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Abstract

Noise due to surface wind and temperature is a problem in infrasound. Effi-
ciency of IMS network concerns scientists. It is obvious to find the causes of
deficiencies of detection of infrasound station by studying background noise
power with respect to the surface wind and the temperature. Data measured
by MB2000 microbarometer of infrasound station I33MG are used for the
study. Infrasound records are separated into 4 frequency bands centered re-
spectively at: 1 Hz, 0.25 Hz, 0.0625 Hz and 0.0156 Hz. Effects of surface wind
and temperature are studied by plotting the variations of the background
noise power with respect to the temperature or wind speed in the four consi-
dered frequency bands and compared with the median of background noise
power. The influence of temperature is manifested by a reduction in the
number of low-frequency detection. The surface wind reduces the number of
detection at a high frequency. An exponential function is proposed to predict
the variations of the noise power in different observation frequencies and
temperature and wind conditions. The views expressed herein are those of the
authors and do not necessarily reflect the views of the CTBTO Preparatory
Commission.
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1. Introduction

The wind speed near the surface is most highly correlated with the temperature
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and pressure [1]. The recorded noise associated with increasing winds is also a
severe problem in the infrasonic band [2].

Assessing the efficiency of the IMS network detection has been of interest to
many scientists. Some were preoccupied with the study of the background noise
[3] [4] [5] whereas Walker et al. focused on the identification of the sources of
noises [6]. The characteristics of noise are currently obtained from local mea-
surements at the IMS stations or statistical analysis at a global scale [7].

Mc Donald et al demonstrated in 1971 that the turbulence of wind at the
ground surface is the main source of infrasound noise in the frequency band be-
tween 0.01 and 1 Hz [8]. Hedlin et a/ have highlighted the effect of wind on the
infrasound background noise during site exploration in Cape Verde [9]. In 2008,
Le Pichon et al. showed that for the IMS network in Central Europe, the detec-
tion capability was controlled by the variation in time of the stratospheric winds
which influence the infrasound propagation in the stratospheric wave guide [10].
The effects of the surface winds on the noise at the stations were integrated into
these computations. Walker and Hedlin inferred that the surface wind is the
most dominant source of noise in the infrasound data [6].

The I33MG infrasound station recorded data since the end of 2001. The anal-
ysis of infrasound bulletin of Madagascar from 2003 to 2011 showed a signifi-
cant decrease in the number of infrasound detection during the day. Therefore,
it is very important to determine the cause of these deficiencies in the detection
of the station IS33.

In this paper, the effects of both local temperature and surface wind on the
infrasound detections performed at this station are discussed. For that, back-
ground noise power variations are studied at scales of day and season with re-
spect to the local temperature and surface wind variations. The objective of this
work is to quantify and to show the effect of local temperature and the surface

wind on the detectability of the infrasound station.

2. Data and Methods

Infrasound data from 2005 to 2021 recorded by MB2000 microbarometer at the
infrasound station I33MG have been used in this study. The infrasound station
is a 4-element array station with elements arranged in a centered triangle confi-
guration. The operation of this microbarometer is based on the use of a linear
variable differential transformer (LVDT) to measure the displacement of a tem-
perature independent aneroid bellows. A high-sensitivity output for nuclear ex-
plosion monitoring in the passband from 0.01 to 27 Hz is obtained by filtering
the absolute pressure output signal (0 - 40 Hz). The sensor is installed in a vault
in order to avoid ambient temperature variation [11]. Temperature inside the
vault varies between 0.5°C to 1°C which does not affect the sensor operability.

In order to study the effect of weather conditions on the infrasound detections
we investigate the impacts of the surface wind and local temperature, measured

in the collocated meteorological station, on the infrasound background noise.
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The treatment of the background noise is done in three steps: first, infrasound
records are smoothed to eliminate non-representative particular points of the
noise and extract the actual background noise. Then, the background noise is
separated into 4 frequency bands corresponding to the different detection fre-
quencies in which the data processing is performed to provide the infrasound
bulletins. The third step consists of calculating the powers of background noise
in the 4 different frequency bands, previously defined, in order to estimate the
effect of local weather conditions on the background noise level.

The frequency separation is done by using the Z filter and the output is a li-

near combination of the inputs as:
Sn =foen+f1e,H+-..—g1Sn71—ng}172_... (1)

S, represents the output of the filter;
e, represents the input;
£, et g, are the filter coefficients;

The frequency response of the filter is:
F(0)=1/(1-ae™) 2)

This filter passes four bands of frequencies centered at 1 Hz, 0.25 Hz, 0.0625 Hz,
and 0.0156 Hz respectively. These frequency bands are selected to allow the analy-
sis of different infrasound sources currently observed in the infrasound bulletins:
Band of 1 Hz is the frequency of the explosions and other high-frequency sources.
Band 0.25 Hz corresponds to the frequency of microbaroms, whereas the bands
of 0.0625 Hz and 0.0156 Hz correspond to the frequencies of mountain asso-
ciated waves.
Equation (3) governs the computation of the power of variations in step 3:

[s()-s()] ar=P~5(t) =07 ()

P 1 ¢+112

ST Py T A-T)2

The effect of temperature or wind speed on background noise is illustrated by
noise power with respect to temperature or wind speed. An exponential fit is used

to determine the law of noise with respect to weather conditions.

3. Temperature Effect on Background Noise

The variations of the background noise power are plotted in color with respect
to the temperature in the four considered frequency bands and compared with
the median of background noise power (in red).

Specific analyses were performed to study the daily (Figure 1) and seasonal
variations (Figures 2-5). The seasonal variations are represented in quarterly
well represent the seasonal temperature conditions.

Figures 1-5 show that the effect of the temperature contributes to the noise
trend in the lower frequency range (0.0156 Hz) as the observed variations in this
frequency range correspond to the trend in the noise variations. The deviations
between the noise and the trends are larger at the other higher frequency ranges,

suggesting the absence of effect in these frequency ranges. The differences which
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Figure 1. Power variations of background noise temperature by band of frequencies 1 Hz, 0.25 Hz and 0.0625 Hz 0.0156 Hz
(color coded). Red line represents the trends of the power spectrum of the background noise. (a) Frequency range 1 Hz; (b) Fre-
quency range 0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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Figure 2. The power variations of the background noise based on the temperature in the bands of frequencies
1 Hz, 0.25 Hz and 0.0625 Hz 0.0156 Hz. An example of the quarterly averages (December, January and February)
of the background noise power and temperature is presented. (a) Frequency range 1 Hz; (b) Frequency range 0.25
Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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Figure 3. The power variation of background noise based on the temperature in the bands of frequencies 1 Hz,
0.25 Hz and 0.0625 Hz 0.0156 Hz. (March, April and may) quarterly averages for the background noise power and
temperature are calculated for the year 2010. (a) Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c) Frequen-
cy range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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Figure 4. The power variation of background noise based on the temperature in the bands of frequencies 1 Hz, 0.25 Hz and 0.0625 Hz
0.0156 Hz. (June, July and August) quarterly averages for the background noise power and temperature are calculated for the year
2010. (a) Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.

14 2106 September October November 2010 x107 September October November 2010

f=1Hz | f=0.25Hz i
12f (a) i i (b)

n e

Power (Pa*s)
-

Power (Pa’s)

5 10 15 ‘ 20 7 25 30 35 5 10 15 20 25 30 35
Temperature (°C) Temperature (°C)

DOI: 10.4236/acs.2022.122019 302 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.122019

A. H. Ramanantsoa et al.

25 x108 September October November 2010 18 x107 September October November 2010
f=0.0625 Hz 16f £=10.0156 Hz 1
. © 1 d
: u @ .
% 7 12} 1
T 1. 1=
i'i ) & 10f 1
o e
L 2]
: X -
- 1 &
6l |
0.5 1 4 1
2k |
0 —~ 0 ' - - -
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Temperature (°C) Temperature (°C)

Figure 5. The power variation of background noise based on the temperature in the bands of frequencies 1 Hz, 0.25 Hz and 0.0625

Hz 0.0156 Hz. Quarterly averages (September, October, and November) for the background noise power and temperature are
calculated from 2005 to 2011. (a) Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Fre-

quency range 0.0156 Hz.

could be expected at scales of day or season are not visible. This could suggest a

local effect in the local turbulence structures.

4. Effect of Wind Speed on Background Noise

A similar study was performed to study the effect of the surface wind on the
infrasound background noise.

The background noise power is plotted with respect to the surface wind speed.
Plots are shown in daily variation (Figure 6) and in seasonal variation (Figures
7-10). Seasonal variations are set in quarterly periods which correspond roughly to
the change of season. Figures 6-10 show that the effect of the wind speed contri-
butes to the noise trend in the higher frequency ranges (1 Hz and 0.25 Hz) as the
observed variations in these frequency ranges correspond to the trend in the
noise variations. The deviations between the noise and the trends are larger at the
other lower frequency ranges, suggesting the absence of effect in these frequency
ranges. The differences which could be expected at scales of day or season are

not visible. This could suggest a local effect in the local turbulence structures.

5. Discussion

The values of background noise power with respect to temperature during a pe-
riod (day or season) are shown in Figures 1-5. The median of background noise
power values gives the general trend of variation of the background noise power.
The temperature varies from 5°C to 30°C. In the low-frequency bands (0.0156
Hz and 0.0625 Hz), there is a correlation between the background noise power
and the general tendency. In the high-frequency bands (0.25 Hz and 1 Hz), the

power distribution does not show a distinct trend. Following these results, the
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Figure 6. Diurnal variation the power of noise depending on the wind speed for the bands of frequencies 1 Hz, 0.25 Hz and 0.0625
Hz, 0.0156 Hz. Average changes in the power of the noise are plotted in red line. (a) Frequency range 1 Hz; (b) Frequency range
0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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Figure 7. Quarterly change (March-April-May) powers of background noise based on the speed of the wind on the ground. (a)
Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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Figure 8. Quarterly change (June-July-August) powers of background noise based on the speed of the wind on the ground. (a)
Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c) Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.

DOI: 10.4236/acs.2022.122019

305

Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.122019

A. H. Ramanantsoa et al.

. x10¢ September October November 2009 g X107 September October November 2009
f=1Hz f=0.25 Hz
a _
nl ® ] 7+ (b)
6 i
10 1
ol 75 |
b 54 1
E6| 1 B
= A3 i
4t k 3 ]
2 - B 1 ]
0 L 0 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Wind speed (m/s) Wind speed (m/s)
5 %10’ September October November 2009 5 X10° September October November 2009
O = 00625 1z £=10.0156 Hz
18 © 1 18 (@ 1
16 g 1.6 R
14 R 1.4+ R
e o
é 12 E ;c: 1.2+ E
b B
5 . 1t 1
2 10 g
o =)
~ 8 1 & 0.8 R
6 b 0.6 1
4 1 04f 1
2 b 0.2 b
0 1 1 0 Ld ' " ' 1 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4 0 0.5 1 1.5 2 2.5 3 35 4
Wind speed (m/s) Wind speed (m/s)
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variations of the background noise power is represented by an empirical law.
The median of each frequency band has been used to determine the mathemati-
cal function governing the variation.

The increase in the power of the noise temperature is considered to be an ex-

ponential function:
P(T)=a-¢" (4)

where Pis the background noise power in Pa*s;

Tis the temperature in °C;

a, bare coefficients representative of the exponential function;

The coefficient of determination R indicates the quality of fit.

This statistic measures the total deviation of the response values from the fit to
the response values. It is also called the summed square of residuals and is usually
labeled as SSE.

SSE=Z::1w,(yl.—j/l.)2 (5)

This statistic measures how successful the fit is in explaining the variation of
the data. Put another way, R is the square of the correlation between the re-
sponse values and the predicted response values. It is also called the square of the
multiple correlation coefficient and the coefficient of multiple determination.

R is defined as the ratio of the sum of squares of the regression (SSR) and the
total sum of squares (557). SSR is defined as

n A —\2
SSR—Zi:lwi(yi_y) (6)
S§85Tis also called the sum of squares about the mean, and is defined as
n —\2
SST_Zi:lwi(yi_y) (7)

where SST'= SSR + SSE.

Given these definitions, R? is expressed as:

DOI: 10.4236/acs.2022.122019

307 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.122019

A. H. Ramanantsoa et al.

_SSR_, _SSE

R = =
SST SST (8)

R can take on any value between 0 and 1, with a value closer to 1 indicating that a
greater proportion of variance is accounted for by the model (Table 1 & Table 2).
The quality of fit R* in the low-frequency bands is very strong. According to
these values, the adjustment model (exponential function) determines the power
distribution of the background noise versus temperature. Yet, the very strong
determination means that the temperature has a significant effect on the fre-
quency band. The temperature has a more significant effect in low-frequency
bands than in high-frequency. The effect of the temperature is observed from

low frequency ranges 0.0156 Hz up to 0.25 Hz (Figures 11(a)-(c)).

Table 1. Coefficients of the exponential function for each frequency band.

Frequency a b R
0.0156 Hz 5.53 x 10* 0.267 0.965
0.0625 Hz 2.00 x 10° 0.193 0.904
0.25 Hz 2.00 x 10° 0.140 0.813
1Hz 6.97 x 10* 0.121 0.626
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| |
o [R2=0.626 | 2l |R2=0.813
(€)) (b)
> Sf PN
o ,.: 15
& 4f =
i [
: : !
= &
0.5
‘ ‘ | | ‘ o — ‘ ‘ ‘ ‘
5 10 15 20 25 30 5 10 15 20 25 30
X107 Temperature (°C) <107 Temperature (°C)
SF 1 : - — 16F ; ; ;
f=0.0625 Hz It £=0.0156 Hz
71 [R?=0.904 .
d © JI 1 )
7 5| 210
] NN
& 4] & 8
5 .
3 S 6
s )
2} 4
2
i i i i i i O ]
5 10 15 20 25 30 5 10 15 20 25 30
Temperature (°C) Temperature (°C)

Figure 11. Adjustment of background noise power versus temperature. Exponential law fit is better
at low frequencies than at high frequency. (a) Frequency range 1 Hz; (b) Frequency range 0.25 Hz; (c)
Frequency range 0.0625 Hz; (d) Frequency range 0.0156 Hz.
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The variation of the background noise power versus the wind speed is illu-
strated in Figures 6-10. The wind effect on the background noise power de-
pends on the frequency bands. For 0.25 Hz and 1 Hz frequency bands, a varia-
tion of the background noise power versus wind speed follows an exponential
trend. This is different for the other frequency bands. Similarly to the tempera-
ture, an exponential law was determined.

The variation of the background noise power based on the speed of the wind

is also an exponential function:
P(V)=c-e” 9)

where Pis the noise power expressed in Pa’s;

Vis the wind speed on the ground in m/s;

¢ dare coefficients whose values are provided in Table 2 below.

Adjustment in exponential for the influence of the wind on the ground on the
background noise power is significant. This adjustment is mainly observed at
high frequencies (1 Hz and 0.25 Hz, Figure 12(a), Figure 12(b)). We note that
the effect of the wind is observed in a wide frequency band ranging from 1 Hz
up to 0.0625 Hz.

At high temperature (up to 25°C) or at high wind speed (up to 3 m/s), the
background noise power is high and that can hide an infrasound signal. At 25°C
and wind speed equal to 3 m/s, background noise power is 3 times of signal
power at the band of 0.0625 Hz and 8 times of the signal power at the band of
0.0156 Hz. The confrontation between the background noise power value and
the level of signals infrasound registered according to different times of the day
(Table 3) confirms that only strong infrasound signals could be registered.

The effect on different frequency bands is also highlighted in Table 3. In the
high-frequency bands (1 Hz and/to 0.25 Hz), the signal level is always higher
than that of the background noise at any time. For low bands frequency (0.0625
Hz and/to 0.0156 Hz), the level of the signal is above the background noise when
the temperature is low whereas the signal is below the level of background noise
when the temperature and the wind speed are high. The significant effect of the
temperature and/or the speed of the wind in low-frequency bands is confirmed.
The results given in Table 3 represent the power of the noise depending on the
temperature or the wind speed (Figures 1-4 and Figures 5-8). The cover-up of
the signals of infrasound to high temperatures or strong winds (Table 3) cor-

responds to the sudden increase in power from a threshold value (Figures 1-4

Table 2. Coefficients of the exponential function for each frequency band.

Frequency c d R
0.0156 Hz 6.19 x 10° 1.20 0.577
0.0625 Hz 3.70 x 108 1.28 0.819
0.25 Hz 7.97 x 10° 1.43 0.870
1Hz 1.02 x 10° 1.49 0.872
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Table 3. Comparison between signal and background noise powers 28/01/2005.

Signal Background noise Wind

T t

- Power Power (10° Pa%s) em(pﬂeg;l ure speed
e (10° Pazes) (m/s)

0.0156 Hz0 - 0625 Hz 0.25 Hz 1 Hz

01:57:24 1 3 0.9 0.7 0.1 15 0.83
04:23:00 17 23 7 2 0.6 19 1.15
07:22:00 22 187 71 16 6 25 3.49
10:05:12 28 386 197 47 21 27 425
13:49:27 64 121 84 23 10 26 3.00
16:36:57 64 87 26 5 1 21 1.98
19:29:09 18 44 9 5 0.1 19 1.41
22:30:24 14 2 0.6 0.5 0.1 16 0.76
x10° x10¢
18} [f=1Hz ) 12
16} |R?=0.872
- 14} SR
‘® 12} :«: 8l
10 S
S 6 .
5] P
: 3 z
£ £ 4
4
2| 2y
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Wind speed (m/s) Wind speed (m/s)
x107 x107
57 : . f . ) - - .
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Figure 12. Adjustment of the background noise power variation with respect to the surface wind
speed. Exponential adjustment fits more at high frequency band than at low frequency band. (a) Fre-
quency range 1 Hz, (b) Frequency range 0.25 Hz, (c) Frequency range 0.0625 Hz, (d) Frequency
range 0.0156 Hz.

and Figures 5-8) after a constant variation. For the temperature, the threshold

value is estimated at 15°C, whereas for the wind speed, the value can range from
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0.5 m/s up to 3 m/s.

In summary, the influence of the temperature on the detection of the I33MG
station for the daily variation is seen especially at low frequency (0.0156 Hz and
0.0625 Hz). For the wind, the effect is important at high frequency (1 Hz to 0.25
Hz). These influences are the cover-up of infrasound signals by the background

noise that increases when the temperature or the wind speed increases.

6. Conclusion

The temperature rise contributes to an increase in the power of the low-fre-
quency background noise (0.015 Hz). This influence is mostly observed when
the temperature rises beyond the threshold temperature (generally estimated
around 15°C) and background noise can hide infrasound signal at 25°C. This
increase could hide some infrasound signals. The influence of temperature is
manifested by a reduction in the number of low-frequency detection. This effect
is not depending on seasonal variations. On the other hand, the surface wind
controls as well the background noise power. The surface wind increases the
power threshold when it reaches 0.5 m/s and background noise can hide infra-
sound signal at 3 m/s. The surface wind reduces the number of detection at a
high frequency. However, the effect of the wind concerns the frequency band of
0.0625 Hz to 1 Hz and can be neglected at 0.015 Hz. An exponential function is
proposed to predict the variations of the noise power in different observation

frequencies and temperature and wind conditions.
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