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A challenge

The plasmasphere is “eroded” 
during a geomagnetic storm.
Afterwards, it “refills.”

The refilling rate is observed to 
decrease with increasing solar 
activity.

The challenge: Can SAMI3 
simulations reproduce this result 
in agreement with observations? 

Observed/simulated refilling: Krall et al., 2016, JGR
SAMI3: Huba and Krall, 2013, GRL



 

Profile at low and high solar activity (MSIS*)

Source of H :    O  + H         O + H+ ++
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Modifications to MSIS oxygen density

In order to obtain agreement with refilling rates (and pTEC) 
we modified the NRLMSISE-00 atmosphere by reducing 
atomic oxygen density 

and by forcing the density to fall off faster with height above 
600 km (in the exosphere)

(In Krall et al., 2016, JGR,                          instead of 0.7)

nO=0.7 nO, MSIS

T O ,exo=0.8T O ,MSIS

nO , exo=n600[nO ,MSIS /n600]
1.25

nO=0.8nO, MSIS



 

Affect of the modified atmosphere

HighLow

Low solar activity: more O leads to more O
High activity: O acts as a barrier to O  (less O, more O )

+

+ +

Refilling rate 
increases 
with topside 
H  density+



 

Is our modified atmosphere realistic?

An overall density reduction by 
0.7 or 0.8 is realistic.

The overall temperature 
reduction isn't in the data.

This “temperature” effect can  
come from the Burnside Factor

Emmert et al., 2014 JGR



 

Discussion

Refilling rates are sensitive to the O density.

O (and probably H) densities vary on a time scale of days.

Deviations from empirical models can be significant.

We need a better model exosphere, where atoms go ballistic. 

We need an experiment to determine the Burnside factor.

What about H?   Preliminary results show that doubling the 
MSIS H density nearly doubles the refilling rate.
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Extra slides



 

NRL SAMI3 Ionosphere/Plasmasphere Model

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

Non-tilted dipole

HWM14

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



 

A challenge

The challenge: Can SAMI3 
simulations reproduce...

1. … the observed decrease in 
the rate of post-storm 
plasmasphere refilling with 
increasing solar activity?

2.  … the observed increase in the 
plasmasphere contribution to 
“total electron content” (pTEC) 
in increasing solar activity?

Observed/simulated refilling: Krall et al., 2016, JGR
SAMI3: Huba and Krall, 2013, GRL



 

pTEC increases with solar activity. 

TEC is 
vertically-
integrated 
density.

1 TECU =    
      10  /m 

Lee et al., 2013, JGR
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pTEC, is TEC contribution between JASON altitude (1340 km) 
and GPS altitude (20,200 km), increases with solar activity. 
Measured pTEC result based on data from 2002-2009.



 

Discussion

We need a better model exosphere, where atoms go ballistic. 

We need an experiment to determine the Burnside factor.

What about H?   Preliminary results show that doubling the 
MSIS H density nearly double the refilling rate.
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