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Sharp decrease of attenuation of 183.31 GHz water molecule absorption line
associated with Nor’wester over Kolkata — may be one important
experimental set-up to forecast Nor’wester
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ABSTRACT. The sharp depletion of attenuation of 183.31GHz signal just before the onset of Nor’wester over
Kolkata has been studied. Possible explanations of such type of variation are presented. It is concluded that this may be
taken as one possible method of forecasting of severe thunderstorms associated with Nor’wester. Physical explanations
based on the formation and dissipation mechanisms of thunderstorms are also presented.
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1. Introduction

Nor’wester is a local severe storm which causes most
important meteorological hazard whose destructive off
springs are hailstorm, lightning, high wind, heavy rains,
squalls etc. It is mesoscale phenomena of most violent
convective system which extends up to tropopause. It is
small in size with short life span and not possible to detect
by present synoptic chart with present network. Hence
special observing aids are necessary. Research works have
already been carried out on the study of severe
thunderstorms over last few years. The studies were
initially based on the analysis of the surface and
sometimes upper air data before and immediately after
occurrence of the thunderstorms (IMD, 1941; Koteswaram
et al., 1958; Mukherjee et al., 1979; Normand 1938;
Ramaswamy 1956; Chaudhuri et al., 2001;) showed that
minimization of Convective Inhibition Energy (CINE) is

more important than maximizations of Convective
Available Potential Energy (CAPE) in the genesis of these
thunderstorms. North-eastern region of our country is
more prone to thunderstorm. They often cause much
damage to human settlement and often installations on the
ground. The common characteristic features of these
thunderstorms are (a) high frequency March to May, (b)
associated squall of approximately 150 km/hr, (c) initial
development area is near Chotanagpur of Bihar and
subsequently movement towards south eastward etc.
Their dimensions are much smaller than large scale
weather system like monsoon depressions or tropical
cyclones. In spite of many years of research in the country
we have not yet understood their mechanism of genesis
and their subsequent behavior due to lack of observational
data from inside these storms. It may be realized that
thunderstorms carry heat and moisture to the upper
troposphere but actual dynamics within the thunderstorm
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Fig. 1. Variation of attenuation of water molecule absorption line
at 183.31 GHz on one Nor’wester day (03 April 1990) over
Calcutta. Arrow mark indicates the time of onset of
thunderstorm

can be quite distinct from that of the environment which is
not yet known fully. The interaction between isolated
thunderstorms and the environment some time cause the
development of a well organized line of thunderstorm
called the squall line of large horizontal extent of more
than ~ 200 km.

Water vapour distribution controls the attenuation of
microwaves and millimeter wave propagation. Sen, 1967
observed enhancement of atmospherics associated with
local thunderstorms occurring in a tropical station. Sen et
al., 1984 concluded that water vapour is one of the
important constituent in the atmosphere which can impose
limitations to the propagation in microwave and
millimeter wave. Midya and Sarkar, 2007 showed sharp
depletion of absolute humidity just before onset of
Nor’wester over Kolkata. Water vapour has a strong
absorption line at 183.31 GHz frequency. A microwave
radiometer tuned to 183.31GHz is capable of detecting
and measuring even minute traces of water vapor in the
atmosphere. The amount of water vapour change is
strongly connected during the thunderstorm event. The
study of attenuation at 183.31 GHz is a direct evidence of
change of water vapour amount during the onset of
thunderstorm event. This type of study is very much
important in satellite communication and also in military

purpose.

The purpose of the paper is to present a new
experimental arrangement to detect this type of mesoscale
violent convective atmospheric phenomena. The sharp fall
of attenuation at 183.31 GHz signal related to Nor’wester
event over Kolkata is presented. Explanations based on
physical consideration are also offered.
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Fig. 2. Variation of attenuation of water molecule absorption line at
183.31GHz on one Nor’wester day (18 May 1990) over
Calcutta. Arrow mark indicates the time of onset of
thunderstorm

2. Observations

The attenuation rate due to water vapor monomer
model in the atmosphere at 183.31 GHz is given by
Dennison, 1940; Benedict and Kaplan, 1959.
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Where, N represents the number of water vapor
molecules per cubic centimeter and is related to water
vapor density p (gm/m”) by

N=(p/18) x 6.023 x 10" )

v & v, are the resonant & non-resonant frequencies
in Hz respectively & A v, is the pressure-broadened line
half- width parameters expressed in s & is given by

P/760

— T (1+0.0046 3
(T/318)0.625( P) )

Av,=2.62x10’

Where, P & T are the total atmospheric pressure
(mm of Hg) and kinetic temperature (k) respectively.
Again, p is related to water vapour e (hPa) by

p=(ex 18 x 109)/(8.31x Tp) (@)
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Fig. 3. Variation of attenuation of water molecule absorption line
at 183.31 GHz on one normal day (14 April 1990) over
Calcutta

Where, Tp is the dew point temperature in degrees
Kelvin. But, on the other hand e could be expressed as

e =6.1078 exp [5369 (1/273 — 1/Tp)] )

A typical record of the attenuation of 183.31 GHz
during two Nor’westers on 03 April 1990 and 18 May
1990 are shown in Figs. 1&2. Fig. 3 shows the variations
of the said parameter on a normal day 14 April 1990 with
no report of thunderstorms associated with Nor’wester.
Arrow marks show the time of occurrence of onset of
thunderstorms during Nor’wester. Comparisons of figures
confirm the dip of attenuation at 1430 IST on 03 April
1990 and at 1370 IST on 18 May 1990 on two selected
Nor’westers days around the time of onset of
thunderstorms. We have considered almost 22 cases of
prominent Nor’westers days for which sharp depletions of
attenuation takes place and these are presented in Table 1.
On the other hand for normal days we have not obtained
such type of depletion.

3. Experimental Set-up

Possible experimental arrangement of Dicke’s
radiometer is shown in Fig. 4. Dicke’s radiometer
measures the thermal radiation at microwaves or at
millimeter waves. The radiation from a black body at a
particular temperature is received by an antenna. A
modulator wheel of resistance material alternately
terminates the wave guide by a reflection less impedance
and by the antenna. The received signal is passed through
a mixer plus intermediate-frequency amplifier with
automatic gain control and detector. The detected
modulation is amplified by a narrow-band amplifier and
fed into a phase-sensitive detector (balanced mixer); the
local oscillator signal for this detector is generated by a
generator driven by the same shaft as the modulator
wheel. The d-c signal is then amplified and detected.

TABLE 1

Depletion of attenuation of 183.31 GHz water molecule absorption
line associated with Nor’wester over Kolkata

Date of Depletion of attenuation of
Nor’wester 183.31 GHz in percentage
03 April 1990 14.81
18 May 1990 17.91
12 April 2000 19.12
15 April 2000 20.05
21 April 2000 16.25
23 April 2000 18.55
24 April 2000 21.32
29 April 2000 15.78
2 May 2000 13.25
3 May 2000 17.38
14 May 2000 16.85
17 May 2000 14.27
21 May 2000 19.45
25 May 2000 17.81
30 April 2001 20.12
4 May 2001 18.31
5 May 2001 19.76
19 May 2001 20.12
20 May 2001 16.85
21 May 2001 18.56
24 May 2001 17.32
31 May 2001 14.81

4. Result and discussions

The earth surface of tropical country is heated during
noon time and the heated air in contact to the surface of
the earth begins to rise after absorbing water molecules.
When the moist air goes upward the air parcel suffers
adiabatic expansion and becomes cooler. As a result,
clouds are formed and the released latent heat is converted
to sensible heat and the pressure level will be increased at
higher level. Due to heating at the surface and the increase
of high pressure at the upper level there will be pulling
and pumping. There is a positive feedback and the system
will be vigorous if sufficient moisture is available and CB
cloud is formed. The thunderstorm development stage is
cumulus stage. During this stage, only updraft is taking
place. At this stage no precipitations reaches the ground.
Precipitation is produced in the upper parts of the storm
and at the matured stage downdraft takes place. So at this
stage updraft, downdraft and precipitation take place.
Afterwards precipitations predominate and dissipation
stage is dominated by downdraft. As updraft decreases,
inflow of moist air in the atmosphere decreases. As a
result, only rain takes place and the storm dissipates.
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Fig. 4. Experimental arrangement of radiometer

During the mature stage of thunderstorm there will
be downdraft of cold dry air coming to the surface.
Attenuation becomes minimum due to the minimum
availability of water vapour in cold air. So the results
obtained in Figs. 1&2 agree fairly well with our physical
explanation. It also agrees with our previous results where
we have shown that absolute humidity depleted sharply
before the onset of thunderstorm over Kolkata (Midya and
Sarkar, 2007). It may be mentioned that attenuation values
derived from radiometric emission at 183.31 GHz is a
good indicator water vapour amount in the atmosphere.
The relation between attenuation and water vapour is
affected by the liquid water content of the atmosphere. To
overcome this difficulty, a dual frequency millimeter
wave link, one at the water vapour line at 183.31 GHz and
the other away from the line around 31.4 GHz may be
utilized. This help us to separate the water vapour and the
liquid water content, by using differential sensitivity of
millimeter wave links placed at two different stations
between 1-2 km interval at above mentioned frequencies
for sensing water vapour and liquid water. Thus this type
of experimental arrangement is very much helpful for
thunderstorm study. In this connection it may be
mentioned that Sen, 1967; also observed enhancement of
atmospherics (30kc/s) in relation to pre-monsoon and
monsoon  thunderstorms.  During  formation  of
thunderstorms, water vapour gradually increases in the
atmosphere. As a result attenuation at 183.31 GHz
increases gradually. At the matured stage, i.e., during the
onset of thunderstorms, the attenuation decreases sharply
indicating a sharp fall of water vapour. It takes place
before one to two hours of onset of Nor’wester events. It
is clear from Figs. 1&2.

4.  Conclusions
It is concluded that sharp depletion of attenuation of

183.31 GHz water molecule absorption line before one to
two hours takes place and it is due to minimum

availability of water molecules in vapour state during
downdraft of cold dry air before onset of thunderstorms.
This may be taken as a possible method of forecasting
such mesoscale phenomena. It is clear from Table 1 and
the figures that depletion of attenuation of 183.31 GHz
water molecule absorption line in percentage before onset
of thunderstorm lies between 13 to 21 and absolute value
of attenuation lies between 52 to 62 db/km.
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