction of thunderstorm Bangladessh and
adjoining areas 18 very iimportanl.

A number of diagnostic studies on the formation of
thunderstorms along with agsociated {ropospheric
conditions have been made over Buangladesh and
India by different scientists of this region. An
earlier study fst of is kind over north-eastem
region gsing thermodynamic indicss was made by
Mukhopadhiyay et al. (2003). Different stability
mdices m relaion 1o the occurence of nor'wesiers
have heen studied by Karmakar and Alam {2006)
for finding out the crtcal valves of different
instability indices favorable for the formation of
thundersiorms  and  severe  thunderstorms  in
Bunglsdesh. This study reveals that the eritical
values of Showalter Stability Index (SI), Lifted
Index (LI}, Dew-point Index (DPI), Dry Instability
Index (DII), Cross Total Index (CTT), Vertical Total
Index (VTI). Total Totals Index (TT). Encrey Index
(EI), SWEAT Index (SWI) ind K-Index (KI) at
0000 UTC over Dhaka may be taken as +3°C, 0°C,
-3°C, 0°C, =16°C, 224°C, = 40°C, -6 Joule/gm,
=200 wnd =34°C respectively for the thunderstorms
to ogcur in Bangladesh. The maximum negative
values of SL LI DPL DII and EI are found to lie
over the sastern Madhyva Pradesh, Bihar, Wesl
Bengal and adjoining Bangladesh mdicating the
highly unstable ares. The negative areas of these
indices in combination with the low pressure area
over Bihar. West Bengal and adicining Odisha and
Bangladesh and the cyclonic cirgulation up to 34
ki or above are [avorable for the occurrence of
thundersiorms in Bangladesh, The study has shown
that the maximum valugs of CT, VT, SWI, K1 and
TT are found to exist over eastern Madhya Pradesh,
Bihar, West Bengal and adjoining Bangladesh
indicating  the  highly unstable area.  The
thunderstorms are found to oceur at the northeastern
or eastern end of the area of maximum mstabihity.
Another study has been made by them on the
modified different stability indices in relation 1o the
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ocourrence of severe thunderstorms / nor'westers in
order to finding out the eritical vahies of ditferent
modified indices favouring the formation of
thunderstorms in Bangladesh (Karmaloir and Alam,
2011} The critical values of differsnt modifisd
inseability frcices wt 0000 UTC over Dhaka sre:
MOT 220°C, MVT =26°C, MIT = 46°C, MSWI >
300, MEI = 40°C apd MEI < -6. joules/gm
respectively  for the nor'westers o occur 1n
Banpladesh. The study of the modified stability
indices has revealed that maximum instability lies

cover the area of surface low pressure especially

over Bihar, West Bengal and adjoining Bangladesh
at 0000 UTC on the dates of occurrence of
nor"westers. For severe nor'westers of (orpadic
intensity, the critical values of different
modified mstabilny tndices at 0000 UTC over
Dhaka are; MCT = 20° C, MVT = 28° C, MTT =
308 C. MSWI =500, MEI > 427 C and MEI < -R
joules/gm respectively for the nor'wesicrs fo ocour
in Bangladesh.

In a study made by Karmalar and Quadir (2014a),
it iz found that the mixing ratio at 0000 UTC st
Dhaka on the dates of occurrence of Jocal severe
storms ranges from 16.13 g ke to 22.41g ke’ at
1000hPe, showing a considerable amount of
moisture near the surface with & tendency to
with  time. Much moisture becomes
available in the lower troposphere and/or upwards
in the morning on the dates of scourrence of local
severe stormgs as compared to that on the dates of
nop-occurrence.  In another study made by
Karmakar and Quadir (2014b), it is sean that the
polcntial temperature over Dhakn incresses with
height., becomung maximum at the top of the
tropasphere, The vertical variabon of equivalen
potentin]l temperatre over Dhalku is ssen to
decrease with height, becommg mmimum at the
mud-troposphere, ndicating conditional instsbility
in the troposphere, This condition is conducive for
the occurrence of local severe storms. Then it
increases significantly beyond 300 hPa, In a stody
of radar data assimilation. Das et al. (2015a) has
found that the quantitative dota from Doppler
Weather Radar (DWR) such as the radial winds and
reflectivity are useful for improving the numenas|
prediction of weather events like squalls. Mesoscalz

incraages
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gonvective systems are responsible [or majonty of
the squalls and hail evenls and related natural
hazards that oocur over Bangladesh and
surrpunding region in pre-monsoon season. DWR
observations (radial winds and reflectivity) of
Bangladesh Meteorological Department are used
this study for simulating the squall events during
May 2011 with & view to update the initial and
boundary conditicns  through  thres-dimensional
variational  assimilation technique within the
Advanced Research Weather Research and
Forecasting model. The outputs such as sea-level
pressure analyzed and compared with the observed
paramieiers associated with sguall svents which
occurred in the month of May 2011, Das et al
{2015h) huve studied (he lornado occurped al
Brahmanbaria in Bangladesh in the aftermoon of 22
March 2013 using the tropical rainfall messuring
mussion (TEMM) data, mdar observations and
model sinulations. The maximam seflectivity and
the vertical exient of the system have been recorded
to be about 54.7 dBZ and 15 km, respectively, by
the Doppler weather radar (DWER) at Agartalu,
Indis. The event has been simulated by using the
WRF model at 3- and 1-km horizontal resolution
nested domains based on six hourly final (FNL) re-
analysis data and boundary conditions of National
Centers for Environmental Prediction (NCEP).
Results show that, while there are differences of 40
minutes before the observed time of the storm, the
distance between observed and cimulated locations
of the storms is 0.57. The maximum amount of
vorticity transferred by directional shear i the
stormt updraft (helicity) doe to convective motion
simulated by the model is found 1o be 1774 m® §7,
and the highest value of bulk Richardson number
shear that defines the region in which |ow-level
meso-cyclogenesis is more likely has been 457.3 m”
s?, which is generally supposad (o produce rotating
slors according: (o the presenbed range, The
highest vertical velocity sinulatad by the model is
ahout -28 to 58 m 57, Singh et al. (2015) studied a
severe thunderstorm. which affected Delli und
adjoining region between 1630 hes IST and 1730
hrs IST of 30 May 2014 They used WRF model to
simulate and investigate the severe thunderstorm.
Sensilivity expeniments are conducied to study the
impact of using different grid resolution (9km and
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3km) with terrain resolution 5 mun (=10 km) and 1
min (~2 km) mespectively and the same
microphysics (MPs) and comulus parameterization
{CPs) schemes on the sumulation of the svstem. The
results demonstrate that the model simulates betier
srructure and intensity of the thunderstormeat higher
regalution domain. The system moved eastwiard and
steered by a westerly trough. They found that the
thundersiorm was accompamed by sirong wmnd,
lightning, thunder and squall causing destruction to
the life and propertyv. According to them, the
simulation at 3 km resolution provides better
distributions of convergence zoae m the wind fields
at lower level then compare to simulation al 9 km
resolution. Recently Karmalar et al. (2017) made a
study on numerical simulation of physical and
dynanucal characteristics associated with the severe
thunderstary on April 5. 2015 at Kushns and
Jhenaidah, They concluded that the sumulated
results provide a basis to study the physical and
dynamical characteristics of the thunderstorm,
which are generally not identified by the
meteorologicy]l ohservations which are too sparde.
The model has captured a niero-low over
Kumarkhali and ms neighborhood, which favorsd
the oceurrepce of the severe thunderstorrn, The
mode! simulated rammfall is about 26 mm near the
place of occurrence, which ratches well with the
area where the reflectivity of hydromefeor is
maximum. The convective availahle potential
energy is found to be 1600 Thy™ at 1730 UTC near
the place of occurrence of the thunderstom; this
indicates high atmospheric instability over the
thunderstorm . location for the formation of the
thunderstorm, The vartical velocity, convargencs,
cloud water mixing ratio and the ice water mixing
ratio and their vertical extensions are found to be
satisfactory and responsible for the occurrence of
large hails sssocisted with (he thunderstorm. Lal
(2014) studied the relation batween size of cloud
1ce anel lightming in the tropics. They showed that
total lighting increases with increase in the clood
ice size und attaing maximum ot certain cloud ice
size and then decreases with increase in cloud ice
size, Maximum lightning occurred for the mean
gloud ice size of around 23-25 um over the
continental region and mean ¢loud ice size of
around 24-28 jm  over the oceanic region.
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Bradshaw {200160) studied the spatial relationship
between lightning apd CAPE. Thundestorm
formanen depends on environmental stability and
the existence of elecurification mechanisms. The
gvaluation of the relationship between CAFE and
lightming  lends  meammgful  insight  info
thundérstorm formation  and  electrification,
providing an understanding that can enhance severe
weather [lorecasting produvets, Generally, it s
thought that CAPE values between 1000 and 2500
Tkg" are adequate 10 support moderate convection.
valuss between 2500-4000 7 kg' are adequate to
support strong convection, and values greater (han
4000 J kg* indicate s potential for extrome
convection (Wallace oand Tlobhs 2006). Because
CAPE is thought to relute (o conveetion. due Lo it
being a measure 9 of the potential for instability in
the environment, and because (hunderstorm
glectrificstion mechanisms depend on convection
for charge separation, there s & potentisl
relativnship between CAPE and lightning globally.
Wallace and Tobbs (2006} mentioned CAPE values
betvieen 1000 and 2500 T kg' are adequate to
support moderate convection, values between 2500-
4000 are adequate to support strong convection. and
vulugs greater than 4000 indicate a potential for
ERITEME convection.

The spatial distribuiions of mesn  monthly
thunderstorms have been annlyzed for each month
of the. pre-monsoon seasen during 1980-2016. The
distribution  patterns  of mean  (hunderstorm
frequency for March, April and May are similar to
cuch other. The wen of muximum thunderstorm
frequency 1= over Sylhet region extending
southwestward up to Dhaka region having an
elongated area cxtended southward up to Barisal-
Khepupara region.  Seagonally, about [170-182
thunderstorms occur over the region (Figure 1), The
distnbution potterns also show that the mean
thunderstorm  [requencies are minimum  over
northwestern and extrenie southesstern parts of the
couniry. It has been found that this seasonal
frequency is less by 1-8 {hunderstorms as compared
to that during the period 1980-2008 (Karmakar and
Quadir, 2014a) extept a few places, indicating (hat
the thunderstorm frequency has decreased i the
Facent tine.

Bay of Bengal \1

Pie

T i I =
B i 4] B

Figure 1: Spatial distriboation of mean seasanal
thunderstorm  frequency  during  the pre-
monsoon season over Bangladesh during 1980-
2016.

The objoctives of the presenmt rosesreh are to
simulate the atmospheric conditions favorable for
the formation of thunderstorms, producing flash
tfloed and associated lightnmg potential over the
northeastern Bangladesh by using WRE model. The
lightning Potential Index (LP1) has also been
simulated by using WRF model for the pernd 29-
30 March 2017 and their spatial distribution has
bean studied.

2, Data and Model Used

Daily rainfall dara for the months of March through
May of 2017 at Sylhel are collected from
Bangladesh Meteorolegical Department (BMD) and
used for the analysis of rainfall amount responsible
for flash flood. Global precipitation measurement
(GI'M) data on rainfall during March-April 2017 is
also used to compare the recorded nunfall The
rawinsonde data of Kolkata. Dhaka and Agartala
for the period 29-31 March 2017 are collected from
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Table 1. WRF Model configurations,

Mudel Features Configurations
Horizontal Resolution 9 Jem
Vertical Levels 40
- Topography 1.5, Geological Survey (/5G5)
- Dynamics
Time Inteyration St Tmplicil
Time Steps s0s
Vertical Differencing Arakawa’s Energy Conserving Scheme

Time Fillering

Robert’s Methad

Horizontal Ditfusion

2nidorder over 5uusi—pmﬁml‘r:: surfiice, scale selective

Physics

Convection Kain-Fritsch (pew Hta) scheme{ Kain 2004)

PBL Yonsei University Scheme (YSL)

Cloud Bﬂcruph}mics WRF Bingle-Moment 6-Class (WSM6) (Hong and Lim
2006)

Surface Layer Monin-Obulkhov

Radiation LW Rapid Radiative Transfer Model (RRTM)
SW (Dudhia. 1989)

CGravity Wave Dirag No

Land Surface Processes Unified NOAH L and Surfice Model

the University of Wyoming and are used for the
computatjion of instability of the woposphere. In the
present siudy, 1.0° * 1.0° gridded NCEP FNL
(Final) Operational Global Analysis and Global
Forecast System (GFS) data are used ss initinl and
Lateral Boundary Conditions (LBC) for the domain.
FNL product is from the Global Data Assimilation
System (GDAS), which continuously collects
pbgirvational data From the Cilobal
Telecommunicutions System (GTS), uand other
sources, for many analyses: The FNLs are made
with the same model which NCEP uses m the
Gilobal Forecast System (GFS), but the FNLs are
prepared about an hour or so afler the GFS is
wnitialized, The FMNLs are delayed, so that more
observational data can be incorporated. WEF model
has been used for simulation of the severe
thunderstorms  wiucl produced fash floods in
northeastemn parl of Bangladesh.

The Advanced Research Weather Research and
Forecasting model (ARW), version 3.7.1
(Skamarock et al, 2008), which is a three-

dimensional. fully compressible. nen-hydrostatic.

model. The ventical coordmsic s u  lermuim-
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following. hydrostatic pressure coordinate and the
mode] uses the Runge Kutta third-order integration
scheme. A domuin with @ Jan horizontal spatial
resolution was configured, which is. reasonable in
capluring the mesoscale cloud clusters. Main
features of the model employed for this study are
summarized in Table 1. The WRF model was nn
for 72 howrs since 28 March 2017 for the flash
flood producing thunderstarms and lightning on 29
and 30 March 2017. The thunderstorms and
highining on 29 and 30 March 2017 ceeurred over
northesstern parts of Bapglsdesh and adjoining
northeast of India.

3. Resulis and Discussion

3.1 Temporal variation of rainfall at Sylhet in
March-April of 2017

Figure 2a represents the graphical temporel
variation of past 24hes minfall ar 0D00UTC on each
day in Margh-April 2017. There was more than one
peak with ramfall greater than 100 mm. especially
in 2017 when rainfall of 119 mm and 134 mm arg
found to occur in past 24 hrs recorded at 0000 UTC
on 29 March and 31 March along with 96 mm on
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30 March, 124 mwm oon 1 Aprl and &1 mm on 2
April 2017, Figure 2b gives the temporal variation
of rainfall (mum'he) near Sylhet and adjomning ares
obtained [rom GPM duta. This figure aléo shows

similar peak rainfall of aboot 15 mm/hr at 0000
UTC an 31 Mareh 2017, Though this raintall was
much more than the recorded ones, both the peak
rainfall vecurred in the early morning of 31 March.
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Figure 2(na): Daily rainfall at Sylhet in March-April 2017,
Tiime Series, Atea-Averaged of Multi-satellite precipitation estimate with
gaiige callbration - Final Run lrecommended for general use] malthourly 0.1
deg. [GPM GPM_3IMERGHH vOS5] mmykr gver 2017-03-29 03:00Z - 2017-04-02 03:29Z,
Shape Bangiadesh, Regon 91.5E, 245N, 52,5 25,50
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Figure 2(b): Duily rainfall near Sylhet and adjoining ures in March-April 2017,
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The coptinugus very heavy ramnfall was responsible
for the oeceumence of devastating fash Hood in
Sunameanj and adjoining areas in 2017,

3.2 Instability indices during 29-31 March 2017

Different instshiliiies of the troposphere over
Dhaks, Kolkats and Agariala at 0000 and 12 UTC
during 29-31 March 2017 are computed. The
resulls, given in Figures 3&4 for Dhuka and
Kolkata, show that most of the indices indicated
stable conditions excapt Lifted Index (LI), SWEAT
Index (SWT) and CAPE.

(a) Dhaka
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Showalier Index showed stability of the troposphere
moderate to absolute, The SWEAT index>200
indicated the instability at Dhuka and Agartala
(Table 2) for the thunderstorms (o occur, instability
being maximum {SWI=433.72) at 1200 UTC on 31
March 2017 at Dhaka. CAPE values indicated
moderate 10 severe instability conducive [or the
ceourrence of lightning and thunderstorms during
the period. The enatic volues of different mstability
indices suggest us to formulate new instability
index for the thunderstorms and lightriing (o oceur
over the region.
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Figure 3: Tempaoral variation of different instability indices at (a) Dhaka and (b) Kelkata.
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Figure 4: Temporal variation of CAPE and SWI at (a) Dhaka and (b) Kollcata.
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Table 2. Different instability indices at Agartala during 29-31 March 2017.

Aparinla 20 March 2017 00Z 032 -1 R 2248 | 377 204 2301 435 1338 08
| 12Z n n il N n n 1 e}
30 March 201 ?_;'I_‘l[_l:’j i i 3| N il il 1] i}
122 fl n n N i i n n
31 March 2017 GOZ 2.64 2.55 216.79 LH_E{J.E 159 EE | 418 ] lﬁ'?'.l'.ﬂiu
m=No data

3.3 Simulation of thunderstorms during 28-30
March 2017

3.3.1 Spatial distributed of simulsted rainfall

The rainfall has been siomlated by WRE model
during 28-30 Mareh 2017, Three hourly evolutions
of rainfall during 29-30 March is shown in Figure 5
for example. Three hourly evelutions of rainfall
show that the rumfall hns started over Meiholava
plateau region at 0300 to 0600 UTC on 28 March
2017, Ranfall 18 found w continue up o 0000 UTC
of next day (Figure 5), The rainfall is more
prominent on 29 w 30 March 2017 aver the
Meghalaya region as well a5 n the northeastern part
of Bangladesh. The first day rain is found to exceed
32 w 64 mm ramfall w 0900, 1200, 1800 and 2100
UTC and next day the rain has over passed 64 {o
128 mm at 1500. 1800 and 2100 UTC. The rainiall
is distinet and very hesvy with smount of 236 mm
during 1300 UTC of 29 March to 0000 UTC of 30
March 2017 over nosthesstern Bangladesh and
adjoining Meshalaya, indicating that the heavy
rainfall hes occurred in the moming on 30
March2017, This hefiy amount of romfall withm a
shott duration has created Hash flood havoe over
il northeast regon of Bangladesh.

1.3.2 Spatial distribution of model simulated sea
level pressure

The sea lewel pressure (SLE) has been simulated
over Bangladesh and adjoining area for the period
28-29 March 2017, the distribution of SLP on 29
March 2017 being shown in Figure 6. From the
analysis of SLP. it is found that o low pressure is
developed over West Bengal with a pressure of
aboul 1002 KPy at 0000 UTC on 28 Murch having
its trough extended towards northeast Bangladesh,
The SLP has changes m magnitude at different
times, but the distibution hss a strong trough
extended towards nportheast. Because of the
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presence of this trough., severe thunderstorms have
developed in the nportheast region mcluding
Meghalaya plateau. SLP ranges from 1009 to 1012
hPa at 0000 UTC and 1007 to 1010 hPa at 1200
UTC ever Bangladesh on 28 March 2017, On the
next day st 0000 UTC, the value is found to range
from 1008 to 1011 hPa and at 1200 UTC the range
is 1005 to 1010 hPa over Bangladesh (Figure 6).
With the progress of the time, the trough, being
narrow. has bean found to be more promingnt over

the northeastern Bangladesh.

1.3.3 Spatial disiribution of moedel simulated
winds at different levels

The analysis of wind field wt 10 m level bas
indicated that a cireulation ls developed at 10m
level over West Bengal and adjoiming Bangladesh
at 1200 UTC on 28 March 2017 (not shown in Fig.
for brevity) having @ trough exltended lowards
northeast.  Strong southwesterly 1w south-
southeasterly flow of wind is distinetly visible aver
the Bay of Benual mnd Bongladash, persisting up o
29 Mareh 2017, Thiz fow of winds 12 responzible
for brnging & lot of moisiure from the Bay of
Bengal, converging over the low level circulation.
Strong circulation iz also found on the following
dayat 1200 UTC. aver western Bangladesh with its
trough extended towards northeast over Sylhet angd
Meghalaya region.

The circulation and the distribution of geopotential
at 925, 830, 500 and 200 hPa levels have beén
prepared and swmdied: the circulation  and
geopotential distribution st 925 hPa are shown in
Figure 7. It 15 found that sirong circulations exist
hoth at 923 and 350 hPa (not shown io figure)
levels over West Bengal and adjoining Bangladesh,
the winds being observed to flow from the Bay of
Bonpul und converge over West Bengal and
adjeining Bangladesh with a trough extendsd
towards northest,
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Figare 5: Spatial distribution of simulated 3 hourly accumulated rainfalls over Bangladesh during 28-30
March 2017,

Sen level pressure (shaded and contour) and wind barb (m/s) al 10m: 29 Mareh 2017
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Figure 6; Spatial distribution of model simmlated sea level pressare and wind flow 10m over Bangladesh
and adjoining area on 29 March 2017,
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Geopolentinl height (shaded) and wind (m/s) &l 925 hPa: 20 March 2017
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Figure 7: Spatial distribution of model simulated wind circulation and geopotential height in meter (gpm)

at 925 hPa on 29 March 2017,

The circulation over West Bengal and adjoining
Bangladesh is found more prominent st 925 LPa
and 850 hPa from 0000 UTC on 29 March. having
an extended through towards the northeast. The
distribution of  geopotential height indicates a
preminent Jow over the circulation area and has
become more intense fom (900 UTC on 29 March
2017 with a valuss of about 740 and 1490 gpm al

925 and 850 hPa levels and the strong trough is

extended towards Sylher and adjoining Meghalaya
{figure not shown), The circulation persists and has
become more prominent ffom 1200 UTC with a8
subsequent shifting towards norheasi. The whole
country  and  adjoining  north-poriheustern
Meghalavan area bevond has become under the grip
of low geopotential heights having 735 gpm and
1460 ypm at 925 and 850 LiPa respectively with an
exiended strong trough throughoul the day (Figure
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Ty At 1300 UTC on 29 Mareh 2017, a micro
circulation has formed over the Sylhel region and
continued up to 30 March. From 1500 UTC on 30
March 2017 (he eirculation begins (o weaken
slightly. The circulation over West Bengal is found
Lo shift eastward too. The persisting characteristics
of the circulation over West Bengal and
Bangladesh, the micro-circulation, the intense
geopotential low al 925 and 850 hPa, and their
castward extension have been responsible for
continuous heavy to very heavy rainfall over Sylhet
and Meghalavan reglon. causing wide-spread
intense flash Ooods over there

At 500 hPa level, there is a strong northwesterly
flow of wind over India and Bangladesh over the
Sylhet and Meghslaya regions on 28 March 2017,
the wind becomng westerly over Meghalaya from
1500 UTC on 28 March (Figure 8). A strong
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Geopolential hefght (shaded) and wind (m/s) at 600 hPa: 268 March 2017
oE0g U oo UTe

57.8 58 - sB.Z 5B.4 58.6 6B.0 59 59.2 20

Figure 8: Spatial distribution of model simulated winds and geapotential height (m) at 500 hPa level over
on 28 March 2017.

Geopotential height (shaded) and wind (m/s) st 200 hPa: 28 March 2017
apno UTC o300 UTC 0800 TUTC oaco UTC

121.8 1222 1225 1228 123.1 123.4 123.7 124 124.3 50
x100 m

Figure 9: Spatial distribution of model simulated winds and geopotential beight {m) at 200 hPa level on 29
March 2017,
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Figure 10 (a-b): Time-pressure eross-section of (a) cloud water mixing ratio and (b) ice water mixing ratio
on 28 and 29 March 2017.

Figure 11 Spatial distribution of vorticity at 850 hPa on 28 and 29 March 2017,
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westerly wrough of circulation aleng with a sirong
trough of geopotental height s found lo exist at
500 hPa over northeast Bangladesh and adjoining
areas, The southerly [ow commy from the Bay of
Bengal iz warm and moist whereas the
northwesterly wind coming through India at 500
hPa i relatively cold and dry. These two types of
wind flows, when conjugated, have produoced
sufficient mstability in  the troposphers for
developing severe thundersiorms which when have
moved over northesst/Meghalava have become
stronger due to orograplic influence, thereby
causing flash flood producing thunderstorms and
associated lightmngs. The (mderstorms have
become more marked due to the presence of
porsisting westerly jel sireams of 40-45 tns™ at 200
hPa level (Figure 9) over Bangladesh and India,
The system has been found to continue up to 30
March with weakening at the epd period.

3.34 Spatial distribution of model simulated
clood water and ice water mixing ratio

The model simulated cloud water and 1ce water
mixing ratios are given in Figure 10 (a-b), The
figures olearly show that cloud-water mixing and
ice-water mixing occur frequently over these arsas
because these arcas are very polential for frequent
thunderstorms or convections. The wvertical cross
section at different location shows cloud water
mixing ratio ranges are 160 to 1100 mg m™ and ice
waoler mixing ratio from 27 to 100 mgm®, The
gloud water mixing ralio values are found o be
300, 600, 160, 650, 1100, 180, 400 and 1000 mgm™
{Fig. 10a) and ice water mixing ratio values are 50,
40, 100, 33, 100, 27, 45 and 33 mg m™ respectively
(Fig. 10b) at Mymensingh, Netrokons, Nikli,
Sunamganj, Cherrspunji, Sumangal. Moulavibazar
and ' Sylhei respectively, The values of cloud water
mixing ratio are maximum at Cherrapunji and
Swiliet where torrential rein has ccourred, Nikli und
Cherrapunji have the maxinmm ice water mixing
rante. The higher clond warer mixing ratio and ice
water nuxing ratio over Nikli, Somangal, Svlhat
and Cherrapunji indicate significant convections as
well as lighining potential during the penod over
there, It may be naoted that the cloud-water mixing
and jce-water mixing are found to gecur almost all
the hoors, because ram and lighting are continuous
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duripg 28-31 March 2017 as can be seen from
Figure 2a.

3.3.5 Spatinl distribution of model simulated
vorticity

The spatial distobution of vorticity at 850 hPu over
Bangladesh and adjoining area has been simulated
at 0000 UTC of 28 March 2017 and is found to be
12%107% ', which gradually increases at 1206 UTC
when it is 60x107 5. The next day the vorticity is
found to be 8010 5" at 0000 and 1200 UTC.
This increase in worticity on 29 March 2017
indicates  that the lightning and flash  flood
producing thundetstorm have severe charactenstics

(Figure 1),

3.3.6  Time pressure cross seetions of x, v and z
components of wind

Figure 12(a-f} shows the vertical time pressure
cross seetioms of the zonal, mendional and vertical
companents of wind over Cherrapunji and Syihet
Ihe Ggures show that posiive u-coraponent of
wind ie, westerly wind both af Chermpunji and
Sylhet is dominant from about 850 hPa to the top of
the woposphere buving lugher wind spead in the
upper troposphere during 28-29 March 2017, There
1 easterly wind at Sylket in the lower troposphere.
The zonal wind has become more prominent with
speed of +14 ms™ at Cherrapunji and +18 ms™* ar
Svlhet coming down to about 550 hPa al
Cherrapunji and 950 hPa pt Sylher between 1800
UTC of 29 March and 0000 UTC of 30 March
2017. Westerly wind is about 30-32 ms™' at around
200 hPa level, indicating the presence of westerly
jer stream.

The mendional wind component (v-component) is
positive Le. southerly in the lower troposphere ot
bath Cherrapunji and Sylhet. The southerly wind is
found to extend up te 600 hPa at Cherrapunji and
beyvond 600 WPa level at Sylhet (Figurs 12 ¢, d).
Above 600 hPs, the northerly wind (negative v-
component) 15 dorinant. The southerly wind has
strengthened io the lower troposphere with speed of
+5-12 m's " at Cherrapunji und +8-16 m s ut Sylhet
fram 1100 UTC of 29 March to 0000 UTC on 30
Murch 2017, This higher southerly wind mdicates
that the torrential rain has ocoumred at the night of
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Figure 12 {n to f): \?ertital-crnss se:lium of x,y and z mmpnnen'ts of wind of 28 and 29 M.Ird: 2017.

) WHF Model CAPE
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Figure 13: Spatial distribution of model simulated CAPE over Bangladesh and adjoining ares at synoptic
hours an 29 March 2017.
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Table 4. Observed CAPE computed from rawinsonde data.

Stations CAPE
22 March 2017 30 March 2017 | 3] March 2017
00Z 127 00Z 122 | o0z 122
Dhalkea 1419.65 563.80 121024 | 193659 | 1172.09 | 256079
Kolkata 1765.64 3379.17 1357.57 | 3701.8¢ | 1754.96 00.00
| Agartala _1538.08 - | - | - | 167705 -
Agariala Syliet
3000 3500
¥y=15.1000x = 1472 v 11118z - 68741
i Rf=0.2535 o 000 R’ =0.2726
g -
= 1500 5
& 1om0 dJ
o
00 ——— Agartiln
! =:I'...'.. 'ﬁ'ﬁ'ﬂ":il';..'.;'g"ﬂfg”g'.'g'.i'n 2-'2"=.I 0 S . s e e rm——r
° = = = o RARDTEEER ST YHERD
] & =] § = = = =
R I ‘T
Dare and time (TTT) Diate sisd pi:ne{lni:'}
Figure 14: Houriy wvaration in CAPE af | Figure 15: Hourly variation in CAPE at Sylhet
Agartala during 28-31 March 2017, during 2831 March 2017.
Cherrapunji
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Figure 16: Hourly variation in CAPE at Cherrapunji during 28 31 March 2017.

29 March 2017, Maximum northerly wind speed of
-32 ms” is found @l around 200 hPa level. The
verfical componenl of wind (z-component) has
positive and negative values alternatively but with
definitely positive values of +1.2 m&" or more from
850 hPa 1o about 650 hPa at Cherrapunji and frorm
930 hPa to 600 hPa a1 Svihet after 1200 UTC on 29
March 2017,
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1.3.7 Comparison between observed and maodel
simulated CAPE

Convective Available Potential Energy (CAPE) isa
measure of the amount of cnargy.availahle- for
conveetion. [t is dircetly relsted to the maximum
potential vertical speed within an updraft and s
higher values indicate greater potentizl for severe
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weather. When the CAPE index 15 zero, the air will
bz stable and conveetion is not possible. For CAPE
vatues up 1o about 1000, the probability of heavy
slowers increases, Lurge CAPE also promotes
lLightning activity (Craven and Brooks, 2004), Table
3 gives 3 rough guide of the likelihood of lightning
in terms of CAPE. The values of CAPE obtained
from rewinsonde data during the period 29-31
Mareh 2017 are given in Table 4. The valves of
CAPE indicate that moderate to very lightning risk
has heen ssgocigted with thundepstorms which
ocourred  during 29-31 March 2017
northeastern Bangladesh. But the three stations are
fur away in the south/soutlvwest of the place of
oecurence of thunderstorms,

ovcE

CAPE has heen simulated by using WRF maodel at
synoptic hours on 28 March 2017. Tt 15 found that
the copvective available potenfinl energy varies
from one synoplic hour (o another but has increased
in the north/northerstern Bangladesh and adjoining
area with the progress of the day, the simulated
maximum value being 1750 Jkg' Tkg at 0600,

(900 and 1800 UTC over Mymensingh and further
northeast and this  walue  oulicates moderate
lightning risk over there. On 29 March 2017, the
distribution puttern of CAPE is almost similar bul
the magnitude is found to be 1750-2000 Jka' at
1200 TIC  (Figure:  13)  over northeastiem
Bangladesh, It may be mentioned that CAPE has
been always much higher in southern Bangladesh
and adjoining Bay of Bengal, which may be due lo
the presence of mare moisture over there. Figure 14
gives the houtly trend in simulated CAPE at
Agartala during 28-3] March 2017 and shows that
the CAPE has a significant increasing trend from
0000 UTC of 28 Murch to 0000 UTC of 31 March.
The tate of increase in CAPE is §.109 Jeg'/hr,
indicating increused convection wnd lightnmy risk,
The maximum CAPE at Dhaka is around 26408
Tke 'at around 12 UTC on 30 Mareh 2017. CAPE is
also found to increase significantly at Svlhet and
Cherrapunji during the period 0000 UTC on 28
March to 0000 UTC on 31 Murch 2017 and the
rates of increase of CAPE are 11,11 and 6.039 7 kg
"hr' respectively (Figures 15&16).

WHF Model Lightning Fotentinl Index
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Figure 17: Lightning Potential Indes (1PT) during 29-30 March 2017,
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34 Spatial distribution of Lightning Potential
Index (LPI) during 29-30 March 2017

The Lightmmg Potentinl Intlex (LPI) his been
simulated for the period 0000 UTC of 22 March to
0000 UTC of 30 March. 2017. In the morning on
29 Murch 2017, there s shight LPI over the area
north of Sylhet and Meghalava with a value of 0,02
i s, LPI appedred over u relatively larger arca
covering Sylhet and Meghalava at 1500 UTC on 29
Muarch 2017 and hias become more prominent

at 1800 UTC on 29 March to 0000UTC on 30
March 2017. The maximum LPT is about 40 m~s?
at: 2100 UTC on 29 March 2019 (Figure 17). This
indicates the existence of moderale (o severs
lightning  conditions  over the morthesstern
Bangladesh, LPI hag been found to decrease from
1200 UTE on 31 March 2012,

4. Conclusions

Un the basis of the present study, the following
conclusions can be drawn:

(i) Heavy to very heavy rainfall at Sylhet due to
thimderstorm, has  been  responsible for  the
occwrrence of flash flood. The WRF model has
caplured the ruinfall for the lighlning and
thunderstorms. Maximum rainfall is found to ecour
in the late night or early morming. The {lash Ooods
have occurred bhecsuse of very heavy rainfall over
Meghalaya Plateau and Sylhet region.

{ii) The WRF medel has well smulated o low
pressure area over West Bengal with its trough
extended to northoastward, giving a favorable
condition for the formation of thumderstarms, The
persisting charsctenistics of the cireulation over
West Benpal and Bangladesh, the micro-circulation,
the intense geopotential low at 250 hPa and
upwards along with their gastward extension have
been responsible for continuous heavy 1o very
heavy rainfall over Sylhet and Meghalavan region.
causing wide-spread infense flash floods over there,

{iii) A strong westerly trough of circulation along
with a strong trough of geopotential is found to
exist at 500 hPa over noriheast Bangladesh and
adjoining arcas. At 500 hPa level, there has been a
strong: northwesterly flow of wind over India and
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Bangladesh with westerly winds over the Sylhet
and Meghalaya regions.

{iv) The southerly flow comung from the Bay of
Bengal 5 warm and moist whereas the
porthwesterly: wind coming  through India s
relatively cold wnd dry. The mixmng of these fwo
tvpes of winds have produced sufficient instability
in thg troposphere to develop moderaic {o severe
lightning and thunderstorms, which when moved
over northeast/Meghalaya become stronger due o
orographic influence, thereby become [lash flood
producing thunderstorms. These thunderstorms and
lightning hecome more marked due to the presence
of westerly jet stream of 40 ms' over Bangladesh
and Indiu.

(v} At Cherrapunji and Sylhet, the cloud water
cloud water mixing ratio values are 1100 and 1000
mg m” respectively. The values of cloud water
mixing ratio are maximum at Cherrapunji and
Sylhet where tomentinl rain  has  occurred.
Sunamganj and Srimanzgal have the maximum ice
witer mixing ratio. At Mymensmgh, Netrokona,
Nikli. Sunamiganj, Cherrapunji, Srinwmngal,
Moulavibazar apd Sylhet, the cloud water mixing
rofio waloss are 130. 150, 140, 550, 1100, 22, 40
and 240 mg m” respectively and ice water mixing
ratio values are 160, 180, 110, 249, 220, 160, 220
and 200 mg m? respectively during the study
period.

(vi) The westerly wind both & Cherrapunji and
Sylhet are fowmd dominant from about 850 [Pa (o
the top of the troposphere having higher wind speed
in the upper troposphere during 28-29 March 2017.
At Svlhet, there is easterly wind in the lower
troposphere. The zomal wind becomes more
prominent with speed of +14 ms* al Chemapunji
and +18 ms! at Sylhet coming down to abour 830
hPFa at Cherrapunji and 950 hPa at Sylhei batween
1800 UTC of 29 March and 0000 UTC af 30 March
2017. Westerly wind is abont 30-32 ms” at around
200 hPy level, indicoting the presence of westerly
Jet stream,

{vii) The southerly wind is found to exténd up to
600 hPa at Cherrapunji and beyond 600 hP4 level at
Svihet. The southerly wind has strengthened in the
lower troposphere with spesd of +5-12 ms' at
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Cherrapunji and +8-16 ms" at Sylhet from 1100
UTC of 29 March tn 0000 UTC on 30 March 2017,
This higher southerly wind indicates that the
torrential rain has ocourred at the night of 29 March
2017,

{viii) Vorticity and vertical velocity is found to be
conducive for the occwrence of thunderstorms and
lightning,

{ix) The instability such as LI SWEAT Index and
CAPE. LI, SWEAT Index and CAPE have
indicated moderate to strong convection over
Bungladedh end surrounding Indian states. CAPE
hus continuous and sharp mereasing trend a1 8.109 7
kgl hets 1111 ke brt and 6309 T kg bl at
Agartala, Sylbet and Cherrapunji respectively,
which has been favourable tor lightning. [Pl 1s
favourable for modeiale 1o severe lightaing,
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