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Mechanism  of  formation  of  cluster  ions  in  the  lower  troposphere  
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Ion-‐molecular  reactions  
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Hydration  process  
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Droplets  formation  
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CN    Condensation  Nuclei  

CCN      Cloud  Condensation  Nuclei  

UCN    Utrafine  nuclei  of  condensation  

Precipitation  droplet  

Usually  3  cycles  of  the  droplet  formation  are  realized  
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Typical radon variations before earthquake 
Kobe, Japan 
1994-1995 Copala, Mexico 

Sept 1995 

Typical radon variations, Turkey 
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Do  large  aerosol-‐size  clusters  form  
before  earthquakes?  
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What  relation  all  this  has  to  the  ionosphere?  
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Ionospheric  potential  variations  
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Ion  concentration  distribution  before  
Sumatra  M8.7  EQ  of  27  March  2005  
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Plasma  bubbles  
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March  22  
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Locality  
Time  development  
Local  time  dependence  
Vertical  profile  modification  
Mean  ion  mass  changes  
Plasma  parameters  changes  (electron  and  ion  
temperatures,  plasma  instabilities,  etc.)  
Specific  EM  emissions  
Particle  precipitation  
Conjugancy  and  deep  role;  of  the  equatorial  anomaly  
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permitting  to  separate  them  from  other  kinds  of  
ionospheric  variability    
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Different  temporal  evolution  
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Chung  Li    ionosonde,  Taiwan  



Locality  
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Scale  height  effect  in  vertical  profiles  
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Mean  ion  mass  effect  
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Irpinia  earthquake  M6.9  23  Nov  1980  
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Modeling  
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Formal  anomaly  determination  

22  

 

Upper Quartile 

Median 

Lower Quartile 

Upper Quartile Range 

Lower Quartile Range 

UB= Median+ 1.5 U Q R 

L B= M edian -1.5 L Q R 

Observed Value 



Space Weather and Ionospheric Exploration with GNSS, ICTP, Trieste, April, 2012 

Statistics  
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Liu  et  al.  (AG  2004)  



 

Main  result  of  DEMETER  satellite  
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EQ data 

Random data 

5742  EQ  
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Haiti  earthquake  M7.9  Jan  12,  2010  
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Tohoku  M9  earthquake  March,  11,  2011  
complex  geophysical  conditions  
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EQ  effect  separation  from  F10.7  and  
magnetic  storm  effects  
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Detection  1  
Precursor  mask  conception  
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Mask  for  GPS  TEC  precursors  at  Taiwan  
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Cross-‐correlation  coefficient  
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Examples  of  Cross-‐correlation  
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Local Variability Index  
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Regional  TEC  
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Tohoku  earthquake  
M9,  11  Mar  2011  

Van  earthquake  
M7.2,  23  Oct  2011  



Sometimes  Global  TEC  does  not  work  
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Ionospheric effects are part of complex LAIC 
conception 

Faults  activation     permeability  changes  
Gas  discharges  including  radon  

  emanation  

Air  ionization  by   -particles     
product  of  radon  decay  

Ions  hydration   formation  
of  aerosol  size  particles  Humidity  drop  

Latent  heat  release  

Air  temperature  growth  

Air  conductivity  change  

Atmospheric  electric  
field  growth  

Electric  field  effects    
within  the  ionosphere  Earthquake  clouds  formation  

Convective  ions  uplift,  charge    
separation,  drift  in  anomalous  EF  

OLR  anomalies  

Air  pressure  drop  

Jet-streams  

Field-aligned  irregularities  
  in  magnetosphere  

  VLF  noises  trapping,    
cyclotron  interaction  
Particle  precipitation  
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Two  main  branches  of  the  LAIC  model  
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The  synergy  of  earthquake  precursors  
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(Left) Day  time OLR anomalous map for March 11 @7.30 LT, 
2011 over Japan. (Middle) GPS/TEC Tomography March 11, 

(Right) Observed and predicted GPS displacements (GPS by the 
Caltech-JPL ARIA group} 

GPS  Displacement    Thermal  map  at  TOA  (-‐6  hours)   TEC  Tomography  (-‐5  hours)  

(Caltech/JPLARIA group)  (Kunitzyn et al, 2011)  (Ouzounov et al, 2011)  
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Ionospheric  pre-‐earthquake  effects  are  real,  confident  and  
physically  grounded  
GNSS  can  be  powerful  instrument  for  the  global  detection  
of  ionospheric  precursors  
More  ionospheric  parameters  are  necessary  for  reliable  
identification  of  ionospheric  precursors  
Ionospheric  effects  are  part  of  more  complex  system  of  
the  Lithosphere-‐Atmosphere-‐Ionosphere  Coupling  
The  modern  state  of  GPS  TEC  technology  is  able  to  provide  
the  real  time  global  monitoring  of  ionospheric  precursors  

40  

Conclusions  
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Regardless  very  dense  network  of  GPS  receivers,  they  
undergo  the  same  limitations  as  ionosondes     land,  what  
makes  problematic  the  detection  of  marine  earthquakes  
GIM  global  maps  could  be  alternative  but  they  have  sparse  
spatial  and  temporal  resolution,  and  strongly  depend  on  the  
GPS  receivers  density  on  the  given  territory  
New,  more  sophisticated  techniques  should  be  developed  for  
the  reliable  detection  of  ionospheric  precursors  on  the  strong  
ionospheric  variability  background  
Topside  sounding  maybe  good  addition  for  the  ocean  gap  
filling  and  providing  the  additional  ionospheric  parameters  
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Conclusions  2  
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Equatorial  anomaly  variability  as  a  
function  of  the  local  time  and  the  
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Equatorial  anomaly  global  distribution  for  July  
1979,  14:30  LT  by  Intercosmos-‐19  topside  

sounding  data  
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The  paper  of  J.  Love  et  al.  is  and  attempt  to  re-‐
analyze  the  GPS  TEC  data  for  period  around  the  
Hector  Mine  earthquake  and  to  prove  that  
results  presented  in  the  paper   S. A. Pulinets, A. N. 
Kotsarenko, L. Ciraolo, I. A. Pulinets, Special case of 
ionospheric day-to-day variability associated with earthquake 
preparation, Adv. Space Res., 39 (5), 970-977, 2007 are  not  
correct.  As  a  first  approach  they  try  to  repeat  
our  calculations  and  obtain  the  same  results  
  
Very  good  correspondence,  even  their  index  
looks  better.  
  
Questions:    
1.  Why  authors  average  the  Dst  index?  It  is  
absolutely  incorrect  because  the  strength  of  
geomagnetic  storm  (and  corresponding  
ionosphere  reaction)  are  determined  by  the  
maximum  value  of  Dst  which  for  this  storm  was  
-‐237  nTl     very  strong  storm  (by  averaging  
authors  obtained  -‐120     two  times  less)  
2.  Top  panel  of  the  bottom  figure  (blue  line)  if  it  
is  really  TEC  as  it  is  written  is  absolutely  
incorrect.  TEC  SHOULD  show  reaction  on  
geomagnetic  storm  on  22  October.  
  



Here  is  demonstration  how  should  look  the  TEC  as  a  results  of  geomagnetic  
disturbance.  Red  line     vertical  TEC  calculated  for  the  station  cosa1,  blue  line     
monthly  median.  Bottom  panel     Dst  index  for  October  1999.  One  can  see  
one-‐to-‐one  correspondence  of  the  positive  TEC  deviations  to  the  
geomagnetic  disturbances.  



The  authors  extend  time  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  geomagnetic  
activity.    
  
It  would  be  interesting  to  see  at  least  one  
calculation  of  any  correlation  coefficient  
with  any  of  indices.  Otherwise  it  is  simple  
allegation.    
  
It  is  obvious  that  the  strongest  reaction  
of  ionosphere  and  correspondent  
variability  should  coincide  with  the  
strongest  geomagnetic  storms.  Red  
arrows  show  geomagnetic  storms  start  
and  we  do  not  see  reaction  both  at  upper  
panel  (blue)  and  lower  panel  (red)  
  

Variability  index  does  not  react  on  geomagnetic  storms  

Storm  1  no  reaction  
Storm  2  ionospheric  
disturbance  BEFORE  the  storm  
starts  
Storm  3     strongest  storm  for  
the  whole  period  of  4  months     
no  reaction  
So  where  authors  see  
correspondence  to  
geomagnetic  actitvity?  

storm1   storm2   storm3  



The  regional  variability  index  was  created  especially  to  diminish  effects  of  geomagnetic  
activity  onto  ionosphere  and  to  underline  the  variability  connected  with  the  earthquake  
preparation.  It  is  based  on  the  fact  that  geomagnetic  activity  has  global  character  while  the  
seismo-‐ionospheric  variability  -‐  the  local  character.  It  means  that  ionospheric  variations  
stimulated  by  geomagnetic  activity  will  be  similar  at  all  stations  while  seismo-‐ionospheric  

why  the  spread  in  data  for  set  of  stations  situated  at  different  distances  from  epicenter  will  
be  larger  than  during  geomagnetic  disturbance.  The  most  bright  example     variability  index  
before  Mega-‐Sumatra  earthquake  on  26  Dec  2004.  No  reaction  on  geomagnetic  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  situation  to  find  
what  could  create  increase  of  
variability  index  within  the  
extended  time  interval.  Usually  it  
considered  the  threshold  of  
ionosphere  sensitivity  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  
station  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.    

M4.5  
M4.4  

M7.1  
M4.5  



One  can  clearly  see  that  observed  variability  
perfectly  fits  to  our  theory.  

M4.5  
M4.4  
26.09  

M4.5  
14.11  

M7.1  
16.10  




