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Summary

Sociology of science: results

— Deployment of tools -> observatories

(http://www.iswi-secretariat.org -> Achievements presented at Quito
meeting)

* Scientific Results
 IHY : New approach

— Geophysics to Heliophysics
e ISWI : strong connections with society

— Politics and medias




NOT FREE ON THE WEB Recommendations made at Quito during
the ISWI meeting in 2012

~ 50 stations in South Africa
~ 15 stations in Morocco

~ 9 stations in Burkina Faso
~ 9 stations in Egypt

~ 15 SCINDA stations

etc...

IGS
http://sopac.ucsd.edu
http://cddis.gsfc.nasa.gov
http://igs.ensg.ign.fr

NOAA et UNAVCO
http://www.ngs.noaa.gov/CORS
http://www.unvaco.org

GPS available on the web, in red since 2011




SCHOOLS

http://www.iswi-secretariat.org

First school in Africa / Abidjan 1995
IEEY Project

o France 2011, France 2012, probably France 2013

PhD students using GPS data (few students : 5 and 2 professors
during 5 days)

Schools are organized
by IRGGEA since 1992
by SCINDA since 2006
by MAGDAS since 2010
by IHY and ISWI since 2007
by African countries since 2008

International Equatorial Electrojet Year — IEEY / Brazil 1992



IRGGEA . 17 years : 1990-2006 : 48 papers + 10 PhD
Newsletters since 1992 6 years : 2007-2012 : 51 papers + 11 PhD

www.girgea.org

PHD and Papers IHY -ISWI

Red: PhD 13

Blue : Papers

Special issue

10 Annales geophysicae

B

Special issue
JASTP

90 91 92 93 94 95 96 97 93 99 00 0L 02 03 O04 05 06 07 08 09 10 11 12
Years from1990t0 2012

More results if we add other African countries
South-Africa/Rwanda, Nigeria, Kenya ...



Summary

— Training -> schools -> organization of Masters
— Teams of Research -> position for students

 IHY : New approach

— Geophysics to Heliophysics
e ISWI : strong connections with society

— Politics and medias



Longitudinal Asymmetry of the Equatorial Electrojet

Figure 2: (a) Mean longitude
variation of the EEJ noontime
peak current density from
CHAMP satellite observations
(red curve), from
ground-based IEEY data

(blue curve) and the mean
annual value of the peak
current density (red thick dots)
at Huancayo, Addis Ababa,

| Sikasso Tirunelveli and Baclieu
in 2002. The error bars of

the IEEY profile correspond

to the standard deviations.

b (b) Average daily variation

of EEJ peak current density

at 3 magnetic observatories
Huancayo, Addis Ababa and
Baclieu for the year 2002.

The error bars correspond

to the standard deviations.




Statistical study of The F2 Layer using the classification
of Legrand and Simon

Winter/Sunspot maximum

foF2 (MHz)

0 T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

Local Time (Hours)

foF2 Quiet — — foF2 Shock — — foF2 Fluctuating foF2 Recurrent

Ouattara and Amory-Mazaudier to appear in SWSC, 2012



Classification of Legrand and Simon is based on the Aa indices, SSC, Solar events and the empirical
relation between solar wind and geomagnetic indices given by L. Svalgaard (1977) Annales Geophysicae,
1989

Aa > 40 nT

Aa < 20 nT Recurrent activity Aa > 40 nT 20nT<Aa<40nT
Quiet magnetic activity High speed solar wind Shock activity /SSC Fuctuating activity
streams CME

from coronal holes

All the other
cases are ~ 40%
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Improving of the classification of Legrand and Simon using Aa indices, SSC,
Solar events and empirical relation between solar wind and geomagnetic indices
By J-L. ZERBO et al. (Annales Geophysicae 2012)

Aa > 20 nT

Recurrent activity
High speed solar wind
streams
from coronal holes

Aa > 20 nT
Shock activity /SSC
CME

Aa <20 nT

Quiet magnetic activity

All the other
cases are
classified in the
fluctuating
activity ~ 20%

Recurrent Activity

Shock Activity Cloud Shock Activity Quiet Activity
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Solar wind (km/s)

Zerbo et al., invited paper
Journal of Advanced Researc
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Zerbo et al., Journal of Advanced Research 2012




SOLAR CYCLE VARIATIONS

AT PHU THUY/ VIETNAM

Pham et al., 2011a

Correlation for solar cycle 20,

21,22 (99%)
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LONG TERM VARIATIONS
AT Phuy Thuy/ Vietnam
PHAM et al., 2011a

The long term variations are
computed by using the
linear regression :

Xth=a.R+b (1a)
R: the sunspot number

AXi = Xi - Xth (1b)
Xi: critical frequencies
observes

> foF2 increases with a rate of
0,025 MHz/year

> foF1 increases with a rate of
0,009 MHz/year

» foE increased from 1962 to 1984
with a rate of 0,024 MHz/ year
and then decreased with a rate of
-0,013 MHz/year

Delta foF1 (MHz) Delta foF2 (MHz)

Delta foE (MHz)

a=0.025MHz/year

a=0.009 MHz/year

al=0.0024MHz/year




EQUINOXIAL ASYMMETRY AT PHU THUY VIETNAM
Pham et al., 20011a -Annales Geophysicae
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Equinoxial asymmetry along a latitudinal chain of GPS in the East Asian sector.

Year 2010 increasing phase of solar cycle

autumnal Equinox > vernal equinox

Le Huy et al., submitted to Annales Geophysicae, 2012 GPS from IHY



2012

T L L T T

2011

T L L T T L

2010

T I T T T T

2009

T I 17 T T T

2008

2007

- T 1T T T

|
@)
)
(8
Q
(7))
c
=
V)
<
s
(7))
(C
Ll
(J)
A=
e
=
O
Ll
-
(J)
A=
e
G
o
(7))
c
ks
e
©
-
©
>
©
=
c
c
©
©
c
(T
9
(S
S~
(@)
—
h
@)
(V)

(No3L) o3aL

2 46 810122 4 6 810122 4 6 810122 4 6 810122 4 6 810122 4 6 8 1012

0

Month - 2007 Month - 2008 Month - 2009 Month - 2010 Month - 2011

Month - 2006

Le Huy et al., submitted to Annales Geophysicae



Mene et al., Annales Geophysiace, 2011

Cote d’lvoire -> PhD in 2013
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The Ionospheric Disturbance Dynamo
Blanc and Richmond, JGR 1980

Mazaudier and Venkateswaran
Regular wind Annales Geophysicae, 1990

Storm wind 3

Richmond and Matshushita, JGR, 1975
Thermospheric response to a magnetic storm



Magnetic signature of the ionospheric disturbance dynamo
at equatorial latitudes : Ddyn
Le Huy and Amory-Mazaudier, JGR, 2005 and 2008

Blanc and Richmond, 1980
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Fig. 9. Local time distributions of the equato-
rial electrojet parameters E,, eastward electro-
static field, and I, total gﬂitl-‘ﬂl.‘d current
Elow between +10% and -10° magretic latitude.
Both are basically reversed from their observed
aormal quiet-day variation.
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Zaka et al, Annales Geophysicae, 2010
Zaka et al., JGR 2011 PhD on the lonospheric Disturbance Dynamo in 2010
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Zaka et al., JGR 2011




Summary

— Training -> schools -> organization of Masters
— Teams of Research -> position for students

e Scientific Results

e ISWI : strong connections with society

— Politics and medias



April 04, 2010
B Solar event :
/ coronal hole -> April 2010

—

Coronal hole April 05, 2010

/

Earth

High speed solar wind streams



Shimeis et al., JGR 2012

From the Sun to the Earth

SSC at 08:26




Shimeis et al., JGR 2012 dashed lines : the magnetic quiet time variation
3l 4 6 8

1
DP, + D ) |' v ol !
2t dyn \ I \ | \ I} \ I DI=AH _SR -DR (DSt)
R RN P /
IEF
SSC at 8.26

At the beginning of the storm Three hours after the beginning of the storm

-> Prompt penetration of the magnetospheric electric -> ionospheric disturbance dynamo (Blanc and Richmond, 1980)

field, (Vasyliunas, 1970) is acting at low latitudes

DP2 (Nishida, 1968) Ddyn (Le Huy Minh and Amory-Mazaudier, 2005, 2008)




Schematic Representation of the Modification

f Mean Th heric Circulation at Equi i i
ofMean Thernospher Cireuaton at Equiox Interpretation of the observations

Quiet magnetic variations

ﬁ m Regular electric current
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Schematic Representation of the Modification
of Mean Thermospheric Circulation at Equinox
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Necessity of Pluridisciplanirity

Main field

V. Doumbia -> Geomagnetism

F. Ouattara -> lonosphere

J. Richardson -> Solar wind and solar physics

Necessity to learn solar physics
and particularly to know the two
components of the solar dynamo

Necessity to know exactly the state
of the sun

Necessity to know the connection
with the atmosphere

1 ;,‘I-' 3 h‘;-;"—

AR i \ Wt ; : o N S
PhD of Jean-Louis Zerbo / Ouagadougou, October 20, 2012




Sq Field at Phu Thuy — H component - Study of the Monsoon
Asymmetry of the two equinoxes Pham Xuan, 2008,

Pham et al., 2011b Pham Xuan et al., 209

Seasonal mean diurnal variation of the X-component at Phu Thuy
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Summary

— Training -> schools -> organization of Masters
— Teams of Research -> position for students

* Scientific Results
 IHY : New approach

— Geophysics to Heliophysics



From L. J Lanzerotti
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Ouattara et al., Journal des Sciences 2011, Zoundi et al., Luxor 2012

TEC diurnal variation at Koudougou

Comparison between two ionospheric Comparaison between measurements
models: Klobuchar and CODG and two ionospheric models: Fleury and
CODG




Public conference in Nigeria, January 2012




School
Congo, December2009

in Burkina Faso, October 2012




University Mohamed V Agdal / Rabat/Morocco -> 2 PhD Students

Averroes
Ifrane

o ° Tioune
° Aouinet Torkoz
(
o University of Kinshasa/RDC — 8 PhD students
29 countries in ISWI y Ionogramme
November, 28, 1954

New countries for IRGGEA

Permanent observatories with technicians
Morocco -> Prof. Anas EMRAN emrananas@yahoo.fr
RDC -> Prof. ZANA : azanan202@yahoo.fr Observer since 1957
Papa NDUAZU




Conclusion

Scientific tools lead to sustainable research in Africa => we have to
continue to deploy scientific instruments in Africa (neccesary but not
sufficient)

PhD and positions are necessary for the perenniality

PhD must be obtained on the basis of publications in international
journals : the student must learn the job of scientist during the PhD

Education of the population by conference
Development of the country (especially with tools as GPS and GIS)

Necessity to develop national communities of the user of GPS to share
data

Emergence of new scientific communities : heliophysics and Space
Weather breaking walls between disciplines

Necessity of the development of African organizations as AGS, CAMES
etc..

Now it is necessary to reanalyze ionospheric and magnetic data including
the knowledge on the sun and on the low atmosphere.





