




a = 100.414M – 1.696 km   Dobrovolsky et al., 1989 
ρ = 100.43M km             Dobrovolsky et al., 1979  

l(M0) = exp(M0 – c) + 2ε    Keilis-Borok and Kossobokov, 1990   

ξ = 10 AE
1/2          Bowman et al., 1998            Toutain and Baubron, 1999   

Magnitude 3 4 5 6 7 8 9 

Earthquake 
preparation zone 
radius ρ (km)	



19.5 52.5 141 380 1022 2754 7413 



Genzano et al., 2006 





ρ = 100.43M km      Dobrovolsky et al., 1979  



Seasonal and solar cycle variations  
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where B2u characterizes the topside layer 
thickness and changes linearly with the height:  
B2u=B0+k⋅z,         z = h - hmax 
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UB= Median+ 1.5 UQR 

LB= Median -1.5 LQR 
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Here	
  is	
  demonstra-on	
  how	
  should	
  look	
  the	
  TEC	
  as	
  a	
  results	
  
of	
  geomagne-c	
  disturbance.	
  Red	
  line	
  –	
  ver-cal	
  TEC	
  
calculated	
  for	
  the	
  sta-on	
  cosa1,	
  blue	
  line	
  –	
  monthly	
  median.	
  
BoAom	
  panel	
  –	
  Dst	
  index	
  for	
  October	
  1999.	
  One	
  can	
  see	
  
one-­‐to-­‐one	
  correspondence	
  of	
  the	
  posi-ve	
  TEC	
  devia-ons	
  to	
  
the	
  geomagne-c	
  disturbances.	
  



The	
  authors	
  extend	
  -me	
  interval	
  to	
  4	
  
months	
  and	
  claim	
  that	
  other	
  periods	
  of	
  
increased	
  variab.	
  index	
  indicate	
  that	
  it	
  
coincides	
  with	
  increase	
  of	
  Kp	
  index	
  and	
  
other	
  indices	
  of	
  solar	
  and	
  geomagne-c	
  
ac-vity.	
  	
  

It	
  would	
  be	
  interes-ng	
  to	
  see	
  at	
  least	
  one	
  
calcula-on	
  of	
  any	
  correla-on	
  coefficient	
  
with	
  any	
  of	
  indices.	
  Otherwise	
  it	
  is	
  simple	
  
allega-on.	
  	
  

It	
  is	
  obvious	
  that	
  the	
  strongest	
  reac-on	
  of	
  
ionosphere	
  and	
  correspondent	
  variability	
  
should	
  coincide	
  with	
  the	
  strongest	
  
geomagne-c	
  storms.	
  Red	
  arrows	
  show	
  
geomagne-c	
  storms	
  start	
  and	
  we	
  do	
  not	
  
see	
  reac-on	
  both	
  at	
  upper	
  panel	
  (blue)	
  and	
  
lower	
  panel	
  (red)	
  



The	
  regional	
  variability	
  index	
  was	
  created	
  especially	
  to	
  diminish	
  effects	
  of	
  geomagne-c	
  ac-vity	
  
onto	
  ionosphere	
  and	
  to	
  underline	
  the	
  variability	
  connected	
  with	
  the	
  earthquake	
  prepara-on.	
  It	
  
is	
  based	
  on	
  the	
  fact	
  that	
  geomagne-c	
  ac-vity	
  has	
  global	
  character	
  while	
  the	
  seismo-­‐ionospheric	
  
variability	
  -­‐	
  the	
  local	
  character.	
  It	
  means	
  that	
  ionospheric	
  varia-ons	
  s-mulated	
  by	
  geomagne-c	
  
ac-vity	
  will	
  be	
  similar	
  at	
  all	
  sta-ons	
  while	
  seismo-­‐ionospheric	
  variability	
  will	
  be	
  stronger	
  at	
  
sta-ons	
  closest	
  to	
  the	
  posi-on	
  of	
  impending	
  epicenter.	
  That’s	
  why	
  the	
  spread	
  in	
  data	
  for	
  set	
  of	
  
sta-ons	
  situated	
  at	
  different	
  distances	
  from	
  epicenter	
  will	
  be	
  larger	
  than	
  during	
  geomagne-c	
  
disturbance.	
  The	
  most	
  bright	
  example	
  –	
  variability	
  index	
  before	
  Mega-­‐Sumatra	
  earthquake	
  on	
  26	
  
Dec	
  2004.	
  No	
  reac-on	
  on	
  geomagne-c	
  storm	
  –	
  strongest	
  in	
  the	
  year	
  and	
  increase	
  before	
  EQ. 	
  	
  



PDE    1999  09 26 161538     37.38 -117.10    9  4.5  MLBRK   ... .......   318 
PDE    1999  09 26 201122     37.37 -117.09    9  4.4  MLBRK   ... .......   316 
PDE    1999  10 16 094644.13  34.59 -116.27  0  7.1 MwHRV     ......     0 
PDE    1999  11 14 142009.41  34.84 -116.40   6  4.5 MLPAS   .F. .......    29 

We	
  analyzed	
  the	
  situa-on	
  to	
  find	
  
what	
  could	
  create	
  increase	
  of	
  
variability	
  index	
  within	
  the	
  
extended	
  -me	
  interval.	
  Usually	
  it	
  
considered	
  the	
  threshold	
  of	
  
ionosphere	
  sensi-vity	
  to	
  the	
  
seismic	
  events	
  with	
  M>5.	
  But	
  for	
  
such	
  magnitude	
  we	
  see	
  the	
  clear	
  
area	
  of	
  disturbed	
  variability.	
  The	
  
small-­‐scale	
  variability	
  (if	
  we	
  have	
  
sta-on	
  close	
  to	
  epicenter	
  could	
  be	
  
detected	
  for	
  lower	
  levels.	
  From	
  the	
  
USGS	
  catalog	
  we	
  selected	
  double	
  
M4.4-­‐4.5	
  event	
  on	
  26	
  of	
  
September,	
  main	
  event	
  on	
  16	
  
October	
  and	
  M4.5	
  event	
  on	
  14	
  
November,	
  and	
  result	
  is	
  presented	
  
in	
  the	
  next	
  slide.	
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