
Evaluation of E Layer Dominated Ionosphere Events 
Using COSMIC/FORMOSAT-3 and CHAMP 

Ionospheric Radio Occultation Data 

DLR.de  •  Chart 1 

Sumon Kamal 1,2,*, Norbert Jakowski 1 , Mohammed M. Hoque 1 and Jens Wickert 2,3 

1 German Aerospace Center (DLR), Institute of Solar-Terrestrial Physics,  Neustrelitz, Germany 
2 Technical University of Berlin, Berlin, Germany 
3 GFZ German Research Centre for Geosciences, Potsdam, Germany 

Reference: Remote Sensing, 2020, 12(2), doi: 10.3390/rs12020333 

*Sumon.Kamal@dlr.de 



> Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal > Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal 

• At certain geographic locations, especially in the polar regions, the ionization of the 
ionospheric E layer can dominate over that of the F2 layer, which is called “E Layer 
Dominated Ionosphere” (ELDI). 

• Electron density profiles related to ELDI show their maximum ionization at E layer 
heights between 80 and 150 km above the surface of the Earth. 

• ELDI mainly occurs in the high latitude polar regions and is caused by particle 
precipitation from the magnetosphere. 

• ELDI can influence radio wave propagation and thus has an effect on radio 
communication. It can disturb applications at high latitudes such as transpolar air 
traffic communication. 

 

The E Layer Dominated Ionosphere 
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• We investigated the characteristics of ELDI occurrences at high latitudes, focusing 
on the following factors of influence: 
• Spatial distribution of ELDI events 
• Temporal variation of ELDI events 

• Diurnal variation 
• Seasonal variation 
• Solar cycle dependent variation 

• Geomagnetic storm dependence of ELDI events 
• Temporal variation 
• Latitudinal variation 

 

Investigation of ELDI occurrences 
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• Our database consisted of vertical electron density profiles retrieved from 
Ionospheric Radio Occultation observations from two different satellite missions: 

• COSMIC (Constellation Observing System for Meteorology, Ionosphere, and 
Climate/Formosa Satellite Mission 3) with approx. 3,635,000 profiles covering 
the years from 2006 to 2018 

• CHAMP (Challenging Minisatellite Payload) with approx. 307,000  profiles 
covering the years from 2001 to 2008 

 

Database 
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• Investigation: 
• Spatial distribution of ELDI events for the northern and southern high latitude 

regions (45° to 90°) 
• Evaluation of COSMIC electron density profiles for the year 2009 and for a 

superposition of CHAMP electron density profiles for the years 2001 to 2008 
respectively 

• Observation: 
• ELDI events (red dots) concentrate along ellipses. These are located around the 

geomagnetic poles (black circles) 
• Few ELDI events occur in local summer, more in spring and autumn and most in 

winter seasons 

 

Spatial distribution of ELDI events 
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Spatial distribution of ELDI events - COSMIC 
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Spatial distribution of ELDI events - CHAMP 
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CHAMP ELDI Event Locations – North CHAMP ELDI Event Locations – South 
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• Investigation: 
• Diurnal variation of %ELDI (percentage of ELDI profiles compared to total number 

of profiles) for northern and southern high latitude regions 
• Evaluation of electron density profiles for a superposition of all years of the 

COSMIC data set or the CHAMP data set respectively 

• Observation: 
• %ELDI reaches maximum around local night and minimum around local noon 
• Sinusoidal trend, especially for COSMIC 
• Low solar zenith angle around noon causes increased photoionization of the 

sunlit ionosphere  
 => F2 layer exceeds E layer ionization => few ELDI events during the day 
• Absent photoionization and increased particle precipitation on the night side 
 => E layer exceeds F2 layer ionization => many ELDI events during the night 

 

Diurnal variation of ELDI 
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Diurnal variation of ELDI 
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• Investigation: 
• Seasonal variation of %ELDI for northern and southern high latitude regions 
• Evaluation of electron density profiles for a superposition of all years of the 

COSMIC data set or the CHAMP data set respectively 

• Observation: 
• %ELDI reaches maximum in local winter and minimum in local summer 
• Large solar zenith angle in winter causes a reduced photoionization of the F2 

layer while at the same time the long nights result in an easier F2 layer 
degradation due to recombination processes 

 => lower average F2 layer ionization increases likelihood for ELDI occurrence 

Seasonal variation of ELDI 

DLR.de  •  Chart 10 



> Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal > Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal 

Seasonal variation of ELDI 
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• Investigation: 
• Annual variation of %ELDI for northern and southern high latitude regions 

depending on 11 year solar cycle 
• Observation of F10.7 solar radio flux as measure for solar activity 
• Evaluation of electron density profiles for combined CHAMP and COSMIC 

datasets for the years 2001 to 2018, covering a full solar cycle 

• Observation: 
• Low %ELDI at high solar activity level and vice versa 
• High solar activity causes increased amount of EUV radiation and therefore 

stronger photoionization of the F2 layer 
 => F2 layer exceeds E layer ionization resulting in less ELDI events 

Solar cycle dependent variation of ELDI 
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Solar cycle dependent variation of ELDI 
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• Investigation: 
• Temporal variation of %ELDI depending on occurrence of geomagnetic storms 
• Observation of Dst as measure for geomagnetic activity 
• Evaluation of 27 geomagnetic storms from the period 2001 to 2016 
• Epoch analysis for the superposition of 10-day wide windows, each one centered 

on one of the storms peaks 
• Separate evaluation for COSMIC and CHAMP 

• Observation: 
• Storm onset phase shows sudden drop in Dst and increase of %ELDI while 

recovery phase shows slow increase of Dst and decrease of %ELDI 
• Geomagnetic storms are accompanied by an increased flow of solar charged 

particles entering the magnetosphere and precipitating into the ionosphere 
 => higher average E layer ionization increases likelihood for ELDI occurrence 

 

Geomagnetic storms – Temporal variation of ELDI 

DLR.de  •  Chart 14 



> Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal > Evaluation of E Layer Dominated Ionosphere Events Using COSMIC/FORMOSAT-3 and CHAMP Ionospheric Radio Occultation Data > Sumon Kamal 

Geomagnetic storms – Temporal variation of ELDI 
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• Investigation: 
• Latitudinal variation of %ELDI depending on occurrence of geomagnetic storms 
• Observation of Dst as measure for geomagnetic activity 
• Analysis for quiet times and storm times (same 27 storms as in previous analysis) 
• Computation of Mean %ELDI for northern and southern hemispheres to get 

%ELDI peak magnitudes (“N %ELDI Mean”, “S %ELDI Mean”) 
• Computation of Mean and Root Mean Square of all latitudes weighted by %ELDI 

for both hemispheres to get peak positions (“N Lat Mean”, “S Lat Mean”,  “N Lat 
RMS”, “S Lat RMS”) and computation of the distance between northern and 
southern Mean and RMS (“Lat Mean Dist”, “Lat RMS Dist”) 

• Separate evaluation for COSMIC and CHAMP 

• Observation: 
• %ELDI peaks are higher during storm times than during quiet times 
• Peaks are located at auroral latitudes 
• Smaller distance between peaks (“Lat Mean Dist”, “Lat RMS Dist”) resulting from 

a shift of these to lower latitudes during storms 
 => Equatorward motion of auroral zone in case of storms 

 

Geomagnetic storms – Latitudinal variation of ELDI 
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Geomagnetic storms – Latitudinal variation of ELDI 
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Geomagnetic storms – Latitudinal variation of ELDI 
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Mission Condition 
N %ELDI 

Mean 

S %ELDI 

Mean 

N Lat 

Mean 

S Lat 

Mean 

Lat 

Mean Dist 

N Lat 

RMS 

S Lat 

RMS 

Lat 

RMS Dist 

COSMIC 
Quiet times 2.90 3.40 68.74° -69.64° 138.38° 69.15° 70.12° 139.27° 

Storm times 6.35 3.64 67.80° -68.38° 136.18° 68.13° 69.09° 137.22° 

CHAMP 
Quiet times 2.29 3.37 68.33° -70.40° 138.73° 68.61° 70.73° 139.34° 

Storm times 4.15 5.49 67.87° -70.19° 138.06° 68.31° 70.67° 138.98° 
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• We analyzed the spatiotemporal distribution of ELDI events for both hemispheres and 
various factors of influence on the basis of a large database that covers almost 18 
years of IRO observations from the COSMIC and CHAMP missions. 

• The results obtained for both satellite missions and both hemispheres are similar. 

• These results are: 
• For both hemispheres, ELDI events follow an elliptical distribution in the auroral 

zones, which are located around the geomagnetic poles. 
• The number of ELDI events increases at nighttime and during the winter months. 
• For low solar activity the number of ELDI events increases, for high solar activity 

it decreases. 
• During geomagnetic storms the number of ELDI events increases while at the 

same time their auroral distribution moves towards the equator. 

• Further investigations regarding the shape of the elliptical ELDI event distributions are 
planned. 

 

Conclusions 
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