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Earth is protected by its own magnetic field from the 

hazardous energetic particles coming from space. 

http://sec.gsfc.nasa.gov/popscise.jpg 4



MAGNETOSPHERE

xxhttp://science.nasa.gov



MAGNETOSPHERE

xxLu, G (2007) Summer School 



NEAR-EARTH

ENVIRONMENT

xxMauk et al. (2013)



NEAR-EARTH

ENVIRONMENT

xxhttps://svs.gsfc.nasa.gov/4641

The understanding of  

coupled processes in 

the Magnetosphere-

Thermosphere-

Ionosphere (MTI) is 

still a challenge. 

Variations in the 

upper atmosphere 

are strongly 

influenced by solar 

and magnetospheric 

forcing.
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UPPER-ATMOSPHERE PHYSICS

xxLu, G (2007) Summer School 
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Atmospheric Density column under Hydrostatic Equilibrium (above ~100 km):

z is altitude

g(z)   is acceleration of  gravity

r        is mass density

k is Boltzmann’s constant

mi is molecular weight of species

Electromagnetic Energy Dissipation (Poynting’s theorem) :

Field-aligned Current: ||j J 

E including neutral wind is:
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ATMOSPHERIC COUPLING
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ATMOSPHERIC COUPLING
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On the other side, MTI is strongly influenced by wave motions 

from the lower atmosphere, and is coupled through energetic 

particle precipitation and field‐aligned currents.

Heelis and Maute (2020)



UPPER-ATMOSPHERE PHYSICS

xxMaute, A (2018)

Thermodynamic equation:

Momemtum equations:
Zonal velocity

Meridional velocity
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Continuity equation:
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UPPER ATMOSPHERE COMPOSITION

xxhttp://www.meted.ucar.edu



NEUTRALS
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UPPER-ATMOSPHERE CHEMICAL PROCESSES

xx

Photoionization:

hu + O [ O+ + e-

hu + O2 [ O2
+ + e-

hu + N2 [ N2
+ + e-

Collisional Ionization:

e- + O[ O+ + 2e- Dissociative Recombination:

O2
+ + e-

[ O + O
N2

+ + e-
[ N + N

NO+ + e-
[ N + O

Charge Exchange:
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[ O2

+ + O
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Radiative Recombination:

O+ + e-
[ hu + O

Recombination:

O + O + N2 [ O2 + N2

Conversion:
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UNDERSTANDING 

UPPER-ATMOSPHERE PHYSICS
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Composition

Temperature

Winds

E-fields

Electron Density

Diffusion Coefficients

Boundary Conditions

Chemistry

Joule Heating Particle Heating

Solar EUV Chemical Heating
Tides

Gravity Waves

Solar EUV



GEODETIC SPACE WEATHER RESEARCH 

Research on upper 

atmosphere aims to 

contribute for a better 

understanding of 

Space Weather 

phenomena within the 

coupled MIT system, 

and for the formulation 

of predictive models 

of the near-Earth 

space environment.
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SPACE WEATHER IMPACTS
 Radio signal propagation in the ionosphere, affecting GNSS, 

communications, etc.; 

 Drag force on Low Earth Orbit (LEO) satellites; and

 Power and internet outages due to intense electric currents 

induced during geomagnetic storms, killer electrons, etc.
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A CHALLENGE TO UNDERSTAND 

THE MIT SYSTEM
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Addressing the challenges related to the 
coupled MIT system requires significant 

advances in geodetic observations of plasma 
and neutral density, “compositions”, and 

“velocities”, observations of energetic 
particles and “magnetic field perturbations” 

both in space and on ground, as well as 
advanced theoretic and numerical modeling 

capabilities. 



SELECTED PUBLICATIONS

2020-2021

5



xx

2020



xx

2021



Chair: Andres Calabia (Nanjing University Information Science Technology, China, University of Alcalá, Spain).

Vice-Chair: Munawar Shah (Institute of Space Technology, Pakistan). 

Research Coordinator: Binod Adhikari (St. Xavier's College, Nepal).

Members:

4. Christine Amory-Mazaudier (LPP, Observatoire de Paris, France).

5. Astrid Maute (High Altitude Observatory, USA).

6. Yury Yasyukevich (Russian Academy of Sciences, Russia).

7. Gang Lu (High Altitude Observatory, USA)

8. Olawale S. Bolaji (University of Tasmania, Australia).

9. Anoruo Chukwuma (University of Nigeria, Nigeria).

10. Oluwaseyi Emmanuel Jimoh (Adeleke University, Nigeria).

11. Piyush M. Mehta (West Virginia University, USA).

12. LiangLiang Yuan (German Aerospace Center, Germany).

13. Naomi Maruyama  (University of Colorado, USA)

14. Toyese Tunde Ayorinde (Instituto Nacional de Pesquisa Espacial, Brazil).

15. Charles Owolabi (Federal University of Technology Akure, Nigeria)

16. Emmanuel Abiodun Ariyibi (Obafemi Awolowo University, Nigeria).

17. Ayomide Olabode (Obafemi Awolowo University, Nigeria)

JOINT STUDY GROUP: MIT COUPLING

xx

Implemented at International association of Geodesy (IAG) Inter-Commission Committee on Theory 

(ICCT); joint with IAG Global Geodetic Observing System (GGOS), Focus Area on Geodetic Space 

Weather Research (FA-GSWR); IAG Commission 4 Positioning & Applications; and IAG Sub-

Commission 4.3 Atmosphere Remote Sensing. 



xx



xx



xx

Thank you!


