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Figure from B Thompson 2007

update on 
iswi-secretariat.org



- GPS networks
Tool : dual frequency, 
Rinex format to store data
IHY, ISWI networks 
permanent networks
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IHY GPS NETWORKS in 2007

Now 15 GPS over Africa see iswi-secretaraiat.org 

SCINDA -> Scintillation Network Decision Aid
www.fas.org/spp/military/program/nssrm/initiatives/ scinda.htm
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AMMA network -> Olivier BOCK
Niamey, Djougou, Gao since June 2005
Tamale Tombouctou since April 2006
Ougadougou since June 2006

Tamanrasset -> protocole with the CRAAG

All the AMMA data
are now in IGS
Free for evreybody

Contact
Olivier.Bock@aero.jussieu.fr

http://www.amma-international.org



IGS network 2010 -> World

IGS network - > free on the web http://www.unavco.org/
Africa  ~ 20 permanent sites
Click 
- data
- permanent stations
- Africa



• GPS / on the web for all

• IGS
• http://sopac.ucsd.edu
• http://cddis.gsfc.nasa.gov or • http://cddis.gsfc.nasa.gov or 

http://igs.ensg.ign.fr
• NOAA et UNAVCO
• http://www.ngs.noaa.gov/CORS
• http://www.unvaco.org



Antenne
Antenna

ENST GPS

Station GPS of KOUDOUGOU/ AFRICA
Available on the web

GPS receiver and data acquisition

University Building



GPS dual 
frequency antenna

Helwan University

SCINDA

1 paper in JGR with SCINDA

GPS receiver

computer running Linux

1 paper in JGR with SCINDA
and MAGDAS stations
Shimeis et al., 2012



GPS in 2010 all networks



GPS in 2012
GPS  on the Web

SCINDA + 15SCINDA + 15
South Africa + 50
Egypte + 9
Algeria + 30
Morocco + ~ 5
Not  on this map 

In red GPS since 2012



We have to continue  to increase
the number of GPS In Africa

It is important to increase:

- SCINDA GPS network , even the data are not yet share
on the web =>  constitution of a data base for scintillation

- National networks of GPS  with all the users of GPS  in 
the different fields of research
• Ionosphere, Atmosphere, Geography, Geodesy etc…

• GPS Networks available on the Web Contact UNAVCO  
http://www.unvaco.org



• SCHOOLS



Schools organized by GIRGEA in 
the framework of IEEY, IHY, ISWI programs

GPS,  GIS,  INTERNET,  DATA BASE, NEW TECHNOLOGIES 
AND SPACE WEATHER : INTRODUCTION
Congo 2009, Egypt 2010, RDC 2011, Burkina Faso 2014
Different communities : Physic, Geography, Agronomy , Mathematics 
and ICT

SPACE WEATHER : Physic of the Sun Earth SystemSPACE WEATHER : Physic of the Sun Earth System
Ivory Coast 1995, Morocco 2011, Algeria 2013
Physicists level M2

GPS DATA PROCESSING FOR IONOSPHERIC STUDIES
France 2011, France 2012, probably  France 2013
PhD students using GPS data (few students : 5 and 2  professors 
during 5 days)



School in Paris in  1992  before the IEEY project
2 weeks on Physics processes and 4 weeks on the too ls 

School  in  Ivory Coast October 1995 [IEEY]

Magneto telluric station

Countries involved in the African sector
Algeria, Benin, Burkina Faso,  Côte d’Ivoire
Ethiopia, Nigeria,  Senegal
England, France, Spain, USA

Tools (as that time no GPS were used)
Magnetometers with telluric measurements
Ionosondes, Interferometer, HF radar …

Magneto telluric station



• GPS – IHY and ISWI  

Useful for different scientific topics
- Geodesy, Geography, Atmopsheric studies, 
ionospheric studies etc…ionospheric studies etc…

^Many applications
- navigation, agriculture etc…

^easy to maintain, not very expensive





 

LAYERS

> 600 km          EXOSPHERE 
few collisions, Particles follow 
balistic orbit

80-600 km        THERMOSPHERE 
Ionization by the solar  X-EUV  
radiation            IONOSPHERE

Satellites

 

30-80 km          MESOSPHERE 
Absorption of the radiation UV by 
the ozone layer

11-30 km          STRATOSPHERE 
Turbulence

0-11 km TROPOSPHERE 
Meteorological phenomenaEarth’s Environment



Effects of the ionosphere on propagation (TEC)

–Reduction of the phase path length
(with respect to propagation in vacuum)
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Phase path lenght : Distance that a wave needs 
to propagate in a vacuum to have the same 
total phase shift (ϕ) 1 TECU =  1016 electron/m2



Scintillations 
Fluctuations of the  signal dues to the inhomogeneity of the medium

Ionospheric propagation

Scintillations of amplitude
Scintillations of phase

Echelles : ± 3 rad.



CONGO 2009 [IHY] EGYPT 2010[ISWI]

GPS, GIS, INTERNET,
DATA BASE
NEW TECHNOLOGIES
SPACE WEATHER: introduction

ISWI letter Vol 2 n°75

CONGO 2009 [IHY] EGYPT 2010[ISWI]

English spoken : 100%

French spoken : 100%



GPS, GIS, DATA BASE INTERNET, NEW TECHNOLOGIES
INTRODUCTION TO SPACE WEATHER

RDC: September 2011[ISWI]
English spoken : 20%, French spoken :80%
ISWI letter Vol n°91 – 90 participants – 3 countries



GPS, GIS, DATA BASE INTERNET, NEW TECHNOLOGIES
INTRODUCTION TO SPACE WEATHER, RDC/2011



GPS, GIS, DATA BASE INTERNET, NEW TECHNOLOGIES
INTRODUCTION TO SPACE WEATHER

RDC/2011



ISWI letter Vol 4 n °75

Vietnam 2003 and school in 2007[IHY]Craste-LF

ISWI letter Vol 4 n °75

Morocco / December 2011 [ISWI]
28 participants from 11 countries



UN school in Morocco -> French spoken training



PhD and Results

21 PhD in 9 different countries
(19 students / 2 students defended 2 PhD)

17 students are doing reshearch in their country17 students are doing reshearch in their country
(10 new positions)

Papers published in International journals are required  to obtain a PhD
(total : 98   +    21   +       19    +        4 =  142 publications)

papers      PhD        proceedings     reports

98 papers since 1990 => 49 since 2007
21 PhD since 1995 => 11 since 2007



International Heliophysical Year 2005-2009 IHY
+ CAWSES, 7 PhD

International Equatorial Electrojet Year 1992-1994 IEEY
11 PhD

Preparation of IEEY 
3 PhD 

Countries of 
Students
Benin: 1
Burkina Faso: 2
Côte d’Ivoire: 8
Egypte: 1
France: 2
France: 1
Inde: 1
Senegal: 1
Spain: 1

1992 1993 1995     1997 1999 2000 2001 2004 2007 2008 2009 2010 2011 2012

Spain: 1
Vietnam:3 



First professor : A. Kobea Toka in 2001 - Côte d’Ivo ire
Five  professors in 2010 =>  in Benin,  Burkina Fas o

and Côte d’Ivoire



Fields of Research
(first review on the published in JASTP in 2005, Amory -mazaudier et 
al., second review in preparation -> AGU Chapman conf erence )
*Equatorial Electrojet
*Sq field: regular cariations of the earth’s magnetic fi eld
*Long term variations of inospheric parameters
*Electrodynamics coupling between High and low latitudes
*Solar wind and geomagnetism
*Relations between solar magnetic field and equatorial
ionophereionophere
*Impacts of the Sun on Ionospheric layers
* Impacts of high energy particules on satellite
* Telluric electric field
* Dynamics of the ionosphere with HF radar
*Study of the atmosphere with interferometer
• Monsoon
• Gravity waves
etc….



Daily variation / TEC - Outtara, 2009-PhD-

6/12

15/12

Red and points -> TEC /GPS         Magenta-> TEC/CODG
CODG : Centre  for Orbit Determination in Europe

CODG(CODE GIM) / model of ionosphere with one layer



Seasonal variations / TEC

Study of the
Equinoctial asymmetry

in AFRICA

2007

2001

Maximum

2003

Outtara, 2009-PhD

Minimum

Decreasing phase



2

2A
I =

S4 : Small Scale

2

22

4
><

><−><=
I

II
s

Scintillation index S4 observed at Hue  
during the period 2006-2008 2006-2008
S4 -> fluctuations of the GPS power 
signal

From A. Bourdillon



Medias and  Politics



Senegal – 2009
Members of the Jury from
Côte d’Ivoire, Burkina Faso 
and Senegal , 

Contact with the media for PhD



Media and Politics

School in RDC
79% of the financial support by  RDC

Two ministers for the opening ceremony of the school

National Television
followed the whole  school
=> Education of population 



Dr. Davila giving a public talk in 
Tunis, Tunisia. (Rabello-Soares et 
al, 2007)

Students at the IHY viewing 
center in Legon, Ghana. 
(Rabello-Soares et al, 2007)

www.ihy2007.org



Solar Eclipse 
March 29 2006
Saki, Nigeria

From B. Rabiu

Sun-viewing 
glasses, & several 
teaching aids 
- IHY International 
Secretariat

From B. Rabiu



• Conclusions

• Scientific tools leads to sustainable research in Africa
• Introduction of new fields of research in African 

countries
• PhD,  publications and positions for young scientists
• Education of the population and development of the • Education of the population and development of the 

country
• Creation of new communities:  Heliophysics and 

Space  Weather breaking walls between disciplines
• Now there is the necessity to reanalyze ionospheric 

and magnetic data including the knowledge on the 
sun 



MAGHREB

WEST AFRICA

CENTRAL AFRICA

Next schools
Algeria 2013
Burkina Faso 2014
Morocco 2015


