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Solar Energetic Protons Observed by NOAA-POES
00 UT, 28 October 2003
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Changes of NOX (NO+NO2) and Ozone due to SEPs
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Energetic Particles Observed by POES/MEPED
21 UT, 28 October 2003
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Energetic Particles Observed by POES/MEPED
21 UT, 29 October 2003
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Distributions at 21UT on 29 Oct. 2003 - North
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Distributions at 21UT on 29 Oct. 2003 - South
En

er
gy

 F
lu

x

0

100

0

2

ke
V

m
W

 m
-2

M
ea

n
 E

n
er

gy

0

2

m
W

 m
-2

0

150

ke
V

0

10

ke
V

Auroral Electrons MEPED Electrons MEPED Protons

0

10

m
W

 m
-2



Ionization Rate at 21UT on 29 Oct 2003
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Ionization Rate at 21UT on 29 Oct 2003
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Relative Effects on the Upper Atmosphere
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Relative Effects on the Ionosphere 
at 02 LT, 21UT on 29 Oct 2003
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[Clilverd et al., 2008]

GOMOS NO2 production by relativistic electrons



GOMOS NO2 production by
relativistic electrons

TIME-GCM NO2 production
by MEPED electrons

Comparison of GOMOS & TIME-GCM NO2 Produced 
by Energetic Electrons
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TIME-GCM NO2 with MEPED electrons
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TIME-GCM NO2 without MEPED electrons
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Summary

Energetic particles of various solar and 
magnetospheric sources have drastically different 
characteristics, and an accurate specification of EPP is 
of critical importance to upper atmospheric modeling

Since the Altitude where energetic particles dissipate 
depends strongly on the characteristic energy, 
energetic particles of different origins can have 
different effects on the upper atmosphere 

Using realistic specification of energetic particle 
inputs, the TIME-GCM is able to replicate qualitatively  
the observed Spring 2004 “Anomaly” associated with 
the ring current energetic electrons



0

2

m
W

 m
-2

0

650

ke
V

Distributions at 18UT on Feb. 15, 2004

Electrons Energy Flux Electrons Mean Energy



[Randall et al., 2005]

Observed NO2 mixing ratio (in ppbv)

February 1 – May 31, 2004



NO2 production with SEP+MEPED electrons
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Chemical and Dynamical Processes in the TIME-GCM



Percent Changes due to Energetic Electrons
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Difference Plots from (Jackman – BION)
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% Change of Electron Density due to SEP
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