
32nd URSI GASS, Montreal, 19-26 August 2017 

 
Ionospheric and Electrodynamical response to the 22-23 June 2015 major geomagnetic storm 

 
Elvira Astafyeva(1), Irina Zakharenkova(1), K. Watthanasangmechai(2), Patrick Alken(3), Pierdavide Coisson(1) 

 

(1) Institut de Physique du Globe de Paris (IPGP), 35 Rue Helene Brion, 75013 Paris, France; http://ipgp.fr 
(2) National Institute of Information and Communications Technology (NICT), Japan 

(3) University of Colorado, Boulder, USA 
 
 

Abstract  
 
In it known that the ionosphere has a decisive impact on propagation of radio signals, as high/steep density gradients can 
cause severe radio scintillations and losses-of-lock. Therefore, at the first step, it is important to survey the state of the 
ionosphere and to study its behavior under different conditions.  A new multi-instrumental era, with a large number of 
ground-based instruments installed, along with multiple satellite missions, aids to reveal new features of the global 
distribution of the ionosphere with unprecedented detail. 
 
Geomagnetic storms are the major source of considerable variations in ionospheric electron plasma density and/or in the 
ionospheric total electron content (TEC) in all latitudinal regions. Ionospheric response to geomagnetic storms is a very 
complex phenomenon and not well understood yet. It this work, we use a set of multiple instruments, both ground-based and 
space-borne, to analyze ionospheric and electrodynamical response to the June 2015 storm. The storm of 22-23 June 2015 is 
so far the second largest storm in the current solar cycle. It was initiated by a large CME that arrived at Earth at 18:34UT on 
22 June 2015. One of the main features of this storm is multiple large-amplitude fluctuations of the IMF Bz during the main 
and the recovery phases. Following such IMF Bz oscillations, the interplanetary electric field (IEF) Ey component, that is 
usually calculated from the MHD approximation as –Vsw*Bz (http://omniweb.gsfc.nasa.gov), varied between -15 and +20 
mV/m during this storm, which is comparable to super-storm values.  
 
We first analyze global storm-time redistribution of the ionospheric TEC, by using data from ground-based GNSS-receivers, 
and by including both GPS and GLONASS signals. We then compare these ground-based results with vertical TEC 
measurements from space-borne GPS receivers (e.g., Swarm constellation, TerraSar-X), to estimate the topside ionosphere 
contribution. In addition to that, we analyze variations of the equatorial electrojet (EEJ) signatures derived from the magnetic 
measurements onboard Swarm satellites in the 11LT and 13LT sectors. We compare the Swarm EEJ results with dH 
variations estimated from ground-based magnetometers in the Asian, African and American regions, as well as with the 
vertical drifts measurements by CNOFS and by ground-based ionosondes in Asian and American sectors.  
 
Our results show quite significant storm-time alterations in the ionospheric parameters, especially in the topside region. The 
EEJ showed quite high values, and changed polarity several times. We find that the storm-time penetration electric fields 
were the main driver of the observed ionospheric effects at the beginning of the main phase. At the end of the main phase, 
strong disturbance dynamo effects impacted. 
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