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lonospheric disturbances associated with volcanic eruptions observed by GPS-TEC an
HF Doppler sounding
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It is reported that ionospheric disturbances are caused by ground and atmospheric perturbations, e.g. earthquakes, tuna
typhoons and volcanic eruptions. Even though the volcanic eruptions excite the atmospheric waves, there are few observatiol
of ionospheric disturbances caused by volcanic eruptions. In this study, we have examined ionospheric disturbances associat
with volcanic eruptions using GPS-TEC and HF Doppler (HFD) Sounding. Since the ionosphere is a dispersive medium, UHF
radio waves, which is used in GPS system, are delayed. This Retardation is dependent on the frequency of the radio wa
and the total electron content (TEC) between satellites and receivers. For example, GPS system mainly uses L1 and L2 bar
From the difference of the delays between L1 and L2 band, therefore, TEC is determined. We analyzed TEC data observed |
GNSS Earth Observation Network (GEONET) which is maintained by Geospatial Information Authority of Japan and assumed
ionospheric pierce points (IPPs) are 300 km altitude. On the other hands, the ionosphere usually reflects HF radio waves. Tt
frequency of the radio waves shifts due to Doppler effect when the reflection height moves vertically. Observing the difference
of the frequencies between transmitted and received radio waves, the vertical motion of the ionosphere can be detected. V
also analyzed HF Doppler sounding which is operated by Center for Space Science and Radio Engineering, The University ¢
Electro-Communications (UEC). The receivers of HFD are located at Kashima (KSM) Kyoto (KYO), Oarai (ORI), Sugadaira
(SGD), Shimizu (SMZ) which receive the radio waves (5.006 MHz) transmitted from Chofu campus of UEC.

We detected ionospheric disturbances associated with Mt. Asama eruption at 11:02 UT on Sep., 1st, 2004, both in GPS-TE
and HF Doppler shift frequency. This eruption is categorized as the vulcanian eruption, which accompanies strong explosions
lonospheric disturbances were confirmed by HF Doppler shift frequency and GPS-TEC, about 9 minutes and about 12 minute
after the eruption, respectively. TEC perturbations showed N-shape variations, the same as TEC responses associated w
earthquakes. HF Doppler sounding showed especially 2 features, one is spiky short period variation in 9 10 minutes after th
eruption, and the other is long period variation in 10 “20 minutes. We examined HFD reflection height using ionosonde locatec
at Kokubuniji and calculated acoustic ray tracing. The calculation results show that the delay of the spiky variation is consisten
with the arrival time of the acoustic waves. We also analyzed spectral intensity of GPS-TEC and HF doppler sounding. Making
spectral intensity map of TEC disturbances by using multiple GPS satellites and receivers, TEC variations at the frequency ban
of 7 "12 mHz are shown at the south of the volcano. This is because the electrons move along the magnetic field lines an
the magnetic field is detected to north-downward in Japan. The spectral intensity calculated by HF doppler shift frequency ha
peak at 3 "5 mHz and 7 "16 mHz. 3 "5 mHz is due to acoustic resonance mode between the ground surface and the low
thermosphere as in variations of TEC associated with earthquakes, too. The perturbations around 7 “16 mHz are also observ
by GPS-TEC data, this caused that the pressure fluctuation excited by the explosion of the eruption directivity propagates to tt
upper ionosphere.
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