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SUMMARY

Part I. Introduction : What we learned for ionosphere studies (large scale)
— a better knowledge of the sun and its disturbances
— the need for systemic study of the Sun Earth system using data from multiple
instruments (particularly GNSS) and models
— a better knowledge of the equatorial ionosphere in Africa

Part Il. Particularities of the Equatorial lonosphere

— Equatorial Fountain, Equatorial Electrojet EEJ

— Pre reversal enhancement of the zonal electric field and Plasma irregularities
— Necessity to connect high and low latitudes

Part lll. on PPEF and DDEF
— Impact of PPEF and DDEF on GPS and magnetic data
— Impact of PPEF and DDEF on PRE

Part IV. Conclusion
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We have to consider all the phases of the sunspot cycle and
not only the phases of the minimum and the maximum
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smallest sunpot cycle since the Space era



Coronal Mass Ejection -CME
High speed solar wind flowing from solar coronal hole

Criteria for selection of events
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UNIVERSAL PHYSICAL PROCESS : DYNAMO

Permanent Motions V Magnetic field B
dynamos
Sun Sun Sun : 2 components
Rotation and  Dipolar
convection Toroidal = sunspot
Solar wind Solar wind Interplanetary
Magnetosphere medium
-> Bi
Atmospheric Atmosphere Earth’s
wind -> Bt
lonosphere

Earth’s Dynamo  Metalliccore  Earth’s
inside the Earth -> Bt

During storm other non permanent dynamos are acting

Order of Magnitude

rotation speed : ~ 7280km/h
at the equator

Dipolar component : ~10 G
Toroidal component : ~3-5 kG

speed ~ [ 400km/s to 1000km/s]
Bi~qq 10 nT

speed ~ 100m/s
Bt~ qgq 10000 nT

Indirect measurements deduced
from the Earth’s planetary
magnetic field and the secular
variation

Velocity ~ qq km/year

Bt~ qq 10000 nT



4 PERMANENT DYNAMOS
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MAGNETIC STORM of St PATRICK’s DAY : MAPS of VTEC

Variations near the magnetic Equator due to a CME (~200 GPS stations)

Impact of a CME (solar event, on March 15 ~ 04.45 - 02.00UT)
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SUN EARTH CONNECTIONS

The Equatorial lonosphere
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PRE : Pre Reversal Enhancement
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Scintillations : a regular phenomenon

lonospheric scintillation is the rapid modification of radio waves caused by

small scale structures in the ionosphere
Physical Process : Instabilities in Plasma
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“lonospheric scintillation is primarily an
equatorial and high-latitude ionospheric
phenomenon, although it can (and does)
occur at lower intensity at all latitudes.
lonospheric scintillation generally peaks in
the sub-equatorial anomaly regions,
located on average ~15° either side of the
geomagnetic equator.”

assuming constant local time 23.00 at all longitudes

(from http://www.sws.bom.gov.au)




AURORAL and EQUATORIAL IONOSPHERE ARE STRONGLY CONNECTED

Field aligned current

Precipitation of particles

Auroral electrojets

Electric field

Auroral latitudes
Middle latitudes

b Equatorial latitudes



Coupling between high and low latitudes

* 1. Transmission of an electric field PPEF related to the
magnetospheric convection

[theory-Vasyliunas 1970,1972]

* 2.a Thermal expansion of the atmosphere due to Joule heating
in the auroral zone : changes in pressure, temperature, motions
and composition of the Atmosphere

[theory-Fuller-Rowell et al., 1994,1996]

e 2.b Transmission of a disturbance electric field dynamo DDEF,
by the disturbed atmospheric motions in the dynamo layer also
due to Joule heating in the auroral zone

[theory — Blanc and Richmond, 1980]



FIRST EVIDENCE OF PPEF - magnetic data
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COUPLING between HIGH and LOW LATITUDES
Storm winds and ionospheric disturbance dynamo
=> delay between the auroral and equatorial regions DDEF

Auroral electrojets

|

Joule heating most effective
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Gravity waves, HADLEY convection cell etc...

Review Fejer et al., 2016, Space Sci Rev
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Schematic Representation of the Modification
of Mean Thermospheric Circulation at Equinox
by Weak Auroral Activity

........... —
700 1
600 ;,»w\-,, (r"\"
500 J[ /) \W!!
s00 ff|  // i
\\ \.// \\\"/ /
400 | e/
300
200 |
100
ol o 4 — S P S S W N
S 80 6 40 0 0 40 6 80 N
Latitude (Oegrees)
Schematic Representation of the Modification
of Mean Thermospheric Circulation at Equinox
by Very Strong Auroral Activity
W —r—r—r——TrTrr—r—T—T—T—TTTTT
700 | B f
600 | [ \ S
\‘ \ |
500 | Y | || . ‘
" 4
100 ' vT ' “‘ ‘
| ] { | |
004 | f (| - v
oy b
200
‘ ‘
100 |
Y S S Y S S S S U VO T S ST S
S 8 60 0 0 0 0 60 8

Latitude (Degrees)




FIRST EVIDENCE OF DDEF
MODEL of Blanc and Richmond, JGR,85, 1669-1686, 1980

OBSERVATION Le Huy and Amory-Mazaudier, JGR 2005 Ddyn

| | Mazaudier and Venkateswaran, 1990
S F ™ | Regular wind Annales Geophysicae, 8, (7-8), 511-518
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Richmond and Matshushita, JGR, 1975 vol 80, N°19, 2839-2850 ) ,
Westward direction

Thermospheric response to a magnetic storm
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Solar event :
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Coronal Holes:

Shimeis et al., JIGR 2012

Sun
O -
A solar wind stream fiowing from the
indicated coronal hole should reach
Earth on April 6th or 7th. Credit:
SOHO Extreme UV Telescope
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April 2010

dashed lines : the quiet time variations
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At the beginning of the storm
-> Prompt penetration of the

magnetospheric electric field,
(Vasyliunas, 1970)

DP2 (Nishida, 1968)

Three hours after the beginning of the storm
-> jonospheric disturbance dynamo (Blanc
and Richmond, 1980) is acting at low
latitudesDdyn (Le Huy Minh and Amory-
Mazaudier, 2005, 2008)




Law of and Savart D,,,, = AH-Sz-DR

(DR ring current magnetic disturbance)

Regular variation Sy /Diono =DP, + Ddyn
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lllustration of the continuous wavelet transformation of PHU station (a), ASW
station (b) and SJG (c) . The vertical axis illustrates the period of the signal in
hours and the horizontal axis is the universal time in hours. It's clear that the
dominant frequency of the signal around the period of 22 hours in the time
interval from (45-125hrs) as it is clear from the color index_. . ...

Phu Thuy / Vietham -Asia

Fathy et al., 2014 - JGR




EFFECLPLDDEF on ROEINPEX Storm March 17, 2015
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EFFECT OF PPEF ON THE ROTI INDEX  Storm June 22, 2015
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Eastward electric field => moves up
Westward electric field => moves down

PRE : Pre Reversal Enhancement of Ey
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Model of Fejer et al.,(2008)

At the time of the PRE
PPEF is an eastward Ey
=> increases the PRE
DDEF is a westward Ey
=> decreases the PRE
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Explanation

Storm of June 22 2015 (Solstice) : The storm started at
18.33 UT , The station whose local time is the time of
the PRE is affected by the PPEF at the beginning of the
storm

=> increase of the scintillations

Storm of March 17 2015: the storm started at 04.45 UT,
at the time of the PRE (post sunset) the stations in Africa
are under the effect of the ionospheric disturbance
dynamo : DDEF

=> [nhibition of scintillation



Success of the International Cooperation between many institutions during
international projects UNBSSI [IEEY-IHY-ISWI ] continuing in the ISWI network

 More and more African scientists are participating in international symposia. In
this workshop there are researchers from 10 African countries: Algeria, Burkina
Faso, Ivory Coast, Egypt, Ethiopia, Kenya, Nigeria, Uganda, Rwanda, Sudan,
Zambia. There are more and more publications in excellent journals with as first
author a researcher from Africa.

* We have defined a new systemic approach of the Sun-Earth system and Space
Weather, including many different data sets and models, and train the new
generation of scientists, in many schools over the world.

* We have succeeded in training many scientists particularly in Africa. Now, in
Africa national or regional schools and workshops are organized by African
scientists.

* Curricula concerning the Sun Earth system and Space weather are now in many
Universities over the world.

* |In Africa, most instruments of different moderately priced instrument networks
are no longer operational: SCINDA [3 GPS receivers are still operational on ~12],
CALLISTO [2 on 8], MAGDAS [0 on 12] But all the expensive instruments placed
in observatories all work very well.

* =>necessity to develop space weather observatories
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