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Storm Onset 
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Thermospheric Response to Magnetic Storm Onset 
  

GRACE, GOCE Observations -  5 August 2011 

Shortly after storm onset, transient localized maxima in neutral density are 
observed at high latitudes – evidence of rapid Joule heating. 

 
Carry out statistical analysis of  accelerometer data from CHAMP, GRACE.  
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Neutral Density Maxima 
August 2011 Storm 

Maxima in the observed neutral densities are defined as follows: 
 

1.     A running mean over 23 minutes or about 90⁰ MLat is applied to the data; 
   
2.     Densities larger than a fixed percentage above the mean are selected as maxima.    

 
We use 30% as a default value for our selected maximum values unless stated otherwise.   

GRACE Original 
data 

23-minute 
moving 

window= ρmean   

Maxima = 30% 
above mean 

Residuals = 
ρorig - ρmean 

Maxima 
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GRACE Density Maxima  
2002-2012 
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Bz > 10 nT 

By < -10 nT By > 10 nT 

Bz < -10 nT 

Dependence of GRACE NH Neutral 
Density Maxima on IMF By, Bz 
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Bz > 10 nT 

Bz < -10 nT 

By < -10 nT By > 10 nT 

Dependence of GRACE SH Neutral 
Density Maxima on IMF By, Bz 
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GRACE Neutral Density Maxima 
Dependence on SymH 

SymH ³0 nT 0>SymH ³-100 nT -100>SymH ³-200 nT SymH <-200 nT 
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GRACE Neutral Density Maxima 
MLat, MLT Distributions 

IMF By Dependence 

Northern Hemisphere Southern Hemisphere 
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Conclusions 
 
 
• CHAMP results are very similar to GRACE (see CEDAR-GEM Modeling Challenge, 

Thursday morning) .  The main difference between CHAMP and GRACE is that there 
are fewer maxima at CHAMP than at GRACE possibly due to CHAMP’s initial and 
subsequent lower altitudes = higher ambient density. 
 

• The maxima occur predominantly at polar latitudes under all conditions. 
 

• The average MLat in both datasets in the NH is 78⁰, in the SH it is -75⁰, with standard 
deviation of about 7⁰ in both hemispheres.   Average MLT is 11.5-12, with standard 
deviation of about 6 hours. 

 
• There appears to be a hemispheric asymmetry in both CHAMP and GRACE data, with 

a stronger cusp feature in the SH in both datasets. 
 

• The spatial distribution of neutral density maxima is NOT the same as spatial 
distribution of Poynting flux and NOT the same as ion temperature measured by 
DMSP.   Energy dissipation and Joule heating of ions and neutrals are not simple 
linear processes. 
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