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Observations 

 
 Electron density profiles: EISCAT ISR Tromso 

 
 Small-scale structures: 50hz GPS receiver Tromso 
 
 Aurora: All-sky camera Ramfjordmoen (just south of Tromso) 

 
 Field-aligned currents: SuperMAG 

 
 Magnetosphere: THEMIS satellites 
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Radar Location 

Date: 17 October 2013, 
Time: 18:00 – 21:00 UT  Observations 
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Beam Direction Radar Location 

EISCAT tracks GPS satellite (PRN 23) 

Observations 
Date: 17 October 2013, 
Time: 18:00 – 21:00 UT  
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Observations: EISCAT 
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Observations: EISCAT 
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Observations: EISCAT + 50hz GPS 
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Tromso all-sky camera STELab Nagoya University 
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Tromso all-sky camera STELab Nagoya University 
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Tromso all-sky camera STELab Nagoya University 



Space Exploration 

Tromso all-sky camera STELab Nagoya University 

Poleward  
expansion 
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Themis satellite locations 20:05 UT 

~8 earth  
radii 
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Themis 100 km footprints 20:05 UT 
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THEMIS  
P4 

Electron  
Precipitation 
~20:04 UT 

18:00 UT 20:00 UT 22:00 UT 24:00 UT 
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THEMIS P4 

EISCAT Time (UT) 

Electrostatic  
analyzer 

Search coil  
magnetometer 

10 keV electron 
precipitation 

Solomon [2001] 



Space Exploration 

Modeling 

 3D multiple phase screen signal propagation [Rino, 1979].        
60 phase screens, 5 x 5 x 400 km volume 
 
 2 km cross-track gradient. 330 m/s drifts 

 
 Thick, anisotropic ionospheric irregularity layer [Costa & 

Kelley, 1977] 
• Axial ratio: 5 
• Spectral index: 3 
• Outer scale: 5 km 

 

 SIGMA model implemented by Deshpande et al. [2014], 
geometry modified here 
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GPS receiver 

GPS signal 
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Refraction 
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Modeling 

Refraction Diffraction 
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Modeling 
Parameter Value 
Cross-track velocity 330 m/s 
Gradient size 2 km 
Irregularities None 
Sample rate 10 Hz 

18 seconds 

EISCAT 

Observed 

Refractive 
Model 
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Modeling 
Parameter Value 
Cross-track velocity 330 m/s 
Gradient size 2 km 
Irregularities 0.5 %  
Sample rate 10 Hz 

18 seconds 

EISCAT 

Observed 

Refractive + 
Diffractive 
Model 
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Summary 

Substorm onset identified using GPS scintillation 
 
Three-dimensional modeling approach developed 
 
Refractive effects shown to be important 
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