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Abstract: Thunderstorm activity on March 25, 2023 provided a unique opportunity to study the
mechanism of lightning events on changes in air pressure. In particular, this event made it possible
to study changes in air pressure during thunderstorms using various instruments. This paper
presented comprehensive results of infrasound, satellite data, weather radar and weather
measurements at the ground during the storm. Observations of lightning events were confirmed
using observational data from the International Space Station’s Lightning Imaging Sensor (ISS
LIS). This work estimated three spectral percentile values on infrasonic sensor data, time series
interpolation of standard meteorology profiles, weather radar reflectivity and total radiant energy
of lightning from ISS LIS observations during the day and night periods. As a result, during the
investigation, it was seen that the recorded infrasound signal in the 0.6—0.8 Hertz (Hz) range was
contaminated by background environmental noise, but in the 1-3 Hz band range it was consistent
with the appearance of storms that produce high energy blows. Infrasound detection and
electromagnetic lightning detection show good correlation up to a distance of 100 km from the
infrasonic station. During a thunderstorm, the ISS LIS flight directly above the observation site
detected more than 2,000 lightning events. In addition, the application of lightning detection from
several independent instruments can provide a complete picture of the observed event.
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1. Introduction

Acoustic waves in the infrasound frequency range, i.e., sound waves that are inaudible below the
lower limit of human hearing ability of 20 Hertz (Hz), are observed to propagate to a great distance
from the point source. These waves have many sources, both natural and man-made, such as volcanic
eruptions [1-5], earthquakes [6—10], tsunamis [11], thunder accompanied by lightning [12], waves
related to mountains [13,14], bolides [15] and ocean waves [16], and can also be generated from
artificial activities such as mining explosions [17], chemical explosions [18] and underground nuclear
explosions [19]. Various institutions maintain detectors for monitoring purposes, such as thunderstorm
studies [20], the International Monitoring System [21,22] or the Japan Infrasound Monitoring
Network [23]. Many recent infrasound studies employ ground-based instruments used as geometric
configurations.

Thunderstorms, in general, are often accompanied by lightning and its acoustic effects on the
earth’s atmosphere. Thunderstorms can be formed and developed in any geographic location but are
most common in middle latitudes due to the process where two winds meet, forcing air upward and
carrying moisture at a certain height to create a zone of low-pressure precipitation. The intensity of
lightning depends on the intensity of the electric field in the cloud, which is closely related to the
dynamic and microphysical processes in thunderstorms. Meanwhile, these dynamic and microphysical
processes are directly related to the generation of storm clouds and precipitation particles, which
ultimately determine the occurrence of heavy rain and severe weather [24—-33]. The relationship
between lightning and rainfall has long been recognized. Several techniques are used to determine the
structure or mechanism of thunderstorms, including weather radar [34], weather station and
photography. With the development of detection techniques, studies of this relationship have been
carried out throughout the world. The ratio of average rainfall to the number of lightning flashes (i.e.,
rainfall field) was calculated in several regions [35]. Although this ratio varies around the world, it
remains stable in local areas. Lightning and rainfall in winter storms in the eastern Mediterranean Sea
were examined with Tropical Rainfall Measuring Mission (TRMM) observations [36]. A strong
correlation between total flash rate and rainfall levels has been found. The TRMM Lightning Imaging
Senor (LIS) collected lightning data from space from 1998-2015 onboard the TRMM satellite. In 2017
another LIS (built as a backup to the TRMM LIS) was launched into orbit and located on the
International Space Station (ISS). More information about this ISS LIS is available in [37,38]. The
comparison tropical maritime precipitation with and without lightning with ISS LIS observations was
aimed to achieve an investigation of the interactions between precipitation, kinematics, and
electrification during severe thunderstorm [28]. Observations using Doppler radar techniques provide
a unique dataset for identifying and analyzing developing phenomena such as thunderstorms
accompanied by high levels of rainfall or wind speeds. Obtained storm features can be utilized to
highlight important characteristics such as severity, trajectory and structure evolution in a storm [39].

Based on satellite, radar and weather station observation, rainfall duration is usually defined as
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rainfall events lasting for several hours in duration on a relatively small scale [40—42]. Automatic
weather station data is used to verify surface variables (temperature, relative humidity, accumulated
daily rain and average pressure on the surface) associated with the occurrence of thunderstorms. Radar
technology is widely used to diagnose the components of the Mesoscale Convective System based on
the reflectivity radar gradient [43]. Meanwhile, recent infrasonic observatory observations provide
unique datasets that can provide good hurricane kinematics information.

The relationship of infrasound to thunderstorm events has been discussed in various theoretical and
observational papers in the past. Observations related to lightning were first made in the 1960s [44,45].
They looked at the intensity of the audible spectrum, but then some work began to look at and
investigate the acoustic domain in the infrasonic range where thunder accompanied by lightning can
be heard at a distance of up to 30 km from the source location, and the induced acoustic pressure varies
between 0.1 to 3 Pa at several kilometers. Furthermore, these pressure waves consist of a series of short
pulses, approximately one to two seconds from measurements made with an air pressure sensor [46,47].
Adding a series of acoustic measurements of lightning, the physical mechanism of audible thunder is
produced by acoustic radiation from a heated channel while acoustic in the low frequency range—
infrasound, the mechanism of thunder, is caused by the conversion of the electrostatic field of thunder
clouds into sound [48—50]. Along with thunderstorm events, lightning discharges are characterized by
an electrostatic field that produces a reduction in atmospheric pressure within the charged cloud of
approximately 0.05 to five Pa in the frequency range of 0.2-2 Hz.

A relatively large number of various types of observatories can be used to monitor thunderstorm
events. This gives us the opportunity to combine results from multiple data sources. We analyzed data
from satellite observations to confirm the occurrence of high-intensity thunderstorms in the region of
our observation locations, as well as in situ measurements from basic meteo-measuring equipment,
radio-based precipitation and infrasound wave detection at the ground. The background conditions of
thunderstorms during the period of interest, as well as a description of the various observatories and
data types used in this activity, are explained in section two. All observations used in this activity are
systematically illustrated in section three. which is then continued in section four with a discussion of
how observations relate to each other. Finally, we summarize the conclusions from the analysis of this
activity in section five.

2. March 2023 thunderstorm background conditions

Infrasound generated from lightning during thunderstorms has been detected in the rainy month
of March 2023 and the 25 of March thunderstorm (Figure 1), which passed just over the observation
site. In Figure 1 (left), the activity of flashes has more than 2,000 activities detected in the image area
and 258 flashes of activity detected in the area of interest (red rectangle). When a thunderstorm passes
over the infrasound observation site, the ISS LIS simultaneously detects some lightning activity. These
results can be seen in Figure 1 on the right where the number of flashes in the area of interest (red box)
is 33, and the total number of flashes in the image is 117.

The location of the lightning strike was then estimated at a distance of around 200 kilometers
during March 2023 based on the results of the ISS LIS monitoring (Figure 2, top panel). The longest
period of reported lightning occurrences is 252 milliseconds, with the average value of the detected
lightning pulse period being around 182.54 milliseconds (Figure 3). On March 25, 2023, a
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thunderstorm event crossed the infrasound observation area, and the location of the lightning event
was estimated 50 to 100 kilometers from the infrasound station (Figure 2, bottom panel). In addition
to lightning observations observed by the ISS LIS, the duration of the electromagnetic discharge shock
pulse ranged up to 1,200 ms in March 2023 (Figure 3, top panel). The duration of the observed shock
pulses on March 25, 2023 was 522 ms for the highest period and 182.54 ms for the average period
(Figure 3, bottom panel). In March 2023, the three highest lightning incidents were detected.

They were the highest lightning incidents detected in March 2023 and they occurred on the 13th,
17th, 20th, 22nd and 25" of March 2023, with incidents recorded at about 25, 65, 53, 37 and 33,
respectively (Figures 2 and 3, top panel).
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Figure 1. Lightning activity observed by ISS LIS. (Left) Lightning activity during rainy
month of March 2023 (color describes lightning flash scale). Infrasound station located in
the center of red rectangle. About 2,883 flashes occurred in the image where the number
of flashes detected in the area of interest (red rectangle) is about 258. (Right) ISS LIS
Space Time Domain search result on 25 March 2023. The number of flashes in the area of
interest (red box) is 33. Total number of flashes in the image is 117. Source:
https://lightning.nsstc.nasa.gov/.
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Figure 2. Time variation of lightning distance distribution per flash detection interval
(colored dot shows the lightning event detected by the sensor on the observation of time

inside the red rectangle of Figure-3). (Top) Lightning events detected on March 2023.
(Bottom) Lightning events detected on March 25, 2023.
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Figure 3. Time variation of lightning distance distribution per flash detection interval
(colored dot shows the lightning period detected by the sensor on the observation of time

inside the red rectangle of Figure 3). (Top) Lightning period detected in March 2023.
(Bottom) Lightning period detected on March 25, 2023.
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3. Observations
3.1. Infrasound from lightning

An infrasound wave detector system design that is low in cost, has minimal power consumption
and is easy to carry was used for this study. The design and operating location of this system is provided
in Figures 4 and 5. The detector system consists of a single board computer, infrasound sensor, Global
Positioning System (GPS) and a display (Figure 4, left). A single board computer functions as the heart
of controlling the performance of all systems. All components are joined in one network that is
connected in the same Internet Protocol (IP) address configuration and synchronized by GPS. All
components require relatively low electrical power. The system is operated in the city of Bandung,
West Java (red triangle in Figure 5).

Figure 4. The system used during the observation of infrasound waves. Block diagram of
the system (left). The image of the system used in the observation (right).
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Figure 5. Map of the Indonesia archipelago. Red square shows the scope area of the
observation site (left). The location of the observation site marked as red triangle inside
the red dash square after zoom out (right).
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On March 25, 2023, a severe thunderstorm passed directly through the West Java province of
Indonesia, as shown in Figure 1. The periods before and after the target event were taken to explain
the detection of lightning activity using an infrasound detector system. We recorded infrasound
observation data for the period of the 10™ of March to 31 March 2023. Figure 6 depicts the pattern of
the observed infrasound signals during the period. The intensity of the amplitude of the signals
observed during the day has accumulated, according to the results of infrasound observation in March
2023. For example, data on March 13th, 22nd and 25" of 2023 demonstrated that the observed wave
strength density occurred between 10 and 04 Coordinate Universal Time (UTC). The recorded wave
amplitude intensity was rarely witnessed the other day, and the thunderstorm did not occur at this time,
as measured by the weather station (Figure 7, upper panel).

The infrasound signal is analyzed by a 1-D discrete Fourier transform (DFT). Each signal is slid
iteratively based on the analysis window g(n) length M. For each iteration, the next signal skips the

previous signal by a window interval R, equivalent to %L = M — R overlapping samples between

adjacent segments. The spectrum of each windowed segment is added to a complex value matrix
containing the magnitude and phase for each time point and frequency. So, the spectrum has k =

llz;‘__LLJ columns, where N, is the length of the signal x(n) and the symbol | | describes the floor
function. The number of matrix rows equals Npgr, with the number of DFT points for centered and

two-sided transformations and an odd number close to Npgr/2 for one-sided real-valued signal
transformations. ~ The m-th  column of the spectrum matrix is & X(f) =

(X:(f) X,(f) X5(f) -+ X, (f)] which contains the DFT of mR time-centered windowed data:
Xm(f) = Zre—w x(n)G(n — mR)e™/>™/™,

In order to confirm as well as to identify thunderstorm events, a spectral analysis of the time series
data for infrasound wave observations was carried out. The results of the spectral profile of infrasound
wave observation data in March 2023 is shown in Figure 8. The profile is displayed per day for every
two minutes of the spectrum with 75% data overlap, window hamming and 1,024 spectral data (blue).
The spectrum of each windowed segment is added to a complex value matrix containing the magnitude
and phase for each time point and frequency. The red, green and yellow lines represent the values of
the 90™, 50" and 10™ percentile, respectively. These three percentile values are used to see the noise
level of the infrasound signal. The first profile is the spectrogram contour for 24 hours on 25 March
2023 (Figure 9, bottom left). Meanwhile, the spectral profile accompanied by the three percentile level
values, is shown in Figure 9 on the right panel. It can be seen that all of the recorded infrasound wave
spectra show spectral similarities at frequencies around 10—12 Hz. It is suspected that this spectral
range originates from the background noise around the observation station (e.q., wind speed). Besides
that, the spectral source might be generated from wind speed noise around the observation area. On
the other hand, from the spectral results of infrasound waves in March 2023, several spectral anomalies
appeared in the two to three Hz frequency range. Specifically for the spectral profile on March 25th,
22nd and 13% 0f 2023, high lightning activity was detected by the ISS LIS. The three spectrum profiles
on these three dates show the similarity of spectrum anomalies in the two to three Hz frequency range at
the 90", 50" and 10" percentile levels.
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Figure 6. Infrasound waveform plot—day plot from the 10th-31% of March 2023.
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It can be seen from the spectral contour of the infrasound signal that the spectral density is in the
time range 04—07 UTC with the dominant frequency range up to 10 Hz. The unique thing is seen in
the spectral profile with the percentile level: The spectral sensitivity at a frequency value of 10 Hz
looks constant not only on March 15, 2023, but there is also an increase in the spectra at frequencies
around 0.8—4 Hz, and this is thought to be the frequency spectra of thunderstorms. These results
corroborate previous reports on the frequency range of infrasound signals associated with
thunderstorm events [50-53].
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Figure 7. Meteorological state at the ground level from the AWS. Ten parameters of
surface condition recorded by AWS.

The infrasound signal is also analyzed by spectral and percentile statistics for every one hour of
observation. The results of this calculation can be seen in Figure 10. The spectral profile is calculated
using the same formulation as the calculation of the one-day data spectra (Figure 6). The spectral
anomaly occurs at a frequency of one to four Hz starting at 12 Local Time (LT), and this is in sync
with the results of the lightning detection by the ISS LIS in Figure 1.

The thunderstorm on March 25, 2023 was detected by infrared detectors. Figure 11 depicts the
profile of infrasound wave observation data collected while a thunderstorm passes over the infrasound
station area. It is clear that a signal that is substantially stronger than the background levels peaks
during the time when the thunderstorm appears and is accompanied by a considerable anomalous
change in the output of the infrared wave at its low frequency level (Figure 11, upper left panel).

While rain has been confirmed with rainfall intensity, time tracking checks of wind speed and
direction and measured radiation levels, it suggests that increased infrasound levels correlate with
the mechanism of thunderstorm formation (Figure 7) accompanied by a strong surge of electrostatic
energy [12,26-29]. This is also consistent with the fact that the sensor detected multiple pulse spikes
during the time of the thunderstorm occurrence (Figure 11, right).

On the other hand, there is some convincing concrete evidence that thunderstorms are an
active source of infrasound waves covering a wide altitude range from the troposphere to the
thermosphere [54-56]. Data indicates electrostatic excitation of 0.1-4 Hz infrasound waves from
thunderclouds and recently discovered high-frequency infrasound emission, which correlates with
lightning-induced transient light events in the mesosphere [51-53].
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In Bandung, the signal from the storm was successfully observed at the Bandung infrasound station
on March 25, 2023 during observations in March 2023. Data analysis has identified the characteristics
of infrasound fluctuations from thunderstorms (Figure 12, bottom panel). The signal wave structure of
this profile can be illustrated by a sketched curve of a one-dimensional pressure perturbation model
(Figure 12, top left). The N-shaped model of acoustic pressure pulses several meters from the channel
associates the expansion of the air heated by the lightning discharge with its shock wave. The main point
is the appearance of a rarefaction low pressure zone within the charged layer.
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Infrasound signal as shown in Figure 12 (bottom panel) was a pulse with a multiple repeating
structure with a clear negative pressure rarefaction phase. Thunderclouds in this case can be
represented as multiple charged layers located near the level heights of zc and zn¢, as shown in Figure
12 (top right panel), where z. and zn are the heights of the thundercloud charged layers p. and p,;
a. and a,. are the thickness of the thundercloud charged layer; the interval duration of the

rarefaction phase is determined by At, = aC/ c, and ®iAt, . = ne / ¢, which is the formation period

of infrasound pulses in the charged layer a,. and ©ia,. respectively. In this case, ¢y is the sound

speed of the source. In our case, based on three samples of infrasound signals recorded at infrasound
station from the thunderstorm event in Bandung, West Java on March 25, 2023 (Figure 12, bottom
panel), it is possible to estimate the thickness of a thundercloud charged layer by the relation a,. =
At,.cs, where n is the integer number of infrasound pulses. Thus, the charged layer of a thundercloud
accompanied by an electric field from the charged layer that generates infrasound waves can be
estimated for its characteristic value based on the estimated characteristics of the infrasound signal.

3.2. Precipitation by weather radar

The weather radar named SANTANU was used in order to complement our data analysis.
SANTANU is a monitoring system for local scale rain monitoring as an alternative technology to fill
in areas that are not monitored by existing weather radar. SANTANU is an x band rain scanner based
on marine radar development. This radar has a wide vertical beam that could scan a very large volume
of precipitation. The name Santatnu was chosen from a puppet character in the Mahabarata story. A
clutter map was applied to extract the ground clutter in order to achieve the precipitation data [57].
Spatial and temporal resolution are 240 x 240 meters in every two minutes. High temporal resolution
can be utilized to analyze the precipitation movement, and also the rate of growth/decay area of
precipitation [57]. The observation area was focused in the Bandung Basin in West Java, Indonesia.
Radar data used in this work has been uploaded in the repository of National Research and Innovation
Agency of Indonesia (BRIN),
https://data.brin.go.id/dataset.xhtml?persistentld=hdl:20.500.12690/RIN/FB934H.

The results of the SANTANU radar observations, especially when a thunderstorm occurs, can be
seen in Figure 13 where the reflectivity radar contours are in dBz. Radar reflectivity data was analyzed
for a storm of interest on March 25, 2023. SANTANU was detecting precipitation from 12.00 LT until
14:40 LT (Figure 13). Various precipitation objects were observed during those periods. Heavy rainfall
occurred in the middle of the Bandung area from 13.10 until 14.40 LT. Twenty minutes later, heavy
precipitation was also observed in almost every coverage area of the SANTANU. Precipitation clouds
started to grow east of SANTANU until they filled the SANTANU observation area and the infrasound
station. A severe thunderstorm began to pass over the infrasound station area at 13:22 LT to 13:30 LT.
Ten minutes later, the cloud of precipitation gradually dissipated. During approximately eight minutes
of intense thunderstorms above the infrasound station area, the sensors managed to detect infrasound
waves generated from thunderstorms (Figure 13).
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Figure 13. Radar reflectivity (right panel) corresponds to the infrasound signal due to
thunderstorm (left panel). Radar reflectivity in unit of dBZ from weather station near the
AWS system at 12 to 15 LT on March 25, 2023.

3.3. Meteorological conditionos at the ground

The atmospheric condition at ground level was observed by the automatic weather station (AWS)
located at Bandung, West Java Indonesia. The AWS provides five minutes of recorded of wind speed
and direction, rainfall, temperature, humidity and atmospheric pressure. The rainfall data is first
quality-controlled and then processed to identify thunderstorm events. Data for our analysis is stored
in a BRIN repository,
https://data.brin.go.id/dataset.xhtml?persistentld=hdl:20.500.12690/RIN/AEMZYB.

The AWS station at Bandung was used to characterize the atmospheric condition at the ground
level before and after the occurrence of the thunderstorm. The station recorded ten atmospheric
conditions at the ground level before and after the thunderstorm passing through and above the station,
provided in Figure 6 with the red rectangle showing the thunderstorm event (March 25, 2023). It can
be seen in the bottom-right image that during a thunderstorm, the rain intensity gradually increases,
followed by strong winds blowing south from the observation and humidity levels increasing. The
AWS observation results were clarified by weather radar observations installed adjacent to the AWS
station. Meanwhile, the radiation level dropped to around 400 levels, and the level of atmospheric
pressure conditions on the surface was still at a level of around 930 milibar (mbar) after the drop fell
around 10 mbar the day before the thunderstorm passed. Just before the thunderstorm formed, the
atmospheric pressure decreased by two mbar, followed by a decrease in the level of detectable radiation.

The quality control and storm recognition are carried as follows: (1) The temporal continuity and
extreme value of the five-minute interval rainfall series are examined. Records with five-minute
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rainfall exceeding 40 mm are regarded as false values and eliminated. Only rainfall series with no
missing or false values are used in the following storm identification. (2) When the five-minute
cumulated rainfall of a particular AWS is greater than 0.1 mm and the subsequent one-hour rainfall
exceeds five mm, this moment is defined as the beginning time of a storm event on this AWS. A storm
event is considered to end when the subsequent one-hour accumulated rainfall is less than five mm. (3)
After the storm events are identified, they are classified into different grades according to their rainfall
intensity. In this study, different statistic characteristics are found when the mean rainfall rate during
the storm is considered. Therefore, storm events are graded in two different ways: Mean rainfall rate
(0-50, and >50 mm h—1) and rainfall intensity (0—2, 2—4, and >4). This provides us with a better
understanding of the relationship between rainfall and lightning in storm events with different intensity.

4. Discussions

It is known that during a thunderstorm, the generation of low-frequency sound waves causes
disturbances in the surrounding atmosphere. Infrasound waves produced by thunderstorms propagate
along the atmosphere and can be observed several minutes later by sensors. The disturbance caused
by thunderstorms of acoustic origin are N-shaped, with an initial overpressure half cycle with a
relatively fast rise time and slower pressure decay followed by a smoothing half cycle [58]. The
infrasound part of thunder can be attributed to the transformation of the electrostatic field of a
thundercloud into sound. For instance, in the former case, the expansion of air heated by a lightning
discharge with a shock wave transformed into an acoustic N-shaped pressure pulse at a distance of
several meters from the channel [59,60].

Infrasonic events are identified as being generated by inversion-driven thunderstorms, which take
on the spatial characteristics of the infrasound source. With the results of this study, we clearly
demonstrate that infrasound from lightning can be measured and identified clearly. Lightning detection
using infrasound measurements is mainly limited to sources located within 110 km of the station, even
if infrasound from lightning located outside this distance can sometimes be detected in conditions of
low background noise. Correlation with individual lightning discharges is possible at ranges shorter
than 110 km and depends on the relative location of lightning within the storm (Figures 2 and 3).

The question of the mechanism of infrasound generation from lightning still needs to be addressed.
Dessler’s theory requires that the infrasound emission pattern from lightning is strongly oriented in the
vertical direction and that its amplitude is proportional to the charge neutralized by the discharge. Wave
propagation should then be restricted to planes close to the emission pattern. Infrasound detection of
lightning beyond a few tens of kilometers from a thundercloud does not support this theory. Infrasound
from lightning is more likely the infrasound counterpart of the acoustic emission of thunder. However,
Dessler’s theory can be involved in some cases and explain some of the infrasound signals correlated
with lightning discharges near stations (e.g., Figure 12).

Surface meteorological observations provide a real picture of the impact of thunderstorms on the
atmosphere at the surface. The significant change that was affected was the intensity of solar radiation,
which fell by almost 80%.
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5. Conclusions

This work presented infrasonic measurements during a lightning-producing thunderstorm in
Bandung in March 2023. Lightning was investigated using ground-based weather radar, weather
stations and infrasonic sensors, as well as satellite-based ISS LIS measurements. It was most likely
that short duration infrasonic pulses were detected when the storm was within 100 km. During a
thunderstorm, the noise level increased so that most of the infrasound from lightning was generated by
the same mechanisms as audible thunder. The infrasonic spectrum of a single lightning strike is
relatively flat, but includes several peaks around the one to four Hz frequency range. A simple pattern
of pressure perturbation of thunderstorms can be used for the study of infrasonic pressure from
thunderstorms where the main characteristics of this type of infrasonic are given, including its
infrasonic spectrum and the law of amplitude change. The lightning discharge mechanism is a real
natural event to evaluate and test models of changes in infrasonic atmospheric pressure around the
station. Measurements of the intensity and frequency of lightning events, related to lightning timing
and source distance, were provided by the ISS LIS, which is equipped with estimates of precipitation
levels based on weather radar reflectivity and the projected effects of thunderstorms measured by
weather stations on the surface. Regarding infrasonic from lightning, the activity of flashes is more
than 2,000 activities detected in the image area and 258 flashes of activity detected in the area of
interests during one month of observation in March 2023. When a thunderstorm passed over the
infrasound observation site, the LIS sensor on the ISS satellite simultaneously detected some lightning
activity in the infrasound wave observation area. The number of flashes in the area of interest was 33,
and the total number of flashes in the image was 117. While the period of detected lightning events
was 252 milliseconds for the longest period with the average value of the detected lightning pulse
period being around 182.54 milliseconds, during a thunderstorm, fundamental frequencies up to four
Hz were observed. The observed spectral peak appeared at 12 LT relative to the thunderstorm, which
was confirmed by all three weather radar observations, weather stations and ISS LIS. Finally, the
combination of the infrasonic with weather radar, weather station and ISS LIS provided insights about
infrasonic and its relationship to thunderstorm events accompanied by lightning.
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