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Anisotropy of traveling Ionospheric disturbances measured by TEC after the 2024
Noto-Peninsula earthquake
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Anisotropy of traveling Ionospheric disturbances measured by TEC after the 2024 Noto-Peninsula earthquake large earth-
quakes generate acoustic waves that propagate upward and disturb ionospheric plasma, detected as TEC variations from
GNSS. The Mw 7.5 Noto Peninsula earthquake occurred at 37.5° N, 137.2° E on 1 January 2024 at 07:10 UT, and TEC
disturbances were observed approximately 9 minutes later over the epicenter. At that time, two QZSS satellites (JO2, JO7)
and two GPS satellites (G08, G16) were located. In this study, we computed ionospheric TEC from GEONET data provided
by the Geospatial Information Authority of Japan (GSI) and analyzed coseismic TEC disturbances with a sampling rate of 30
s. Acoustic waves are expected to expand concentrically from the epicenter, producing concentric TEC perturbations. How-
ever, clear disturbances were observed southward for JO2 and G16 and northeastward for JO7, deviating from the expected
concentric pattern.

To investigate the origin of the observed anisotropy, we computed the propagation of acoustic waves generated by the
earthquake using a Hamiltonian ray-tracing method in spherical coordinates. Assuming the epicenter as the source, rays were
launched isotopically, and their trajectories were analyzed. The atmospheric sound speed structure was modeled with altitude
profiles of density and temperature derived from NRLMSISE-00. For each ray, the arrival time and propagation direction
(wave vector) were extracted at altitudes below 500 km. Electrons readily move along geomagnetic field lines but have little
mobility across them.

Thus, atmospheric perturbations induced by acoustic waves are more effective when the wave vector is aligned with the
geomagnetic field vector and less effective when perpendicular. To quantify this effect, we calculated |cos 6 |, where 0
is the angle between the geomagnetic field vector and the wave vector, and defined it as the geomagnetic propagation co-
efficient. The large values indicate high amplitude of the ionospheric disturbances, while the smaller values correspond to
low amplitude of those. The coefficient was higher south of the epicenter, suggesting that the disturbances mainly propagate
southward. However, the disturbances for JO7 mainly propagated eastward, which cannot be explained by geomagnetic ef-
fects alone, suggesting that apparent line-of-sight effects must also be considered.

Because TEC is an integrated density along the line of sight (hereafter observation vector), positive and negative perturba-
tions along the same path cancel each other. When the wave vector is nearly parallel to the observation vector, cancellation
reduces the apparent TEC disturbance. In contrast, when the two are perpendicular, the apparent disturbance is enhanced.
We quantified this effect by calculating sin @, where @ is the angle between the wave vector and the observation vector, and
defined it as the observation coefficient. The observation coefficients were small in the direction of each satellite’s observation
vector from the epicenter. For instance, since JO2 had a high elevation angle ("90° ), the coefficient shows a low value over
the epicenter. JO7 had an azimuth toward south-southwest, GO8 toward southwest, and G16 toward north-northeast, resulting
in low coefficients in those directions.

To incorporate both effects, we multiplied the geomagnetic propagation coefficient by the observation coefficient, defining
the product as the disturbance observation coefficient. This coefficient was highest southward for JO2 and G16, eastward for
JO7, and southeastward for GO8. Observed TEC disturbances were consistent with these coefficients: southward for JO2 and
G16, eastward for JO7, and southward for GO8. Disturbances were stronger in directions with higher disturbance observation
coefficients These findings indicate that the observed anisotropy of TEC disturbances results from the combined effects of
geomagnetic field alignment and observation geometry.
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