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Topside ionospheric response to 
geomagnetic storms: 

 multi-instrumental observations 
 



Topside ionosphere response 
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Satellite 
Missions 

GRACE: 2002- 
~460km 

TOPEX/Jason-1,2,3: 1992- 
VTEC below 1336 km 

DMSP: 1962- 
~850 km 

SWARM A,B,C: 2013- 
~460 & ~520 km 

CHAMP: 2000-2010 
~425… 300 km 

DEMETER: 2004 -2010 
~710 km  

C/NOFS: 2008-2015 
 405÷803 km 

COSMIC/F3: 2006- 

IDM, (P)LP, acc, magnetometers, imagers  etc… 

GUVI: >2001 
~612 km 
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 VTEC 

Space-borne GPS-only 

TerraSar-X - ~515km  
 

MetOpA,B ~817km  

GPS 
20200km 

GPS 

GOCE: ~250 km 



1. Geomagnetic storm 22-23 June 2015 

SSC 
18:30UT 



Instruments: Swarm constellation 
A & C – at ~460 km 
 
B – at ~530 km 

 ~11LT & ~23LT 
 

 ~13LT & ~01LT 
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Parameters: 
VTEC 
Ne 
EEF/EEJ A  - Alpha, B - Bravo, C- Charlie 
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Swarm A & B 

~11LT 

SWA, >460 km 

SWB, >520 km 

~23LT 

~13LT ~01LT 

18      19      20      21      22      23      24      01      02     03  



Astafyeva et al. (EPS, 2016, Submitted & Revised) 
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VTEC VTEC Ne Ne Swarm A 

Summer  
Hemisphere 
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VTEC VTEC Ne Ne Swarm B 



PPEF? 
DD? 

IEF Ey = - IMF Bz * Vsw 
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SWARM A 
EEJ 

VTEC EEJ Ne 

eastward 

westward 

IEF Ey > 0 

IEF Ey < 0 

IEF Ey < 0 
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SWARM B 
EEJ 

EEJ VTEC Ne 

eastward 

westward 

IEF Ey > 0 

IEF Ey < 0 

IEF Ey < 0 



Neutral mass density - SWC 
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Thank you! 
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EEJ from magnetic observations 

Courtesy of P. Alken (Univ. Of Colorado) 

Dayside only! 

Scalar magnetic observations – Main– Crustal- Magnetospheric - Sq-sherical 
harmonics model  Scalar residual = EEJ (magnetic signal) 
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2. Storm of 11 October 2008 

Astafyeva et al. (JGR, Accepted) 
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8 Instruments: 
 
GRACE (VTEC, Ne) 
CHAMP (Ne) 
Jason-1 (VTEC below 1336 km) 

   ALL 
13-14LT  
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GRACE 
Ne*106 
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VTEC 
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