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GRACE satellite orbit decay during the 20 Nov 2003 storm
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Position Error (km)
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Storm of 24 Aug 2005 drag effects
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New generation of LEO spacecraft 9% >

GRACE (2002-present
CHAMP (2001-2010)  Accelerometers ( P )

1 C
— __p—DAEffVZU
2 m

H =500 km

SWARM (2013-present)

High-level
density data

New storm
time models

= 450-530 km



SO H O/LASCO C2 C M E |mag es Annual number distribution of 1SE-!3I gc?ms 6

llllll

35
18 NOVEMBER 2003 g = @) Jacd
. g 25 1'%g
g 20} 90 g
% 151 60 ‘:T..
E: s} .:m 2

0 0

g 2002 2004 2006 2008 2010
CHAMP averaged altitude sampling

480 -
| 49a.8 AVERAGE ORBIT DECAY = 13.74 KMYEAR | (b)

o
A,. \

imighigicoin] /18 08:50 GRACE averaged altitude sampling

CHAMP altitude(km)

2002 2004 2006 2008 2010

Superposed epoch : e mmm |
analysis with 168 |
storms caused by
CMEs from 2001-2011 :

2003 2005 2007 2009 2011
Yaar



slide 7

Example of

<
<)
T
T

1200
Ja

900

{600

-~1300
0

24 August 2005 Geomagnetic storm

_M_.|u_ Q
— O X
- N © -
L . VS ® S| m
5 88 397 SES
Y 88 =<z <
C & 2@p= __
© o O -

n —

V S

-

_Iv

1413

g

-‘---.--.

CHAMP and GRACE/JB2008 normalized density @ 410 km
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First superposed epoch analysis study of thermosphere

response during storm times
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Storm main phase onset
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TADs - traveling atmospheric
disturbances
[Prolss, 1997]

Highly correlated with solar
activity

Responsible for the global
transport of perturbations from
auroral to equatorial regions

Dayside TADs are quickly
dissipated through ion drag;
\ightside TADs propagate farther
away from high latitude regions
Richmond and Matsushita, 1975]



CHAMP at 400 km: Relative Density Variations
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Conclusions

4+ Thermosphere density variations are the
mayjor contributor to satellite orbit prediction
errors

4+ Density enhancements are immediate
(within minutes), strong and localized at high
latitudes in the first hrs during geomagnetic
storms.

4+ Globalization of the thermosphere response
occurs in ~3 hours after storm main phase
onset

We are creating new storm epoch
empirical models that will ultimately
provide the global density structure

through storms in high time cadence.
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Satellite
coverage IS
limited
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Magnetic
Latitude (deq)

CHAMP—GRACE /NRLMSISEOO Normalized Mass Density @ 410 km

Zero epoch time: Shock/compression time
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MLAT: 3- degree bins, Epoch time: 90-minute bins
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Magnetic Latitude (degrees)
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MLAT bin size: 90 minutes (~ SAT orbital period)

CHAMP —GRACE /NRLMSISEOO Normalized density @ 410 km
Zero epoch time:
Shock/compression time IMF B, turning southward time

|
[ |
|
i
i
L|
[ |
[ |
|
d
L}
|
|
[ |
L
|
|
|
[ |
|

Magnetic Latitude (degrees)

.

—-12 -6 0 6 12 12 -6 0 6 12
epoch time (hours epoch time (hours

T
o

0.1 0.2 _?-3 0.4 0.1 0.2 _?-3 0.4
l0g [ pus(kgm™)] l0g e[ pus(kgm™)]



	Ionosphere-thermosphere response to geomagnetic storms
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17

