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On a Tsunami alert system by multiple-sites infrasound observation with making
low-cost sensors
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Infrasound is low frequency sound below 20 Hz. The infrasound, existing between the audible sound and atmospheric gravit
waves, is quite useful as a remote-sensing tool for geophysical events and strong explosions because it can propagate long-dist
as well as vertically in the atmosphere without strong attenuation, thus it has been used as one of the CTBTO nuclear test mol
itoring systems. Here is a proposal for Tsunami disaster reduction by making a quasi-real-time forecast of exact arrival time
and intensity of Tsunami by using multiple-sites infrasound observation. Infrasound can propagate at sound speed and Tsunal
propagation depends on depth of the sea, therefore, it means infrasound can arrive twice earlier than Tsunami for off-coa
earthquake cases in East and Southern Japan area. If we can use multiple infrasound observatories at several capes of Japa
southern seashore, for example, we can alert Tsunami warning at 30 minutes before or earlier than the real disaster in the hi
population city/town areas usually exist on closed-off section of a bay. By constructing a satellite-like self controlling system
with onboard warning logics, communication tools with data centers and each observatory, linking tools for local alert systems
collaboration with seismometer and GPS-TEC observation networks, we believe that a new Tsunami disaster prevention syste
can be realized.

At the time of the Great East-Japan earthquake and Tsunami disasters on March 11, 2011, infrasound generated by Tsuna
was clearly observed as about 20 Pa pressure waves with source direction information at multiple-sites of the CTBTO infrasoun
monitoring network, Isumi (1S30), Chiba, Japan, and other two sites (1S44, 1S45) in far east Russia (Arai et al., 2011). Usually
used infrasound sensors have a capability of sensing for 0.001 Pa range, therefore, the 20 Pa pressure is quite abnormal am
tude. Unfortunately, the 1S30 is only one permanent infrasound observatory existing in Japan. If we can construct infrasounc
observatory network with a separation of 100 km or less for each along the seashore, and process real time data reduction mait
for correlation calculation among multiple infrasound signals, a new quasi-real-time Tsunami forecast system can be realized i
low-cost comparing with the multiple GPS buoys on the sea surface. Infrasound Tsunami alert system has a great advantage
using by local city/town governments on demand owing to its low-cost feature.

For example, Kochi prefecture, one of the most dangerous regions for Tsunami disasters in Japan, is a good test field for infr
sound systems. Constructing of 3 infrasound observatories at 3 capes (Muroto and Ashizuri capes in Kochi, and Shionomisal
cape in Wakayama) enables us to initiate the proposed Tsunami disaster prevention system in a couple of years, if we ha
enough fund for that. Combining with the GPS buoys, the infrasound system becomes more powerful tools for Tsunami warn:
ing, because we can put an infrasound sensor also on the off-shore sea front. They are complimentary, vice-versa.

We have been studying on the infrasound characteristics and experienced for infrasound observation in Japan, Australia, a
Antarctica from 2004, by using many artificial and geophysical events: aerial fireworks, volcanic eruptions, sounding rocket
launches, the HAYABUSA reentry in 2010, and ice-quakes. A new optical non-contact sensor was also successfully develope
by our group in 2009, targeting mainly for low-cost distribution of the infrasound sensors in Japan. Software technique and
algorisms have been also developed in these years for experimental data reductions. With combining these useful items, on-s
experiences, and precious geophysical information derived by the 3.11 Tsunami, we propose the infrasound monitoring networ
in Japan, at a time to initiate.
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