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➢ Analyze the reconstruction of electron density over the Alaska region using our latest ray 
tracing-based model. The data (observables) used in the model were derived by clustering spectral 
HF data and applying Gaussian fitting techniques.

➢ Characterize and analyze the Doppler and range spread for each spectrum, derived from the fitting 
techniques.
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Range and doppler spread

Figure 5. 
Comparison of 
electron densities 
reconstruction over 
Poker Flat ISR 
versus electron 
densities 
reconstruction 
made by the model

The model estimations tend to agree PFISR 
for the times where data is available.
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➢ The HF beacon network located in Alaska operate at 2.9 
and 3.4 MHz frequencies. The transmitters are located in 
Gakona and Fairbanks, and the receivers are located in 
Toolik, Eagle and Trapper Creek.  

➢ The main throught is the large scaled nighttime depletion 
region. It typically appears at the mid and sub auroral 
latitudes.

➢  As HF radio waves pass through the ionosphere, random 
fluctuations in the refractive index due to ionospheric 
irregularities cause scintillation. The scintillation of HF 
signals can cause spreading in the Doppler and range, 
severely degrading the performance of HF radar systems 
[1].

      

Relevance and Motivation

Figure 1. Map of Alaska HF stations.

Continuous wave signals from a network of high frequency (HF) beacons in Peru are used to 
reconstruct the regional ionospheric electron number density in the volume surrounding the network 
using automatic differentiation [2].

➢ High-latitude ionospheric behavior differ significantly from  the equatorial region, which was 
studied in [2]. These differences drive the need to reconstruct electron densities using region 
specific data sources ensuring a good representation of the  high-latitude environment.

Techniques based on multiple phase screens attempt to establish a relationship between irregularities 
and doppler spreading [3] [1]. However, an alternative method that does not utilize phase screens was 
developed by Coleman in a model that incorporated geometric optics [4].

➢ In this work, we aim to expand our knowledge of the effects of irregularities by quantifying not 
only Doppler broadening but also range spreading of HF signals, which is crucial for simulating 
HF sky-wave radar systems.

Methodology
Figure 2. 0) Power 
spectrum, 1)Mean 
filter, 2) Percentile 
mask, 3) Dense 
Zones. 

Figure 3.  Gaussian fitting 

  

Figure 4. Electron density 
profiles from model versus 

latitude at different times   
for the longitude -147.

Figure 6. Comparison of HmF2 and NmF2 

The width aligns with the theoretical values derived from the equations 
presented. For the Doppler width, the obtained values are around 0.2 
Hz, and for the range spread, values were approximately 9 km.
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The electron density 
is high at the north 
and as the time passes 
It goes to south.

Figure 7. Range and doppler spread. 

The colors shown correspond to 
those used in the map in Figure 1.

Figure 8.  Map of the refractive index square for 
each ray. Times 1:58 and 3:31 are shown, indicating 

a decrease over time.

Figure 9.  Drift velocities for PFISR Figure 10.  SuperDARN Los Velocities. 

➢ The reconstructed electron densities with the model differ from those at the equator region, as they are not horizontal. 
According to our comparisons, the PFISR radar data at available times align well with our estimations.

➢ The presented quantification of Doppler and range width corresponds with the theoretical equations based on [4]. 
Several aspects of the observed behaviors are worth mentioning:
Temporal behavior: There is generally an increase in both range and Doppler spread, which aligns with the gradual 
decrease in the refractive index (Fig. 8) during this time interval.
Doppler spread: The drift velocities exhibit an increasing trend, leading to an expected rise in Doppler spreading.
Ray Length: According to the map, the most horizontal ray (indicated in pink) connects Toolik and Gakona. Compared to 
other rays, we anticipated this ray will reach a lower height and exhibit less dispersion in the spectra. This observation is 
consistent with the measurements displayed in Fig. 7.
Change in Longitude: When using the Fairbanks station as a reference point, it is observed that rays on the west side 
cause a greater spread than those on the east side(blue and sky blue links). This difference may be attributed to higher 
drift velocities toward the west, This conclusion is based on the examination of velocity variations along beams 0 (west) 
and 15 (east) of the Kodiak radar, from the SuperDARN network, exhibited in Fig. 10.

➢ The range spread is associated with turbulence, while Doppler spread is influenced by both turbulence and drifts. This 
data can serve as input in an intensity a map. This study could also serve as a validation for a high-fidelity HF model.
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