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GPS 

COSMIC LEO 

  Two Abel retrieval methods to derive electron density 
profiles from RO measurements 

1. Bending angle 

2. TEC along the GPS ray  

A setting occultation 
event of COSMIC  
LEO 1 on 2008.200 
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 Current CDAAC electron density retrieval: TEC based 
Abel retrieval, several assumptions are used: 

1. Linear relationship between refractivity and 
electron density 

2. Straight-line signal propagation 

3. Circular satellite orbit 

4. First-order estimate of electron density at the top 

5. Spherical symmetry of electron density 
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  Many scientific works have been done with these electron 
density profiles including: 

1.    Data comparison and validation 
2.    Model validation 
3.    Ionosphere climatology 
4.    Ionosphere weather/space weather 
5.    Data assimilation and other applications……………… 

   COSMIC Electron density profiles availability 
between  2006.111-2009.150:  ~2 million 
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NmF2 and hmF2 Comparison  
COSMIC, IRI Model, TIE-GCM 

COSMIC 

IRI 

TIEGCM 
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Kelley et al., 2008RS004087 

COSMIC Abel EDPs with Arecibo (18oN,66oW; MLat 30oN) ISR Radar 

Blue: ISR; Red: UCAR Abel; Black: JPL Abel 
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  How is the Abel retrieval error distributed with 
altitude and latitude? We will estimate the 
Abel retrieval error with a simulation study 

1.  Important for data users 

2.  Help to make improvements in data retrieval 
method 
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Calculate  
TEC by 

empirical model

CDAAC Abel
Retrieval 

(retrieved)

Simulation method: 

NeQuick: represents 
the EDP by Epstein 
functions based on the 
CCIR model of NmF2 
and hmF2 

Simulation date range: 2008.070-100 (spring equinox) 

~43,000 occultations are simulated. 

Error estimation: Comparison
Retrieved EDPs with ‘True’
 EDPs along  tangent point

COSMIC
 Observed

 ionPhs data

NeQuick
Model (‘True’)
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NmF2 & hmF2 :  Comparison between 
retrieved and ‘True’ 

Noon time 

Middle night 

NmF2 ~15% 

hmF2 ~2.5% 

RMSE of the relative 
deviation between 
retrieved and True 
NmF2 and hmF2 
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Error distribution versus latitude and altitude:   

Noon time 
LT=13 

Unit: 
1×1011/m3 

‘True’ Ne 

Retrieved 
Ne 

Absolute 
Deviation 

Relative 
Deviation 
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Error distribution versus latitude and longitude:   

UT=11 

Unit: 
1×1011/m3 

110 km 

‘True’ Ne 

Retrieved 
Ne 

Absolute 
Deviation 

Relative 
Deviation 

220 km 
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110 km 220 km 

COSMIC observations (same time/duration as simulation): 

Unit: 
1×1011/m3 

COSMIC 

Abel 
retrieval 
from 
NeQuick 
model 
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Discussion: 
  Error sources of this simulation 

1. First-order estimate of electron density (ED) at the top 

2. Spherical symmetry of electron density 

  Explanation: The spherical symmetry assumption is not satisfied 
at low latitudes where electron density has strong horizontal 

gradients.  
1.  When the tangent points are in the EIA crest regions, electron 

density is underestimated because the real TEC does not support 
high values in that layer 

2. When the tangent points are in regions adjacent to the EIA region, 
the electron density will be overestimated because the effects of EIA 
peak region are spread by the inversion under spherical symmetry 
assumption  
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  The Abel retrieved NmF2 and hmF2 are generally good.  
  The Abel retrieved EDP is reliable at high altitudes (above the 

peak height) in middle and high latitudes. 
  The Abel retrieved electron density profile has larger relative 

errors at low altitudes and low latitude regions. This can result 
in artificial plasma caves under the crest and three peaks 
along latitude in E, F1 region. Users should be aware of this 
when doing studies related to E layer or F1 layer. 

  The improvement of EDP retrieval method at CDAAC is 
currently under investigation  

Conclusion: 
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 Any questions and suggestions? 


