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Objectives

Improve tsunami-TIDs detection 

Separate time/space ionospheric variability

Introduction

Introduction to tsunami-induced TIDs detection from the ionosphere

Methodology

Details of the VARION Algorithm

Differences between Medium Earth Orbit and Geostationary Orbits

Results

SAWs detected in the ionosphere – Aug 24, 2017 event

SAWs detected from real-time solutions - May 22, 2018 event

Detection of nighttime TIDs from real-time solutions - May 2018

Conclusions and Prospects

Outline
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Motivation for using geostationary (GEO) satellite to:

• Improve detection of tsunami-generated TIDs

• Separate spatial and temporal variability of ionospheric disturbances

Objectives

Advantages of using GEO Satellites:

• GNSS satellite geometry effect removed 

• Provides continuous TEC Time Series
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Introduction

Tsunamis produce TIDs

TIDs detectable with GNSS Satellites 
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Methodology
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Methodology
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Methodology
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Methodology

• VARION Algorithm for MEO satellites:

• VARION Algorithm for GEO satellites:
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Shock Acoustic Waves Detected 

in the Ionosphere

• Launch date: 24 August 2017, 11:51 a.m. PDT (daytime)

• Launch site: Vandenberg Air Force Base, California 

• Rocket: Falcon 9

• Trajectory of the Rocket almost Vertical

Results No. 1
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• GPS+GLONASS (MEOs)

• 731 GNSS stations

Falcon 9 produced SAWs detectable 

from MEO Satellites

Shock Acoustic Waves (SAWs)

West longitude in Degrees
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• WAAS (GEO). PRN: 135

• 29 GNSS stations
SAWs detected from GEO Satellite

Shock Acoustic Waves
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• WAAS (GEO). PRN: 138

• 29 GNSS stations
SAWs detected from GEO Satellite

Shock Acoustic Waves
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• WAAS (GEO). PRN: 133

• 29 GNSS stations
SAWs detected from GEO Satellite

Shock Acoustic Waves
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• WAAS (GEOs). PRN: 133, 135, 138

• 29 GNSS stations
Estimation Source Location

Computation TEC Gradients

Shock Acoustic Waves

West longitude in Degrees
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Estimation of Horizontal Phase Velocity using GEO Satellites

Shock Acoustic Waves
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Shock Acoustic Waves Detected 

in the Ionosphere from 

Real-Time Solutions

• Launch date: 22 May 2018, 12:47 p.m. PDT (daytime)

• Launch site: Vandenberg Air Force Base, California 

• Rocket: Falcon 9

• Trajectory of the Rocket almost Vertical

Results No. 2
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Real-Time VARION-GDGPS

• GPS+GLONASS 20 minutes IPP tracks

GLONASS

GPS

GPS

• Raw [TECU/s] and Filtered [TECU] Solutions
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Validation of Real-Time Solutions

1 Hour of Real-Time IPP tracks:

• TEC Perturbations localized in the South

Real-Time vs RINEX TEC Solutions:
• Correlation in Amplitude and Period

• Phase shifted (15 min time delay)
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Validation of Real-Time Solutions

Real-Time vs RINEX TEC Solutions:
• Correlation in Amplitude and Period

• Phase shifted (15 min time delay)

1 Hour of Real-Time IPP tracks:

• TEC Perturbations localized in the South
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Validation of Real-Time Solutions

Real-Time vs RINEX TEC Solutions:
• Correlation in Amplitude and Period

• Phase shifted (15 min time delay)

1 Hour of Real-Time IPP tracks:

• TEC Perturbations localized in the South
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• GPS+GLONASS

• 900 Stations

Post-Processed SolutionsReal-Time Solutions

• GPS+GLONASS

• 17 Stations

• TEC Perturbations Detected from Real-Time TEC Solutions

• Correlation in Time, Space and Amplitude

Validation of Real-Time Solutions

West longitude in Degrees West longitude in Degrees
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Nighttime Ionospheric Activity 

over Japan

1. Real-Time TEC Solutions

2. Post-Processed TEC Solutions

Results No. 3
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• Real-Time Solutions

• 1 GEO: C101

• 3 MEOs: GPS61, R743, E208

• 1 Station: TOKU

• 8 Days from May 1st 

Real-Time VARION-GDGPS

• Real-Time IPP Tracks

East longitude in Degrees
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• GEO Satellite: C101

• Station: TOKV

• Time: 9 days

• Real-Time

Wavelet Analysis

D

Nighttime TIDs 

detected from GEO 

Satellites
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• GEO Satellite: C101

• Station: TOKV

• Time: 2 days

• Real-Time

Wavelet Analysis

D

Nighttime TIDs 

detected from GEO 

Satellites
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• GEO Satellite: C101

• Station: TOKV

• Time: 2 days

• Real-Time

Wavelet Analysis

D

Nighttime TIDs 

detected from GEO 

Satellites

15th June 2018                               INGV Seminar, Rome, Italy                                                  26



READI Meeting at AGUDec 13, 2017

Multi-Constellations Comparison

• Real-Time Solutions

• GEOs: BDS

• MEOs: GPS, GLO, GAL

• 1 Station: TOKV

• 9 Days from May 2nd

Nighttime TIDs 

detected from four 

Constellations

Japan Standard Time [days]
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• Real-Time Solutions

• MEOs: GPS, GAL

• 1 Station: CHOF

• 9 Days from May 2nd

Multi-Constellations Comparison

Japan Standard Time [days]

Nighttime TIDs 

detected from all

Constellations
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Post-Processed TEC Solutions

• BDS GEO Satellites: C101, C103, C104

• Station: MIZU, RINEX file

• Time period: 5 Days

• Band-pass filter: 60-5 min 

TEC Solutions validated with 

RINEX files

Japan Standard Time [days]
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• GEO Satellite: C101

• Station: MIZU

• Time: 5 days

Wavelet Analysis

Nighttime TIDs 

detected from GEO 

Satellites (RINEX)
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• GEO Satellite: C103

• Station: MIZU

• Time: 5 days

Wavelet Analysis

Nighttime TIDs 

detected from GEO 

Satellites (RINEX)
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• GEO Satellite: C104

• Station: MIZU

• Time: 5 days

Wavelet Analysis

Nighttime TIDs 

detected from GEO 

Satellites (RINEX)
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sTEC Map of the Shock Acoustic Waves (SAWs)

• GPS+GLONASS (MEOs)

• 1298 GNSS stations in JAPAN

• Nighttime TIDs detected 

from MEO Satellites

• Southwest propagation 

direction of nighttime TIDs

East longitude in Degrees

L
a
ti
tu

d
e
 i
n
 D

e
g
re

e
s

15th June 2018                               INGV Seminar, Rome, Italy                                                  33



READI Meeting at AGUDec 13, 2017

Conclusions and Prospects

Conclusions

• Demonstrated ability to detect Shock Acoustic Waves (SAWs) using GEO 

Satellites

• Demonstrated possibility to estimate source location and horizontal 

phase velocity of SAWs using GEO Satellites

• Demonstrated ability to study nighttime TIDs using GEO Satellites

Future Work

• Study the source mechanism of nighttime TIDs over Japan

• Detect Tsunami-TIDs from the Ionosphere using GEO and MEO Satellites
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