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JOINT STUDY GROUP: MIT COUPLING

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. 

https://ggos.org/about/org/fa/geodetic-
space-weather-research/groups/jsg1-
coupling-processes/

https://ggos.org/about/org/fa/geodetic-space-weather-research/groups/jsg1-coupling-processes/
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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.



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.



INTRODUCTION 
STATE-OF-THE-ART



Earth is protected by its own magnetic field from the 

hazardous energetic particles coming from space. 

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



MAGNETOSPHERE

http://science.nasa.gov



NEAR-EARTH
ENVIRONMENT

Mauk et al. (2013)



NEAR-EARTH
ENVIRONMENT

https://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.



ATMOSPHERIC COUPLING



ATMOSPHERIC COUPLING

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)



UNDERSTANDING 
PHYSICS-BASED MODELS
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MAGNETOSPHERE

Lu, G (2007) Summer School 



HIGH-LATITUDE
COUPLING



UPPER-ATMOSPHERE PHYSICS

Lu, 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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UPPER-ATMOSPHERE PHYSICS

Maute, A (2018)

Thermodynamic equation:

Momemtum equations:
Zonal velocity

Meridional velocity
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Continuity equation:
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VERTICAL WINDS

𝑇 ≫ 𝜏 =
𝐻

𝑤
𝑢𝑟 = 𝐻 𝑑𝑖𝑣(𝒖𝒉)

𝜕𝑢𝑟
𝜕𝑟

=
𝑢𝜃𝜕𝑢𝑟
𝑢𝑟𝑟𝜕𝜃

+
𝑢𝜑𝜕𝑢𝑟

𝑢𝑟𝑟𝑐𝑜𝑠𝜃𝜕𝜑
~
𝑢𝜃
𝑙𝜃

+
𝑢𝜑

𝑙𝜑
~𝑑𝑖𝑣(𝒖𝒉)

𝜕𝑢𝑟
𝜕𝑟

~
𝑢𝑟
2𝐻

𝑢𝑟~𝑒
𝑧
2𝐻 →𝐸 = 𝜌𝑢2 = 𝑐𝑜𝑛𝑠𝑡 →

* Smith and Hernandez, 1995, JASTP
𝑢𝑟~ − 2𝐻𝑑𝑖𝑣(𝒖𝒉)* Burnside et al., 1981, JGR



UPPER ATMOSPHERE COMPOSITION

http://www.meted.ucar.edu



NEUTRALS

http://www.meted.ucar.edu



UPPER-ATMOSPHERE CHEMICAL PROCESSES

Photoionization:

hu + O [ O+ + e-

hu + O2 [ O2
+ + e-

hu + N2 [ N2
+ + e-

Collisional Ionization:

e- + O[ O+ + 2e- Dissociative Recombination:
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A CHALLENGE TO UNDERSTAND 
THE MIT SYSTEM

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. 
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General flow diagram and interrelations between the data, models, 
applications, and science.

GENERAL DIAGRAM



SELECTION OF
ACHIEVEMENTS
IN LAST 2 YEARS



SibNet GNSS network for 1Hz phase and 
pseudo range observations Yury Yasyukevich

GIMLi
Global TEC Model based on Machine Learning

Yury Yasyukevich

Network theory to reveal 
ionospheric anomalies

Yury Yasyukevich



New GNSS signals enhance the system 
performance during solar radio bursts

Yury Yasyukevich

Ionospheric disturbances and irregularities during the 
25-26 August 2018 geomagnetic storm.

Yury Yasyukevich

Sudden stratospheric warming influence ionospheric internal 
acoustic gravity waves.

Yury Yasyukevich



Vertical wind and density deviation from Physics-based models during  geomagnetic storms 

LiangLiang Yuan 

Physics-based models comparisons: GITM vs TIEGCM LiangLiang Yuan 









Journal of Scientific and Engineering Research

Advances in Space Research
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IN COOPERATION WITH THE LOW LATITUDE IONOSPHERIC RESEARCH WORKING 
GROUP OF THE ASIA OCEANIA SOCIETY OF GEOSCIENCES (AOGS - REGIONAL 

ADVISORY COMMITTEE)

https://aogsrac.org/working-group

The Low Latitude Ionospheric Research Working Group (LLWG) connects different research groups in Asia to exchange 
information and collaborate on certain observing campaigns. This group aims to expand collaboration to low-latitude 
regions around the world with this working group as the main component.

The objectives of the LLWG:

• Information exchange.
• Identification of emerging scientific and technical issues for joint study.
• Publication of reports or publications on behalf of AOGS for NGOs or government agencies.

Members:

1. Zamri Zainal Abidin (U. Malaya).
2. Binod Adhikari (St. Xavier's College).
3. Andres Calabia Aibar (UPM, NUIST).
4. Nadia Imtiaz (PINSTECH).
5. Siti Syukriah Khamdan (UTM Johor).
6. Jiuhou Lei (USTC)
7. Yajun Zhu (NSSC, CAS).

https://aogsrac.org/working-group


Andres Calabia, July 2022, Characterization of Plasma Depletions and Effects on Geodetic Applications (PI), 1,000€, PITHIA-NRF EU 
Horizon 2020 Research and Innovation Programme Grant Agreement Trans-National Access, at Ebro Observatory, Spain.

Andres Calabia, 2022-2025, Assistant professor at School of Land Surveying, Geodesy and Mapping Engineering, Technical University of 
Madrid, 28031 Madrid, Spain.

Andres Calabia, Nov. 2021, Variability, impacts, and applications of cosmic ray and radiation belt particles, 2,350€, Giner de los Ríos 
Grant, University of Alcalá, Madrid, Spain.

Liangliang Yuan, 2021-Now, Co-I, EGNOS Next SBAS-PPP, ESA.

Liangliang Yuan, 2021-Now, Co-I, MEDUSE Data assimilation project, DLR.

Munawar Shah, 2021-2022, Post Doc, KMITL, Prince of Chumphon Campus, Thailand.

Munawar Shah, 2022-Now, Co-PI, Space Education and GNSS lab, National Center for GIS and Space Application, Institute of Space 
Science, Pakistan

Munawar Shah, 2022-Now, Consultant, Agriculture field assessment in Northern Pakistan using GPS and GIS, partners Helvetas Swiss 
International.

Naomi Maruyama, 2022, GDC AETHER instrument proposal selected for the NASA GDC mission. It measures the electron density and 
temperature of the ionosphere(~400km) for the GDC mission. https://lasp.colorado.edu/home/2022/04/27/lasp-instrument-
selected-for-the-next-nasa-living-with-a-star-mission/

Christine Amory-Mazaudier, Vikram Sarabhai Isro-Cospar Joint Medal, Indian Space Research Organisation (ISRO), Committee on Space 

Research (COSPAR), Ceremony Of Awards COSPAR 44th Athens July 18, 2022, 

etc.

PROJECTS, CONTRACTS, AND AWARDS



INVITATIONS



AOGS - Regional Advisory Committee 
Seminar Series

Title: The impact of radio occultation observation on space weather monitoring research 
Moderator: Andres Calabia

https://aogsrac.org/



Olawale S. Bolaji, University of Tasmania.



https://www.yess-community.org/

https://www.yess-community.org/


https://www.researchgate.net/project/IAG-FA-GSWR-JSG1-Coupling-processes-between-magnetosphere-
thermosphere-and-ionosphere-MTI



Recent activities:

1. Enhancement of international cooperation, especially with developing countries, by 

sharing knowledge and research tools, helping in projects, co-supervising students, 

helping to improve manuscripts, etc.

2. Elaboration and submission of scientific manuscripts co-authored by JSG1 

members and other colleagues.

3. Elaboration and submission of projects.

Present work:

1. Working effectively within the group members, creating a common platform to 

increase communication.

2. Increase international cooperation with other groups to break the existing isolation.

3. Regular online meetings.

Future plans:

1. Elaboration of proposal for International Workshop on MTI Coupling 

(IWMTIC2021): Prospects, Challenges, and Opportunities. Kathmandu, Nepal. 

2023?

2. Advancement of MTI science in developing countries by organizing workshops, etc.

SUMMARY



Thank you !

SPECIAL THANKS TO
IAG Commission 4 Symposium 

FOR THIS OPPORTUNITY

THANKS TO ALL IAG FA-GSWR JSG1 MEMBERS FOR 
YOUR CONTRIBUTIONS


