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Ionospheric	
  total	
  electron	
  
content	
  (TEC)	
  derived	
  from	
  GPS	
  	
  
for	
  studying	
  ionospheric	
  space	
  
weather	
  effects	
  and	
  seismo-­‐
disturbance  

ionosphere 
TEC (total electron content)  

unit: TECu (1016 ele/m2) 
L1：1575.42 MHz (10.23 MHz*154 ) 
L2：1227.60 MHz (10.23 MHz*120)  
C/A code (1.023 MHz)  
P code (10.23 MHz) 

(xj ,yj, zj) So=[(xi-xj)2+(yi-yj)2+(zi-zj)2]1/2 
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Tsunamic-triggered wave in the Ionosphere

Liu	
  et	
  al.	
  2006	
  

2004	
  Sumatra	
  Earthquake	
  



15 December 2006 992.06 m/sec 

124.38 m/sec 
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How	
  about	
  the	
  Space	
  Weather	
  effect?	
  Can	
  we	
  dis2nguish	
  the	
  differences?	
  



Space	
  Weather	
  related	
  signals	
  
in	
  ionosphere:	
  solar	
  flare	
  



Seismic	
  related	
  signal	
  in	
  ionosphere	
  

Chi-­‐Chi	
  Earthquake	
  
Liu	
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2011	
  Tohoku	
  earthquake	
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  al.	
  2011	
  



2011	
  Tohoku	
  Earthquake	
  



Whole Atmospheric Disturbance Model 
(WADM) 

•  Time-dependent, three-dimensional, non-linear, non-hydrostatic, compressible,  
   neutral, numerical model  
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Simula2ons	
  of	
  tsunami	
  –	
  ionospheric	
  disturbances	
  



SimulaGon	
  of	
  the	
  2011	
  Tohoku	
  Tsunami	
  

Sea	
  Surface	
  Displacements	
  
Provided	
  by	
  Prof.	
  Wu	
  

Ionosphere	
  disturbances	
  



2011 Tohoku Earthquake Tsunami effect  
(neutral density @ 200 km) 



2011 Tohoku Earthquake Tsunami effect 
(Σelectron density) 



2011 Tohoku Earthquake Tsunami Effect 
Neutral Density  	
  



2011 Tohoku Earthquake Tsunami effect 



The	
  Earthquake	
  Related	
  Effect	
  



Summary:	
  
	
  
1.  Tsunami	
  triggered	
  ionospheric	
  electron	
  density	
  disturbances	
  has	
  longer	
  period	
  

compared	
  with	
  that	
  triggered	
  by	
  earthquake.	
  
2.  From	
  our	
  previous	
  space	
  weather	
  related	
  studies,	
  we	
  could	
  idenGfy	
  the	
  disturbances	
  

coming	
  from	
  Tsunami	
  or	
  space	
  weather	
  triggered	
  disturbances.	
  
3.  Numerical	
  simulaGon	
  could	
  be	
  done	
  by	
  specifying	
  the	
  tsunami	
  displacements	
  at	
  the	
  

lower	
  boundary.	
  
4.  For	
  the	
  simulaGon	
  of	
  2011	
  Tohoku	
  earthquake	
  triggered	
  tsunami,	
  the	
  neutral	
  and	
  

ionospheric	
  disturbances	
  propagaGng	
  in	
  North-­‐South	
  direcGon	
  travel	
  faster	
  than	
  
tsunami,	
  whereas	
  the	
  East-­‐West	
  direcGon	
  disturbances	
  travel	
  slower	
  than	
  tsunami.	
  

5.  Background	
  atmosphere	
  condiGons	
  as	
  well	
  as	
  Earth’s	
  magneGc	
  field	
  play	
  important	
  roles	
  
in	
  affecGng	
  the	
  propagaGon	
  characters	
  of	
  ionospheric	
  disturbances.	
  

	
  


