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ABSTRACT. Attempts have been made to compute the precipitable water content of the troposphere, weighted
average water vapour and to correlate these parameters with different instability indices and also with the next 24-hr
rainfall, next 24-hr maximum rainfall and next 24-hr country averaged rainfall in order to predicting rainfall due to
nor’westers in Bangladesh. It has been found that the maximum number of nor’westers occur when the precipitable water
is 25-45 mm hr! between 1000 and 500 hPa, the maximum frequency being 48 in the range of 35-45 mm hr™. The spatial
distribution of precipitable water indicates that the maximum precipitable water is concentrated over the area near the
places of nor’westers. The specific humidity has been found to increase on the dates of occurrence of nor’westers in
Bangladesh on most occasions. Maximum number of nor’westers occurs when the weighted average specific humidity
between the surface (1000 hPa) and 500 hPa is 8-12 g kg, the maximum frequency being 43 in the range of 8-10 g kg™.
The study reveals that nor’westers have been found to occur near or at the eastern end of maximum weighted average
specific humidity. It has also been found that nor’westers occur near the point of inter-section of the axes of moist and
dry zones. A number of parameters of the troposphere over Dhaka at 0000 UTC on the dates of occurrence of nor’westers
such as precipitable water (mm/hr), MSWI, SWI, SWI/TT, (g0 — Jsso) Weighted averaged specific humidity have
statistically significant correlations with next 24-hour rainfall at Dhaka, next 24-hour maximum rainfall in Bangladesh
and country averaged rainfall. The correlation co-efficients are relatively small and the standard errors of estimates are
higher. The small correlation co-efficients are significant because of the large number of data.

Key words — Tropospheric moisture, Precipitable water, Water vapour, Nor'westers, SWEAT Index, Modified
SWEAT Index, Energy Index, Total Totals Index.

1. Introduction Bangladesh, these transition periods are known as pre-
monsoon (March-May) and post-monsoon (October-

Two transition periods between southwest and November) seasons. Of these, it is the pre-monsoon
northeast monsoons over the India-Bangladesh-Pakistan season when most of the local severe storms occur over
subcontinent are characterized by local severe storms. In different parts of Bangladesh with frequent intervals.
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These storms are popularly known as Nor’westers or
Kalbaishakhi in Bangladesh, West Bengal and Assam of
India and Andhi (dust storms) in North India. Nor’wester
activities in these parts of the region are directly linked up
with the apparent movement of the sun towards north
causing steady rise in temperature over Southern India and
Bangladesh and gradually extending to the north. Such a
situation becomes increasingly prominent from March and
prolongs up to the end of May. Frequency of nor’westers
in Bangladesh usually reaches its maximum in May,
having maximum value over the Sylhet-Mymensingh-
Dhaka region and is comparatively minimum over the
extreme northwestern and southwestern parts of
Bangladesh. There are occasions when nor’westers have
been observed to occur in late February and early June.
The occurrences of nor’wester in late February can be
attributed to the early withdrawal of winter from
Bangladesh, Assam, Bihar, West Bengal and adjoining
area as well as due to the penetration of the easterly low
trough to the southern tip of India and their subsequent
movement towards northeast (Das et al., 1994), while
those in early June are due to delay in the onset of
southwest monsoon over this region. The delay in the
occurrence of nor’westers over Bangladesh is due to
presence of intense subtropical high over the Bay of
Bengal. Tropospheric moisture plays an important role in
the formation of nor’westers and rainfall over Bangladesh
during the pre-monsoon season. The higher the depth of
moisture in the troposphere, the higher the potential for
the formation of nor’westers.

Nor’westers/thunderstorms bring the first rain after a
long dry and hot weather during the pre-monsoon season.
This rain is very important for agriculture. The knowledge
of rainfall in any region is very helpful in sound cropping.
In India a number of scientists made efforts to correlate
summer monsoon rainfall with different meteorological
parameters (Venkataraman, 1955; Kulkarni and Pant,
1969; Banerjee et al., 1978; Mooley and Shukla, 1989;
Upadhyay et al., 1990). But no works have been done to
predict the pre-monsoon rainfall in a country like
Bangladesh.

In the present study, attempts have been made to
compute the precipitable water content of the troposphere,
weighted average water vapour and to correlate these
parameters with different instability indices and also with
the next 24-hr rainfall, next 24-hr maximum rainfall and
24-hr country averaged rainfall in order to predicting
rainfall due to nor’westers in Bangladesh. The vertical
distribution of water vapour (g), and the spatial
distribution and time cross-section of the precipitable
water over Bangladesh has been studied to find out the
critical values for the occurrence of nor'westers.
The correlation between precipitable water and the actual
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Fig. 1. Station location map of BMD

rainfall due to nor'westers has also been studied, which is
likely to be very useful for the quantitative prediction of
rainfall due to nor'westers in Bangladesh. The regression
equations corresponding to the significant correlation co-
efficients have been developed with the help of scattered
diagram accordingly.

2. Data used

Twenty-four hours rainfall on the dates of
occurrence of 108 nor’westers in the months of March,
April and May during 1990-1995 for 34 stations in Fig. 1
have been collected from Bangladesh Meteorological
Department (BMD) and utilized in the present study.
Rawinsonde data of 0000 UTC at Dhaka, Chittagong and
the available GTS real time data at some Indian stations
on the dates of occurrence of the mentioned nor’westers
have been collected from the Storm Warning Centre of
BMD for the computation of specific humidity and the
precipitable water of the troposphere.

3. Methodology

The precipitable water in the atmospheric layer,
bounded by p; and p, pressure surfaces, can be expressed
by (Ananthakrishnan et al., 1965):

w=—2["qdp &

gJm

where g is the acceleration due to gravity and q is the
specific humidity at pressure level p.
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Generally, the water vapour is mainly concentrated
in the lower atmosphere up to about 500 hPa above which
it has negligible contribution. For this reason, the
vertically integrated magnitude of the precipitable water
vapour is approximated by

1 (500

W=-=| qdp 2
g 1000

To obtain W, one can utilize the trapezoidal rule
(Haydu and Krishnamurty, 1981), which can be performed
in the following manner:

1 1000 925
W= 5{‘11000 J.gzs dp + Qgsp L75 dp

775
+ 0700 I

600 500

600
dp+ %00_[ dp}

75 150 175 100
W= quooo +?q850 +FQ7oo +?q500 3)

The units used here are gmkg™ and gm cm™? for q
and W respectively. The value of W can be converted into
mm by using 1 kg m? = 1 mm. (MclIntosh and Thom,
1973).

The weighted average specific humidity (WAq) for
the standard isobaric surfaces 1000, 925, 850, 700 and 500
hPa has been computed according to the relation:

WAq:(hXp1+Q2><P2+Q3><p3+Q4XP4+Q5><ps
P+ P2+ P3+Pst Ps

4)

where the symbols have their usual meanings. If the
surface pressure is less than 1000 hPa, surface pressure is
taken as p; .

Linear regression equation has been used to correlate
the precipitable water, weighted average specific humidity
(here in after called water vapour) with different
instability indices such as Total Totals Index (TT),
SWEAT Index (SWI), ratio of SWI/TT, Modified
SWEAT Index (MSWI), Energy Index (El) and Modified
Energy Index (MEI) and also to correlate the same with
the next 24-hr rainfall, next 24-hr maximum rainfall and
24-hr country averaged rainfall in Bangladesh. The
correlation coefficients are also computed. The significant

test for the correlation coefficient has been made with the
help of Student’s t-distribution (Alder and Roessler, 1964)
given by

ry(n-2)

Ja-r?)

Where r is the correlation coefficient, (n-2) is the
degree of freedom and n is the sample size. At 5% level
(i.e., 95% level of significance), if tu > toes, the
correlation coefficients are said to be significant.

t=

The different stability indices and modified stability
indices are given below:

Total Totals Index (TT) TT= ngso + Tgso - 2T500
®)

Modified Total Totals Index (MTT) as defined by
Karmakar (2005) is :

MTT = Tagzs + Tozs — 2Ts00 (6)
Energy Index (EI) as defined by Darkow (1968) is:
El = MSE500 - MSEgsO (7)

Modified Energy Index (MEI) as defined by
Karmakar (2005) is :

MEI = MSE500 - MSE925 (8)

Severe Weather ThrEAT (SWEAT) Index (SWI) as
defined by Miller (1972) is :

SWI =12Tyge0 +20(TT —49)+ 2 fg + f5 +125(S; +0.2)
9)

Modified SWEAT Index (MSWI) as defined by
Karmakar (2005) is :

MSWI =12T 55 + 20(MTT —49)+ 2 fq + f5 +125(S, +0.2)
(10)

In Egns. 9 & 10, none of the terms may be negative.
Hence if Tagso, Taozs < O, the first term of Eqns. 9 & 10 is
set to zero; if TT < 49, the second term is set to zero; and
the last term is set to zero if any of the following
conditions are not met: oy, ag between 130° and 250°, os
between 210° and 310°, as -ag > 0, a5 - ag > 0, and fq, fs,
f5>15 knots.
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Fig. 2. Frequency of precipitable water content of the troposphere over Dhaka at 0000 UTC on the dates
of occurrence of nor'westers in Bangladesh during 1990-1995

Fig. 3. Spatial distribution of precipitable water content of the troposphere at 0000 UTC on 14 May 1992
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Fig. 4. Vertical cross-section of specific humidity on 8 May
1994 (date of occurrence of nor'westers) over Dhaka at
0000 UTC

MSEg,s, MSEgso, MSEsp = Moist Static Energy at
925, 850 and 500 hPa
level.

4, Results and discussion

4.1.  Precipitable water content of the troposphere
at 0000 UTC in relation to nor’westers

Frequency of precipitable water content of the
troposphere over Dhaka on the dates of occurrence of
nor’westers in Bangladesh has been computed and the
diagrams (Fig. 2) are prepared accordingly.

The frequency of precipitable water also indicates
the frequency of nor’westers. It has been found that the
maximum number of nor’westers occur when the
precipitable water is 25-45 mm hr* up to 500 hPa, the
maximum frequency being 48 in the range of 35-45 mm
hr. Polynomial curve of third degree has been fitted to
the frequency distribution. This means that the frequency
of nor’wester increases cubically with the increase in
precipitable water content of the troposphere. It has been
also observed that favourable conditions for nor’westers to
occur over Bangladesh is when the precipitable water in
the atmosphere is between 15 to 55 mm. The spatial
distribution of precipitable water on the dates of
nor’westers has also been studied. The distribution pattern
is given in Fig. 3 as an example. It has been found that the

—— 17 April 1994 (Date of occurrence)
- ----- 15 April 1994 (Date of non-occurrence)
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0 2 4 6 8 10 12 14 16 18
q(g/ka)

Fig. 5. Vertical cross-section of specific humidity on 17 April 1994
(date of occurrence of nor'westers) and 15 April 1994 (date of
non-occurrence of nor'westers) over Dhaka at 0000 UTC

maximum precipitable water is concentrated over the area
near the places of nor’westers.

4.2.  Specific humidity and water vapour of the
troposphere at 0000 UTC in relation to
nor’westers

The specific humidity is maximum near the surface
and generally decreases with height for obvious reason as
can be seen from Fig. 4. It has been found that the specific
humidity may be of the order of 15-20 g kg™ on the dates
of occurrence of nor’westers. The specific humidity has
been found to increase on the dates of occurrence of
nor’westers in Bangladesh as can be seen from Fig. 5.

Frequency of water vapour of the troposphere over
Dhaka on the dates of occurrence of nor’westers in
Bangladesh has been computed and the diagrams (Fig. 6
given as an example) are prepared accordingly. The
frequency of water vapour also indicates the frequency of
nor’westers. It has been found that the maximum number
of nor’westers occur when the water vapour between the
surface and 500 hPa is 8-12 g kg, the maximum
frequency being 43 in the range of 8-10 g kg™. Polynomial
curve of third degree has been fitted to the frequency
distribution. This means that the frequency of nor’westers
increases cubically with the increase in water vapour
of the troposphere. The spatial distribution of water
vapour between the surface and 500 hPa on the dates of
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Fig. 6. Frequency of water vapour of the troposphere between 1000-500 hPa over Dhaka at 0000 UTC

on the date of occurrence of nor'westers in Bangladesh during 1990-1995
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Fig. 7. Spatial distribution of water vapour at 0000 UTC on 14 May 1992

nor’westers has also been studied. The distribution pattern
is given in Fig. 7 as an example. It has been found that
nor’westers occur near or at the eastern end of maximum
water vapour, the maximum water vapour being 14 g kg™.
Nor’westers have been found to occur near the point of
inter-section of the axes of moist and dry zones.

4.3.  Statistical prediction of 24-hr rainfall due to
nor’westers in Bangladesh

With a view to predicting 24-hour rainfall due to
nor’westers, attempts have been made to correlate a

number of parameters of the troposphere over Dhaka at
0000 UTC on the dates of occurrence of nor’westers such
as precipitable water (mm/hr), MSWI, SWI, SWI/TT,
difference in specific humidity at 1000 hPa and 500 hPa
(01000-ss0), Water vapour with next 24-hour rainfall at
Dhaka, next 24-hour maximum rainfall in Bangladesh and
country averaged rainfall.

The correlation co-efficients, regression equations
corresponding to the significant correlation co-efficients
and the standard error of estimates have been computed.
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TABLE 1

Correlation co-efficients of 24-hr rainfall with different parameters on the dates of occurrence of nor’westers

Correlation of

Correlation co-efficients

Standard error of estimate Regression Equations

W at 0000 UTC vs CA rain 0.24915**
MSWI at 0000 UTC vs CA rain 0.30425**
W at 0000 UTC vs RD 0.24660*
W at 0000 UTC vs R™B 0.23215*
LnW at 0000 UTC vs RD 0.24941**
LnW at 0000 UTC vs R™B 0.227099*
LnW at 0000 UTC vs CA rain 0.245557**
SWI at 0000 UTC vs next RD 0.22718*
SWI at 0000 UTC vs R™B 0.29504**
MSWI at 0000 UTC vs R™B 0.19853*
SWI/TT at 0000 UTC vs R™B 0.25588**
Q1000-Gsso at 0000 UTC vs next RD -0.212758*
Qo00-Gsso at 0000 UTC vs CA rain -0.32268**
WAQq at 0000 UTC vs RD 0.24844**
WAq at 0000 UTC vs RB 0.22882*
WAq at 0000 UTC vs CA rain 0.20912*

+8.43064 y = 0.306x - 1.3696

x =W, y=CArain
+8.52495 y =0.0207x - 0.1335

X =MSWI, y = CArain
+20.22573 y=0.7261x - 11.136

Xx=W,y=RD
+35.41168 y =1.1923x + 13.296

x=W,y= R™B
+20.23195 y =20.977x - 59.876

x=InW,y=RD
+ 35.46158 y = 37.199x - 76.594

x =InW, y = R™B
+8.43861 y = 10.484x - 27.796

X =InW, y = CArain
+20.32454 y = 0.0379x + 4.8865

X = SWEAT, y = next RD
+ 34.78567 y = 0.0859x + 33.154

x = SWEAT,y=RB
+ 35.68164 y = 0.0566x + 29.651

X = MSWEAT, y = R™B
+35.19424 y = 3.9628x + 33.453

X =SWI/TT, y =R™B
+20.39245 y =-1.0167x + 22.956

X = Q1o00-Ceso, Y = Next RD
+ 8.239486 y =-0.6432x + 14.627

X = O1000-Geso, Y = CA rain
+20.2159 y =3.1863x - 17.265

X =WAq,y=RD
+35.44041 y =5.1191x + 4.3875

x=WAq, y=R™B
+8.51268 y = 1.1187x - 1.6665

x =WAq, y = CArain

CA rain = next 24-hr country averaged rainfall in Bangladesh, RD = 24-hr rain at Dhaka, RB = next 24-hr rain in
Bangladesh, R™B = next 24-hr maximum rain in Bangladesh, W = Precipitable water, * Significant at 95% level of

significance, ** Significant at 99% level of significance

The results are given in Table 1. The table shows that the
correlation co-efficients are relatively small but are
statistically significant. The standard errors of estimates
are relatively higher. The small correlation co-efficients
are significant because of the large number of data
(usually 106 or 108). Since the standard errors of
estimates are large, the regression equations cannot be
used to predict the 24-hour rainfall due to nor’westers.
Therefore, it is very difficult to predict rainfall due to
nor’westers statistically.

5. Conclusions

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

(i) Maximum number of nor’westers occurs when the
precipitable water is 25-45 mm hr™ from surface to 500
hPa, the maximum frequency being 48 in the range of 35-
45 mm hr'. It has been found that the maximum
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precipitable water is concentrated over the area near the
places of nor’westers.

(i) Maximum number of nor’westers occurs when the
water vapour between the surface and 500 hPa is 8-
12g kg*. The frequency of nor’westers increases cubically
with the increase in water vapour of the troposphere.

(iii) Nor’westers have been found to occur near or at the
eastern end of maximum water vapour, the maximum
water vapour being 14 g kg™. Nor’westers have been
found to occur near the point of inter-section of the axes
of moist and dry zones.

(iv) On the dates of occurrence of nor’westers
precipitable water (mm/hr), MSWI, SWI, SWI/TT, (q1000-
Osso), Water vapour have statistically significant
correlations with next 24-hour rainfall at Dhaka, next 24-
hour maximum rainfall in Bangladesh and country
averaged rainfall but due to large standard errors of
estimates, it is difficult to predict rainfall due to
nor’westers statistically.
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