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Outline

● Review of ion production and loss rates.
● Chapman function to determine neutral density line integral.
● Scale height depends on neutral parameters.
● IRI and E-CHAIM prediction of electron density change with solar 

zenith angle (SZA).
● Experiment results.
● Summary and conclusions.



Electron Density Model Calculation
● Electron density continuity equation 

governed by production and loss rates:

● Examples of electron losses depend of 
electron temperature:

From Huba et al. (2000)



Electron Density Model Calculation
● Production depends on

○ Neutral density
○ Sun’s intensity at a particular wavelength
○ Ionization cross section per wavelength for a 

particular neutral species

● And is attenuated by
○ Absorption cross section per wavelength 

and neutral species
○ Line integral over the neutral density from 

Sun to target
■ Approximated using Chapman 

functions From Huba et al. (2000)



● Chapman functions often 
assume constant H

● H=R*T_n / (M_a*g)
● R=8.31 J/(mol.K)
● M_a is the average mol 

mass using density profile
● T_n is the neutral 

Temperature K
● MSIS-E-90 Atmosphere 

Model provides scaled 
height vs. altitude

● H is not constant



Model Predictions of Electron Density

● Gradual electron 
density drop at lower 
altitudes with time as 
SZA increases

● Solar spot number is a 
significant parameter 
for IRI
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PFISR Electron Density Data

● At first this trend is 
visible in the PFISR 
data

● low altitude density 
enhancement at 
around 7:00 UT



PFISR Electron Temperature Data

● Electron cooling near 
7:00 UT drops which 
affects loss rates

● Note the error increase 
at 7:00 UT



Model fit to Electron Density vs. Time/SZA at 200 km

E-CHAIM
IRI2016
PFISR

● E-CHAIM predicts SZA 
electron density 
relationship reasonably

● IRI overestimates 
electron density at higher 
SZA



Model fit to Electron Density vs. Altitude

E-CHAIM
IRI2016
PISR

● IRI has a better F peak 
prediction than E-CHAIM

● E-CHAIM has no solar 
activity input into the 
model



Summary and Conclusions
● Models may account for solar zenith angle by use of Chapman functions.
● Scale height, H, has a neutral temperature and neutral density profile 

dependence.
● Electron temperature affects the recombination rate.
● E-CHAIM better predicts SZA dependence in this instance.
● IRI does better in predicting the F peak electron density.
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