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Ground Based Observational Studies of M-I Coupling / Stormtime Electrodynamic Forcing:

Essential for Future Progress
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Ground Based Observations at Stormtimes Are Essential  
for Multi-Scale Physics

• < 1 eV Plasma

• EM driven mass transport (> 1E24 ions/s; cold heavy O+)

• Tight connection to plasmasphere / inner magnetosphere

• Subauroral energy transfer as a function of altitude

Foster et al (2020)  doi:10.1002/9781119509592
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Yeh & Foster (1990), JGR, doi: 10.1029/JA095iA06p07881  
Yeh et al. (1991), JGR, doi: 10.1029/90JA02751 
Loranc & St. Maurice (1994), JGR, doi: 10.1029/93JA01852

Stormtime SAPS Frictional Heating 
Drives Supersonic O+ Outflow 

Longitudinal / MLT

SAPS variation:


IM coupling

In the Plasmasphere 

Boundary Layer


(SuperDARN)

Nishitani et al (2019)  
doi:10.1186/s40645-019-0270-5

Anisotropic?

SAPS > 2 km/s

Feb 8, 1986 Great Storm
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Under strongly driven conditions..

Everything matters: <m scales to >1000s km (and larger).


It’s not one OR the other.

Oppenheim et al (2008)   doi:10.1186/s40645-019-0270-5

Instabilities 
radically 
change E 

region 
heating..

Oppenheim and Dimant (2013)   doi:10.1002/jgra.50196
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Notch

Localized ionospheric O+ outflow 
Subsequent accel to >= 50 keV in 30 min 
(Suppression of EMIC Waves in strong O+ 
fluxes outside plume)

AGU 2021    SM45B-2271 
Foster and Erickson (2021) doi: 10.3389/fspas.2021.705637

IM Implications of IT Origin Cold Plasma
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Ground-Based Plasma Diagnostics,

Multi-Scale Physics Processes:


Cubesat Science ‘Force Multipliers’


Also true for major missions 
especially at the planning stage!

Plasma Temperatures Available!

(Ring current / R2 footprint)
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Takeaways for the Future
• Ground based views are essential at all scales of M-I coupling physics

• Wide field / synoptic views must be combined with local / regional views for modern era progress  

(due to e.g. long distance EM forcing action)

• Mass, energy transfer information from ground sensors are at the heart of frontier questions in atmosphere-ionosphere-

plasmasphere-magnetosphere dynamics, especially under significant EM forcing

• Altitude dependent plasma temperature information is vastly under-utilized 
• Hard to understand UxB without E - or vice versa

• Space missions can GREATLY benefit from synergistic ground based observations;  earlier planning = more capability

Zhang et al 2017   

doi:10.1002/2016JA023307
Zhang et al 2015   

doi:10.1002/2015GL064836 
Thermosphere neutral wind surge:


Coriolis force effects after ion velocity 
spin-up

Ground-based FPI 
F Region Neutral Winds


