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lkj & xtZ ds lkFk rwQku diklh vFkok es/k eki ds vR;f/kd :Ik ls vkus dh ekSle ifj?kVuk gS tks 
eslksLdsy esa gksus okyh vfLFkjrkvksa ds dkj.k mRiUu gksrh gSA buds mRiUu gksus esa /kjkry ds izkPkyksa dk 
egRoiw.kZ ;ksxnku gS tcfd xtZ ds lkFk rwQku ds fodflr gksus dk fu:i.k djus ds fy, mifjru ok;q eswa 
ncko  ds cuus dh vko’;drk gSA tks rwQku vksyk o`f"V] gok ds rst >ksdksa vFkok caoMj ds lkFk vkrs gSa os 
ml LFkku fo’ks"k ds fy, vkink ykrs gSaA blhfy, xtZ ds lkFk rwQkuksa dk lVhd iwokZuqeku nsuk vko’;d gks 
tkrk gs A bl 'kks/k i= dk mÌs’; rwQku ds vkus  dh ckjEckjrk okys {ks=ksa esa le; J`[kyk fo’ys"k.k dk 
mi;ksx djrs gq, Hkh"k.k rwQkuksa  ds nkSjku ekSle oSKkfud izkpyksa ds iSVuksZa dks ns[krs gq, Hkh"k.k rwQkuksa  dh 
iwokZuqekurk dk ewY;kadu djuk gSA ckjEckjrk okys {ks=  ds fo’ys"k.k esa fofHkUu  le; Ja[kyk esa lgk;d 
fo"k;ksa ds vk¡dM+k Ja[kyk dk fu:i.k fufgr gSA Qqfj, fo’ys"k.k ls le; Ja[kyk esa mrkj p<+ko vFkok 
ifjorZu’khyrk dk irk pyrk gS D;ksafd ;s lkbu vkSj dkslkbu fØ;kvksa dh J`[kykvksa dks ,d lkFk tksM+usa ls  
mRiUu gksrs gSaA  lexz le; J`[kyk  fofHkUu vko`fRr;ksa ij lkbu vkSj dkslkbu rjaxksa ds nksyu ds lap;u ds 
la;qDr izHkko ls mRiUu gksrh ekuh tkrh gSA bl 'kks/k i= esa ,l- Vh- vks- vkj- ,e- (LVkWeZ) ikbyV Qst+ 
iz;ksx 2006 ds  vUrjxZr dksydÙkk (22°32΄ m-, 88°20΄ iw-)  esa rwQku okys fnukas ls fo’ys"k.k fd;k x;k gS rFkk 
bls fiNys Ng o"kksZa ds flukWfIVd izs{k.kksa ds fu"d"kksZa ls izekf.kr fd;k x;k gSA bl v/;;u ls ;g irk pyrk 
gS fd rwQku okys fnuksa esa le; ds lkFk& lkFk rkieku /khjs c<+rk gS vkSj 1400 cts (LFkkuh; le;)       
32° lsfYl;l ds vf/kdre eku rd igq¡p tkrk gSA tSlk fd izknsf’kd ekSle dsUnz us lwfpr fd;k gS fd 
rwQkuksa ds vkus dk le; 1550 ls 1610 cts (LFkkuh; le;)  ds chp gSA bl izdkj lkisf{kd vknzZrk] iou 
xfr iou fn’kk vkSj lkSj fofdj.k tSls vU; izkpyu rwQku okys fnuksa esa vyx fdLe dk iSVuZ n’kkZrs gSaA 
ekSle oSKkfud izkpyksa ds iSVuZ laHkor ,sls rwQkuksa dh iwokZuqekurk dk ewY;kdau dj ldrs gSaA  

 
ABSTRACT. Thunderstorm is a high frequency cumulus or cloud scale weather phenomenon and is generated due 

to instabilities created in the meso-scale. The surface parameters play a significant role in the genesis whereas the 
strength of the upper air pull is required to assess the growth of the thunderstorms. The thunderstorms associated with 
hail, high wind gust or tornadoes lead to catastrophe over the particular location. The accurate prediction of the 
occurrence of thunderstorms is thus, becomes a necessity. The purpose of the present paper is to assess the predictability 
of severe thunderstorms by viewing the pattern of the meteorological parameters during severe thunderstorms using time 
series analysis in frequency domain. Analysis in frequency domain involves representation of the data series in terms of 
the contributions made at different time scales. Fourier analysis represents the fluctuations or variations in a time series as 
having been arisen from the adding together of a series of sine and cosine functions. The overall time series is regarded to 
have generated from the combined effects of the collection of sine & cosine waves oscillating at different frequencies. In 
the present study the thunderstorm days of STORM Pilot Experiment – 2006 are analysed over Kolkata (22°32΄, 88°20΄) 
and validated the findings with past six year synoptic observations. The study reveals that on the thunderstorm days, 
temperature gradually increases with time and reaches the maximum value of 32° C at 1400 hours (local time). The time 
of occurrence of thunderstorms as reported by the Regional Meteorological office is between 1550 to 1610 hours (local 
time). Similarly the other parameters like relative humidity, wind speed, wind direction and solar radiation show a 
distinctly different pattern on thunderstorm days. The patterns of meteorological parameters might lead to assess the 
predictability of such thunderstorms. 

 
Key words – Oscillations, High frequency, Fourier analysis, Qualitative, Timescales. 
 

 
1. Introduction  
 

Severe thunderstorms of pre-monsoon season (April 
– May) over northeastern part (20° N to 28° N Latitude; 

84° E to 93° E Longitude) of India are of great concern for 
the meteorologists of India because of its devastating 
effect on life and property on the ground and aviation 
aloft. Research on pre-monsoon thunderstorms has been 
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conducted since nine decades by Indian and foreign 
scientists Humphreys, 1920; Normand, 1938; IMD, 1941; 
Byers & Braham, 1949; Desai & Mull, 1938; Dauglas 
1947; Mull & Rao, 1948; Desai & Rao 1954; Cornford & 
Spavins, 1973; Mukherjee & Chowdhury, 1979; Kalsi & 
Bhatia, 1992; Holton, 1992; Chaudhuri, 2006. 
Thunderstorm being a meso-scale weather phenomenon 
associated with cumulus convection, closer network of 
observatories is required to understand it. To cope with 
the devastation due to such thunderstorms a National 
Programme, Severe Thunderstorm: Observational and 
Regional Modeling (STORM) has been launched by the 
Department of Science & Technology, Government of 
India in 2006. The purpose of the national research 
programme is to set up a closer network of observatory 
over the thunderstorm prone location. Automatic Weather 
Stations (AWS) are installed over different part of West 
Bengal during the Pilot phase experiment under this 
Programme.  AWS receives the continuous record of basic 
meteorological parameters at a pre-assigned time 
intervals. The parameters recorded are; temperature, 
humidity, dew point temperature, wind speed, wind 
direction, solar radiation, rainfall, soil moisture 
temperature, etc.  
 

The purpose of the present paper is to identify the 
pattern of some meteorological parameters to observe 
whether any definite pattern prevails during severe 
thunderstorms using Fourier analysis. The pattern of the 
meteorological parameters might lead to assess the 
predictability of the severe thunderstorms.  
 
2. Data                                                                                                                                                      
 

The surface data of meteorological parameters has 
been collected at 30 minutes time interval from Automatic 
Weather Station (AWS) during the month of May 2006 
over Kolkata (22° 32′, 88° 20′) during the STORM Pilot 
Experiment 2006. In the present study, the synoptic 
observations of the surface parameters has also been 
collected from India Meteorological Department and 
National Data Centre during the pre-monsoon season of 
six years (2001 to 2006) and the record of the occurrence 
of thunderstorms is collected from the Regional 
Meteorological Office, Kolkata. The quality of the AWS 
data of Kolkata is checked with the Dumdum synoptic 
observation and found to be comparable.  
 
3. Methodology  
 

Fourier analysis represents data series in terms of 
different frequencies. The overall time series is regarded 
as the combined effects of sine & cosine waves oscillating 
at different frequencies. Fourier analysis represents the 
fluctuations or variations in a time series (Wilks, 1995). 

In the method of Fourier analysis the data points 
represent a collection of Fourier coefficients as a function 
of time scales. 
 

A given data series consisting of exactly n points can 
be represented, meaning that a harmonic function can be 
obtained, that passes through each of the points, by adding 

together a series of 
2
n harmonic functions; 
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The cosine wave, constituting k = 1 term in equation 

(1a) is the fundamental and represents the first harmonic. 

The other 



 −1

2
n  terms in the summation of equation 

(1a) and (1b) are higher order harmonics, or cosine waves 
with frequencies 
  

n
k

K
πω 2

=                      (2)

       
These are integer multiples of the fundamental 

frequency 1ω . 
 

Equation (1b) shows that the coefficients AK and BK 
corresponding to the data series ty can be obtained by 
using multiple regression methods;  
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This, in fact, is the case in general, but if the data 
series is equally spaced in time and contains no missing 
values, the coefficients can be expressed as; 
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and  
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To compute a particular coefficient AK, an n - term 

sum is formed consisting of the products of the data series 
ty with the values of a cosine function executing k full 

cycle during the n time units. For relatively short data 
series these equations can be easily programmed and 
evaluated. Having computed these coefficients, the 
amplitude - phase form of equation (1a) can be expressed 
as,  

[ ]2122
KKK BAC +=                                  (5)

       
 

The phase angle is computed as 
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The spectral density can be obtained as; 
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Where  
 

2
ys  → The variance of the sample of size “n” 

 
4. Data analysis and implementation procedure 
 

In the present paper all parameters are observed to 
change with time interval. The variation of the cosine 
function has been estimated with time because prognostic 
prediction is compact and useful than diagnostic one. 
Time series analysis also apparently gives the idea of the 
pattern of the parameters but in this study Fourier analysis 
has been done to obtain the idea specifically, to 
authenticate the results and to predict more accurately 
with the shift of phase angle.  
 

Initially the meteorological parameters from 
Automatic Weather Station (AWS) observations at 30 
minutes interval are taken. Time series of each parameter 

has been observed. Those parameters are selected for the 
calculation with respect to different cosine function which 
shows sinusoidal nature with time series. The equations 
(4) to (6) are used to compute the coefficients of the 
function for different harmonics of temperature, relative 
humidity, wind speed, wind direction, surface pressure 
and solar radiation for thunderstorm days during the pre - 
monsoon month of May.  
 
 

Computing the time series in a frequency domain 
helps to overcome the following three small intricacies in 
order to use a sine or cosine function to represent it: 

 
(i) The argument of a trigonometric function is an 
angle, whereas the data series is a function of time. 
 
(ii) Cosine and Sine function fluctuate between +1 and  
–1, whereas the data will generally fluctuate between 
different limits. 
 
(iii) The cosine function is at its maximum value for         
α  = 0 and  α  = 2Π and sine function is at its mean value 
for α  = 0 and  α  = 2Π. Both the sine and cosine may thus 
be positioned arbitrarily in the horizontal with respect to 
the data. 

 
The solution to the first problem comes through 

regarding the length of the data record, as constituting a 
full cycle or the fundamental period. The full cycle of time 
series corresponds to 360° or 2Π radians in angular 
measure. It can be considered that it is located in time 
between 0 and n frequency.  

 
The second problem is overcome by shifting the 

cosine or sine function up or down to the general level of 
the data and then stretching or compressing it vertically 
until its range corresponds to that of the data. Since the 
mean of a pure cosine or sine wave is zero, simply adding 
the mean value of the data series to the cosine function 
assures that it will fluctuate around that mean value. The 
stretching or shrinking is accomplished by multiplying the 
cosine function by a constant function C1, known as the 
amplitude. Again the subscript “1” indicates that this is 
the amplitude of the fundamental harmonic. Since the 
maximum and minimum values of a cosine function 
are 1± , the maximum and minimum values of the function 
C1 cos ( α ) will be ±  C1.  
 

Combining the solutions to these first two problems 
for data series yields 
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Figs. 1(a&b).  Schematic diagram showing (a) the time series of temperature of a thunderstorm day 
during the pre-monsoon season over Kolkata and (b) three cosine functions illustrating 
transformation from time to angular measure, vertical positioning & stretching and 
lateral shifting yielding finally the function matching the data approximately 

 
 
Finally it is usually necessary to shift a harmonic / 

Fourier function (Jakubauskas et al., 2002) laterally in 
order to have it matches the peaks and troughs of a data 
series. This is most conveniently accomplished when the 
cosine function is used, because the function achieves its 
maximum value when the angle on which it operates is 
zero. Shifting the cosine function to the right by the angle  
φ 1 results in a new function that is maximized at 

11 φω =
n
t . 
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The angle 1φ  is called the phase angle or phase shift. 
Shifting the cosine function to the right by this amount 
requires subtracting φ 1 so that the argument of the cosine 
function is zero when (2Πt/n) = 1φ (Wilks, 1995).  
 
5. Results and discussions 
 

The Harmonic analysis is performed on the 
meteorological parameters collected during the 
thunderstorm days. Data points are collected from AWS 
installed over Kolkata (22°32′ & 88°20′) for the pre-
monsoon   month   of   May  2006.   In   the   present study  
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Figs. 2(a&b).  Schematic diagram showing (a) the time series of relative humidity of a thunderstorm day 
during pre-monsoon season over Kolkata and (b) three cosine functions illustrating 
transformation from time to angular measure, vertical positioning & stretching and lateral 
shifting yielding finally the function matching the data approximately 

 
 
 
Harmonic Analysis is done on the surface parameters to 
draw the conclusion. The parameters considered in this 
study to view the predictability are surface temperature, 
surface relative humidity, surface wind (speed and 
direction), solar radiation and surface pressure. 
 
 

Surface temperature 
 

The temperature on a thunderstorm day shows a 
sinusoidal pattern against time interval and thus, Fourier 
analysis has been done on surface temperature. The 
maximum value of temperature is observed to be 35° C at 
12 noon. The day shows the maximum temperature at the 

frequency of (12*360) / 24 = 180° (The total 24 data 
series oscillates over total 360 degree). But, the phase 
angle φ shows the frequency of 189 degree.  In the 
present data set 15 degree is equivalent to 1 hour. Phase 
angle thus, shows 9 degree delay. It indicates that 
temperature starts to increase nearly 1 hour after 12 noon. 
Three cosine functions are used to authenticate the 
position of maximum temperature with phase shift and no 
shift condition. Thunderstorms are observed to occur at 16 
hours (4 pm). It can thus, be predicted that nearly 4 hours 
before thunderstorms temperature will start to increase 
and attain the value of 33-34 degree centigrade          
[Figs. 1(a&b)]. 
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Fig. 3. Schematic diagram showing the time series of wind direction of a thunderstorm day during 
pre-monsoon season over Kolkata  

 
 
 
 
 
 
Surface relative humidity   

 
Relative humidity on a thunderstorm day also shows 

nearly sinusoidal nature with time series. Three cosine 
functions are plotted for the time series of relative 
humidity. Fourier analysis reveals that maximum relative 
humidity is at frequency of 285 degree at 19 hours, but 
according to phase angle it is at 182.82 degree. Since 
phase angle is less than the frequency, it reveals that 
almost 6 to 7 hours before 19 hours that is from 11 a.m. to 
12 noon the relative humidity starts to increase and attains 
the value above 80 %. It can, thus be predicted that high 
(above 80%) relative humidity will start to accumulate 
from 4-5 hours before the occurrence of thunderstorms 
during the pre-monsoon season over Kolkata                   
[Figs. 2(a&b)]. 

 
 
Surface wind (speed & direction) 

 
Wind direction on thunderstorm days shows very 

irregular pattern with the time series so Fourier analysis 
has not been applied on this parameter (Fig. 3).  

Wind speed, on the other hand, shows slightly 
regular  pattern with time series on a thunderstorm day. 
Wind speed is observed to be maximum at the frequency 
285 degree and at 19 hours (7 pm), whereas the phase 
angle of Fourier analysis shows that the maximum speed 
will be at 268.58 degree, so it can be predicted that the 
wind will attain its maximum speed around 1 hour before 
19 hours. It is thus, apparent that just before or at the time 
of occurrence of thunderstorms very light wind will 
prevail which gradually increases after the occurrence of 
thunderstorm [Figs. 4(a&b)]. 
 
 
 
 

Solar radiation  
 

Solar radiation also shows nearly oscillating pattern 
on  a  thunderstorm  day.  Fourier analysis, on the other 
hand, does not show any significant finding about the 
parameter as three cosine functions shows their peak and 
trough at same position [Figs. 5(a&b)]. Therefore no 
accurate prediction is possible with this parameter. 
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Figs. 4(a&b).  Schematic diagram showing (a) the time series of wind speed of a thunderstorm day 

during pre-monsoon season over Kolkata and (b) three cosine functions illustrating 
transformation from time to angular measure, vertical positioning & stretching and lateral 
shifting yielding finally the function matching the data approximately 

 
 
 
 

 
Surface pressure 

 
Surface pressure does not show a regular oscillating 

pattern with time interval on a thunderstorm day. Fourier 
analysis does not show any significant finding as well. 

However, low pressure appears at the frequency of 255 
degree at 16 hours whereas the phase angle of low 
pressure is 141.66 degree. It can thus be stated that almost 
7 hours before 16 hours i.e., from 11 am onwards pressure 
maintains  to  be minimum. It can be stated that 4 -5 hours  
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Figs. 5(a&b).  Schematic diagram showing (a) the time series of solar radiation of a thunderstorm day 
during pre-monsoon thunderstorms over Kolkata and (b) three cosine functions illustrating 
transformation from time to angular measure, vertical positioning & stretching and lateral 
shifting yielding finally the function matching the data approximately 
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Figs. 6(a&b).  Schematic diagram showing (a) the time series of pressure on a thunderstorms day during 
pre-monsoon season over Kolkata and (b) three cosine functions illustrating 
transformation from time to angular measure, vertical positioning & stretching and lateral 
shifting yielding finally the function matching the data approximately 
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before the occurrence of pre-monsoon thunderstorms         
a low pressure will be generated over the place          
[Figs.  6(a&b)]. 
 
6. Conclusion 
 

It can thus, be concluded from the study that few 
basic surface meteorological parameters (temperature, 
relative humidity & wind speed) show a regular 
oscillating pattern on the day of thunderstorm during the 
pre monsoon season. The study also brings in some 
important information which can be the necessary 
conditions for the genesis of severe thunderstorms over 
Kolkata during the pre-monsoon season. The study reveals 
that high surface temperature (above 30° C), moderate to 
high relative humidity (above 80%), a low pressure 
(below 1000 hPa) and a highly  low wind provides                
an indicator for the genesis of thunderstorm during the  
pre-monsoon season in the afternoon/evening over 
Kolkata.   

 
As the study is based on only a month of AWS data, 

therefore in future, if the record of thunderstorms at 
regular interval for a longer period during the pre-
monsoon season is available then the extension of this 
paper can be made to establish the results and more 
accurate prediction can be possible .      
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