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lkj & bl&'kks/k i= esa ekulwu & iwoZ _rq ds nkSjku caxykns’k esa dky cSlkf[k;ksa dh ?kVuk ls  iwoZ 
{kksHkeaM+y esa vknzZrk ds {ks=h; vkSj ;kE;ksÙkjh; ¶yDlksa  dk v/;;u djus dk iz;kl fd;k x;k gSA bl 
v/;;u ls ;g irk pyk gS fd 925 ls yxHkx 300 gSDVkikLdy Lrj rd dh ijr esa 61-68 ls  96-26% rd 
MCY;w- ,Q- ,e- dh vf/kdre vkof̀Ùk okys 925 ls 200 gSDVkikLdy ds Lrj rd 0000 ;w- Vh- lh- ij <+kdk 
ds {ksHkeaMy esa vknzZrk ds if’peh ¶yDlksa ¼ldkjkRed½ ¼MCY;w- ,Q- ,e-½ dk izHkko jgrk gSA dky cSlkf[k;ksa 
dh ?kVuk dh rkjh[kksa dks 0000 ;w- Vh- lh- ij <+kdk esa vf/kdre MCY;w- ,Q- ,e- fupys {kksHkeaMy esa         
200 gm kg-1 ×  ms-1 ls Hkh vf/kd gks ldrs gSa vkSj 0000 ;w- Vh- lh- ij <kdk esa vknzZrk ds vf/kdre iwohZ 
¼udkjkRed½ ¶yDl 1000 gSDVkikLdy ij &128-3 gm kg-1 ×  ms-1

 

 gks ldrs gSaA cgqr lh ?kVukvksa esa 
Åijh {kksHkeaMy esa vknzZrk ds {ks=h; ¶yDl ¼tsM- ,Q- ,e-½ fo|eku ugha gksrs gSaA 0000 ;w- Vh- lh- ij <kdk 
esa tsM- ,Q- ,e- eq[; :Ik ls if’pehfHkeq[kh gksrs gSa vkSj dky cSlkf[k;ksa dh ?kVuk u gksus dh rkjh[kksa dks 
¶yDlksa dh vis{kk dky cSlkf[k;ksa dh ?kVuk dh rkjh[kksa dks fuEu vkSj e/; {kksHkeaMy esa vkSj vf/kd 
if’pekfHkeq[kh gksrs gSaA 1000 ls 300 gSDVkikLdy Lrj rd 0000 ;w- Vh- lh- ij <kdk ds {kksHkeaMy esa vknZzrk 
ds nf{k.k ¶yDl ¼ldkjkRed½ ¼,l- ,Q- ,e-½ dk izHkko jgrk gSA vknzZrk ds ;kE;ksÙkjh ¶yDl ¼,e- ,Q- ,e-½ 
eq[; :Ik ls nf{k.kkfHkeq[kh gksrs gSa vkSj dky cSlkf[k;ksa dh ?kVuk u gksus dh rkjh[kksa dh vis{kk dky cSlkf[k;ksa 
dh ?kVuk dh rkjh[kksa dks fuEu vksj e/; {kksHkeaMy esa vkSj vf/kd nf{k.kkfHkeq[kh gksrs gSaA vf/kdka’k ?kVukvksa esa 
Åijh {kksHkeaMy esa ,e- ,Q- ,e- fo|eku ugha gksrs gSaA 

caxykns’k esa dky cSlkf[k;ksa dh ?kVuk dh rkjh[kksa dks 0000 ;w- Vh- lh- ij <kdk esa 1000 ls         
100 gSDVkikLdy rd m/okZ/kj :Ik ls lesfdr tsM- ,Q- ,e- vkSj ,e- ,Q- ,e- vkdfyr fd, x,]      
budh rqyuk dh xbZ vkSj fu"d"kZ izLrqr fd;k x;k gSA bl v/;;u esa caxykns’k vkSj blds fudVorhZ {ks=ksa  esa 
925 ls 400 gSDVkikLdy rd  m/okZ/kj :Ik ls lesfdr tsM- ,Q- ,e- vkSj ,e- ,Q- ,e- ds          
LFkkfud forj.k ij Hkh fopkj fd;k x;k gSA dky cSlkf[k;ksa dh vf/kdka’k ?kVukvksa esa caxykns’k esa ijr           
ds fy, m/okZ/kj :Ik ls  lesfdr tsM- ,Q- ,e- vkSj ,e- ,Q- ,e- dh nwjh Øe’k yxHkx ¼2&12½ × 105 vkSj 
¼3&14½ × 105 kg ×  ms-1

 
 gksrh gSA 

ABSTRACT. Attempts have been made to study the zonal and meridional fluxes of moisture of the troposphere 
prior to the occurrence of nor’westers in Bangladesh during the pre-monsoon season. The study reveals that the westerly 
fluxes (positive) of moisture (WFM) dominate in the troposphere over Dhaka at 0000 UTC from 925 to 200 hPa level 
having maximum frequency of WFM from 61.68 to 96.26% in the layer from 925 to about 300 hPa level. The maximum 
WFM over Dhaka at 0000 UTC on the dates of occurrence of nor’westers may be more than 200 gm kg-1 × ms-1 in the 
lower troposphere and the maximum easterly (negative) fluxes of moisture (EFM) over Dhaka at 0000 UTC may be         
-128.3 gm kg-1 × ms-1

 

 at 1000 hPa.  In the upper troposphere the zonal fluxes of moisture (ZFM) become nil in most of 
the cases. The ZFM over Dhaka at 0000 UTC are mainly westerly and more westerly in the lower and middle troposphere 
on the dates of occurrence of nor’westers as compared to the fluxes on the dates of non-occurrence. The southerly fluxes 
(positive) of moisture (SFM) dominate in the troposphere over Dhaka at 0000 UTC from 1000 to 300 hPa level. The 
meridional fluxes of moisture (MFM) are mainly southerly and more southerly in the lower and middle troposphere on 
the dates of occurrence of nor’westers as compared to the dates of non-occurrence. In the upper troposphere the MFM 
become nil in most of the cases. 

The vertically integrated ZFM and MFM from 1000 to 100 hPa over Dhaka at 0000 UTC on the dates of 
occurrence of nor’westers in Bangladesh have been computed, compared and inference has been drawn. The present 
study also deals with the spatial distribution of the vertically integrated ZFM and MFM from 925 to 400 hPa level over 
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Bangladesh and its surrounding areas. The range of the vertically integrated ZFM and MFM for the layer is about           
(2-12) × 105 and  (3-14) × 105 kg × ms-1

 
 respectively over Bangladesh in most of the cases.  

Key words – Zonal flux of moisture, Meridional flux of moisture, Westerly flux of moisture, Easterly flux of 
moisture, Southerly flux of moisture, Northerly flux of moisture, Pre-monsoon, Nor’westers. 

 
 
 
 
1. Introduction 
 

Because of the peculiar geographical location of 
Bangladesh, a number of nor’westers affect the country 
every year during the pre-monsoon season and become a 
cause of loss of lives and properties in Bangladesh. These 
nor’westers are the manifestations of convective activity 
in the troposphere. This convective activity is a 
mechanism by which thermodynamic changes take place 
over Bangladesh and India during the pre-monsoon 
season. The thermodynamic changes take place due to the 
build up of energy, moisture, their fluxes and different 
dynamical parameters. 
 

Different authors have made computation of energy, 
moisture and their fluxes. Palmen et al. (1958) calculated 
the kinetic energy released by meridional circulation 
between the equator and 30° N. They computed the heat 
transfer and the eddy moisture flow and found that the 
northward eddy moisture flow is 0.2 × 1015

 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Location of the Rawinsonde Stations 

 
has been made on the tropospheric fluxes of moisture 
related to nor’westers over this region. 
 

This present study is an attempt to study the fluxes of 
moisture of the troposphere over Dhaka as well as its 
surrounding areas of India before the occurrence of 
several nor'westers in Bangladesh with a view to find out 
some criteria for their occurrence.  
 
2. Data used 
 

Real time rawinsonde data of 0000 UTC at different 
isobaric heights from 1000 to 100 hPa at Dhaka, 
Chittagong and different Indian stations have been 
collected from the Storm Warning Centre (SWC) of 
Bangladesh Meteorological Department. SWC received 
these data on real time basis through GTS-Link. For 
frequency analysis of different fluxes of moisture only the 
data at Dhaka has been considered and for spatial 
distribution all the available data of 26 stations have been 
considered. The stations under study are shown in Fig. 1. 
It may be mentioned that data of all the 26 stations were 
not available on the dates of occurrence of nor’westers. 
  

 cal per sec. 
Henry and Hess (1958) developed methods for 
determining the contribution of each harmonic wave 
component to the geostrophic kinetic energy of meridional 
and zonal motion, and to the geostrophic fluxes of angular 
momentum and enthalpy. Hastenrath (1966) established 
the budgets of mechanical energy, latent heat, geopotential 
energy and sensible heat for the layers 1000-850, 850-700, 
700-500 and 500-300 hPa, for both the Caribbean Sea and 
the Gulf of Mexico. He found that the terms of the 
mechanical energy are one or two orders of magnitude 
smaller than those of the other energy forms. According to 
him there is strong divergence of latent heat, concentrated 
in the layers 1000-850 hPa and 850-700 hPa over the 
Caribbean Sea during the winter half-year. Grubber 
(1970) studied the mean structure and energy budget over 
Florida Peninsula in order to assess the role played by 
convective processes in the vertical transfer of heat. He 
found the net export of energy mainly in the 300-100 hPa 
layer. Alestalo and Holopainen (1980) computed the 
horizontal fluxes of energy at European aerological 
stations between the surface and 150 hPa level. All these 
studies of energy fluxes are of different regions and not of 
Bangladesh-India region and the studies are not related to 
thunderstorms. Over the Bangladesh-India region, there 
are some studies related to the onset and withdrawal of 
southwest monsoon (Anjaneyulu, 1971; Keshavamurthy, 
1968; Krishnamurthy, 1971; Chowdhury and Karmakar, 
1980(a,b), 1981 and 1983; Karmakar, 1984). But no study  

 
 
 
 
 
 
 
 

In some cases, rawinsonde data were not available at 
one/two levels. In those cases, number of data is less than 
107.  The nor’westers  under study occurred over different  
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TABLE 1 
 

%Frequency of zonal and meridional fluxes of moisture over Dhaka at 0000 UTC on the dates of occurrence of nor’westers in Bangladesh 
 

Pressure 
(hPa) 

Total 
frequency 

% Frequency of 
positive fluxes 

% Frequency of 
negative fluxes 

% Frequency of 
zero fluxes 

% Frequency of 
positive fluxes 

% Frequency of 
negative fluxes 

% Frequency of 
zero fluxes 

1000 107 41.12 48.60 10.28 92.52 4.67 2.80 

925 107 85.05 13.08 1.87 98.13 1.87 0.00 

850 107 94.39 2.80 2.80 71.96 19.63 8.41 

700 107 97.20 0.00 2.80 24.30 67.29 8.41 

500 107 70.09 0.00 29.91 19.63 43.93 36.45 

400 107 65.42 0.93 33.64 28.97 33.64 37.38 

300 107 61.68 0.93 37.38 34.58 27.10 38.32 

200 107 10.28 0.00 89.72 6.54 2.80 90.65 

100 107 0.00 0.00 100.00 0.00 0.00 100.00 

 
 
 
 
 
parts of Bangladesh during the pre-monsoon season of 
1990-1995. For spatial distribution of the instability 
indices, 26 cases of nor’westers have been considered for 
the study. Rawinsonde data at Dhaka on the dates of non-
occurrence of nor’westers (especially 1 day before the 
date of occurrence of nor’westers) have also been 
collected from Bangladesh Meteorological Department for 
the comparative study. 
 
 
3. Methodology 
 

3.1. Water vapour fluxes in the atmosphere 
 

For a given level in the atmosphere, the magnitude of 
the instantaneous zonal and meridional fluxes of water 
vapour are given by : 
 

quQ
L
=λ                                                              (1)

  
qvQ

L
=φ                                                                  (2) 

     
Where 

 

LL
QQ φλ , = Zonal and meridional water vapour flux 

for a given level (gm kg-1 × ms-1

 
) 

 

q     = Specific humidity (gm kg-1

 
) 

u, v = Zonal and meridional wind component (ms-1

3.2.  Vertically integrated fluxes of moisture 

) 

 
The vertically integrated zonal and meridional 

components of the moisture flux are given by 
 

∫−=
500

1000

1 dg pquQ
Lλ

 

 

∫−=
500

1000

1 dg pqvQ
Lφ

 

 
The integration has been done by taking the layer 

mean values of the fluxes of moisture from 1000 to         
400 hPa level over Dhaka and for spatial distribution from 
925 to 100 hPa level. Here 925 hPa has been taken 
because the surface pressure becomes less than 1000 hPa 
level in most of the stations during the pre-monsoon 
season. The unit of 

LλQ  L
Qφand is  kg × ms-1

   
.  

4. Results and discussion 
 

The zonal fluxes of moisture (ZFM) and meridional 
fluxes of moisture (MFM) over Dhaka at 0000 UTC have 
been computed at different isobaric levels on the dates of 
occurrence of about 107 nor’westers over Bangladesh 
during pre-monsoon season of 1990-1995. The fluxes over 
Dhaka have also been computed for the dates of non-
occurrence of nor’westers. A comparative study of the 
frequency of westerly (positive) and easterly (negative) 
and southerly (positive) and northerly (negative) fluxes of 
moisture have been made and are given in Table 1. 
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Fig. 2.  Vertical variation of the maximum              
and minimum zonal fluxes of moisture            
(g kg-1 × ms-1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Vertical profiles of the zonal fluxes of 
moisture (g kg

) over Dhaka at 0000 UTC on 
the dates of occurrence of nor’westers over 
Bangladesh 

-1 × ms-1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Vertical variation of the maximum and 
minimum meridional fluxes of moisture           
(g kg

) over Dhaka at 0000 
UTC on the date of occurrence (10 March 
1990) and the date of non-occurrence                  
(9 March 1990) 

-1 × ms-1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

) over Dhaka at 0000 UTC on 
the date of occurrence of nor’westers over 
Bangladesh 

Fig. 5.  Vertical profiles of the meridional fluxes of 
moisture (g kg-1 × ms-1) over Dhaka at 0000 
UTC on the date of occurrence (29 April 
1990) and the date of non-occurrence          
(28 April 1990) 
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Fig. 6.  Vertically integrated zonal and meridional fluxes of moisture over Dhaka at 0000 UTC on the dates of 

occurrence of nor'westers in Bangladesh 

 
 
4.1. Zonal fluxes of moisture (ZFM) over Dhaka 

 
Table 1 shows that the EFM dominates at 1000 hPa 

in many cases over Dhaka on the dates of occurrence of 
nor’westers over Bangladesh and the EFM decrease with 
height. The WFM dominate in the troposphere from 925 
to 300 hPa level having maximum frequency of WFM 
from 61.68 to 97.20% in the layer from 925 to about 300 
hPa level. In the upper troposphere the ZFM become nil in 
most of the cases. 
 

The maximum WFM over Dhaka at 0000 UTC on 
the dates of occurrence of nor’westers may be 223.6, 
203.8, 315.6, 174.1, 88.2, 38.7 and 19.1 gm kg-1 × ms-1 at 
1000, 925, 850, 700, 500, 400 and 300 hPa levels 
respectively and then the fluxes become unimportant 
above. The maximum EFM over Dhaka at 0000 UTC may 
be -128.3, -59.7, -12.6 and -50.2 gm kg-1 × ms-1 at 1000, 
925, 850 and 700 hPa levels respectively and then the 
fluxes become unimportant above. Fig. 2, as an example, 
shows the variation of maximum and minimum ZFM with 
height. The maximum ZFM are always westerly on the 
dates of occurrence of nor’westers. 
 

The vertical profiles of the ZFM over Dhaka at 0000 
UTC on the dates of occurrence and non-occurrence of 
nor’westers in Bangladesh are studied and the variation is 
shown in Fig. 3 as an example.  It has been found that the 
fluxes are mainly westerly and more westerly in the lower 
and middle troposphere on the dates of occurrence of 
nor’westers as compared to the fluxes on the dates of non-
occurrence. The fluxes become nil in the upper 
troposphere. 

4.2. Meridional fluxes of moisture (MFM) over 
Dhaka 

 
Table 1 shows that the southerly flux of moisture 

(SFM) dominate from 1000 to about 300 hPa level in most 
of the cases over Dhaka on the dates of occurrence of 
nor’westers over Bangladesh, having maximum frequency 
of SFM in the lower troposphere and the frequency of 
SFM decreases with height. The frequency of SFM is 
92.52% at 1000 and 98.13% at 925 hPa levels. The 
frequency of northerly flux of moisture (NFM) is less in 
the lower troposphere having maximum frequency of 
NFM from 67.29 to 27.10% in the layer from 700 to about 
300 hPa level. In the upper troposphere the MFM become 
nil in most of the cases. 
 

The maximum SFM over Dhaka at 0000 UTC on the 
dates of occurrence of nor’westers may be 199.4, 250.2, 
196.9, 74.9, 23.6, 21.6 and 12.3 gm kg-1 × ms-1 at 1000, 
925, 850, 700, 500, 400 and 300 hPa levels respectively 
and then the fluxes become unimportant above. The 
maximum NFM over Dhaka at 0000 UTC may be  -109.1, 
-163.5, -174.1, -74.4 and -31.0 gm kg-1 × ms-1

The vertical profiles of the MFM over Dhaka at 0000 
UTC on the dates of occurrence and non-occurrence of 
nor’westers  in Bangladesh are studied and the variation is  

 at 1000, 
925, 850, 700 and 500 hPa levels respectively and then the 
fluxes become unimportant above on the dates of 
occurrence of nor’westers in Bangladesh. Fig. 4 shows, as 
an example, the variation of maximum and minimum 
ZFM with height. The maximum MFM are always 
southerly on the dates of occurrence of nor’westers. 
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Figs. 7(a&b).  Spatial distribution of vertically integrated zonal and meridional fluxes of moisture at 0000 UTC on 14 May 1992 (date of 
occurrence) from 925 to 400 hPa (×105

 
 kg × m/s) 

 
 
shown in Fig. 5 as an example.  It has been found that the 
fluxes are mainly southerly and more southerly in the 
lower and middle troposphere on the dates of occurrence 
of nor’westers as compared to the fluxes on the dates of 
non-occurrence. The fluxes become nil in the upper 
troposphere. 

 
4.3. Vertically integrated zonal and meridional 

fluxes of moisture over Dhaka 
 

The ZFM and MFM computed at different isobaric 
levels over Dhaka at 0000 UTC on the dates of occurrence 
of nor’westers, have been integrated from 1000 to 400 hPa 
level by taking the layer mean moisture flux. The 
vertically integrated ZFM and MFM for 107 nor’westers 
are shown in Fig. 6. Fig. 6 shows that the vertically 
integrated ZFM are much higher than that of the MFM. 
 

The frequency of vertically integrated ZFM and 
MFM over Dhaka at 0000 UTC on the dates of occurrence 
of nor’westers in Bangladesh is given in Table 2. The 
table shows that only 3 nor’westers out of 106 (2.83%) the 
fluxes are easterly and the fluxes are westerly in 97.17% 

cases. About 83.96% WFM are in the range of              
(10-40) × 105 kg × ms-1 and 7.55% WFM are in the range 
of (40-60) × 105 kg × ms-1 on the dates of occurrence of 
nor’westers in Bangladesh. The vertically integrated MFM 
are northerly in 19.63% cases of nor’westers. The MFM 
are southerly in 80.37% cases and about 39.25% MFM are 
in the range of (10-30) × 105 kg × ms-1 and 4.67% SFM 
are in the range of (30-50) × 105 kg × ms-1. 
 

The vertically integrated ZFM may vary from              
-4.84 × 105 to 93.78 × 105 kg × ms-1 and the vertically 
integrated MFM may vary from -17.63 × 105 to 40.85 × 
105 kg × ms-1

The spatial distribution of the vertically integrated 
ZFM from 925 to 400 hPa level over Bangladesh and its 
surrounding areas has been analyzed for several cases of 
nor’westers and one distribution is shown in Fig. 7(a)         
as an example.  It has been found that vertically integrated  

 over Dhaka at 0000 UTC on the dates of 
occurrence of nor’westers in Bangladesh. 

 
4.4. Spatial distribution of the vertically integrated 

ZFM and MFM  
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TABLE 2 
 

Frequency of vertically integrated zonal and meridional fluxes of moisture over  
Dhaka at 0000 UTC on the dates of occurrence of nor’westers in Bangladesh 

   
Range of fluxes 
(×105 kg × ms-1

Frequency of vertically integrated 
zonal fluxes of moisture ) 

Frequency of vertically integrated 
meridional fluxes of moisture 

-20 to –10 0 2 

-10 to 0 3 19 

0 to 10 6 39 

10 to 20 39 29 

20 to 30 35 13 

30 to 40 16 4 

40 to 50 5 1 

50 to 60 3 0 

Total 107 107 

 
 
 
 
WFM dominate over Bangladesh on most of the dates of 
occurrence of nor’westers and the gradient of fluxes is 
steep over the country. The range of the vertically 
integrated ZFM for the layer is about (2-12) × 105 kg × 
ms-1

 

 over Bangladesh in most of the cases. A trough of 
WFM exists over Bihar, sub-Himalayan West Bengal and 
north-western Bangladesh extending to south-eastern 
Bangladesh as can be seen from Fig. 7(a). 

The spatial distribution of the vertically integrated 
MFM from 925 to 400 hPa level over Bangladesh and its 
surrounding areas has been analyzed for several cases of 
nor’westers and one distribution is shown in Fig. 7(b) as 
an example. It has been found that vertically integrated 
SFM dominate over south-southwestern and adjoining 
central parts of Bangladesh on the dates of occurrence of 
nor’westers and the gradient of fluxes is steep over the 
region. There exist NFM in the northwestern and 
northeastern parts of the country in many cases. The range 
of the vertically integrated MFM for the layer is about         
(3-14) × 105 kg × ms-1

 

 in most of the cases. A trough of 
WFM exists over Bihar, sub-Himalayan West Bengal and 
north-western Bangladesh extending to south-eastern 
Bangladesh as can be seen from Fig. 7(b). 

5. Conclusions 
  

On the basis of the present study, the following 
conclusions can be drawn: 
 
(i) The westerly fluxes (positive) of moisture dominate 
in the troposphere over Dhaka at 0000 UTC from 925 to 

200 hPa level having maximum frequency of westerly 
fluxes from 61.68 to 96.26% in the layer from 925 to 
about 300 hPa level. In the upper troposphere the zonal 
fluxes of moisture become nil in most of the cases.  
 
(ii) The maximum westerly fluxes of moisture over 
Dhaka at 0000 UTC on the dates of occurrence of 
nor’westers may be more than 200 gm kg-1 × ms-1 in the 
lower troposphere and the maximum easterly fluxes of 
moisture may be  -128.3 gm kg-1 × ms-1

 
 at 1000 hPa.  

(iii) The zonal fluxes of moisture over Dhaka at 0000 
UTC are mainly westerly and more westerly in the lower 
and middle troposphere on the dates of occurrence of 
nor’westers as compared to the fluxes on the dates of non-
occurrence.  
 
(iv) The southerly fluxes (positive) of moisture dominate 
in the troposphere over Dhaka at 0000 UTC from 1000 to 
300 hPa level. The frequency of southerly is 92.52% at 
1000 hPa and 98.13% at 925 hPa level. The frequency of 
northerly fluxes of moisture is less in the lower 
troposphere having maximum frequency of northerly 
fluxes from 67.29 to 27.10% in the layer from 700 to 
about 300 hPa level. In the upper troposphere the 
meridional fluxes of moisture become nil in most of the 
cases. 
 
(v) The meridional fluxes of moisture are mainly 
southerly and more southerly in the lower and middle 
troposphere on the dates of occurrence of nor’westers as 
compared to the dates of non-occurrence. 
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(vi) The frequency of vertically integrated fluxes of 
moisture over Dhaka at 0000 UTC from 1000 to 100 hPa 
on the dates of occurrence of nor’westers in Bangladesh 
are westerly in 97.17% cases and southerly in 80.37% 
cases.  There exist vertically integrated northerly fluxes in 
the northwestern and northeastern parts of the country in 
many cases. The range of the vertically integrated 
meridional fluxes of moisture at 0000 UTC for the layer is 
about (3-14) × 105 kg × ms-1

 

 in most of the cases.  
 
(vii) The spatial distribution of the vertically integrated 
ZFM from 925 to 400 hPa level over Bangladesh and its 
surrounding areas at 0000 UTC indicates that vertically 
integrated WFM dominate over Bangladesh and/or eastern 
Uttar Pradesh, Bihar and Sub-Himalayan West Bengal of 
India on the dates of occurrence of nor’westers and the 
gradient of fluxes is steep over the country. The vertically 
integrated southerly fluxes of moisture dominate over 
south southwestern and adjoining central parts of 
Bangladesh on the dates of occurrence of nor’westers and 
the gradient of fluxes is steep over the region.  
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