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Abstract

We report data quality of a micro barometer which observes atmospheric infrasonic waves at Ogasawara
islands, approximately 1000 kilometers south of Tokyo, Japan, showing the cases of three different natural
events including volcanic eruption, tsunami, strong wind and signals from one ordinary day. With considering
weather conditions, the wavelet spectrum analysis showed different features. The good quality of Ogasawara
data is verified, partly because microbarom caused by the nonlinear interaction of large-amplitude
storm-generated waves on the surface of the ocean has been clearly observed.

1. Introduction

Inaudible infrasound propagates thousands of
kilometers through ducts formed in the troposphere,
stratosphere, and lower thermosphere. While there are
several modes for propagation, dominant one ducts
between the earth's surface and a stratospheric region
at a height of about 50 kilometers. There are many
natural sources of infrasound such as meteors,
volcanic eruptions, ocean waves, avalanches, tsunamis,

wind and any event which lead to slow oscillations of
the air. Man-made sources are explosions, large
combustion processes, slow speed fans and machinery,
etc.

Microbarometers, one of sensitive barometers,
that measure air pressure with high precision, have
been used to monitor compliance with the
Comprehensive Nuclear-Test-Ban Treaty by detecting
the infrasound signature of a nuclear explosion (see
Alcoverro et al., 2005; Alcoverro, 2008; Zumberge
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et al., 2003; Catherine et al., 2013). Numerous
volcanic eruptions and explosions have been
detected by infrasound measurement during the last
decades (see, e.g., Goerke et al., 1965; Le Pichon et
al., 2005; Liszka and Garcés, 2002). The dominant
frequency and amplitude of infrasonic waves from
volcanic explosions depends on the size of the
explosion and the distance from the source. In
addit ion, severe convective storms and
meteorological sources like tornadoes, lightning and
sprites also generate infrasound with frequencies
between 0.02 and 0.1 Hz. The source mechanism
for these waves is better understood now (Farges
and Blanc, 2010; Liszka and Hobara, 2006; Assink
et al., 2008). Arai et al. (2011) investigated
atmospheric pressure changes caused by the 2011

Off the Pacific Coast of Tohoku earthquake
(Mw9.0) recorded by sensitive microbarographs.
They verified that the co-seismic atmospheric
boundary waves were excited by the uplift and
subsidence of the ocean surface.

Japan has several arcs generating various
tectonic activities including volcanic eruptions and
large earthquakes. In order to better understand
these events, a microbarometer was installed by
Tokyo Gakugei University (TGU) in June, 2013 at
Ogasawara islands, 1000 kilometers south of Tokyo,
Japan. Several interesting events have been recorded
by this micro barometer during last 6 months.
Taking into account meteorological conditions, four
typical events were analyzed with wavelet analysis
to evaluate the quality of data at Ogasawara.

2. Observation and Methodology

Q u a r t z - p r e s s u r e - t r a n s d u c e r - t y p e
microbarometer (Toho Mercantile, Co. Ltd.)
capable of recording the absolute
atmospheric pressure with a resolution of
0.001 hPa at 2 Hz sampling rate was
installed in Ogasawara, Japan as shown in
Fig. 1 and recorded pressure during last 6
months. Fig. 2 shows an example of the time
series of pressures recorded by ours (Tokyo
G a k u g e i U n iv e r s i t y ) a n d J a p a n
Meteorological Agency (JMA) at Ogasawara
at the same period (From 1500 UT on 25
October, 2013 to 1500 UT on 26 October,
2013) (http://www.jma.go.jp/jma/index.html).
Note that resolution and sampling rate of the
microbarometer installed by JMA are 0.3 hPa
and 0.002 Hz, respectively. Two time series
are shown so that a good correlation is found
as shown in Fig. 3. Almost all the points are
located on the diagonal line. Statistical
analysis demonstrated that correlation
coefficients of 99% of the data are larger

Fig. 1 Location of our micro barometer. Red star
denotes the epicenter of one M7.1 earthquake
at 1710 UT on 25 October, 2013; Red and
purple circles denote the new island and our
observation point, respectively.

44 Fei Zhang, Maho Nakamura, Yuko Suzuki, Yoshiaki Orihara, Chiaki Tsurudome, Daiki Ikeda,
Kosei Ohora, Jann-Yenq Liu, Masashi Kamogawa 1), *)
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t.han 0.99
Compared with the common FFT method,

wavelet is more suitable for continuous and unstable
signals. In this paper, we use wavelet method to

analyze the raw data of pressure. We also adopt
multiband narrow filter method to roughly observe the
frequency contents.

Fig. 2 Infrasound signals from 1500 UT on 25 October, 2013 to 1500 UT on 26
October, 2013. A top and bottom panels are raw data of pressure recorded by
ours and JMA at Ogasawara, respectively.

Fig. 3 Correlation of micro pressure data recorded by ours
and JMA at Ogasawara.



Fig. 4 Infrasound signals possibly from a small volcanic event. The top panel is raw data
and the bottom panel is wavelet spectrum data.

3. Results

3.1 Volcanic Eruption
A volcanic eruption occurred near

Nishinoshima Island, which locates 130 km west of
Chichi–jima in Ogasawara islands. Since there is no
scientific observation around the new island, we
knew that the volcanic eruption was confirmed on
20 November, 2013 by means of aerial survey.
Figure 4 is expected to present volcanic events
recorded by our micro barometer located 120
kilometers away from the new island. A top panel
of Fig. 4 shows the raw data of this event and
fluctuations from 0100UT to 0700UT were found.
A next panel shows a spectrum by means of
wavelet method. This panel shows a broadband
infrasound accompanying high frequency
component. Since similar cases, the eruption of
Tungurahua Volcano, Ecuador, in August 2006 (Fee
et al., 2010) was recognized. We inferred that the
eruption begin gradually around 2200 UT on 19
November and ended with evident shift to lower

frequencies on 20, November.
In the lower panel of Fig. 4, continuous

variations between 0.15 and 0.25 Hz were found.
This is an intensive continuous infrasound waves
propagating over a large distance due to the
interaction of ocean swell with the atmosphere
which is termed microbarom. We compare
meteorological wind speed with the observed
pressure. Fig. 5(a) shows the mean and the
maximum wind speed for a sampling of 10 minutes
drawn in red and blue lines, respectively. We found
a small increase of wind speed and a broad
spectrum of pressure shown in the lower panel of
Fig. 4 from 0100UT to 0700UT. There are two
possibilities to explain the variations of pressure
from 0100UT to 0700UT. On one hand, the broad
spectrum may be caused by the sudden wind speed
change. On the other hand, this is caused by the
volcanic eruption. Since we cannot make sure the
accurate volcanic eruption time, it is difficult for us
to distinguish whether there are volcanic eruption
signals inside if there is only one station.
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Fig. 5 Wind speed for four cases:
(a) Left and upper one: volcanic event on 20 November, 2013.
(b) Right and upper one: tsunami event on 25 October, 2013.
(c) Left and lower one: strong wind and rain event on 10 December, 2013.
(d) Right and lower one: ordinary signal event on 1 December, 2013.

3.2 Tsunami
Tsunami is one of infrasound sources (Le

Pichon et al., 2005). An earthquake with a
magnitude of 7.1 struck off the coast of Fukushima
at 1710 UT on 25 October, 2013 (Fig. 1). The
earthquake occurred 320 kilometers off the coast.
About 40 minutes later, tsunami measuring up to
0.4 meters hit the coasts of Fukushima, Miyagi and
I w a t e , a c c o r d i n g t o J M A
(http://www.jma.go.jp/en/tsunami/focus_03_2013102
6025051.html). A top panel of Fig. 6 presents raw
data from 0000UT of 25 October to 1400UT of 27
October, 2013. A huge pressure decreased by 21.51
hPa from standard atmospheric pressure. However,
from the lower multiband filter panels, any useful
information was not obtained. Ray tracing curves
based on MSIS-E-90 Atmosphere Model
(http://omniweb.gsfc.nasa.gov/vitmo/msis_vitmo.htm

l) are shown in Fig. 7, following the calculation of
Heki and Ping (2005). Estimated arrival time of
infrasound at Ogasawara was 1748UT. Note that the
distance between source and our micro barometer is
about 1142 km.
According to Fig. 7, the propagation path from the
Tsunami source area to the observation point also
exists in the ionosphere. In order to verify that the
sufficient intensity of tsunami-origin acoustic wave
was not excited, the measurement of Global
Positioning System total electron content (GPS
TEC) (see Kakinami et al., 2012) is used. From
GPS TEC measurement, the ionospheric disturbance
generated by the tsunami-origin acoustic waves is
confirmed. In this analysis, the F region is assumed
to be a thin-layer located at 300 km altitude. The
point of intersection between the ionospheric thin
layer and the propagation path between the GPS
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Fig. 6 A period of infrasound signals associated with a small tsunami on 25 October, 2013.
Data are filtered between 0.01 and 0.4 Hz.

Fig. 7 Ray tracing curves on 25 October, 2013 based on MSIS-E-90 Atmosphere Model
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satellites and their receivers is termed
ionospheric point and its foot print on the
ground surface is termed sub-ionospheric point
(SIP). A sampling period of GEONET data is
30 seconds. In order to extract the TEC
variation with a few minutes, we calculated the
difference between the slant TEC and the least
mean square estimation for 40 minutes before
and 20 minutes after the mainshock and
convert these difference into the vertical TEC
(∆vTEC) from the zenith angle of the GPS
satellite direction. In Fig. 8, the time-series of
∆vTEC are drawn as the distance between the
epicenter and the sub-ionospheric point. In this
analysis, we have no signature of seismogenic
ionospheric disturbance, as well as
seismogenic infrasound from our pressure data.

In Fig. 9, wavelet method was used to
reanalysis the period from 1600 UT of 25
October 2013 to 1400 UT of 25 October 2013.
The major frequency of infrasound originating
from tsunami ranges from 0.5 to 2 Hz (Le
Pichon et al., 2005). from tsunami ranges from
0.5 to 2 Hz (Le Pichon et al., 2005). Fig. 9
shows large intensity from 0 to 0.3 Hz. Wind

Fig. 8 Time series of TEC variation before and
after tsunami on 25 October, 2013

Fig. 9 Infrasound signals from a tsunami event caused by one earthquake.
The top panel is raw data and the bottom panel is wavelet spectrum data.
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speed is larger than other day during our
observation period as shown in Fig. 5(b). In
general, wind-generated noise is the most major
source of infrasonic background. In other words,
strong wind hides weak signals. Therefore, even if
we have an array observation of infrasound
including more than three instruments and intensive
signals generated by tsunami was emitted, it is
difficult to discriminate the signals from the current
observed data.

3.3 Strong Wind and Rain
One of infrasound sources with frequencies

between 0.02 and 0.1 Hz is generated by severe
convective storms. Other meteorological sources of
infrasound such as microbursts, tornadoes, lightning
and sprites have been also reported. Micro pressure
variations associated with a thunderstorm is shown in
Fig. 10. According to the meteorological conditions
provided by JMA, strong wind due to severe storm
occurred on 10 December, 2013 as shown in Fig. 5
(c). The dominant frequency is about 0.1 Hz when
the pressure reaches the lowest. Furthermore,

infrasonic waves caused by a lightning discharge
during the storm also generate a clear sudden
increase observed from three different frequency
bands (Farges and Blanc, 2010). We found the
lightning activities from 0300UT to 0500UT from
our measurement of atmospheric electric field near
the infrasound observation. Therefore, the signature
shown in Fig. 11 is caused by lightning-related
storm.

3.4 Ordinary Infrasound Signals
Micro barometer records many background

noises at most time. The primary sources of
background noise are given as follows: (1)
Wind-generated micropressure fluctuations
associated with turbulent eddies in the atmospheric
boundary layer, of which intensity enhances in all
frequencies. (2) Microbarom infrasonic waves in the
0.12–0.35 Hz passbands. The microbarom is almost
always present at any point on the surface of the
provided by JMA, strong wind due to severe storm
occurred on 10 December, 2013 as shown in Fig. 5
(c). The dominant frequency is about 0.1 Hz when

Fig. 10 Infrasound signals from a strong wind and rain event.
The top panel is raw data and the bottom panel is wavelet spectrum data.
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the pressure reaches the lowest. Furthermore,
infrasonic waves caused by a lightning discharge
during the storm also generate a clear sudden
increase observed from three different frequency
bands (Farges and Blanc, 2010). We found the
lightning activities from 0300UT to 0500UT from
our measurement of atmospheric electric field near
the infrasound observation. Therefore, the signature
shown in Fig. 11 is caused by lightning-related
storm.

3.4 Ordinary Infrasound Signals
Micro barometer records many background

noises at most time. The primary sources of
background noise are given as follows: (1)
Wind-generated micropressure fluctuations
associated with turbulent eddies in the atmospheric
boundary layer, of which intensity enhances in all
frequencies. (2) Microbarom infrasonic waves in the
0.12–0.35 Hz passbands. The microbarom is almost

Fig. 11 A period of infrasound signals associated with a strong wind and rain
on 10 December, 2013. Data are filtered between 0.012 and 0.3 Hz.

Fig. 12 Infrasound signals from ordinary event. The top panel is raw data
and the bottom panel is wavelet spectrum data.
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always present at any point on the surface of the
globe at any time. We show the typical signals
recorded under the circumstance without strong
wind and rain,i. e. fair weather, as shown in Fig. 5
(d) on 1 December, 2013 in Fig. 12. Clear
microbarom during the whole period was observed.
How to reduce these micrcobarom is an important
issue for infrasound research.

4. Conclusions

We report the preliminary results of
infrasound recorded at Ogasawara islands, showing
four typical cases to verify the data quality.
Although significant events as volcano, tsunami,
and storm could cause significant change, we partly
show the signals related to them. In addition, we
confirm the existence of microbarom in our
observation points, so that we verify the sensitivity
of our micro barometer.
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