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Conclus io ns  and pros pect: 
     The SPECTRE project  has  dem on s trated  that  GPS data can  be used  
to  in fer  the electron  dens ity s tructu re of the ionosph ere both  for  
absolu te electron  con ten t  variat ions and  ionospheric p ertu rbat ions .
The com parison  of TEC es tim ates  with  JPL and  CODE products  
ind icates  a larger  dynam ic range fo r ou r es t im ates . Moreover, the 
h igh  rate of our p roducts  and  the p ossibility to  recover Slan t  TEC 
es tim ates  corrected  for  s tat ion  and  satellite biases  open  new 
scien tific app lications  of these data (ionospher ic seism ology, h igh  
frequency space weather). The 3D tom ograp hy of e lectron  den sity 
and  ionospheric pertu rbat ions  is  curren t ly under developm ent. 
Desp ite in tr ins ic lim itat ions  due to  the uneven  sam plin g of GPS rays, 
the actual code is  able to  invert  a fine 3D s t ructu re (10 000 m odel 
poin ts ) in  n ear  real t im e (less  than  30 s ).
The SPECTRE produ cts  can  be extended  to  other  areas  of dense GPS 
receivers  (Califo rn ia an d  Japan ) once th e p roblem s related  to  
com putat ion  t im e, m ass  m em ory and  data  avalaibility an d  quality 
(Crespon  et  al., subm it ted) will be solved . New scien t ific app lications 
are open ed  by such  h igh  rate ionosph eric sou ndin g: ionospheric 
seism ology (Ducic et  al. 2003;, Garcia et  a l., 2005) and  tsunam i 
detection  (Artru  et  al. 2004, Occh ip in ti et  al., subm it ted ).
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Abstract:
The SPECTRE service (Service and  Products  fo r Electron  Conten t  and  
TRoposphere refractivity over Europe from  GPS data) is  a resu lt  o f a 4  years  
join t  effort  ofIPGP research  ins t itu t ion  an d  Novelt is  Com pan y. The pos t -
p rocessed  GPS data, the final ion osph eric p roducts  an d  som e data  extraction  
tools  are  freely avalaible to  th e scien t ific com m u nity th rough  our web s ites  (
h ttp :/ / ganym ede.ipgp .juss ieu .fr / spectre  or  www.novelt is .fr / spectre) and  for  
non- scien tific ap p lication s , p lease con tact  Novelt is  com pan y. In  part icu lar , a 
specific tool has  been  developped  for  ext racting th e Ver t ical TEC values  
along the orbit  of DEMETER satellite.
An  evaluat ion  of the 2D prod ucts  database is  p resen ted  by com parison  with  
two hour sam pling JPL an d  CODE prod ucts . The m odel p aram etriz ation , the 
inversion  m eth od  and  th e reso lu t ion  of 3D ionospher ic tom ograp hy are 
p resen ted  and  d iscussed . Then , som e scien t ific app licat ions  takin g 
advan tage of the h igh  t im e resolu tion  of SPECTRE p roducts  are described . 
Som e exam p les  of ionospheric per tu rbat ions  associated  to  acou st ic and  
gravity waves created  by earthquakes  and  tsunam is  are p resen ted  and  
d iscussed . The extens ion  of the service above dense GPS networks  in  act ive 
seism ic regions  (m ain ly Japan  and  Californ ia) h as  been  experim ented , and  
the related  d ifficu lt ies  are p resen ted .

Ion osp heric Per tu rbat ion  above Californ ia 
associated  to the in frason ic waves created  by 
the seism ic su r face waves com ing from  the 

Denali ear thquake (great  circle cu t  and  3D grid ).
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(N- S cu t  and  isosurfaces).
3D tom ograp hy und er  d evelop m ent
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