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Infrasound: long-distant propagating waves
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Targets of infrasound observation network

» 25 km scale sensor array distribution in each prefecture

* Obtaining information for Tsunami disaster mitigation
* Remote sensing for local geophysical events

Thunderstorm -> \Weather forecast (Alert)
Heavy rainy band

Typhoon/Front passage ||| -> Disaster Mitigation (Alert)
Volcanic eruptions

Tsunami, Earthquake -> Geophysics, Astrophysics,
Re-entry 1| Aerospace Engineering,

Microbaroms (oceanic)

Ar_tificial squrceS_ -> Environmental study,
Wind Turbine Noise Effect on Human health




Great East Japan Earthuuake aml Tsunami on March 11, 201
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Infrasound signals excited by uf
during the tsunami gene

Nobuo ARAI (arai@jwa.or.jp), Takahiko A

(Japan W

Acknowledgement : We are grateful to Dr, Yuichi
Univ. Tokyo) and Mr. Takuma O (Toho Mercanti

Observed ir
verification re
earthquake o

- Ocemn murtace Long period 2
ocean surfact

at 1I30JP, 144F

-The on-set ti
distance betw
measured cel
have travellec

- g -The shape o

source estimi
along the faul
fault length,

the signals at
relation betwe

- The shape ¢
observed by (
source region

during tsunan

-The maximum amplitude of all observed acoustic waves were al
uplift or subsidence of the sea surface () can be approximately ¢
surface, c is sound velocity near the sea surface and w is the con
amplitude at the source region can be roughly calculated as 20Pq
tsunami wave height at ocean bottom pressure-gauges in the ts
vertical deformation estimated by the inversion based on seismic
comparable to the theoretical estimate,

When Tsunami early warning are provided to the public, the po

only the hypocenter location and the magnitude and not the infon §

source region, therefore, tsunami warmnings may not have enough
if an infrasound observation network was deployed along the coa
through the network would improve the tsunami warning informat

Arai et al., 2011

at 145RU was |

o -

X
.

: A e, A vos
Sea level changes &fig&ved by cceanboitom presSure-gauges®.

L DRl 2T S T R PR T N~ 4
nepanpens ST

. - - "
» — e—— —_— -

—_ —_— —_— —_—
‘ - . .
. BEAS = It Bl vy

Location of the ocean bottom presre-gages
Alley Shinphary el 8f (ERI Univ. Tokyd)

=P et e o e e

e e e e

L 3

!

N pround 1448 JET the groasd mofon of B owiha WD 08 maeches e
prevre empe ol ot TV soust et L e yow lovel ' red e iy riaing faw
P et Thae 4t boud 1o v, vl My 11 i e ot v
WALy W5 0 2 st ot Srn B S0 NN X TN Katsa
D000 M G 100 LD & SN S SICA SRR AR a TR S i)
4indes celwy Pom TN

.- oY

-
— -

3L

t — == r-a L8 a3

ATl the evgrt - Thy
: .

] ;

b A 4

AN

e \
Y 1000xm=60min

B vty 5 3

|

.

|
|

[ - s e 4
w.‘v“. Iy

-~ 12min,=220km}

covicide with
OT of the avenft + 17min

011 MapLink/Te

© 2011 Google

US Dept of State Geographer
5029.64° N 143" 17'02.58" E

SR 5'1m

4-20106()'

=X




Expectation of an alert system for Tsunami disaster

®Infrasound waves can reach to the land stations
earlier than the real Tsunami waves.

@It can be applied not only for the Tsunami alert
system but also for any other geophysical event

monitor.

SAYA ADXII-INFO1C

Frequency range: Infrasound in middle/upper atmosphere
0.001~6.25Hz
Pressure sensitivity:

0001 Pa
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Infrasonic waves vibrate ionosphere

Tsugawa et al., 2011

T. TSUGAWA et al.: IONOSPHERIC DISTURBANCES AFTER THE 2011 TOHOKU EARTHQUAKE 877

06:05:00(UT) 03/112 llaé 0%y

Fig. 2. Two-dimensional maps of the detrended TEC from 05:50 UT to 07:25 UT on March 11, 2011. The interval of figures (a—d), (d—f), and (f-h) is
5, 10, 30 minutes, respectively. The star and cross marks represent the epicenter and the ionospheric epicenter, respectively. Gray circles represent
concentric circles with the ionospheric epicenter. A movie of the detrended TEC maps with 30-second resolution is available at the NICT website

(http://www.seg.nict.go.jp/201 | TohokuEarthquake/).



For an application for disaster prevention/mitigation

* Infrasound observation is one of the useful remote-sensing methods in the
atmosphere.

* |n particular, for the Tsunami disaster, it can propagate source region
information by sound speed faster than the real sea waves, thus an advantage
in early warning system can be expected.

3 The tsunami causes the atmosphere to vibrate,
and an ultralow-frequency sound (infrasound) is generated.

4 Infrasound travels at sonic speed.

SAYA ADXII-INFO1C ////////
Frequency range: i
h bsid
0.001~6.25Hz The mechanism in which infrasound occurs :fe :ﬁv::f;iﬁqi'afi
i, . A tsunami is a gigantic speaker resonating
Pressure sensitivity: CAE A ol
0001 Pa




Prefecture level dense infrasound observation network in Kochi
15 sites in operation mainly for Tsunami disaster mitigation
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An image of tsunami detection
by an infrasound observation network

Observation sites are deployed in collaboration
with research groups conducting microbarometric
observations for various purposes.
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# Official names are shown below.
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Quick Look
web page
for
Infrasonic
observation
IS on web.
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Infrasound coming from Mt. Aso  2016/10/08 01:46 JST
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Infrasound signal coming from a volcanic eruption of Mt. Aso (Oct. 8, 2016)

Overpressure of 189 Pa was observed at 1:46:41 at 1.2 km from the chamber. (JMA)

Mt. Aso -> Kuroshio town: 180 km, Surface path @340 m/s( 15°C) 1:55:26
Mt. Aso -> KUT campus: 257 km, Stratospheric path @317 m/s(-24°C) 2:01:23




Volcanic eruption of Mt. Sakurajima

A5 22 K AC 2018/06/16 07:30 - 2018/06/16 07:45 (JST)
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Examples of estimating Sakurajima volcanic eruption sound source
Assuming sound velocity of 336.2 m/s (by using our previous dataset in 2012)

* 55 events are found by N-type signal detection software.

» 38 cases are found near the volcanic center within a few km by using the
Grid search method.
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latitude [deg]

An example of Grid search for volcanic infrasound

spike

Correlation value
I [

Correlation value
[ I

Time difference [second]
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131.0 131.5
langitude [deg] Time difference [second]

T,: Arrival time of sound waves from any
points to the sensors
T.: Sonic wave detection time

N-1 N-1
N: Number of sensors error = Zi=0 [Zj=0 abs{((T, (i) =T, () — (T () — Ta(f))}]
* The method is usually used in seismology.

* Grid search is a method of dividing a region into multiple grids (here,
749 X 1766 grids) and searching for a grid with the smallest error



Infrasound data before and during
a Typhoon passage in 2016

1.5x10%

1.0%10%

5.0%10%

~1

—5.0x10%

[ e

—1.0%10%

—1.5x10%

—2.0x10” . . . . 1 . . . . | . . . . 1 . . . . 1 . . . . | .
5.0x10% 1.0x10° 1.5%10° 2.0%10% 2.5x10° 3.0%1
time[secamd]

o

3 days trend

—100.00000 —0.00C0C00C0 Power spectrum[dB

1.5x10%
W
1.0x104— — E
- ] &
i i &
L i s
> 0.10
7oEOx10f— — =
i ~ i
s - .
v
L ar— —
—5.0x10%— —
oot 4
5.0x1Q
o 1000 2000 3000 .0x1

time[second]

1 hour wave form 3 days spectrum




A 75 K FE (nPa)

Infrasound signal detected when a Typhoon strikes
Kochi prefecture on Sep. 4, 2018
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Typhoon passage (No.21)
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Yok ZFE (nPa)

1277

Local heavy rain band passage was only/clearly observed

at Toyo town on Aug. 1/, 2018.
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Thunder monitoring via Infrasound
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Kochi Univ. of tech.
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Sweden-Japan collaborative balloon

experiment BEXUS-EXIST (Oct. 2017

REXUS/BEXUS B

Experiment

Proposal Form

Team/Short experiment name EXIST

Full experiment title Examination of Infrasound in the Stratosphere and

Troposphere

[] rexus X BExus
|:] spinning with 4 Hz
[] despun with Yo-Yo to about 0.08 Hz

D not of importance for our experiment

Science & Organisation

Team Information

Robert Persson, Swedish, Lulea University of Technology,
Space Engineering — Spacecraft and Instrumentation,
Master Program, Fifth year, 06-01-1993

Student team leader:

Address: Ringvagen 45A, 98137 Kiruna, Sweden
Telephone: +46 70 511 64 64
E-mail: robper-2@student.itu.se

Contact information
of team leader:

Members of your team (In | Lucas Svensson, Swedish, Lulea University of Technology,
order of team role): Space Engineering - Spacecraft and Instrumentation,
Master Program, Fourth year, 05-04-1994

Role: Electrical Set-up Responsible

Sarah Zayouna, Swedish, Lulea University of Technology,
Space Engineering - Spacecraft and Instrumentation,
Master Program, Fourth year, 24-07-1992

Role: Electrical

Page 1 of 23

SAYA INFO3
Microphone array

for BEXUS/EXIST
Mass: 127 g

Freq.: 0.01 Hz — 20 Hz




MOMOZ2 sounding rocket
June 30, 2018
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MOMO?2 rocket on June 30, 2018




Energy estimation of MOMOZ2 rocket explosion

llllllllllllllllllllllllllll
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D III|IJIl|IIIl|III
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170 Pa p—p overpressure detected at a sensor located
at 90 m from the rocket explosion point on ground.

The energy was about 710 kJ.
(170 g of TNT bomb level)

It seems NO severe explosion.
Only liquid Oxygen tank broken.

Without mixing full of fuel and
liquid Oxygen.

We successfully measured energy of the rocket explosion...(-_-)



15t Japanese venture company’s rocket over 100 km in space!
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Test infrasound measurement in Europe
(Sep. 8, 2019 at Mechelen, Belgium)

gl

New sensor:
SAYA INFO4LE



Summary

We believe Iinfrasound observation is extremely
Important for disaster mitigation for many types of
geophysical events like tsunami or thunderstorm.

By using prefecture level dense infrasound sensor
network in Kochi, a typhoon strike and its affection
on infrasound measurement was clearly observed.

We checked overpressure datasets for MOMO?2
rocket explosion and estimated explosive energy
by using calibrated infrasound sensors on ground.

Artificial explosions of fireworks were measured In
upper atmosphere by infrasound sensors aboard
MOMO3 sounding rocket.
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