
Laboratoire de Physique des Plasmas

SIGNATURES OF SOLAR EVENT AT MIDDLE AND LOW
LATITUDES IN THE EUROPE-AFRICAN SECTOR, DURING
GEOMAGNETIC STORMS, OCTOBER 2013.

Ilyasse Azzouzi, Y. Migoya-Orué, C. Amory-Mazaudier, R. Fleury, S.M. Radicella, A.Touzani
LPP 
UM5A Morocco/UPMC France
Contact: Ilyasse AZZOUZI, +33-1-44-27-92-73, ilyasse.azzouzi@lpp.polytechnique.fr

3 March 2015

https://webmail-lpp.polytechnique.fr/src/compose.php?send_to=ilyasse.azzouzi@lpp.polytechnique.fr


OUTLINE

Introduction

GNSS & Magnetometers Data
Methods (Processing) 

Results

Conclusion

Discussion

2



3

GPS Stations Geographic and Geomagnetic coordinates

•ISWI dual GPS 
frequency's stations
•ISWI Magnetometers
(AMBER)

GPS stations First 
Treatment ROTI

MBO

TAM

CNKY

CRMN



ROTI Index
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ROTI (tecu/min): Rate of change
Of TEC Index

ROTI is computed each 30s by
using phase measurements

It is a proxy of scintillation index

Scintillations disturb GPS signal
(Pi et al., 1997)
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ROTI and Kp indices October 2013
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No data
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Geographic 
Latitude

Disappearance of scintillations only on October 14
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ROTI Green /  Kp : geomagnetic activity -red



Maps of ROTI Index over the 
observing stations 

 Maps of Tracks of GNSS satellite with Pseudorandom noise 
(PRN) codes and scintillation timing.

 Scintillation (ROTI>1.5tecu/min) are provided for each 
track (read color). 6



The solar wind parameters and geomagnetic indices 
October 2013
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CME passing near the Earth 

01.55UT 20.20UT 08.00UT



Variations of virtual height h’ of the F2 layer during October 
2013, between 15h and 24h, every 15 min at 4 MHz.
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CME with SSC on October 2 at 01.55UT CME with SSC on October 8 at 20.22 UT

High speed solar wind on October 14 at 08.00UT CME passing near the Earth 

Ionosonde “Ascension Station” Geographic Coordinates (14.5 W, 7.95 S)

Atmospheric and
Ionspheric layers



PC and AE indices and H component of the Earth’s 
magnetic field  along a latitudinal magnetic chain
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Prompt Penetration of Electric Field 
effect (PPEF) 
The disturbance is simultaneously
observed at all latitudes at the 
beginning of the storm.

Disturbance Dynamo Electric Field
Effect (DDEF)
The disturbance is observed 
several hour after the beginning of 
the storm at low latitudes 

+56.71 

+46.08 

+15.14 

+4.92 

-4.52 

-9.64 

Geomagnetic
Latitude



Equatorial Ionosphere during magnetic quiet time (post Sunset)

PRE : Pre reversal enhancement
Intense uplift of the eastward electric field +Height increase in the equatorial ionosphere
Growth rate of the Rayleigh Taylor instability => Irregularities in plasma

Plasma Bubble (Kelley 2009)

depletion of electronic density 
Gradient of electronic density 
=> Spread F, Scintillations

DDEF (Ddyn)
Disturbance Dynamo Electric Field 
associated to the high speed solar 
wind               westward electric field 

during October 14th 2013

no uplift of the F2 layer

inhibition of scintillation over 
whole Africa

Scintillations Phase 
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Conclusion

• The inhibition of scintillations over Africa only on
October 14 is due to DDEF (Disturbance Dynamo
electric field associated to the high speed solar wind ).

• This process creates a westward electric field opposite
to the regular eastward electric field at the origin of the
lift up of the F layer and at the origin of scintillations.

Perspective
• A statistical study of correlation between inhibitions of

scintillations (no uplift of the F2 layer) and solar event
(high speed solar wind stream and Coronal Holes) .

11



Thank you for your attention 
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