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Extended Abstract  
 

An electron density profile is characterized by a peak altitude where the gradient of density is zero, a region below the peak 

with rapidly dropping electron concentration and a topside region that more gentle extension of the plasma into the upper 

atmosphere.  A new set of simple analytic functions is presented for fitting of a wide range of ionospheric measurements or 

physical models for electron densities.  The Biquadratic function on the bottom side F-region and the Lorensian on the topside 

meet at the ionosphere peak to form a complete description of the layer using only five parameters.  Closed form solutions of 

integral representations are found using the Biquadratic-Lorensian (B-L) model for a wide range of applications.  Some 

examples of these integrals are (1) the Abel Transform obtained during GPS occultation or satellite far ultraviolet (FUV) limb 

scanning, and (2) the virtual height profile produced by an ionosonde.  The B-L functions are used to fit ionospheric 

observations of ionosondes, incoherent scatter radars, satellite limb sensors, and in situ space probes with the least-squares fit 

of five parameters that completely specifies the profile.  The same B-L profile function also provides accurate representations 

of empirical and physics based models.  
 
Eight test cases with (1) radio and (2) FUV occultation, (3) ionosonde and (4) incoherent scatter observations along with both 

(5) empirical and (6) physics-based models of the F-layer have shown the Biquadratic-Lorensian Model accurately represents 

the electron concentration distributions (Figure 1).  This B-L model provides an analytic, smooth representation of noisy 

measurements that have not been previously filtered.  The five-parameter B-L Model usually provides as much ionospheric 

information as the large number of points in the ground or space-based data samples.  In this way, the five parameter B-L model 

provides data compression without loss of utility for ray propagation and ionospheric model applications.   Also, the B-L Model 

replicates all of the essential features of both empirical and physics-based models of F-layer electron density.  Overall, the 

Biquadratic-Lorensian Model of the F-layer provides a simple but useful representation in terms of simple functions with a 

minimum number of parameters. Finally, the B-L model also allows efficient and accurate predictions of HF paths in the 

ionosphere using quasi-analytic ray tracing on both the bottom and top regions of the F-Layer. 

 

 

Figure 1.  Biquadratic-Lorensian 

model fits to two electron density 

profiles obtained on 9 November 

2016 with the Arecibo 

incoherent scatter radar using (a) 

ion-line backscatter power and 

(b) temperature corrected 

electron densities.  The B-L 

function provides a good 

representation of the ion-line 

profile (a) over the full altitude 

range.  The same function with 

different function parameters 

replicates the temperature 

corrected layer profile (b) 30 

minutes later.  The parameters 

derived for the second layer are 

estimated for ray tracing in 

spherical shell geometry and 

horizontal stratification.   
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