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ABSTRAct'. The Mesos ale Convective ystems (MCSs) produce numerous weather haz.ards With !hear vanety 
of fonns_ The fonnation mechanism of MCSs is thus Important to know for Bangladesh and .ts surrounding , because this 
region i one of the heav iest rainfall area~ in the trOpical zone. The mereorologl. t .. are ,tudying and analyzing the 
fonnation mechanism of different types of MeSs uSing radar and sntellire obscrvallons data. Observauons are limited to 
real time. but for planning pUrp<Xes projected parameters over a certain period obtained from a mesoscale model is !he 
requ irement. Consequently, the motivation of this paper IS 10 obtain the evolution and life cycle of MCSs developed an 
and around Bangladesh during pre-monsoon penod through the simulation by a mesoscale model named MM5. In this 
work the calibration of MM5 model for different cumulus parameterization has been perfonnc:d during the pre-monsool1 
period of this region. In the present study two domains with mesh resoluuons 45 Jan x 45 Jan and 15 km x 15 k.m are 
prepared. MMS runs u.~ing different cumulus parameteriz.ations are carried OUt for sensiti vity lest. The precipitation 
simulated by the model are compared structurally and numerically with that of TropIcal Rainfall Measuring MlsSloo 
(TRMM) data products, available data from radar scan and observed r'a.in-gauges rainfall in Bangladesh. Importanl 
features like lifetime. maintenance mechani m. traversed path, propagation sECed and direction of MCSs developed 
during pre-monSoOn period of 2002 in and around Bangladesh have been pointed out. 

Key words - Rainfall. CumulWl parameterization, Mesoscale convective systems. MM5 model . Banglade,~h . 

1. 	 Introduction uffered from 28 major floods and in an average at least 
olle every other year (Paul, ] 997). Most of the time floods 

The extreme drought in one time and prolong flood and/or flash floods are not anticipated ahead of 
and/or flash flood on the other are the SpeCIal climatic occurrence. For illstance, in 1998 and 2004, it would have 
status in Bangladesh. In the last four decade Bangladesh been even unthinkable that the flood can be of so large 
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Fig. I. Analyzing domain I run MM5 (dots mdicate U!e rain·gauge locanolL" 

scale with . trong severity. It i because there had neither 
been proper mean to estimate th areal average of 
precipitation nor to simulate limatie parameter for the 
forecru ling mechanism in Bangladesh Bangladesh 
Meteorological Department (BMD) has 34 rain-gauge,) 
placed at different location. throughout the country. The 
data from rain-gauge are point measurements and cannot 
also reflect the complete picture of preclpltauon system. 
over the country due to their limited number and non­
homogeneous locations. BMD weather radar (S-band) 
installed at Dhaka (90.40° E and 23.68° N) is operated to 
collect data for one hour with two hours pause. Funher. 
!.his region is one of the most cyclone prone areas. The 
low pressure phenomenon happens either m pre-monsoon 
season through April-Mayor post-monsoon penod during 
October-November. Thousand' of people died during the 
post-monsoon cyclone in 1970 and pre-mon oon cyclone 
in 1991. The death toll would be much lower if early 
warning could have been made properly and well in lime 
using numerical weather prediction tools. These evere 
weathers are the occurrence of different fonn of 
me o. cale convective system. (Maddo , 1980; Parker and 

John on. 2000. Houze. 20(4). Thus, the formation 
mecharu.sm of Mesoscale Convective ystem (Me ) and 
~ timation of' preCIpItation are the important factors either 
to predict yclon in time and Its landfall location or to 
anticipate everiIY of flood/flash flood . 

In this study non-hydrostRuC mesoscale model MMS 
has been used to simulate precipitRllOn systems during 
pre-monsoon period of 2002 Basically. the cumulus 
parameterization schemes for convection play an 
important role ' ill the simulation process. So, their 
sensitivity test for Bangladesh region has been done 
comparing with the TRMM (Tropical Ramfall Measunng 
Mis ion) 3B42RT 3-hourly data product (Huffman et ai., 
2003). BMD 32 rain-gauge and radar (available) data. A 
pre-monsoon case for the period of 20-25 May 2002 has 
been studied to Identify the best uitable parameterization 
s heme (Nasreen et al., 2007) for the convection 
developed in and around Bangladesh. Here the validity of 
thai test result has been checked u ing another pre­
monsoon case study during 31 March - 05 April 2002. 
The fi nal common re -ull of these two cases h ... been 
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Fig. 2. Stru(; lurdllll~pJay of average preciPIUlllolI In D2 for TRMM 3B42RT and MM5 optiuns from] I Man:h to U5 pril 20()2 

considered to articulate tbe best cumulus option of MM5 
for Bangladesh region to simuJate pre-monsoon MCSs. 
The best fit parameterization j . then used to analyze Lhe 
organization mecban.i m and life cycle of MC SImulated 
by MM5 for 20-21 May 2002. 

2. Model configuration and methodology 

To simulate prec ipitation systems developed In and 
around Banglade'h duri ng pr -monsoon period. the 5th 
generation of non-hydrostatic PSU/NCAR mesoscale 
model MM5 (Dudhia, 1993 and Grell el ai., 1994) has 
been uti lized. In this study two-way nested gnd domains 
centring at 21 0 N and 90" E with horizontal resolutions 
45 \em for the coarse domain D j and 15 km for fine 
domain D2 have been prepared. The grid number are 49 
x 49 for 0 j and 79 x 79 for 0 2, wruch create areas 0 I 
(1 2-300 N; 80- 100" E) and 0 2 (18-28° N; 84.8-96.2" E) 
re pectivcly (Fig. I). For vertical resolution 23 sigma 
model coordinates have been appl ied. Here Dudhia 
Simple Ice microphysical 'cheme for moisture 
anticipation, cloud radiation scheme for radiatton 
calculations, fi ve-layer soil model to predict soil 
temperature are selected. AI 0 high resolution PLanetary 
Boundary Layer (PBL) schemes MRF are selected for 
simulation purpose. The sensitivity te t of the cumulus 
schemes for convection for pani ular region i considererl 
with e pecial attention. 

In tlus perspecuve. five different option of cumulu~ 
heme which are Anthes-Kuo. Grell, luun-Frit:sch 

Betts-Miller and Kam-Fntsch2 for convection (Anthe. 
1977; Bet~. 1986; Kam and Fritsch. 1993) ha been 
chosen and utilized for the both cours and tine domains. 
MM5 model i e, ecuted for each parametenzarion scheme 
separately. USG 30 mm terrain elevation. land 
uselv gelation and land-water mask data are utilized to 
provide topogmphica! informatIOn. NCEP GRIB fonnat 
data with 6 h urly intervals and 1" x I0 resolutions are 
used as input for initialization of MM5 meteorologicaJ 
tields. The model program was run for 138 hours durauon 
with effect from 0000 UTe on I March to 1800 UTe on 
05 April 2002 ~ reach cumulul> option. Outputs of MM5 
are taken here at 0 I hour interval. 

Structural. anJ numerical evaluation have been 
followed to find out the sensItivilY of MM5 options and to 
determine the most uitable one out of 5 option. taken into 
conSIderation. Compan'toDs between the ' imulated results 
for 5 djfferent MM5 option.'; and TRMM 3B42RT data 
products have been carned out structurally for the penod 
of 31 March to 05 April 2002 for 02 domain Thereafter, 
similar compan on of MM5 outputs with TRMM 
products has been done numencaUy to obtain the average 
precipitation for Bangladesh area (BD = 21.5-26.r N; 
88-92,60 E). For domg this, TRMM products and MM5 
data have been proce. sed to extract precipitation for the 



140 MAU AM, 60,2 (April 2009) 

14 

12 

E 

E 10 

c 
c 8 
.E-!! 	 6 
Q. 
1) 
Q) 	 4 
~ 

Q. 

2 

o 
TRMM Grell Kaln­ Betts-Miller Ka In-

Fritsch Frltsch2 

12.118 

9.119 

. Anthes­
Kuo 

Fig. 3. Comparison of simulated precipitatiOfl in BO area for 5 cumulus options of MMS wrth that of 
TRMM value for 138 hrs of Simulation 

BD region. Simulated precipitations for 5 different MM5 
options have also been extracted at rain-gauge sites in 
Bangladesh (dots in Fig. 1, where reference data are 
avai lable) from D2. These MM5 outputs have been 
analyzed structurally and numerically with that of 
collected by the BMD at the ob ervation sites of rain­
gauges. The most suitable MM5 option for the pre­
monsoon period is then re-continned by observing the 
structure of the systems with the available BMD radar 
images. In order to do that, MM5 program IS executed 
taking the be t cumulus option into consideration to get 
the outputs at ) 0 minutes interval fTom 0000 UTC of 20 
May to 0000 UTe of 2 1 May 2002. The model outputs are 
finally used to analyze the organization mechanism of 
me oscale convective systems developed in and around 
Bangladesh. Cloud cells, clusters and MCS development 
are observed by GrADs display and their speed, direction. 
length, area are calculated geometrically and presented 
graphically. 

3. 	 Results and discussion 

3.1. 	 EvaLuation of MM5 outputs with TRMM 
product 

The structural comparison of average precipitation 
field of 5 different MM5 generated pictures with the 
TRMM 3B42RT products for D2 area during the time 
period from 0000 UTC of 31 March to 1800 UTC of 05 
April 2002 is shown in Fig. 2. If structwe of five MMS . 
outputs are very minutely observed in contrast to TRMM 

3B42RT product display, cumulus scheme options 
Anthe -Kuo and Kain-Fnl.lch 2 of MM5 depict almost the 
SImilar pattern in the di tribution of precipitation. The~e 
two ptions al 'o 'how the better IDteruHty distributions 
over the northeast region as tn the TRMM images. It is 
mentionable thaI the northeast area IS the heaviest rainfall 
area of Banglad h (Islam e( al., 2005). 

Numerical companson between precipItations 
,imlolated by MM5 over Banglad h (BD) and TRMM 
3B42RT J.lta refines the finding of the study. Here, the 
average precipitalJons (mmJday) obtained through MM5 
for the domain resoiulJon D2 over Bangladesh region are 
shown graphically in re peet With TRMM product in 
Fig. 3. From the bar diagram It IS eVldent that TRMM 
3B42RT gives much higher intensity (12. t 2 mm/day) than 
the largest value obtained from MM5 for the area BD. 
Anthes-Kuo option give • . ignificaruJy larger and nearer 
value (9.12 mm/day) to TRMM amongst five cumulus 
paramelerizations of MM5. Root Mean Square Error 
(RMSE) of simulated resul with respect to TRMM value 
have aJ 0 been calculated. MM5 options i.e., Anthes-Kuo, 
OreU, Kain-Fritsch, Betts-Miller and Kain-Fritsch 2 depict 
the RMSE values 0.823, 1.448, 1.522, 0.952 and 1.043 
respectively. The minimum error i ' found in case of 
Anthes-Kuo. 

3.2. 	 Evaluation of MM5 outputs with rain-gauge 
data 

The average rainfall per 3 hours measured by the 
32 rain-gauge of BMD for the period of 31 March to 05 
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Fig. 4. Comparison of nun gauge data with precipitation simulaIe<l by five cumulus MM5 opti III from ~ I March to 05 ApnJ 2002 

April 2002 is found 2.31 mm. The precipitallons at the 
sites of rain-gauges are extracted from MM5 simulation in 
all 5 cumulus optjons for the same analysis duration, i.e., 
from 31 March to 05 April 2002 and the average vaJues 
obtained through MM5 option are 2.14, 1.72.2.01. 1.85 
and 1.50 mm respectively. Thus, the Anthes-Kuo mdicates 
the nearest result in comparison with the ob erved rainfalL 

The observed rainfall colle ted by the BMD have 
been compared with the above mentioned extracted values 
of MM5 option in structural form as shown jn Fig. 4. 
The comparison of spatial distribution of precipitation 
simulated by different parameterization schemes and rain­
gauge rainfall distribution indicates reasonable results of 
MM5. Amongst five options, the Anthes-Kuo represents 
more simi lari ty in pattern of precipitation to that of rain­
gauge rainfall. 

The relative status of the preclpitauons determined 
by MM5 modeL~ and amount of nunfaJl at the rain-gauge 
ites is shown in Fig. 5 lnterestmgly. model detects the 

peaks very well for Khepupara station. Out of options it IS 

seen that the trends of estimating the rainfall amounts are 
quite good in Anthes-Kuo and Kain-Fritsch options. The 
correlation cocfficlenL between ramfaJls obtained by rain ­
gauge and mOdel simulation for both Anthes-Kuo and 
Kain-Fritscb options is 0.99. Thls vaJue is mostJy 
mfIuenced by Khepupara station. If this station is 
excluded from both the options, the correlation 
coefficients become 0.57 and 0.22 respectively, where 
Anthes-Kuo option still bears significance. The trend of 
rainfaJl for Anthes-Ku option and it correlation with 
observed rainfall are hown in the inset of Fig. 5. 

Structural and numerical comparison re uJls from 
both TRMM and rain-gauge expres that the common 

http:1.72.2.01
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indicates the area of fragment with its breaking up time. 
The MCS area while just formed from its members is the 
maximum. which goe. down for a con iderable period and 
then finally comes to its ru sipating stage while its area 
has agrun increased to some extent before being rue down. 
The disappearing stage is not shown here because it was 
out of the analysis domrun. 

The convective system is developed at the location 
92.95° E and 24.8° N at the in tant of 0950 UTC as an 

isolated convectIve cell. The initial area after just 
formation is found 47.5 sq Ian. Thereafter. other cells are 
formed at 1050 UTC and J 120 UTC and they joined 
together to fonn a cloud cluster. The more cells and 
clu ters are fanned and finally a MCS is developed at 
1540 UTC. MCS has been found with the trulXJmum 
length of about 517 km and area of about 3355 . q km. It 
commences russipating at 1910 UTC and the area then 
becomes about 1474 sq kID. The life time of total system 
from the formation process of MCS to russipating tage is 
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Fig. 9. peed and di~on of cell, cluster and MCS 

about 9 hours and 20 minutes. After that it may di appear 
within short time. 

The development of the MCS imulated by MM5 is 
shown in Fig. 8 indicating their geographical location to 
understand the proximity of . trengthening or weakening at 
every 20 mi nutes interval from 1000 UTC to 1910 UTC. 
Here the plu mark in the figure indicates the location of 
92.5° E and 25.5° N taken as relative reference point 

The maximum peed attained by cells, clusters and 
MCS are found up to 28.42 mJ , 27.5 mls and 23.8 mI 
respectively. Clusters are found with lesser average peed 
than individual ceUs. MCS average speed is again less 
than that of clusters (Fig. 9). Fig. 9 also shows that the 
average directions of motion of cells, clusters and MCS 
are almost lying in between 90" & 135°. Therefore, it can 
be said that system moves in the east- outheasl direction 
and so. This phenomenon has the agreement with Islam 
et ai. (2005) where the direction of system on average 
was also found towards east- outheast analyzing BMD 
radar images in the month of May 2000. 

4. Conclusions 

The sensitivity of the cumulus parameterization 
schemes of non-hydrostatic mesoscale model MM5 is 
performed considering its necessity in estimation of 
preCipitation in Bangladesh. The experiment IS exerci ed 

with the horizontal grid resolutions of 45 km and 15 lcm. 
Pre-monsoon case tudy for 138 hours 9urauon from 31 
March to 05 April 2002 has been carned out. Another case 
study was also carried out for 24 hours on May 2002. 
Through both the cases, MM5 bas been found reasonable 
in estimation of precIpItation over Bangladesh. Anthes­
Kuo and Kain-Fritscb2 options of MM5 for 02 area 
(15 kIn resolution) gIve the beUer trucruraI configuration 
with TRMM images in both the case studJes. On 
numerical value, Anthes-Kuo option can calculate again 
better average preclpltaUon over Banglade h area in 
comparison with TRMM observed amount. Almost all 
elected optIons of MM5 could . imulate the heavier 

rainfall at Khepupara station. Con idering the factors [ike 
intensity of precipitation or co-relation coefficient. 
Anthes-Kuo option ha.. been found superior over other 
options at the location of rain-gauges. Further, 
authenticatIOn. of data generated from the Anthes-Kuo 
option with the available ob erved radar data has been 
verified on the basis of maintenance of MCS over 
Bangladesh. Thu , the Anthes-Kuo option may be 
considered as comparatively uitable amongst 5 MM5 
cumulu options for the estimation of rainfall over 
Bangladesh. With the same cumulus 'cherne the 
convective ystem is then analyzed for every J0 minutes 
interval The cell attains the maximum speed than cluster 

T MCS. Most members of pre-mon oon convective 
ystem are found moving towards the east-southeast or so. 

The maximum length and area of MCS are found about 


