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1. Volcanic infrasound propagating in the upper atmosphere

Volcanic eruptions excite various oscillations depending on various factors. Very low frequency infrasound (-5 mHz) can reach
the upper atmosphere and are often observed as ionospheric fluctuations. We can see three types of ionospheric disturbances
cited by volcanic eruptions: (1) acoustic trap mode (e.g. Dautermann et al., 2009ab GJI/JGR; Nakashima et al., 2016 EPSL
(2) atmospheric internal gravity wave (e.g. Ogawa et al., 1982 JATP; Robert et al., 1982,JGR; Igarashi et al., 1994 JATP) an
(3) traveling acoustic waves come from volcanic explosion (e.g. Heki 2006 GRL). The third one is important to improve our
knowledge of acoustic energy by volcanic explosions because we cannot detect infrasound propagating upward by baromete
deployed on the ground.

We found ionospheric disturbances made by the Kuchinoerabujima volcano eruption on 29 May, 2015, using the GNSS-TEC
method. This case is similar to the 2004 Asamayama volcano explosion (Heki, 2006), and we tried to estimate the energy of th
acoustic wave. In this presentation, we will compare TEC perturbations and surface pressure changes.

2. Observations and analyses

We use 1 Hz-sampled GEONET data (GPS/GLONASS) from stations in Southwest Japan. Conversion from slant-TEC tc
vertical-TEC was done using the minimum scalloping (Rideout & Coster, 2006 GPS Solut).

In order to evaluate acoustic energy in the ionosphere, we need to know the wave front geometry precisely from the follow-
ing two viewpoints. At first, we should account for coupling between acoustic wave and ionospheric electron movements tha
strongly depends on geomagnetic field. This is important to convert from TEC perturbation to pressure changes in the neutrz
atmosphere. Secondly, we have to integrate the energy density along the wave front to estimate the acoustic energy (Johns
2003, JVGR; Dautermann et al., 2009a). This is why we want to know the wave front geometry in the ionosphere.

We used apparent velocities calculated from cross correlation function of the TEC disturbances to infer the wave front geom
etry. Previous studies discussed wave fronts calculated by ray-tracing (e.g. Heki 2006; Dautermann et al., 2009a; Rolland et a
2013 GRL). However, ray tracing may be inappropriate to such a case because it assumes very short wave length compared w
the scale height. Accordingly, we estimated the incident angles from the apparent wave velocities assuming that the ionosphe
is a thin layer located at 300 km above the surface (thin-layer model).

3. Wavefront geometry and acoustic energy

We derived incident angles, and they were similar to those we obtained by ray tracing. In addition, we found that the inci-
dent angles inferred in this way had significant dependence on azimuths. We need to find out whether it is real or an apparel
phenomenon caused by stations-satellites-wave geometry. We are now trying to estimate the energy, but it varies around tl
estimated value for the 2004 Asama volcano cas&’ (18 eki, 2006). We will consider the effect of wind or the geometries. We
will compare the TEC and barometer records to estimated comprehensive energy in this presentation.
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