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1. Introduction

1.1 Ionospheric disturbances after the volcanic eruptions 

TEC variation after Fukutoku Okanoba volcanic eruption 
on 13 August 2021

[Heki and 
Fujimoto, 
2022]

[Astafyeva, 2019]

The neutral atmospheric oscillation due to acoustic waves 
and gravity waves generates plasma density perturbations.



1. Introduction

1.2 Ionospheric disturbances after the Tonga volcanic eruption

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.

[Rajesh et al., 2022]

Purpose of this study

1. Traveling ionospheric 
disturbances (TIDs)

2. Equatorial plasma bubbles 
(EPBs)

3. Electron density hole 
around the volcano

[Astafyeva et al., 2022][Lin et al., 2022]

Tonga

https://en.wikipedia.org/wiki/File:Tonga_
Volcano_Eruption_2022-01-
15_0320Z_to_0610Z_Himawari-8_visible.gif



2. Observation data and analysis method

2.1 Observation data and model
Data/model Purpose Provider

GNSS-TEC Ionospheric electron density 
variations

ISEE/NICT

SuperDARN radar
(HOK, HKW)

Variation of ionospheric plasma flow ISEE

Himawari-8
(Thermal infrared data ：TIR)

Detection of surface air pressure 
waves in the troposphere

CEReS, Chiba-U

IGRF-13 Calculation of magnetically 
conjugate points

IAGA



2. Observation data and analysis method

2.2 Analysis method of Himawari-8 TIR grid data
〇Assuming 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. 

𝑻𝒂𝒗𝒈 𝒕 ൌ
𝑻𝒃𝒃 𝒕 ൅ 𝟏𝟎 ൅ 𝑻𝒃𝒃 𝒕 ൅ 𝑻𝒃𝒃 𝒕 െ 𝟏𝟎

𝟑

𝒅𝟑 𝒕 ൌ
𝑻𝒃𝒃 𝒕 െ 𝑻𝒂𝒗𝒈 𝒕

𝑻𝒂𝒗𝒈 𝒕

𝑻𝒃𝒃: Infrared temperature
𝒕: Time
𝑻𝒂𝒗𝒈:Running average
𝒅𝟑: Normalized deviation

Original data Normalized deviation 50x50 pixel smoothing

[Shinbori et al., 2022 ]



3. Results

3.1 TEC perturbation after the Tonga volcanic eruption

d3



3. Results

3.2 Magnetic conjugacy of TEC variations in both hemispheres

Left: TEC
variation

Color  Original
Gray  Southern 
hemisphere

Right: Flow
velocity and TEC
variations
Gray: dTEC
Color: Plasma 
flow

The wave structure is almost 
consistent in both hemisphere.

Southward plasma flow along the 
TEC waveform is observed.



3. Results

3.3 Relationship between TEC and plasma flow variations
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3. Results

3.3 Relationship between TEC and plasma flow variations
Northward plasma flow

Mapped plasma flow in 
the southern hemisphere

TEC perturbations in the 
southern hemisphere

Phase difference 
=10-12 min

100-110 m/s



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

𝜕𝑛
𝜕𝑡 ൅ ∇ · 𝑛𝒗ா ൌ 𝑃 െ 𝐿

n: electron density, vE: electric field drift velocity, P: production, L: loss

Plane wave perturbation of ne and v1

𝑛௘ଵ, 𝑣ଵ ∝ 𝑒𝑥𝑝ሼ𝑖 ω𝑡 െ 𝑘𝑥 ሽ
No production and loss

𝑃 ൌ 0, 𝐿 ൌ 0

𝑛௘ଵ ൌ െ
𝑖
𝜔 𝑣ଵ

𝜕𝑛௘
𝜕𝑧 cos 𝐼

Relationship between ne and v1 is written as follows

I: inclination of magnetic field lines 

In a case of an external origin (ex. E-region dynamo), there is a phase difference of 90o

between electron density and velocity perturbations.



4. Discussion

〇Input data
F10.7 : 115 (2022/01)
Velocity：100 m/s
Period：36 min
Location：32.4oS, 142.7oE

〇IRI model
TEC: 16.3 TECU
(Integration of electron 
density from 150 to 600 km)

There is a phase difference of 
7 min.

4.2 Simple ionospheric model calculation

𝑛௘ଵ ൌ െ
𝑖
𝜔 𝑣ଵ

𝜕𝑛௘
𝜕𝑧 cos 𝐼

I: inclination of magnetic field lines 



4. Discussion

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



5. Conclusions

1. Scientific aspect of a transition region 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.

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



5. Conclusions

SuperDARN radars also play an important role in 
understanding the coupling processes of lithosphere-
atmosphere-ionosphere associated with volcanic eruptions.

CVIDs

Volcano-triggered 
disturbances

CVID: Co-Volcanic 
Ionospheric Disturbances

Modification of Nishitani et al. [2019]



6. Awards and press releases

Our paper was selected as 
one of the highlighted papers 
in 2022 by EPS Editorial 
Board.
Highlighted papers: 10
All papers in 2022: 191
 About 5% of papers were 
awarded by Highlighted 
Papers 2022.



6. Awards and press releases
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https://www.preventionweb.net/news/shockwave-caused-tonga-
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United Nations Disaster risk reduction 
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Our story became the second 
most popular news!


