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Plasma bubbles effect is the 
signal scintillation up to 
complete loss of tracking 
the GPS signal сигнала 
(tracking) 

Seismo-ionospheric anomalies and radio waves 
propagation 



Seismo-ionospheric anomalies – 
unpredictable threats for the 
satellite navigation and 
communication	  

Solar flare – 8.3 min 
X-rays – few hours 
CMEs – 2-3 days 

GOES 

Nobody knows where and when the next 
earthquake will happen and seismo-ionospheric 
anomaly will form 



How	  look like the seismo-
ionospheric anomalies	  

Positive and negative 
deviations are possible 



In GPS TEC language for	  GPS receivers located 
inside of  the	  earthquake preparation zone	  

�  TEC*[Sigma]=(TEC-‐TECСР)/σ	  

�  dTEC=100·∙(TEC-‐TECСР)/TECСР	  

	  	  	  	  	   	  TEC, [TECu] – value of TEC for given time; 

 TECСР , [TECu] – running average value of TEC calculated for 15 previous values TEC for given time; 

  σ – standard deviation calculated for 15 previous values of TEC for given time. 



How it looks at GIM map	  

Region with considerable increase of TEC over the epicenter 24 h before the earthquake M6.7. 



How long it can exist	  



How large	  

R=100.43M km ~ 511 km 

Magnitude 3 4 5 6 7 8 9 
E a r t h q u a k e 
preparation zone 
radius ρ (km)	


19.5 52.5 141 380 1022 2754 7413 



Magnitude scaling	  



Wenchuan earthquake	  

The GIMs observed 
at 08:00UT and 
global fixed 15:00 
LT on day 3 before 
the 2008 Mw7.9 
Sichuan 
Earthquake. 
 
Liu et al., 2013 



Magnetic storm and earthquake	  

Virginia M5.8 earthquake 
23 August 2011 



More	  magne*c	  storms	  



Tohoku earthquake	   38.3 N 
142.4 E 



Equatorial anomaly reaction on 
the middle latitude earthquakes	  

Mammoth Lake seismic swarm, 
May 25-27, 1980, 4 shocks M>6 

37.5 N 
118.8 W 





Ionospheric potential variations	  

17	  

Pulinets and Davidenko, 2014 



Pure anomalous electric field effect	  
Ryu et al, JGR, 2014, accepted 



Ion	  concentra*on	  distribu*on	  before	  
Sumatra	  M8.7	  EQ	  of	  27	  March	  2005	  
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Plasma	  bubbles	  
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Vertical profiles modification	  
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        lat      hmF2    foF2      B2u       k2u

1.     8.4      375      12.4       75.8       0.02
2.     0.6      345      14.6       47.1       0.14
3.    -3.3      340      15.2       43.3       0.13
4.    -7.2      310      14.6       44.4       0.12
5.   -15.1     310      11.3       46.5       0.15

        lat      hmF2    foF2      B2u       k2u

1.     9.6      425      11.5      61.7       0.17
2.     1.8      345      14.2      47.5       0.12
3.    -2.2      325      13.5      40.6       0.12
4.  -10.0      295      11.4      44.6       0.13
5.  -14.0      290      10.8      48.4       0.11   



Scale Height variations	  

Mammoth Lake 
May 1980, USA 

Wenchuan 
May 2008, China 



Tohoku, 2011, tomography	  

Hattori et al., 2014 



Self	  similarity	  of	  earthquake	  precursors	  
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Formal	  determina*on	  of	  self	  similarity	  



Characteris*c	  paFerns	  of	  the	  ionospheric	  precursor	  	  
	  

EQ G1 EQ G2 EQ G3 EQ G4 

EQ G5 EQ G6 EQ G7 EQ G8 



Ionospheric precursor mask for Greece 
earthquakes with	  M≥6.0 
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Real time alarms for Greece	  



L’Aquila,	  6	  April	  2009	  
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CA: CTEC, CfoF2 

СTEC 

СfoF2 

M=6.3 



Harrison, 2002 

Few	  words	  on	  the	  physical	  
mechanism	  



Nuclear explosion 

Volcano eruption 
Sand storm 



Modeling	  

32	  
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Kuo	  et	  al.,	  JGR,	  2011	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Klimenko	  et	  al.,	  ASR,	  2011	  
3 most comprehensive ionospheric first principal ionospheric models (Huba, 
Namgaladze, Klimenko) show ionospheric anomalies are of electric field origin 



Conclusions 
Ø Seismically	  induced	  ionospheric	  variability	  is	  
unpredictable	  from	  the	  point	  of	  view	  of	  ionosphere	  
modeling	  

Ø Using	  the	  mask	  concep*on	  gives	  opportunity	  to	  
automa*cally	  iden*fy	  the	  regular	  component	  of	  the	  
ionospheric	  variability	  associated	  with	  seismic	  ac*vity	  

Ø Mul*parameter	  precursors	  monitoring	  and	  precursors	  
synergy	  permits	  using	  the	  temporal	  sequence	  of	  
precursors	  an*cipate	  ionospheric	  anomalies	  using	  
precursors	  apearing	  earlier	  




