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ABSTRACT: The infrasound wave is a type of low-frequency wave (less than 20 Hz). Furthermore, it 

propagates for long distances through the atmospheric layers with a velocity of ~ 343 m/s at 20° C without 

considerable attenuation. The International Monitoring System (IMS) infrasound stations are established for 

monitoring nuclear explosions in the atmosphere. Nowadays, the IMS infrasound network contains 53 

certified stations out of 60 planned to be constructed. Data from seven IMS infrasound stations around Africa 

for a period between the 1st of January 2013 and the 21
th
 of April 2018 is used in this study to estimate the 

detectability of events around Africa and the Middle East with data availability of more than 99.2%. The 

Progressive Multichannel Cross-Correlation (PMCC) algorithm developed by the Commissariat à l'Energie 

Atomique (CEA) (French Atomic Energy Commission) is used with 11 frequency bands for the data 

processing. These bands start at an extremely low frequency of 0.07 Hz and end at 4 Hz. In addition, 

Statistical analysis for this period is produced for qualitative and quantitative description using the Dase Tool 

Kit (Détections Infrasons Valorisées Automatiquement) (DTK-DIVA) software. The stations show a clear 

difference in detection numbers between day and night hours as the detections in the day hours are less than 

the night at all stations except at the Germany I26DE station, which has no noticeable diurnal difference 

being attributed to climatic and meteorological factors as most of the stations have tropical and dry climates 

except for this station, which has a temperate oceanic climate. Additionally, there is a vital relationship 

between seasons and the number of detections, as infrasound waves are affected by climate change. 
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1. INTRODUCTION  

  

Infrasound waves are a type of low-frequency sound 

waves that have frequencies lower than the bottom 

limit of human audibility with a range from 0.003 to 

20 Hz [1]. Its propagation is strongly dependent on 

the temperature and wind structure of the 

atmosphere [2]. It travels from its source through the  

atmosphere with ~343 m/s at 20° C [3, 4]. These 

waves can travel thousands of kilometers through the 

atmosphere without considerable attenuation. 

Infrasonic waves are produced by many natural and 

manufactured sources. Natural sources include 

volcanoes, meteorites, large earthquakes, 

thunderstorms, microbaroms, and avalanches. 

Manufactured sources include mining and chemical 

blasts, nuclear explosions, wind turbines, drones, 

helicopters, and rocket launches [5–7]. The IMS is a 

part of the Comprehensive Test Ban Treaty (CTBT) 

verification regime [8, 9]. The IMS stations with 



The 8th International Symposium on Frontier Technology (ISFT) 

their four categories; seismic, infrasound, 

hydro-acoustic, and radionuclide monitor the world 

for any nuclear explosion worldwide in the solid 

earth, atmosphere, and oceans. IMS infrasound 

stations are distributed to detect explosions in the 

atmosphere with a yield equivalent to 1 kiloton of 

TNT  by at least two stations [10]. Studying the 

infrasound station detectability requires analysis of 

data for a long time.   

 

1.1 Data Set and the Study Area 

Seven infrasound IMS stations surround the research 

area and are used to study the event's detectability in 

North Africa. These stations are I17CI, I19DJ, 

I26DE, I31KZ, I32KE, I43RU, and T48TN. The 

Cote d’Ivoire I17CI station is considered the farthest 

one, with a distance to the nearest study point of 

about 3200 km. This distance is not considered a 

long one because infrasound waves travel through 

continents without considerable attenuation. These 

stations could cover the northern part of Africa 

including the study area (latitudes ~20-40  ̊ N and 

longitudes ~20-40 ̊ E). The used data is from 1
st
 

January 2013 to 21
th
 April 2018 (five years, three 

months, and three weeks). Additionally, data 

availability statistics are generated to estimate the 

status of stations during the study period. Figure 1 

shows the data availability study. It showed that, 

during this period, the average data availability was 

very high as it attained 99.29%. Figure 2 shows the 

study area and the location of the stations. 

 

 

Figure 1 Data availability histogram. 

 

Figure 2 The study area (green rectangular) and the 

surrounding seven infrasound IMS stations. 

 

2. METHODOLOGY 

The PMCC algorithm is the base of the infrasound 

data processing method [11–13]. By supposing the 

spectral amplitude is A(f), the signal phase is 𝜑(f) in 

the Fourier transform )Equation 1( that represents 

the signal in the frequency domain instead of the 

time domain.  

 

𝑆(𝑡) =  ∫ 𝐴(𝑓)𝑒𝑖∅(𝑓)𝑑𝑓
∞

−∞
      (1) 

 

By supposing a plane wave that propagates 

through several sensors that are distributed as an 

array, the variation in amplitude and phase between 

two sensors in the array is considered the 

background noise. In the ideal state without any 

background noise at different sensors, Equations 2 

and 3 represent the detections of the signal by 

assuming three sensors in the array that have (i, j, 

and k) positions.   
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  𝐴j(f) = Ai(f)            (2)                                                            

  

     𝜑j(f) = 𝜑i(f) − 𝛩 (𝑟𝑗−𝑟𝑖)        (3)                                       

 

The vector of the sensor position is represented 

with 𝑟. By cross-correlation between two sensors in 

the array, the delay of wave arrival could be 

measured from the variation in the atmospheric 

pressure. The delay in wave arrival time between 

two sensors at positions i and j can be defined as ∆tij 

which represents the only difference between the 

data recorded by the two sensors[14]. This phase 

delay depends on three parameters; the sensor 

position 𝛩.(𝑟𝑗 −𝑟𝑖 ) , trace velocity and the wave 

incident azimuth. The delay in time value for the 

record between any two elements in the array ∆t can 

be calculated from Equation 4.   

 

(4) 
 

For the planner wave that propagates through 

elements i, j, and k of an array, the sum of the delays 

in wave detection between every two sensors should 

be zero in case of neglecting the background noise. 

This relation is the closure one which can be 

represented in Equation 5.  

 

∆𝑡ij + ∆𝑡jk + ∆𝑡ki = 0    (5) 

 

If background noise is present within the wave 

propagating through an array of elements the sum of 

delays between elements is not exactly zero and the 

accuracy of the cross-correlation operation decreases. 

The algorithm is progressively applied, and the 

consistency value is calculated from the following 

relation. 

 

 (6)           

 

 

Cn is the consistency value, n is the number of 

elements, and rijk is the sum of delays between 

elements i, j, and k belonging to the array (Rn). The 

consistency value is calculated firstly from the 

delays between the smallest sub-elements triangle. If 

the consistency value is below the given threshold, 

the detection is stated [15]. 

 

2.1 Detection Parameters 

The International Data Center (IDC) parameters with 

the eleven frequency bands are selected for 

processing the data. These bands start at an 

extremely low frequency of 0.07 Hz and end at 4 Hz. 

Each frequency band has a different window length 

with an overlap percentage value. A long window 

length with a high-overlap percentage is used with 

the low-frequency band. Infinite impulse response 

filters are used by the PMCC software fitted with 

Chebyshev filters of orders 2 and 3 and ripples 

varying between 0.005 to 0.1. These parameters 

contribute to the source classification and location. 

Table 1 has a brief description of all frequency 

bands. 

 

Table 1 Eleven frequency bands with the detection 

parameters. 

 

 

3. RESULTS 

The statistical analysis applied to the seven stations 

surrounding the study area gives the quantitative 

manner of their detections and an inverse qualitative 
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description of the atmospheric state as wind 

directions. 

 

3.1 Diurnal Variation 

Detectability study of the stations shows an obvious 

difference in number between day and night hours 

(day/night property). This property could be 

attributed to the influence of solar radiation which 

was also detected in an experiment in Norway[16]. 

Figure 3 shows a pie plot for all stations in this study 

summarizing the diurnal variations in detection 

numbers. 

 

 

Figure 3 Comparison between day and 

nightdetection percentages. 

 

The number of whole detections during day 

hours is lower compared with that during the night 

hours at all stations except Germany I26DE station 

which has no noticeable day/night variation. The 

stability in its detections might be argued to be 

climatic and meteorological factors as this station 

has a temperate oceanic climate, while most other 

stations have tropical and arid climates. Table 2 

summarizes the classification of the climate at each 

station according to the Köppen-Geiger climate 

classification system [17]. 

 

Table 2 Climatic classifications at all stations. 

 

 

3.2 Seasonal Variation and Source Classification 

The infrasound wave is affected by temperature and 

climatic changes; therefore, the detection numbers 

vary with different seasons. All stations showed a 

seasonal variation for various sources as shown in 

the following station I17CI. Initially, the detections 

at the study station are attributed to various sources 

such as thunderstorms and local events with 

frequencies up to 5 Hz from different back-azimuths. 

In addition to microbaroms detected from oceanic 

waves specifically the Atlantic Ocean. Some of these 

sources are detected seasonally and others 

continuously. Microbarom detections with low 

frequency ranging between 0.01 to 0.5 Hz had been 

analyzed to show seasonal variation in this station. 

Figure 4 shows seasonal variation in I17CI stations 

specifically for microbaroms. 

 

Microbarom detections are distributed in various 

azimuths representing wind direction; especially 

from the southeast between 105-140˚, from the south 

160-220˚, and the west extending to northwest 

230-350˚. These microbarom detections are from the 
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Atlantic Ocean surrounding the Côte d’Ivoire station, 

from northeast to south directions, and from the 

southeast at the Gulf of Guinea. In Figure 4, The 

detections between 105-140˚ show seasonal 

variations as they appear in summer from mid-May 

to the end of August. Additionally, detections from 

the south between azimuths 160-220˚ witness 

seasonal increase in the warm season; spring and 

summer months from mid-April to the end of 

September. On the other hand, in the dry-hot season; 

from mid-November to mid-May, witness the 

microbaroms detections that come from the west and 

the northwest (between 230-350˚). 

 

 

Figure 4 Scattering plot of detection showing the 

seasonal variation of microbaroms (I17CI station). 

 

The second set from 0.5 to 5 Hz is represented in 

Figure 5 which contains high-frequency detections 

from sources such as thunderstorms and local 

artificial sources that also show seasonal variation. 

Figure 5 shows three clusters. The first has 

continuous detections all over the year near azimuth 

between 80 to 120˚. The second cluster is around 

azimuth ~150˚ with two occurrence periods from 

June to October and from December to the end of 

February. Finally, the detections from the west and 

northwest with azimuths between 220 and 350˚ Also 

have two occurrence periods; between March and 

mid-June and September to end-November. Not only 

does I17CI contain seasonal variation for the events 

but also all stations.  

 

Figure 5 Scattering plot of detection showing 

seasonal variation detections with a frequency 

between 0.5 to 5 Hz (I17CI station). 

 

4. CONCLUSION 

In conclusion, detections at all stations have both 

diurnal and seasonal variability. They have a higher 

probability during night hours than during day hours. 

Day and night change in detectability is attributed to 

solar radiation taking into consideration the climate 

change in different stations. The infrasound 

detections are seasonally dependent with the same 

cycles per year for those with frequency content less 

than 0.5 Hz which are microbaroms, and also for the 

high-frequency ones in I17CI station. Not only does 

the I17CI station show seasonal variation for various 

sources, but also all stations in the region. 
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