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The split characteristics of the tropical Mesoscale Convective System (MCS)
of April 9, 2018, in northern Ghana were studied using infrasound data
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measured by the mobile array (I68CI) which was deployed by Céte d’Ivoire
National Data Center (NDC) in collaboration with the Comprehensive Nu-
clear-Test-Ban Treaty (CTBT). These infrasound measurements were made
during a measurement campaign from January 1%, 2018 to December 31,
2018, in northeast Cote d’Ivoire, precisely in Comoe National Park. Graphic
Progressive Multi-Channel Correlation (GPMCC) method based on a pro-
gressive study of the correlation functions was used to analyze and visualize
data. The infrasound detection from this MCS shows clearly a division of the
MCS structure into 2 distinct subsystems under the effect of internal and ex-
ternal constraints not well known but related to convection; a smaller subsys-
tem in the north, associated with an area of intense rainfall of about 30
mm/hour and located at 9.5°N - 2°E with an azimuth of 70" and, a large sub-
system in the south, associated with a zone of high rainfall of about 96
mm/hour and located at 8.8°N - 1.4°E with an azimuth of 90°. These two
subsystems were located 200 km and 260 km from the I68CI station with
frequencies of 2.3 Hz and 1 Hz respectively. The mesoscale convective sys-
tems in this region are moving from East to West and including several storm
cells.
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1. Introduction

The Comprehensive Nuclear-Test-Ban Treaty (CTBT) established an Interna-
tional Monitoring System (IMS) consisting of a network of radionuclide, hy-
droacoustic, seismic, and infrasound measurements to detect and locate nuclear
explosions. This network of measurements is of great interest in many scientific
fields because it allows continuous monitoring of human activities (e.g. any
types of explosions, quarry shots, etc.) and natural phenomena (gravity waves,
sprites, erupting volcanoes, thunderstorms, etc.) at a global scale [1]. The infra-
sound network is composed of 60 stations across the surface of the globe [2].
These stations are equipped with micro-barometers that provide high-quality
data that can be used to study a very large number of natural or non-natural
events that can spread over tens of thousands of kilometers. In this list, we can
have meteorite re-entry, erupting volcanoes [3] [4], avalanche phenomena, grav-
ity waves [5], bolides [6], sprites [7], any types of explosions or quarry shots and
also Mesoscale Convective Systems (MCSs) or thunderstorms [8]. Techniques
for processing these data using statistical correlation methods are also used to
determine wavefront characteristics (e.g. azimuth, velocity, frequency, etc.).

Unlike other regions such as Europe and America, in West Africa there are
few nearby infrasound stations to determine regional and local events whose
frequency bands are 1 to 2 Hz and >2 Hz respectively. However, a so-called local
or regional event can be detected in either frequency band because the atmos-
pheric propagation of infrasound signals can be modified by weather conditions
(wind, temperature, etc.). Better localization of these events requires measure-
ments from at least two nearby stations. Indeed, the data measured by a single
infrasound station do not allow precisely locating the emitting sources by
cross-referencing azimuths, which have the advantage of differentiating the na-
ture of the sources (point sources and mobile sources) on the one hand, and
characterizing events (regional and local events) on the other hand.

Besides, the few existing infrasound stations in Africa (I48TN in Tunisia,
I11CV in Cape Verde, IS50 in Ascension, and I17CI in Cote d’Ivoire) are quite
far from each other to address the technical specifications developed by the
CTBT. This situation makes quite difficult the study of MCSs and their location
because they are local and/or regional events.

In Cote d'Tvoire, the detections of the I17CI station seem to be dominated by
local and regional infrasound sources, while the bulletins established by the In-
ternational Data Center (IDC) in Vienna (Austria) contain for the region the

distant events.
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It is in this context that the project to deploy a portable array (I68CI) was re-
leased in January 2018 in the north-eastern part of Cote d’Ivoire, specifically in
the National Park of Comoé at the initiative of researchers from the Station
Geophysique de Lamto in collaboration with CTBT through IMS and IDC in
Vienna to establish with I117CI station an efficient observation and monitoring
network. This exceptional network allows characterizing local and regional
infrasound sources in the detection bulletins of Cote d’Ivoire NDC (Lamto
Station). Moreover, infrasound emission sources over West Africa are known
to be multiple sources such as gravity waves, microbaroms, mines but also
MCS, etc.

Concerning the MCSs, the work of [8] over West Africa using the data from
I17CI station emphasized that lightning flashes observed from space show a
similar infrasonic acoustic signal with thunderstorms, which is came mainly
from the gravity waves activity over West Africa. Also, gravity wave activity pe-
riods correspond to the MCSs seasons observed near the 117CI station. These
authors also found that the thunderstorm activity is very low in January similar
to the gravity wave activity, and showed seasonal variations, including two activ-
ity periods in March-June and October-December.

In the same vein, some studies [9] [10] have shown that the main cause of in-
terannual rainfall variability in West Africa is related to the number of MCSs.
These mesoscale disturbances represent extreme weather events contributing to
more than 90% of rainfall in the Sahel region [11]. Thus, to better characterize
such perturbations, the authors [12] analyzed the characteristics of tropical
MCSs over West Africa using the regional climate model MAR. They found that
regional climate models can reproduce the main features of the MCSs despite
some differences with observations. However, MCSs or tropical storms are
composed of independent convective cells that merge and/or separate when
convection weakens [11].

The proposed work aims to study this separation characteristic of convective
cells using the infrasound signals emitted by thunderstorms during their life cy-
cle. The studied MCS was initiated on April 8, 2018, between 5:00 and 6:00 pm.
Indeed, April is the month of the first rainy season over West Africa where
MCSs are found. This study is structured as follows; Section 2 is dedicated to the
description of the materials and the method used. Section 3 shows the results
and, the discussion is given in section 4. Finally, the conclusion and perspectives

are given at the end.

2. Data and Method
2.1. Materials

The IMS Portable Network 168CI was deployed from January 1, 2018, to De-
cember 31, 2018, in the northeast of Cote d’Ivoire, in the Comoe National Park
to record one year of infrasound signals. This network consists of 4 boxes la-
beled 168H1, 168H2, 168H3, and 168H4 following an equilateral triangle with one
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sensor in the centre. The opening of the network is about 1km. In this device,
the sensor I68H1 was the central element. Each box is composed of a mi-
cro-barometer sensor MB3d, a GPS, a 12 V power supply battery, four porous
pipes, and a reduction system (WNRS) of the disruptive effects of wind. Resolu-
tions of a few hPa (0.01 to 27 hPa) are used over the entire band of interest,
which in our case ranges from 0.01 to about 50 Hertz. This calibration allows the
observation of large-amplitude events near the station and small amplitude signals
from distant sources. A low power consumption digitizer is also incorporated. Be-
sides, the rainfall database of April 9 2018 associated with this study is derived
from the hourly rainfall satellite estimation [13] [14] of the Global Satellite Pre-
cipitation Mapping Project (GSMaP, https://sharaku.eorc.jaxa.jp/GSMaP/), of the
Japan Science and Technology Agency (JST). This project was initiated in 2002

and promoted by the Japan Aerospace Exploration Agency (JAXA) since 2007.
The GSMaP rain product is based on using 4 satellite microwave radiometers
combined with Geo Infrared radiometer data to produce 0.1° spatial resolution
[15].

2.2. Method

The infrasound signals data of April 9 2018 processing uses the Progressive
Multi-Channel Correlation (PMCC) Method, based on a progressive study of the
correlation functions leading to a consistent set of time-delays in the case of a
coherent propagating wave [16]. Indeed, the mobile array 168CI is composed of
four micro-barometers forming a triangle of ~1 km basis with a central point
which is a typical configuration of International Monitoring System (IMS) sta-
tions. Such stations form sensitive acoustical antennas. The computation of the
consistent set of time-delays Af; derived from an analysis of the set of
cross-correlation functions of each couple of antennas 7 and ;. In this case, the
consistency was defined by the inverse of the RMS of the residuals r;; of the tri-
angular relation: ry; = At; + At; + Aty For the detection, when the RMS is closed
to 0, the time-delays are used to compute the parameters of the location of the
event such as azimuth, phase velocity, amplitude, etc. For better localization, we
have the possibility to play on the variables such as window length, frequencies
bands, etc. The Graphic PMCC (GPMCC) software provided by CTBTO, was
used to visualize detections characteristics in the time-frequencies domain by
plotting the azimuth, phase velocity (speed), amplitude, and duration of the
infrasound waves.

The hourly satellite precipitation images have been exploited in their mapped

format to observe the spatial distribution of the precipitation.

3. Results and Discussions

3.1. Description Mesoscale Convective System (MCS) of April 9,
2018

Infrared satellite images (Figure 1) show the spatial distribution of precipita-

tions (blue to red colour) between 12:00 and 2:00 am in northeast Cote d’Ivoire
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(a) (b)

Figure 1. MCS infrared satellite precipitation image of April 9 2018 between 12 AM and 1
AM (a) and 1 AM and 2 AM (b). The high precipitation area (in red) reaches 96
mm/hour (https://sharaku.eorc.jaxa.jp/GSMaP/).

and northern Ghana. The MCS that generated these rainfalls came from the east
of the portable infrasound array (I68CI) located in the Comoe National park and
moves west over West Africa [11]. It was born on April 08, 2018, between 5:00
and 6:00 pm. Also, Figure 1(a) shows the spatial structure of this MCS between
12:00 and 1:00 am on April 9, 2018, with a rainfall of 96 mm/hour and a single
zone of high precipitation located in the South. This rainfall zone has a diameter
of about 110 km and covers the area between 2.31°W - 0.69°E and 8.12°N -
10.14°N. This region corresponds approximately to 12,000 km* greater than that
studied (~5000 km?) by [11] for some MCSs in the Sahel.

The spatial distribution of the total rainfall was obtained between 1:00 and
2:00 am. Figure 1(b) clearly shows a division of the MCS structure into 2 dis-
tinct subsystems under the effect of internal and external constraints not well
known but related to convection:

- A smaller subsystem in the north, associated with an area of intense rainfall
of about 30 mm/hour and located at 9.5°N - 2°E;

- A large subsystem in the south, associated with a zone of high rainfall of
about 96 mm/hour and located at 8.8°N - 1.4°E. These two daughter cells are
respectively 200 km and 260 km away from I68CI station.

3.2. Subdivision Signature of the MCS in Two Subsystems on
Infrasound Data
3.2.1. On Histogram 1D
The histogram in Figure 2 shows significant detections between 60° and 100° of
azimuth over the time window 12:00 and 3:00 am. We notice two peaks of detec-
tions of 50 and 15 associated respectively with the 70° and 90° azimuths. These
two azimuths correspond to those of the two MCS subsystems detected on April
9, 2018 (see Section 3.1). However, two other detections are observed between
these two peaks at the 80" azimuth. The presence of this minimum clearly shows
the existence of two storm cells resulting from the division of the same MCS.
Moreover, the detection peaks at 70° and 90° azimuth are associated with 2.3 Hz
and 1 Hz frequencies respectively in two dominant directions which correspond
to those of the two subsystems located ~200 km and ~260 km from I168CI station.
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Figure 2. Histogram 1D plotted between 12 AM and 3 AM on April 09. The detections
are more important between 60° and 100° azimuth. There are detection peaks of 50 and
15 from the azimuth 70" and 90° respectively.

These observations clearly show that the sources of emission of infrasound
acoustic signals closest to a measuring station have higher emission frequencies

than those more distant.

3.2.2. On the Polar Plot
Figure 3 shows on polar plot two separate family pixels (detections): the first on
72° radial and the second on 90° radial azimuth with velocity in the range [300 -
350] m/s typical of the mean speed of infrasound signals propagation in the at-
mosphere. These families’ pixels correspond to the separated subsystems. One
can be seen that the second convective subsystem from 90° azimuth consists of
two parts: an isolated cell and a grouped cell with velocity values of 300 m/s and
330 m/s respectively.

In the arrival time of the infrasound waves detected by the 168CI station, the
isolated cell is in advance of the grouped cells. This isolated cell seems to have
emerged first and in its degeneration phase, the grouped cells in the active phase

have formed.

3.2.3. On Scatter Plot

Figure 4 shows all observed detections in pixels and the trajectory of the MCS in

the black line. The organization of these pixels from 12:00 to 4:00 am of April 9,

2018, defines two-time windows from which the analyses can be conducted. In-

deed:

- Between 12:00 and 1:00 am, the convective system moves along the 70° azi-
muth, (Ze. east of the station, see Figure 1(a));

- Between 1:00 and 4:00 am, there is a division of the MCS into two distinct
sub-systems. The first subsystem (the northern subsystem) continues to
move from east to west with an azimuth of 70° while the second subsystem
(the southern subsystem) moves a little further south of the station with cur-

vilinear trajectories from the source of 70° to 100" of azimuth (Figure 4).
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Figure 3. Polar plot between 1 AM and 2 AM on April 9. We have two separate family
pixels: the first on 72° radial and the second on 90° radial azimuth with celerity between
0.3 km/s and 0.35 km/s. These families’ pixels represent the separated subsystems.

Azimuth (*) vs Mean Time

168CI-J098 2018/04/08 23:00:51 (14) ->J099 2018/04/09 03:58:12 (15), 158 detections

3.5

o)
&
- 3 E
£ -
E -
< 25 &
=
g
s
60 . ~
2
50
1.5
00:00:00 01:00:00 02:00:00 03:00:00 04:00:00
2018/04/09 2018/04/09 2018/04/09 2018/04/09 2018/04/09

Mean time

Figure 4. Scatter plot of MCS between 12 AM and 4 AM on April 9. The black line shows
the roughly moving in relation to the pixels (detections) of the MCS and Subsystems of
the MCS.

Also, the first subsystem stopped emitting signals detectable by I68CI around
2:00 am; just 1 hour after the MCS was split into two subsystems, while the sec-
ond subsystem continued to emit infrasonic waves until 4:00 am. These results
are in line with the work of [11], who showed that the separation of the MCS is

mainly associated with the weakening of convection in one subsystem.

3.3. Discussions

Event detection by the PMCC method is performed according to the coherence
of the measured signal. Indeed, for detections, delays are used to calculate the
azimuth and phase velocity of the signal [16]. Using such an approach, different
coherent wave systems can be differentiated by their time-frequency signature
and their azimuth. Thus, the PMCC method allows the detection of two infra-
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sound waves with different azimuth and frequency that arrive at the infrasound
station at the same time. This is the case of the infrasound signals emitted by the
two subsystems of the MCS and detected by 168CI after the separation of the
system. These two subsystems do not have the same frequency and the same
azimuth.

By associating a keraunic level and lightning to the determination of the grav-
ity waves (GW) detected by the I17CI station, the authors [8] studied the con-
vective activity over West Africa produced by thunderstorms. The frequency
band of the GWs used for their studies is between 10 and 10~* Hz. Besides, the
present study uses infrasound waves directly emitted by the storm or MCS on
the frequency band [0.1 - 4] Hz similar to that used by the IMS and found that
infrasound waves are generated during strong air mass movements. These air
mass displacements are produced by airplanes, thunderstorms or MCS, etc.
These generated infrasound waves can be measured by micro-barometers in the

same frequency band [0.1 - 4] Hz in which we worked.

4. Conclusions and Perspectives

The splitting characteristics of the MCS over West Africa have been investigated
using infrasound data from a mobile array I68CI installed into the Comoé Na-
tional Park, in the northeast of Cote d’Ivoire. The detection, based on the con-
sistency of the signal, uses the time-delays to compute the signal azimuth and
phase velocity and a Graphic PMCC software was used to analyze and visualize
data. The results show that the MCS observed on April 9, 2018, in northern
Ghana, was divided into two subsystems with 70° and 90° azimuths respectively
and located 200 km and 260 km from the mobile array I68CI. These subsystems
are observable on satellite images and their signatures appear clearly on the
graphs. At about 1:00 am, the MCS was composed of one big system and was
subsequently divided into two subsystems due to a weakening of convection.
The northern subsystem (70° azimuth) stopped emitting infrasound waves de-
tectable by the I68CI at 2:00 am while the southern subsystem (90° azimuth)
continued emitting infrasound waves until 4:00 am.

Infrasound data would improve our understanding of the mechanisms which
interact with eastern wave over West Africa. Indeed, the MCSs displacement is
superimposed on the eastern waves of the middle troposphere over West Africa

during their life cycle and they generate a lot of gravitational waves (GW).
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