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Abstract

Characteristicof heavy rainfall over southeastern part of Bangladesh is differemt the
others part of Bangldesh dueo the positionandits climatic conditionsAn attempt has been
madeto understand the categorical rainfall trendhie ®utheastern part of Bangladesh. The
linear trendof the heavy and very heavy rainfall is decreasing in maximustationsin
southeaastern part of Bangladesh during 198121.In this study wo rainfall events are also
been simulatedising WRFARW model (version 4.4andthe CAPE, CINE, Heavy Rinfall
parameters aranalyzed Model is able to simate these eventgeurately.

Keyords: CAPE, CINEandWRFARW.
1. Introduction

Rainfall is one of the most important factors of Bangladesh, where the economy is highly baseduitaragri

About 80% people of Bangladebve in rural areaand directly or indirectly depend on agriaut. The rainfall
associated extreme events may affect ecosystems, productivity of land, agriculture, food security, water
availability and quality, halth and livelihood of the common peepbf Bangladesh. Thefore, a better
understanding of rainfall hasportant implications for the economy and society of Bangladesh (Shaheed,
2011).

Geographical location of Bangladesh in South Asia, between 20°3@°38' north latitude and 88°01' to°@2'

east longitudeMaximum extension is about 440 km iRVE direction and 760 km in NNWESE direction. Area

of Bangladesh is 147,570 sq km and the boundarie®astBend (India) on the west; West Bengal, assam
and Meghalaya (all the Indian states) thie north; Indian tates of Assamlripuraand Mizoram together ith
Myanmar on the east; anlde BoB on the south. The total length of the land border is about 4,246 km, of which
93.9% is shared with India atlde rest 6% with Myanmar.

The topograpy of southeastern gt of the country (21°25'N to 23°45'N latitude a®d°54'E to 92°50'E
longitude) the only extensive hill area in Bangladiéss borderinglyanmar on the southeast, the Indian state
of Tripuraon the north, Mizoram on the east aGtiatogramdistrict onthe wes. The area of th€hattogram
hilly zone is abut 13,184 sq km, which is approximately emath of the total area of Bangladesh. Beside this
Coxb6s Bazar, Feni are the plain | and area.

Banghdesh tested two different environmerdae of the Himalags to he north and second of the Bay of
Bangle to tle south. According to the climatic conditions, there are four seasons in Bangladesh. They are (a)
Summer(pre monsoon), the period of March to Waainfall occurred 17%(b) Rainy Seas@Southwest
monsom), theperiod of June to September, rainfall occdri®2%, (c) AutumnPost monsoon), the period of
October to November, rainfall occurred 9%, (d) Winter (Northeast monsoon), the period of December t
February, rainfall occurred only 290 the period oflune toSeptember is important for received rainfall.
Bangladesh, is primarily a lolying plain country, situated on deltas of large rivers flowing from the
Himalayas, has a sttbopical humid climas characterized by wide seasonal a#ons.

Rainfall isvery important for the survival of plants and animdRainfall is the source of fresh water of the earth
surface. If rainfalls less, there is water scarcity which sometime causes drought likersitfizhere is excess

of rain, floads eventuated whichmake he life of the affected people miserable.sltalso one of the source of

water for rivers, lakes and others aquifers. Rainfall is needed for the cultivation as a good balance of rain and
proper irrigation can lead to faster grawi plants, which aa cut dwn on germination time and the length
betweerseeding and harvest. The crops are directly dependent on water during their ertyreldifi@ order to

survive and thrive. Rainfall is the mdmportant factor in defining climat&xcess rainfall an caus flooding

and enormous property and crop dgmaBeside this, a deficiency of rainfall can cause drought and crop
failure. Rainfall is also the major source of energy that drives the ciamlaftthe atmosphere.
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Rainfall is animportant factor fothe ppulation living in coastal Bangladesh. Ercatainfall and associated
extreme events could have negative impacts on the ecosystem, agriculture, business, health and the overall
livelihoods d the common people. According to thBCC 4th assessmergportthere will be a 5% to 6%
increase in rainfalin Bangladesh by 2030A better understanding of the rainfall pattern is important for
formulating efficient resource management and climategdadaptation policies.

In the Southestern part of Bangldesh ainfall is an important factor. Whereas the@dgraphy of southeastern
part of Bangladesh is combined of hills and plain land ChattogranHills constitute the only significant hill
system in the country. It rises steeply wrow ridge lines (aerage36m wide), with elevation ranges between
600 and 900m above mean sea level. In between the hilly ridges lie the valleys that generallgirio south.

West of theChattogramhills is a narrow, wet coastal plain lying paraltel the shoreline.n this region
sometimes heavy rainfall causes moumteollapse. As a result peoples whose living under mountainside they
are affected. Coastal pdepare also affected by heavy rainfall. For agriculture, industry and others sector
rainfall is important eément it heavy rainfall is harmful.

The rainfall inBangladesh varies, depending upon season and location. Winter (November to February) is very
dry and accounts for only less than 4% of the annual rainfall. Rainfall in this seases fram 20 mm inhe
westand south to 40 mm in the northeast, whickdased by the westerly disturbances that enter the country
from the northwestern part of Indidhe rainy season (June to October) accounts for 70 to 85% of the annual
rainfall, which varies from 70% irthe eatern part of the country to about 80% in soeithwest, and 85% in the
northwest. The amount of rainfall during this season varies from 1P the westentral part of the country

to over 2000 mm in the south and northeast.

Bangladesh is one dhe mat flood prone countries. The floods in Bardgah mostly occur during monsoon
season due to heavy rainfall. But most of the heavy rainfahts occur in monsoon months, and the
northeastern, eastern and southeastern regiotkeotountry are mossuscetible for this meteorological
phenomenon.

In Bangladesh rainfall is mostly occurs in monsoon period. In the period of monsoon warm direcbntare
moisture and if this warm air gets enough sufficient moisture supply fromctren, then it drawsip exta
moisture. As a result occurred weak tropiapression which brought from the Bay of Bengal over Bangladesh.
higher rainfall in the nortbast is caused by the additional uplifting effect of the Meghalaya plateau. By the
mons®n depression, monso windcarried more moisture, so that cloud contdigeeater number of large rain
droplets and heavy rainfall occurred. As the climate contimuegtm, this effect will be increased and heavy
rainfall also be a common phenomenon.

2. Literature Review

Bangladsh has a sutropical humid climate charactedd by wide seasonal variations. Rainfall in Bangladesh
mostly occurs in monsogperiod, caused by the weak tropical depressions that are brought from the Rain gauge
stations locatin of BMD and selectedarea @ northeastern part of Bangladesh used unbir gtudy Bay of
Bengal intoBangladesh by the wet monsoon winds. More than 7&#gall occurs in the monsoon period in
Bangladesh.

Heavy rainfall dense bamboo and cane busheg, flwod plain and thélashy rivers all the features are very
related andcontributed by the hills of this region. Any change of the malimatic patten in this region is
significantly affects the balance among these natural resources of the seutipsasbf Bangladesh.

3. Experimental Set Up,Data used and Methodology

As per objectives of this stud@hattogranregion of Bangladesh has been selectatording to the mandate,
Bangladesh Meteorological Department (BMD) has been collecting rait#febf Bangladesh regio throwgh

its surface synoptic observatories. For erstianding the rainfall variability of the region daily rainfall data
collectedf rom the 7 Synoptic stations of B MDChdttdgeaknn a f ,
Sitakund, Sardwip) are collectd and tilized. Using this data monthly rainfall digtution of each other
selected stations are calculated and analyzed. Ovepetied the period rainfall amounts are varying and
accordingly it has the impact on the society.Kihmw this temporal varigon of monthly, seasonal and annual
rainfall for eat of the stations are calculated and analyzed. Similarly, variability of hesmfall (HR)
including trends and rate of increment or decrement are calculated. The computatigiomprhas been
calculaed ushg MS Excel and R codes.
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Table 1:List of the simulated Heavy Rainfall events

Sl Date Average rainfall over thg Maximum Location of maximum
region Rainfall rainfall

01. | 01 July 2021 216 mm Chattogram

02. 18-19 June 2020 253 mm Coxb6s Baza

The meeorological event of heavy rainfalls over timastern part of Bangladesh has good impact on the
society. But the accurate and timely predictions of HRs are very challenging. Their physical processes are also
complex in natureTo understand thisral to @ntribute in this aspect few HR events (Tabjeare selected and
accordingly simulations have been conducted using VWRW Model (version: 4.4.1). Model description has

been given in Table 2. Simulated result has been higbtigh the respectivehapter

Table2: Configuration of WRFARW model {ersion 4.4.1)

WRF CORE ARW
Domain and| Data NCEP GFS
dynamics | Input data interval 3 hour
Number of domain 1
Domain central point 20224°N and 9093E
Relution 9 km
Coveral area 15.5228.5N and 2°98°E
Integration time step 60 sec
Map projection Mercator
Vertical coordinates Pressure coordinate
Time integration scheme Default
Spatial differencing scheme Default
Physics cumulus Defaul
microphysics Default
PBL Parameterizatio Defaut

4 Results and Discussion
4.1Monthly Distr i buti on of Rainfall at Coxb6s Bazar

Monthly rainfall distribution indicates that the amounts of rainfall are different at different months. It is the
highestin July and the lowest inahuary. Amounts ofainfdl are higher in monsoon months and lower ie-p
monsoon and poshonsoon monthsit is the lowest in winter months. Similarly, the variability of rainfall
amounts (as measured through standard demjaTD) are higher in the m@oon months, lowen pre
monsoon and post monsoon months. The vaitplf rainfall in winter months aréigher compared to mean
rainfall is the indication of high variability of rainfall in winter months.

Monthly Distribution of Rainfall: Cox's Bazar (a) Monthly Distribution of Rainfall: Chittagong (b)
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The amounts of rainfalilistribution at Chattogram, Rangamati, Sitakunda, $gménd Kuubdiaare lower

than Cx 6 s rRlarimgamonsoon months and preonsoon monthgxceptTeknaf Amounts ofrainfall is
highest in monsoon and lowest in winter monsoon. Similarly, the variability of rainfall amounts (as measured
through standard detion, STD) are higher in the m@oon moths, lover in premonsoon and post monsoon

JEBUNNESA ET AL.
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(d) Teknaf, (e)Sitakunda, (fpandwip, (g)
Kutubdiaduring 19812021respectively.

June 2023

months. Tle variability of ranfall in winter months are higher compared to mean rainfall is the indication of
high variability of rainfall in winter month&his variatio isalmog similar with excel calulatiors.

Heavy rainfall activities over Southeastern partof Bangladesh

Heaw Rainfall (HR) activities during winter season are not available oveB3Euring the period under
consideration. It is less frequent inepnonsoon ad postmonsoon months anvery fequentduring monsoon
months. As a whole the average. of HR in premonsoon, monsoon and pgsbnsoon seasons are 2.5, 14.9
and the annual ohHR.in p@mondddh,

and

1.7

respectively

monsoon and EFmonsmn seasnsare 1.6, 3.1 and 1.5 respectively andahaual no. oHR is 3.7.
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Heavy Rainfall (HR)activities are éss frequent in prenonsoon and poshonsoon months and very frequent
during monsoon monthat Chattogram, Rangamati, Teknaf, Sitakunda, Sandwip and Kutétsdgawhole the
average no. of HR in pimonson, masoonand postmonsoon seasomrge 2.1, 7.9 ah1.3 respectively and the
annual no. of HR is at Chattogram is 11.5. And the STD of HR ifmanesoon, monsoon and pasbnsoon
seasons are 1.6, 3.3 and fdeg8pectively am the annual no. of HRi3.9.

As awhole the average no. of HR ipremonsoon, mpsoon and poshonsoon seasons are 2.7, 7.5 and 1.2
respectively and the annual no. of HR is at Rangamati is 11.6. And the STD of HRnmopseon, monsoon
and ppostmonsoorseasons are 2.0, 3.0cah.3respedwely and the annual no. of HR at Rangamais 4.1

As a whole the average no. of HR in pr@nsoon, monsoon and pasbnsoon seasons are 1.9, 19.2 and 1.6
respectively and the annual no. of HR isTeknaf is 22.8 And the STD of HR in gp-monsoon, nensom and
postmonsoon seassrare 1.8, 4.2ral 1.3 respectively and the annual no. of HR is at Teknaf is 4.6. Which is
highest than any other area of-8BP zone .

As a whole the average no. of HRpre-monsoon, mpnsoon and poshonsoon sasonsare 28, 108 and 1.3
respectively and the annual.raf HR is at Sitakunda is 15.1. And the STD of HR inm@nsoon, monsoon and
postmonsoon seasons are 1.0, 6.8 and €spectively and the annual no. of iRt Sitakund is 8.6.

As a whole tle aveage no.of HR in premonsoon, monsoon and pasbnsom seasons are 2.7, 7.5 and 1.2
respectively and the annual no. of HR is at Sandwip is 11.6. And the STD of HRrimopsaon, monsoon and
postmonsoon seasorse2.0, 3.0 ad 1.3 respectively arthe amual no of HR is at Sandwip is 4.1.

As a whole theaverage no. of HR in pmmonsoon, monsoon and pgebnsoon seasons are 2.2, 11.4 and 1.4
respectively and the annual nd.HR is at Kutubdia is 15.2. And tH&TD of HR in pre-monsoon, monsoon and
postmonsoonseasas are 1.7, 3.4 and 1.0 respectively #rahannual no. of HR is at Sandwip is 3.9.

Temporal variation of the no. of HR:

No. of HR i s al mo satduring neogsoom seasora It wa€ eméeduent dBirgz19812003.
But it bemmes agite low frequent during the recent years. It washggt in 1982,1991,1999,2003 and 2015 but

| owe st in 1985. As a whole the no.r. of HR shows t he

JIAS_H (a) 16 HAS_H (b)

Ml |

TP IO DOy | B EBEE eSS Sc a2 S 3
FEEFSSFITISSTS | FEEEHEEEEFEESEESESESEE E S

No. of Heavy Rainfall
No. of Heavy Rainfall
5]

[

> o g9 D o2 &9 o D
%‘b%‘b%%"l%%%
I G L S IR S L

o

119

de



Volume 9 JEBUNNESA ET AL. June 2023

. JIAS_H (C) J]AS H (d)

\hh 44444

Ko m,,

N
«

N
c

No. of Heavy Rainfall

o]

00) _I.
"J —_—
3
=
—
R —
No. of HR
[T
w [=] w
| ——— |
[P
e ——)
e e ———
—_—
—
—_
—_—
[
———
pr——
—
pE————
[P —
S
————
P
S ——
P————
—_
P—————
 ———
p—
[P
——
—
—
S ——
P————
013 —

/ll,lnvnvﬂv 2222222222 RRRRRIILLELR

5 ) 25

i MII I W\ Il

o o
\i,g; & D;b Qq: be Qm Dga @ D;a & Qe QQ &

~
D

N—r
~
=

N
I

No. of Heawy Rainfall

No. of Heavy Rainfall

w

P
w

0 | | |

A N T A S S T I A S B R B A S BN N N T S B 2
S D QY > )
ST AT AT AP FFFFF PP TS S S S S S S

Y —

JIAS_H Fig.3 (a-g): Temporal vaiation of the no. of HRat
2 (g) (a) C dBazargb)Chattogram, (c)Rangamati,

‘ (d)Teknaf (e)Sitakunda, (f)Sandwip, (g)Kutubdia

region during JJSA of 1982021

P om"x.
~ AT AT A AR

n

Mo of Heavy Rainfall

[}

o ) > P
0@7 g & aﬁ Lgn cga qra S

No. of HR is quite frequent at Chattogram during monsoon season. It was lesstfidening 19922006. But it
becomes moreréqent duing therecent years. It was high in 2014 arighest in 1991 but lowest in 1992 and
1998. As a whole the no. of HR shows a quite increasing trend at Chattogram.

No. of HR is quite frequent at Rangamdtiring monsoon seaan. It was less frequeduing 1981-1995 But it
becomes more frequent durirtgetrecent years. It was high in 200®1highest in 2015 but lowest in 1992 and
1994. As a whole the no. of HR shows an increasing trend at Rangamati.

No. of HR is quite fregent at Teknafluring mamsom seasn. It was more frequent during 198D95. Butit
becomes less frequent during the recent years. It was high in 1982,1991,2002 and highest in 2012 but lowest in
1986 and 2021. As a whole the no. of HRwkadecreasing &nd at Teknaf

No. of HRis morefrequentat Sitakunda during monsoon seasonvds quitfrequent during 1981990. But it

becomes mor&equent during the recent years. It was high in 1998 and highest in 2015 but lowest in9881. A
whole the no. of HRhows arincreasing tred atSitakunda.

No. of HR is frequent at Sandwip duringomsoon season. It was high in 1988 and highest in 2014 but lowest in
1995 and 2002. As a whole the no. of HR shouwseartrend at Sandwip.

The no of HR is morefrequent aKutubdia during monsoogeaon. Itwas lessfrequent during 1982010. But
it becomes mordrequent during the recent years. It was high in 2011 and highest in 2021 but lowest in 1986
and 1992. As a whole the no. of HR shamsncreasing trend at Kutuladi

4.3. Very Heavy rainfall activities ove Southeastern part of Bangladesh
431Very Heavy rainfall at Cox06s Bazar

Very Heavy Rainfall (VHR) activities during winter season are not available ov@[5Huring the period
under consideration. It is lesgdquent in prenonsoon ad pcstmon®on morhs and quite frequent during
monsoon ronths. As a whole the average noV#fR in premonsoon, monsoon and p@sbnsoon seasons are
0.8, 8.4 and 0.6 respectively and the annuabh®.HR i s at C o.Arddshe 8Tdofahe naf ¥HR9 . 9
in pre-mon®on, monsoon and pestonsoon seasonsea0.8, 8.4 and 0.6 respectively athd annual no. of
VHR is at Cox6s Bazar is 9.9.

120



Volume 9 DEWDROP June 2023

12 |

mAvE VHR  mSTD_VHR ®Avg_VHR  mSTD_VHR (b)

10

()

No. of HR
[}

No. of VHR
O B N W A U @O N ®

MAM_VH JIAS_VH ON_VH JTD_VH MAM_VH JAS_VH ON_VH JTD_VH
’  Avg_VHR B STD_VHR (C) " ™ Avg VHR = STD_VHR (d)
. 12
g 3 £
3 s
=2 s 6
. 4
0 - ‘ - ‘ R .
MAM_VH JIAS_VH ON_VH JTD_VH MAM_VH JIAS_VH ON_VH JTD_VH
12 W Avg_VHR W STD_VHR (e) 1; mAvg VHR  ®STD_VHR (f)
3 8
7 7
e 6 E 6
3 s '
zé a 5 4
3 3
2 2
o I il o Wl mill
MAM_VH JIAS_VH ON_VH JTD_VH MAM_VH JIAS VH ON_VH JTD_VH
o Fig4 (ag): Seasonal distributiorof the
s ™ Avg_VHR mSTD_VHR (g) A
’ umber of VHR at( a) € Bazar, (b
6 Chattogram, € Ranganati, (d)Té&naf, (e)
£ - Sitakunda, (fSandwip, ¢) Kutubdia.
& 4
z“ 3
1

MAM_VH JIAS_VH ON_VH JTD_VH

Seasonal distribution of VHR is displayed in Fig. 4.3.2(a). The average no. of VHR-imopisoon, monsoon
and postmonsoon seasonsea09, 5.3 and 0.6 respectivedind the annual no. &fHR isat Chattogranis 6.8.
The STD of te no. of VHR in premonsoon, monsoon and paesbnsoon seasons are 1.0, 2.6 and 0.8
respectively and the annual.raf HR is at Chattogram is 2.8.

The averag@o. of VHR in premonsoon, monsm and postmonsoon sasms espectively & 0.6, 3.3 and 0.2
and its annuano. is 4.2at RangamatiThe STD of VHR in pranonsoon, monsoon and pesbnsoon seasons
also respectively are 0.7, 2.2 and 0.5 and its annuas 2@.

The average no. of VHR premonsoon, monseoand ppstmonsoon sasons respectivelgre 0.5, 10.2nd 0.7
and the annual no. of it is 11.4 at Teknaf. Similarly, the STD of VHR irnpresoon, monsoon and post
monsoon seasons are 0.9, 3.6 andé&sPectively.

Very Heavy Rainflh (VHR) activities areless fequent in pgmonsoon and poshonsoon monthand quite
frequent during monsoon months. The average no. of VHR irmpresoon, monsoon and pesbnsoon
seasons are 1.0, 6.8 and 0.7 respectigalythe annual no. of it is 8.6t Sitakunda. And th8TD of VHR in
premonsoon, monsoon argbstmonsoon sasons respectively are 1.0, 3.0 and 1.0 and the annual no. of it is
3.1

Very Heavy Rainfall (VHR) activities are more frequent in-prensoon anghostmonsoon months and very
frequent during monsoon mths. As a whole theaverage no. of VHRn premonsom, monsoon and post
monsoon seasons respectively are 0.9, 7.7 and 0.8 and the annual no. of it is 9.4. As per the analysis the STD of
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VHR in premonsoon monsoon and poshonsoon sasons respectively atel, 34 and 1.1 ath the annual no.
of itis 3.6

Very Heavy Rainfall (VHR) activities are very less frequent inmpomsoon and poshonsoon months and
quite frequent during monsoon months. The ageno. of VHR in premonsoon, ransoon and poshonsoon
seasol respectivgl are 0.7, 6.8 an@.7 and the amual no. of it is 8.2. The STD of VHR in pmonsoon,
monsoon and poshonsoon seasons respectively are 1.1, 3.0 and 0.8 and the annual n®.8f it is

Temporal variation of the no. of VHR:

Analysis irdicatesthat the noof VHR is quite f e g u e n ts Bazar duling> xmdnsoon season. It was more
frequent during 1982015. But it becomes quite low during the recent years. It was the highest irb@000
lowest in 1981 and 2010. Asshole the no. of VHRows nayative trendout it is not conislerable.
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No. of VHR is almost frequent taChattogram during monsoon sea as shown in Fig. 4.3.2. It was less
frequent during 1982003. But it was more frequent during the recent years. The no. of VHR was the lighest
2004, followed by 2007, 1986 dr2021. It vas absenin 2020. As a wholehe no. of VHR shows an increagi
trend of 0.04/year.

The no. of VHR is quite frequent at Rangamati during monsoon season. It was high in 1987, 1993, 2004 and
2017 but low in 184,2000, 2013 and 2016. It was absin 1994 2020 and®2021. As a whole theno. of VHR
shows positive trendt Rangamati but is not considerable.
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No. of VHR is quite frequent at Teknaf during monsoon season. It was more recurrent duririP2938But
becomes less frequent during thecent yeas. It was Iigh in 1991, 2004, 208 and 2011 and the highest in
2015. Again it was very low in1983 and 2002. As a whole the no. of VHR shows slight increasing trend at
Teknaf.

No. of VHR is more frequent at Skanda during monsoon season as diged in Fj. 4.3.5(b) It becomes
more fregient during the recent yearswas considerably high in 1987 and 2011 and the highest in 2017. But it
was very low in 1994 and 2006. The no. of VHR shows an increasing waruath, is 0.07/year.

No. of VHR is fequent aGandwip duing monsoon season a&hown in Fig.4.3.6(b). It wasé¢ highest in 2016
but lowest in 1989. As a whole the no. of HR shows an increasing trend of 0.098/year.

The no. of VHR is quite frequent at Kiniaduring monsoon season. It wass$ frequet during 851997 but
it become more frequent during the reteyears. It was high in 1987 and 1998 with the highest in 2012 & 2015
and lowest in 2002. As a whole the no. of VHR shows an increasing trén@dgfear (Fig. 4.3.7(b)).

Synoptic Conditions during the day of Heavy Rainfall:
Synoptic setting over Bantadesh and adjoining area

As per the surface and upper air observatieaxisof monsoon trough runs througtttbr Pradesh, Bihaand
WestBengal to Assamof Assamacross northerpart of Bangladestwith its associated tragh extends upto
northern part bthe Bay of Bengatluring 0203 July 2021As a resultactivemonsoon situation prevailexer
Bangladesh anid was moderate over North Bayiccodingly, a wind discontinuity peists over southeaster
pat of Bangladeshrad northeastern part of the Bay Bengal.Monsoon flow was quite strong for carrying
moisture.

Description of the event

As a governing factor of monsoon, the monsoonignoard its northsouth orientation plas/a vital role for
monso rainfall activity over Bangladesh. In a similaranner the spatial variation of active and break phases
of monsoon are recognized. Due to the presence of momsd®over northern part dangladesh and its
extension towards efaand west, active nmsoa dtuation appeaover Bangladesh region and neodtely active
monsoon over the Bay of Bengal. As a result, high amounts of rainfall were recorded over southeastern part of
Bangladesh durin@1-03 July 2021. Thesignificantamouns rainfall recorded wring this period wer€42 mm
(atChattogramy, 237 mm(at Co x P $80 B (@tareknaf)167 mm(at Kutubdig, 164 mm (at Sandwip),
104 mm (at Sandwip) anfil mm (at Rangamali The rainfalls wee cntinung during this period buthie
highestamounts wee during 01 to 02 July 2021. The highest amounts adily rainfall during this period were
216 mm atChattogram(01 July) followed by110 mm(at C o x pom 02BJalyz2821. As a whal the regia

was under thesubstantiainfluenceof rainfall.

4.4 Sinulation of the heavy minfall event on 0103 July 202
4.4.1 Convective Available Potential Energy (CAPE)

Spatial distribution of simulated Maximum Convective Available Potential ENE&4YE) depttsa differential
CAPE zone with eastest gradient perdss initially over soulhern part of Bangladesh, wheigher CAPE is
found over western sid@ver oceanpand lower CAPE is over eastern sigeer landmass)lt then intensified
and move slowly eatvards and finally higher CAPE persisover the northerngpt of the BoB along arth-
south direction. But lowe€APE persists over southeastern landmass area alongsoaotth direction(Fig 6(a
¢). This situation might be very helpful for deeggneection oer the BoB, vertical lifting of moistte content for
high amours of rainfall ove SEBD.
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Fig. 6 (a): Temporal variation of surface maximum CAPE on 01 July 2021
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Fig. 6 (b): Temporal variation of surface maximum CAPE on 02 2091
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Fig. 6 (c): Temporal variation of surface maxum CAPE on 03 July 2021

4.4.2 Cavective Inhibition Energy

Simulation represgs low Convectivelnhibition Energy (CINE)at surface as well as lower troposphere during
the interested period over theeavy rainfall acurence area, whiclare the favourale condition of deep
conwedion aswell asthe occurrence of heavy rainfall (Fig-c).
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Fig. 7(a): Temporal variation of surface minimum CINE on 01 July 2021
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Fig. 7 (b): Temporal variation of surface minimum CINE on 02 July 2021
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Fig. 7 (c): Temporal variation of surface minimum CINE on 03 July 2021
4.4.3 Simulated Rainfall:

Simulated 3hourly rainfall of 01July 2021 is displayed in F8g(af) reveals the sigature of rainfall over
souttern part of Bangladesh and adjoiningrthern part of the Bayf@Bengal at eachfahe time windw. It is
found to increase with progress @hée and higher during late hours ¢f duly and early hours of"2and the
amounts of rainfall are highest oveousheastern part of Bangladesh and ddjoining coastal area3.he
signature obbservedainfdl is also recorded over the southeastern piBangladesh. The spatial distributio
of simulated rainfall pattern is found to analogous with the simulatefhita
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Fig. 8 (a): Simulated 3-hourly rainfall (mm) 01 July 2021 coverirg Banglade$ region

(a) 00-03UTC (b) 03—06UTC (c) 08—09UTC (d) 09—12UTC
24N 24N 24]

24N

29N 23N
@Q?B %\
b

23N 23N 4
% §> 03 §§\
i i
22N 22N 22N 7 22N 7

2IN 21N 2IN 21N+

90E 91E 92E 938 90E 9lE 92E 93F 90E 91E 92E 938 90E 91k 928 93E

(e) 12—-15UTC (f) 15—18UTC (g) 18-21UTC (h) 21—-00UTC

24N 24N 24N 24N

23N 23N+ 23N 23N+

22N 22N 22N 22N 5

21N 21N+ 21N 21N+

90E 91E 92E 93E 90E 91k 92E 938 90E 91E 92E 93E 00F 91E 92E 93E

[ T T T T T [ T [ e mm
0 6 10 15 20 =25 80 35 40 50 60 70 680 90 100

Fig. 8 (b): Simulated 3-hourly rainfall (m m) 01 July 2021 coveringChattogram region
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Fig. 8 (c): Simulated 3-hourly rainfall (mm) 02 July 2021 covering Bangladesh region
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Fig. 8(d): Simulated 3-hourly r ainfall (mm) 02 July 2021 coveringChattogram region
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Fig. 8(e): Simulated 3-hourly rainfal | (mm) 03 July 2021 ceering Bangladesh region
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Fig. 8 (f): Simulated 3-hourly rainfall (mm) 03 July 2021 covering Chittogong regia

4.4.4 Relative Humidity

The analysis ofalative lumidity (RH) at 2mheightduring 0000UTC to 2100UTC of 01 JuB021 spedfies
that RH wasdwer (below than 60%) during earlier periods, but increasedthétbnhanemen of convection.
The magnitude oRH is found to reach clesto 100% over sdhb and southeastern landmasea vihere heavy
rainfall occurred(Fig. 9 (a-c)). Similar situation is found in the lower tropospheféis situation is found to
prevail over this aa It indicatesthat the lower tropgshere was saturatetliring the HR occurrereperiod.
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Fig:9aSimuated Relative Humidity on 01 July,2021.
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Fig:9b Simulated Relative Humidity on 02 July,2021.
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Fig:9c Simulated Relative Humiditgn (3 July,2021.

4.6 Mean Sea LevePressure

Simulation of mean seavel pressure (MISP) points out that atong pressurgradien (PG) prevailed during
observed period overdytheast Bay and adjoining southeastern part of Banglgd&eshl0(ac)). This presure
gradient force helped to maintain th@nsoon in strong conditn, continuous fle from the Bay of Benda
(BoB) for moisure advection. 8 is found to be weakened owuérs area after completion of the life cycle of the
convection process.
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Fig:10aSimulated Sea level pressure on 01 JWgP over Chattogram regio
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Fig: 10b Simulated Sea level pressure on 02 021 oer Chattogram region.

Fig:10c Simulated Se level pressure on 03 July,2021 over Chattogram region.
4.7\Vorticity

Analysis of the surface vorticitfields during he simulation period reags that there werhigh vorticity over
coastal areas aratjoining northern part of the Bay of Bengal. Butthwihe progress of time a sharp different
positive andnegdive vorticity fields evolves and persists afpthe coastalraas of the southeastepart of
Bangladesh(Fig. 11(ac)). Analysis also depictthat tke situation persists in the lower troposphever the
southeastern part of Bangladesh. T$itdeby-side postion of vorticity and its persistence may bae of the
main causes for strong convémt and occurrencef high amounts of rainfall overostheatern part of
Bangladesh.
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