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Abstract
Two pre-monsoon thunderstorms (nor’westers) in the Gangetic West Bengal have been considered to study the effect 
of source activity and wave propagation at a low latitude station. Lightning discharges, due to cumulonimbus cloud, 
propagate in the form of electromagnetic radiation have received in the form of sferics by sensitive receiver in ELF and 
VLF bands simultaneously. Local meteorological observatory recorded the wind speed of April 1, 2018 as 85 km/h blowing 
from the northwesterly direction while that for April 17, 2018 as 98 km/h blowing from the same direction. In addition to 
wind speed other meteorological parameters, viz. temperature, humidity and pressure have also been taken into account 
with a view to find the source activity. Kolkata Doppler Weather Radar observations showing the squall line and cloud 
top height during the peak activity of the storms have also been analyzed for the two occasions. We have made the 
spectral recordings of sferics round-the-clock during the disturbed weather caused by the pre-monsoon thunderstorms. 
The results obtained from the multi-technique observations are interpreted and discussed.
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1  Introduction

Violent thunderstorms during the pre-monsoon months, 
March to May, in the Gangetic West Bengal are popularly 
called ‘KalBaisakhi’ or ‘Nor’westers’ as they originate from 
North–West direction. It usually occurs during late after-
noon hours over Kolkata (22.5726°N, 88.3639°E) due to 
cumulonimbus cloud followed by precipitation that per-
sists for an hour or so. The initial sign of nor‘wester is usu-
ally a low bank of dark cloud in the northwest region of 
Kolkata, the upper outline of which looks like an arch. It 
moves slowly at the initial stage and then rapidly with a 
strong gust or squall. Occasionally, the wind blows even 
with similar to hurricane force. Kolkata experienced the 
first nor’wester of the season on April 1, 2018 and another 

severe one on April 17, 2018. Lightning, a powerful sud-
den flow of electricity associated with the said nor’westers 
occurred largely as we noticed from our observatory and 
also reported from the local meteorological station [1]. 
Lightning discharges accompanied by nor’westers prop-
agate in the form of electromagnetic radiation [2] and 
we received the same in the form of sferics by our sensi-
tive receiver in ELF and VLF bands simultaneously. Some 
interesting characteristics we recorded in these frequency 
bands are reported in the paper. Investigations on ELF/VLF 
waves have scientific importance as they largely reflect 
from the D-region of the Earth’s ionosphere (60–90 km 
altitude) and are suitably guided in the Earth-ionosphere 
waveguide. In addition, ELF/VLF waves are an efficient 
means of subterranean mapping or for the purpose of 
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detecting underground structures. In this paper we have 
analyzed the effect of source activity and wave propaga-
tion at a low latitude tropical station, Kolkata, considering 
the characteristics of two pre-monsoon thunderstorms in 
the Gangetic West Bengal. Doppler Weather Radar obser-
vations of the squall line as well as wind speed and other 
meteorological parameters during the two thunderstorms 
showing interesting results have also reported in addition 
to sferics data in the ELF and VLF bands.

2 � Particulars of the two nor’westers

A squall can be converted to a nor’wester if it has a speed 
of at least 45-50 km/h and maintains the same wind speed 
for at least a minute after hitting a region [3]. The mete-
orological observatory at Alipore (Kolkata) recorded the 
wind speed of April 1, 2018 nor’wester as 85 km/h blowing 
from the northwesterly direction while that for April 17, 
2018 as 98 km/h. blowing from the same direction. As a 
typical record the wind direction of April 17, 2018 is shown 
in Fig. 1.

The gusty winds accelerated the movement of the 
cloud mass in both the occasions and finally triggered 
the nor’westers. Also, exceptionally tall cloud column 
was formed owing to high vertical wind speed from the 
surface, but it started dissipating once it crossed Kol-
kata and moved towards the sea. Particulars of the two 
concerned nor’westers in April 2018 are given in Table 1.

For all calendar dates for the month of April 2018, we 
have plotted (Fig. 2) the surface temperature, consider-
ing the actual high, actual low, average high and average 
low values. Table 2 reveals high and low weather sum-
mary for April 2018 in Kolkata.

3 � Doppler weather radar data

Doppler Weather Radar (DWR) operated at Kolkata gen-
erates pulses at 10 MHz has been used to get information 
about the pre-monsoon thunderstorms. The DWR plays 
a vital role in detecting and forecasting severe weather, 
as it can probe the atmosphere with very high spatial 
and temporal resolution. The DWR data are sampled on 
spherical coordinates (range, azimuth, and elevation) 
with a high resolution. Kolkata DWR observations show-
ing the squall line and cloud top height during the peak 
activity of nor’westers as experienced on April 1, 2018 
and April 17, 2018 are presented in Fig. 3a, b respec-
tively. The vigorous squall activities for both the days are 
prominent in the figure. The heights of the cumulonim-
bus cloud were more than 18 km for both the occasion.

Fig. 1   Wind direction of April 17, 2018

Table 1   Particulars of the two 
pre-monsoon thunderstorms 
in April 2018

Date Onset time in IST Offset time in IST Duration 
in min

Speed 
in km/h 
initially

Speed 
in km/h

Duration of 
peak activity in 
min

01.04.2018 18:30 19:27 57 22 85 25
17.04.2018 18:55 19:50 55 35 98 20

Fig. 2   Temperature graph for the month of April 2018
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4 � ELF/VLF noise measuring equipment 
and technique

Radio receiver used for recording sferics (alternately 
termed as atmospherics) both in ELF and VLF bands 
is shown by a block diagram in Fig. 4. The receiver is 
designed in a fashion so that it can be successfully used 
for a wide dynamic range [4]. The main sections of the 
receiving unit, viz, the signal generator, modulator, filter 
and the spectrum analyzers have illustrated in the figure 
through different blocks.

In this ELF/VLF noise measuring receiver, besides 
recording sferics signal in the respective bands, the 
arrangement for simultaneous audio recording arrange-
ment can also be done.

In the electronic circuit of the receiver, the following 
labels are similar as ‘nodes’ and are also used in some inter-
preter functions for defining the source node:

L1: Left input from the in-phase component from a soft-
ware defined radio
R1: Right input from a quadrature component from a 
software defined radio
L2: Output from the first DSP black box, etc.

Most of the connections and components in the receiving 
system may be altered (switched/activated/connected) 
just by clicking. Waveforms of the input and output sig-
nal can be magnified for the vertical and horizontal axes. 
In the unit, the spectrum analyzer has the provision to 
connect to both the audio input and output. It can be 
configured in a special setup screen, clicking into the ana-
lyzer block in the circuit window. The spectrum analyzer 
is designed in a manner so that at the output of it, the 
Fast Fourier Transform (FFT) can be visualized as spectrum 
graph or waterfall. Fast Fourier transform (FFT) is an algo-
rithm to compute the discrete Fourier transform (DFT) of 
a sequence. In fact, our object is to utilize Fourier analysis 
for converting a signal from its original domain to a repre-
sentation in the frequency domain.

The receiver employed for the purpose of receiving 
radio signal has the capacity to accommodate frequen-
cies in both ELF and VLF bands. We have the freedom and 
accordingly in the ELF range we can choose frequency 
below 3 kHz and in VLF from 3 kHz onward up to 30 kHz.

5 � Received noise characteristics in the ELF/
VLF bands

The received spectral patterns of radiation when analyzed 
exhibit a close similarity in the characteristic changes. This 
is assumed to be happened corresponding to discharges 
associated with the pre-monsoon thunderstorms from the 
very beginning of the mature stages of thunderstorms 

Table 2   High and low weather 
summary for April 2018 in 
Kolkata

Onset date of 
nor’wester

High/low meteorological 
parameters

Temperature 
(°C)

Humidity (%) Pressure (mbar)

01.04.2018 High 32 88 1008
Low 20 65 1013

17.04. 2018 High 40 94 1004
Low 23 33 1010

Fig. 3   Kolkata DWR observations of squall line and cloud top 
height during peak activity of nor’wester on a April 1, 2018 and b 
April 17, 2018
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when the leader stroke of the lightning propagates down 
from cloud-to-ground [6]. The similarities in the spectral 
pattern in the two concerned frequency bands imply that 
the discharge mechanism and the source activity have 
strong similarity for the two events. Spectral patterns of 
the field intensity of sferics on an undisturbed day (March 
28, 2018) in the ELF and VLF bands have shown in Fig. 5. 
The figure shows that when the sky was clear and free 
from meteorological disturbances caused by pre-monsoon 
thunderstorms, the variation of the noise level is insignifi-
cant in the ELF to VLF range. The purpose of introducing 
Fig. 5 is mainly to compare the ELF/VLF signal pattern on 
an undisturbed clear day compared to the signal behaviors 
during the pre-monsoon thunderstorm days, as exhibited 
in Figs. 6 and 7. The marker position panel shows informa-
tion about the source activity. The display on the cursor-
panel depends on the display mode that can be switched 
by clicking on the frame.  

We made round-the-clock record of the spectral pat-
tern of sferics covering both ELF and VLF bands on the 
two dates of severe nor’westers, April 1, 2018 and April 17, 
2018. The spectral behavior of the sferics has presented in 
Figs. 6 and 7 respectively. From a consideration of Figs. 6 
and 7, a strong similarity in the spectral pattern is noted, 
indicating that both of them are originated from similar 
sources, viz. lightning discharges in the present case. How-
ever, the difference of the intensity level in dB is owing to 
the changes of the associated electromagnetic radiation 
and the source locations from the position of observing 
the received signal. The two records on both the dates 
of nor’westers exhibit a notable change in the intensity 
pattern when compared the ELF noise level with that of 

VLF. Early report by Kimpara [7], in fact, suggested that the 
integrated field intensity of sferics reveals a peak activity 
at about 10 kHz.

5.1 � Simultaneous audio recordings

Besides receiving the spectral patterns of sferics, we have 
simultaneously made audio recording arrangement, 
which provided interesting findings that can be divided 
into three categories: (1) short bursts of radiation, may be 
called radio atmospherics [8], (2) reducing sound pitch, 
popularly identified as whistling atmospherics [9] and (3) 
an extremely high pitched tone, mainly utilized for sensing 
remote ionospheric disturbances [10].

6 � Discussion

The most powerful source related to ELF/VLF waves is 
earth’s environment, when the atmospheric lightning 
exhibits primary role. In remote sensing, the reflectivity 
of the ionospheric D-layer with ELF and VLF bands can be 
a rare weapon. In D-layer, out of many inputs, discharges 
owing to lightning may be considered as one of the very 
significant agents. It is worthy to note that any investiga-
tion on the D-layer is very difficult because the altitudes 
are very high for balloons and too low for satellites obser-
vations. The study becomes further complicated by the 
complex properties of the medium itself by which the 
radio waves are propagating through. As the ELF/VLF 
waves are assisting by both the earth and the ionosphere, 
we must consider the propagation properties of radio 

Fig. 4   Block diagram of main functions of the receiver [5]
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waves which are originating from atmospheric lightning 
discharges. In pursuance of generating ELF/VLF waves, we 
need an antenna similar to a wavelength of 100 km with a 
frequency of 3 kHz. So, we require exploring an alternative 
method of ELF/VLF wave generation which uses the same 
currents to turn upper atmosphere into a big radiating 
aerial system [11]. In Fig. 8 we have shown the behavior 
of propagation of VLF waves compared to that of MF–HF 
waves as well as microwaves.

Electric field related to lightning is very difficult to 
measure as this involves putting instruments in a turbu-
lent thundercloud. Because of this complexity, the radio 
signature of a lightning strike is detected by alternative 
means. Reception of ELF/VLF wave permits to find almost 
the exact location of majority discharges using a few num-
bers of ELF/VLF receivers scattered around [12]. Character-
istics of average spectra reported due to electromagnetic 
radiation fields from some particular atmospheric light-
ning events. These are usually concerned on preliminary 
breakdown processes downward negative stepped- and 
dart-leaders return strokes in cloud-to-ground lightning 
cg and also for intra-cloud lightning i.e. flashes besides 

upward positive leaders in artificially triggered lightning 
flashes [13]. The spectral patterns obtained from lightning 
discharges are mainly by the Fourier transformation of 
wideband records of electric fields obtaining from light-
ning. The similarities in spectral pattern of two frequency 
ranges for two concerned nor’westers related atmospheric 
lightning events implies that these events have common 
discharge mechanisms.

We now compare some other related observations 
taken in recent years using the ELF/VLF radiation sources. It 
has been reported that ELF noise appears almost similar to 
Gaussian distribution associated with occasional impulses 
while, on the other hand, VLF noise shows more impulsive 
characteristics [9]. The observations further permit mod-
eling of wideband ELF/VLF communication performances, 
providing improved knowledge of the behavior of natu-
ral background noise. Mezentsev et al. [14] compared the 
energy spectra of sferics in the very low frequency band 
and modeled radio emissions from terrestrial gamma ray 
flashes (TGFs) simultaneous with the recorded VLF sfer-
ics. It was noted that the VLF energy spectra are consist-
ent with the observed VLF sferics whose waveforms and 

Fig. 5   Spectral pattern of the field intensity of sferics on an undisturbed day (March 28, 2018) in the ELF/VLF bands



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2019) 1:154 | https://doi.org/10.1007/s42452-018-0158-9

spectra refer clearly to a double-pulse structure. From the 
study the authors established a link between TGF dura-
tion and the VLF cut off frequency in the energy spectrum 
of TGF radio emission. Very recently, Yang et al. [15] com-
pared the frequency characteristics of the excited ELF/VLF 
radiation sources in the amplitude modulated (AM) and 
dual-beam beat-wave (BW) modes. Their analysis reveals 
that in the AM mode, the amplitude of the ELF/VLF signal 
diminishes as the radiation frequency increases while in 
the BW mode the overall amplitude of the signal enhances 
with the radiation frequency.

7 � Conclusions

The effect of radio wave propagation and the activity of 
the sources wherefrom the sferics originate have shown 
interesting results when received in the ELF and VLF bands 
simultaneously. For investigating the characteristics of 
tropical nor’westers, we have made multi technique stud-
ies which include some meteorological parameters like 
wind speed, temperature, humidity and pressure. More 
parameters need to include giving priority to simultaneous 

directional observations. Injection of ELF/VLF signals into 
magnetosphere can lead to many physical phenomena, 
particularly, when these waves interact with the radiation 
belt particles [16]. The signals transmitted may act as a 
diagnostic of the lower ionosphere, as the propagation of 
the radio signal at very long distances depends on iono-
spheric reflection. When a signal is transmitted from a sat-
ellite to the ground or vice versa, it must pass through the 
ionosphere. As the lower part of the ionosphere, changes 
rapidly during the sunset hours, ELF/VLF waves can pro-
vide us a very reliable and continuous means of monitor-
ing the lower ionosphere and hence inferring communi-
cations outages which can be monitored by gamma ray 
bursts [17, 18].

Scientists and engineers at different parts of the globe 
are seriously thinking over the years about the EM waves 
generated from lightning is possible to be harvested. 
Harvesting electrical energy from lightning is still a major 
challenge as it has yet very difficult to predict the exact 
location where lightning strike will occur. A comparatively 
simple technique, as a first step, might be the direct har-
vesting of atmospheric charges but again to collect a con-
siderable amount of energy very large constructions are 

Fig. 6   Sample records of the spectral pattern of the field intensity of sferics in the ELF/VLF bands on April 1, 2018
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essential which is relatively hard for utilizing efficiently the 
high voltage so obtained.

Acknowledgements  The study was done with a major support of 
the communication lab of Techno India University, West Bengal. The 
instruments were partly funded by the university as a project sup-
port. We have used in this analysis some supporting meteorological 
data obtained from India Meteorological Department. Special thanks 

are due to Mr. Animesh Chanda, Scientist E, of Doppler Weather 
Radar Observatory of Kolkata for providing DWR data reported in 
this paper. Our special thanks to all the Reviewers of the paper for 
their valuable critical comments.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no competing 
interests.

References

	 1.	 Orville RE (1968) Spectrum of the lightning stepped leader. J 
Geophys Res 73:6999–7008

	 2.	 Maslowski G, Baranski P, Karnas G (2014) Spectral characteristics 
of the electric field related to the preliminary breakdown stage 
of cloud-to-ground lightning flashes. In: XV international confer-
ence on atmospheric electricity, USA

	 3.	 Beirle S, Koshak W, Blakeslee R, Wagner T (2014) Global patterns 
of lightning properties derived by OTD and LIS. Nat Hazards 
Earth Syst Sci Discuss 2:2765–2787

	 4.	 http://vlf.stanf​ord.edu/resea​rch/intro​ducti​on-vlf
	 5.	 Roy Chowdhury M, Biswas S, Das S, Bhattacharya AB, Lichtman 

JM (2016) A study on the spectral pattern of sferics as derived 
from ELF/VLF radio signal at Techno India University Campus, 

Fig. 7   Sample records of the spectral pattern of field intensity of sferics in the ELF/VLF bands on April 17, 2018

Fig. 8   Propagation of VLF waves compared to MF–HF waves and 
microwaves

http://vlf.stanford.edu/research/introduction-vlf


Vol:.(1234567890)

Research Article	 SN Applied Sciences (2019) 1:154 | https://doi.org/10.1007/s42452-018-0158-9

Kolkata during cyclone ‘Roanu’. In: 2016 International confer-
ence on computer, electrical and communication engineering 
(ICCECE), Kolkata, 2016, IEEE Xplore Digital Library, pp 1–6. https​
://doi.org/10.1109/iccec​e.2016.80095​62

	 6.	 Reuveni Y, Price C, Greenberg E, Shuval A (2011) Natural ELF/
VLF atmospheric noise statistics in the eastern Mediterranean. 
In: 2011 30th URSI general assembly and scientific symposium, 
pp 1–3. https​://doi.org/10.1109/ursig​ass.2011.60507​82

	 7.	 Kimpara A (1965) Electromagnetic energy radiated from light-
ning. In: Coroniti SC (ed) Problems of atmospheric and space 
electricity. Elsevier Publishing Company, Amsterdam, pp 
352–365

	 8.	 Elvidge CD, Keith DM, Tuttle BT, Baugh KE (2010) Spectral iden-
tification of lighting type and character. Sensors 10:3961–3988

	 9.	 Hao H, Wang H, Chen L, Wu J, Qiu L, Rong L (2017) Initial results 
from SQUID sensor: analysis and modeling for the ELF/VLF 
atmospheric noise. Sensors 17(2):371. https​://doi.org/10.3390/
s1702​0371

	10.	 Ma Q, Artemyev AV, Mourenas D, Li W, Thorne RM, Kletzing CA, 
Kurth WS, Hospodarsky GB, Reeves GD, Spence HE, Wygant J 
(2017) Very oblique whistler mode propagation in the radiation 
belts: effects of hot plasma and landau damping. Geophys Res 
Lett 44(24):12057–12066

	11.	 Roy Chowdhury M, Biswas S, Banerjee A, Pandit J, Bhattacha-
rya AB (2017) Response in the field intensity of sferics at 40 kHz 
signal propagation caused by massive earthquake tremors in 
Kolkata. IEEE Xplore Digit Libr. https​://doi.org/10.1109/iccec​
e.2016.80095​71

	12.	 Ning Y, Tang J (2018) Study of ionospheric disturbances over the 
China mid- and low-latitude region with GPS observations. Ann 
Geophys 36:81–89

	13.	 Feldman U, Landi E, Schwadron NA (2005) On the sources of fast 
and slow solar wind. J Geophys Res 110:A07109.1–A07109.12

	14.	 Mezentsev A, Lehtinen N, Østgaard N, Pérez-Invernón FJ, Cum-
mer SA (2017) Spectral characteristics of VLF sferics associated 
with RHESSI TGFs 123:139–159. https​://doi.org/10.1002/2017J​
D0276​24

	15.	 Yang J, Li Q, Wang J, Hao S, Ma G (2018) The polarization charac-
teristics of ELF/VLF waves generated via HF heating experiments 
of the ionosphere by EISCAT. Phys Plasmas 25:092902. https​://
doi.org/10.1063/1.50446​11

	16.	 Dobias P, Wanliss JA (2009) Intermittency of storms and sub-
storms: is it related to the critical behaviour? Ann Geophys 
27:2011–2018

	17.	 Jerauld J, Rakov VA, Uman MA, Rambo KJ, Jordan DM, Cum-
mins KL, Cramer JA (2005) An evaluation of the performance 
characteristics of the US national lightning detection network 
in Floridausingrocket triggered lightning. Clim Dyn 110:D19106. 
https​://doi.org/10.1029/2005j​d0059​24

	18.	 Bhattacharya AB, Pandit J, Bhattacharya R (2014) Rare super 
cyclone Phailin in the Indian ocean: analysis of VIIRS high-res-
olution IR images and 40 kHz sferics data. Earth Moon Planet 
112:1–10

https://doi.org/10.1109/iccece.2016.8009562
https://doi.org/10.1109/iccece.2016.8009562
https://doi.org/10.1109/ursigass.2011.6050782
https://doi.org/10.3390/s17020371
https://doi.org/10.3390/s17020371
https://doi.org/10.1109/iccece.2016.8009571
https://doi.org/10.1109/iccece.2016.8009571
https://doi.org/10.1002/2017JD027624
https://doi.org/10.1002/2017JD027624
https://doi.org/10.1063/1.5044611
https://doi.org/10.1063/1.5044611
https://doi.org/10.1029/2005jd005924

	A comparative study of ELF and VLF noise characteristics of nor’wester at a low latitude tropical station
	Abstract
	1 Introduction
	2 Particulars of the two nor’westers
	3 Doppler weather radar data
	4 ELFVLF noise measuring equipment and technique
	5 Received noise characteristics in the ELFVLF bands
	5.1 Simultaneous audio recordings

	6 Discussion
	7 Conclusions
	Acknowledgements 
	References




