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1. Introduction

1.1 lonospheric disturbances after the volcanic eruptions
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The neutral atmospheric oscillation due to acoustic waves
and gravity waves generates plasma density perturbations.




1.2 lonosphe
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We clarify the generation mechanism of magnetic
conjugacy of TIDs after the 2022 Tonga volcanic eruption
using GNSS-TEC, SuperDARN Hokkaido pair of radars, and
\Himawari-8 satellite observation data.
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2. Observation data and analysis method

2.1 Observation data and model

Data/model Purpose Provider

GNSS-TEC lonospheric electron density ISEE/NICT
variations

SuperDARN radar Variation of ionospheric plasma flow | ISEE

(HOK, HKW)

Himawari-8 Detection of surface air pressure CEReS, Chiba-U

(Thermal infrared data : TIR) | waves in the troposphere

IGRF-13 Calculation of magnetically IAGA
conjugate points




2. Observation data and analysis method
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2.2 Analysis method of Himawari-8 TIR grid data

OAssuming that cloud motion is much slower than the perturbation due to air pressure
waves triggered by the Tonga volcanic eruption, we derived the normalized derivation
of TIR according to the following equation.

Tpp: Infrared temperature

T (t) _ Tbb(t + 10) + Tbb(t) + Tbb(t — 10) t: Time
wa 3 T q,4:Running average
_ Thp(t) — Tavg () d.: Normalized deviation
d;(t) 3
Tavg(t)

[Shinbori et al., 2022 ]
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3.1 TEC perturbation after the Tonga volcanic eruption
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3. Results

3.2 Magnetic conjugacy of TEC variations in both hemispheres
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3. Results
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3. Results

3.3 Relationship between TEC and plasma flow variations
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4. Discussion

4.1 Physical meaning of a phase difference between the TEC and
plasma flow perturbations

Mass conservation equation describing the variation of electron density in the ionosphere

on
E+V-(nvE) =P —1L
n: electron density, vi: electric field drift velocity, P: production, L: loss
Plane wave perturbation of n_ and v, No production and loss
Ne1, vy X exp{i(wt — kx)} P=0,L=0

Relationship between n_ and v, is written as follows

an, |
N, = —=—1,; —— COS
el w ' 0z

I: inclination of magnetic field lines

In a case of an external origin (ex. E-region dynamo), there is a phase difference of 90°
between electron density and velocity perturbations.



4. Discussion

4.2 Simple ionospheric model calculation
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4. Discussion

4.3 Scenario of TEC and electric field perturbations in the
ionosphere triggered by the Tonga volcanic eruption

Magnetic field

Transmission of electric field

Plasma perturbation along the magnetic field lines
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5. Conclusions

1. Scientific aspect of a transition reqgion from the atmosphere to space

The generation mechanism of magnetic conjugacy of TIDs after the Tonga
volcanic eruption is a transmission of an external electric field to both
hemispheres along the magnetic field lines.

The external electric field is an E-region dynamo field driven by neutral
atmospheric oscillations in the sunlit region.

This generation mechanism is different from that of normal MSTIDs.

2. Disaster risk reduction

The propagation speed of electromagnetic fields that produce ionospheric
disturbances is much faster than that of tsunamis, sound, and seismic waves.

3

Tracking information on ionospheric disturbances will help us to predict
Tsunami before it arrives.



5. Conclusions
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The Tonga underwater volcano started erupting on Dec. 20, 2021, and grew very large and powerful nearly

{ four weeks later when it climaxed on Jan. 15, 2022 The Hunga Tonga-Hunga Ha'apai volcanic eruption
destroyed the island. A team of researchers at Japan's Nagoya University is using the data from the eruption to

track airwaves and tsunamis.

They believe that tracking shockwaves from the eruption that also caused disturbances in the ionosphere
could lead to speedier predictions of future giant waves and tsunamis.
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U sing data from the eruption of the underwater volcanc near Tonga in 2022 a research group at Nagoya

university in Japan has used disturbances in the Earth's upper atmesphera to track the airwaves that tuse

tsunami.




