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Geomagnetic storms shape the plasmasphere  

Magnetospheric convection can “carve away” the plasmasphere
IMAGE spacecraft EUV



 

NRL SAMI3 Ionosphere/Plasmasphere Model 

SAMI3 is coupled to 
a magnetosphere 
potential model and 
a thermosphere 
model.

Non-tilted dipole

TIMEGCM

[Huba et al., JGR, 2000; Huba and Joyce, GRL, 2010; Huba and Krall, GRL, 2013]



 

SAMI3: Ion dynamics and winds

Direct force:

Wind-driven dynamo:



 

2001 Day 32-36: post-storm quiet period

SAMI3/Weimer 7-day run:
1 quiet day (day 30)
2 storm days
4 refilling days (day 33-36)

Storm Refilling

Data from CDAWeb/OMNI



 

SAMI3: no winds vs. TIMEGCM winds



 

2001 Day 32-36: SAMI3/TIMEGCM



 

SAMI3 and IMAGE RPI electron density

L=4.0

L=5.4

No winds  no oscillations→

We also find that winds inhibit refilling 

Electron density vs. 
time at fixed L, MLT, 
MLAT

Results shown for the    
no wind case and for 
SAMI3/TIMEGCM.

Points come from RPI 
(passive mode) on the 
IMAGE spacecraft.



 

Direct force vs. wind-driven dynamo

Direct force:

Wind-driven dynamo:



 

Direct force vs. wind-driven dynamo 

IMAGE/RPI densities are 
at MLT 03:50

1. SAMI3 with HWM93

2. Without ion-neutral 
forces, the oscillations 
persist.

3. Oscillations are gone 
in the “No Dynamo” 
case.

L=4.0

L=5.4



 

TEC maps and winds

Winds shape the 
ionosphere as 
well as the 
plasmasphere.

Outflow to 
3<L<7 is 
steadier without 
winds.



 

Electrostatic potential contours



 

Discussion

Winds shape the quiet plasmasphere out to about L=5.

Winds inhibit post-storm refilling of the plasmasphere.

The mechanism seems to be zonal E x B drifts (shape) and 
vertical E x B drifts (refilling).

Assuming all wind models used are valid, use of multiple 
wind models (HWM93, HWM07, TIMEGCM) is a proxy for      
day-to-day variability in the winds.

Winds may cause day-to-day variability in the quiet 
plasmasphere.

           [Krall, Huba, Denton, Crowley, Wu, JGR, 2014]
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