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WP-GITM Overview

2016 Fall AGU Meeting 2

[not to scale]
For Tsunamis For Earthquakes

Input II
Tsunami wave 
characteristics

Input I
solar wind conditions, 

solar irradiance, 
auroral particle 

precipitation

Input II
vertical velocity from 

seismometer data

Output
Ionospheric and 
thermospheric
disturbances 



Outline

• Model description

• Simulating earthquake-generated TEC perturbations for
– 2011 Tohoku-Oki event
– 2015 Illapel event

• Summary
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WP-GITM for Earthquakes
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Key Developments

1. Spherical acoustic-gravity waves from a point 
source

2. Source specification with seismometer data

Major Assumptions

1. Epicenter as a point source of spherical 
waves in the neutral atmosphere

2. Seismic-atmosphere coupling via surface 
vertical velocity



2011 Tohoku Event: Source Specification
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Epicenter

Station ERM

distance 
R = 3.75°

Vertical velocity 
at Epicenter

Amplitude 
multiplied by

[Sato et al., 2012]

Seismic wave amplitudes decay due to geometrical 
spreading, intrinsic absorption, and scattering 
attenuation. 

Uncertainty in Q-1: For S-waves between 0.01Hz and 
0.1Hz, Q-1 = 0.05 ~ 0.0005; For S-waves < 0.01Hz, 
unknown. [Sato et al., 2012]

We set fQ-1 = 0.005

Vertical velocity data at ERM

original

first 64 harmonics (< 0.1Hz)

Main shock

Courtesy of IRIS



Tohoku Event Simulation
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Simulated local region:
31°N – 47°N, 135°E – 151°E

Simulated time interval:
05:40 UT – 07:00 UT
11 March 2011

Spatial resolution:
0.02° horizontally
0.2 local scale height vertically (1 km – 10 km)

Temporal resolution: ~ 1 second

Input: vertical velocity at epicenter

Vertical neutral velocity perturbation [m/s] at 100km altitude

06:00UT 06:10UT



Tohoku Event: TEC Perturbations
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Comparison with GPS TEC data



2015 Illapel Event
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Epicenter

Station GO04
distance 
R = 1.59°

Vertical velocity data at GO04

original

first 60 harmonics (< 0.1Hz)

Input:
vertical 
velocity 

at epicenter

amplification 
factor

Simulated local region:
22°S – 34°S, 78°W – 66°W

Simulated time interval:
22:50 UT – 23:45 UT on 16 September 2015

Spatial resolution:
0.02° horizontally
0.2 local scale height vertically

Courtesy of IRIS



Illapel Event: TEC Perturbations
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Comparison with GPS TEC dataSimulated TEC perturbations [TECU]

06:10UT 06:20UT

06:30UT 06:40UT



Summary

• We have extended WP-GITM capabilities to model earthquake-induced 
traveling ionospheric perturbations. WP-GITM simulations can now be 
driven by seismic measurements.

• Modeling of the two large earthquake events show promising results: TEC 
perturbation magnitudes are found to be in agreement with GPS-derived 
TEC observations.

• Timing and phase of simulated TEC perturbations require further research.

• Future work:
– Improve vertical velocity representation at epicenter
– Extend modeling approach from the point source to an area source

2016 Fall AGU Meeting 10



Acknowledgement

• The facilities of IRIS Data Services, and specifically the IRIS Data 
Management Center, were used for access to waveforms, related 
metadata, and/or derived products used in this study. 

• Special thanks to Prof. Yue Deng at UT-Arlington and Prof. Aaron 
Ridley at University of Michigan for GITM support. 

• NASA Headquarters, the NASA ROSES 2015 Earth Surface and 
Interior (NRA NNH15ZDA001N-ESI) program. 

2016 Fall AGU Meeting 11


	Improved WP-GITM Simulations of Natural Hazard-Induced Atmospheric Disturbances
	WP-GITM Overview
	Outline
	WP-GITM for Earthquakes
	2011 Tohoku Event: Source Specification
	Tohoku Event Simulation
	Tohoku Event: TEC Perturbations
	2015 Illapel Event
	Illapel Event: TEC Perturbations
	Summary
	Acknowledgement

