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Abstract

We test a technique for region-based updating IRI-family
ionosphere models using vertical sounding (VS) and
global navigation satellite systems (GNSS) data. As input
parameters we used critical frequencies (foF2) obtained at
VS stations located in the Ekaterinburg HF radar (EKB;
56.4°N, 58.5°E) field-of-view (FOV) and total electron
content (TEC) from CODE global ionospheric maps
(GIMs). Updated vertical profiles of electron density are
used to simulate HF ground backscatter (GB) in the
framework of waveguide approach. We compare
simulated HF ground backscatter range-time-intensity
(RTI) with observed one by the EKB HF radar to test
effectiveness of various updating schemes.

1 Introduction

There is a number of empirical ionosphere models which
can be used for HF waves propagation simulation. These
models predict monthly median ionosphere state and are
suitable for long-term HF propagation forecast. HF
propagation characteristics calculated under long-term
forecast may significantly differ from observed ones. This
represents day-to-day (or even hour-to-hour) variability of
the ionosphere. On the other hand, knowing how HF
waves propagated is often important for improving
interpretation of observational data and/or for increasing
accuracy of determination of secondary characteristics,
such as, parameters of ionospheric disturbances. One way
to bring HF simulation closer to observations is updating
median ionosphere model using real measurements.

In the report we test a technique for region-based updating
IRI-family ionosphere models, such as IRI-2012 [1] and
IRI-PLAS [2], using data of vertical sounding (VS) and
global navigation satellite systems (GNSS). As input
parameters we used critical frequency of F2 layer (foF2)
obtained at VS stations (Arti, Amderma, Salekhard,
Dikson, and Norilsk) located in the Ekaterinburg HF radar
(EKB; 56.4°N, 58.5°E) field-of-view (FOV) and total
electron content (TEC) from global ionospheric maps
(GIMs). The locations of the radar, its FOV, and VS
stations are shown in Figure 1. Updated vertical profiles
of electron density are used to simulate HF GB
characteristics in the framework of waveguide approach.
We compare simulated HF GB range-time-intensity (RTI)
with the observed one by the EKB HF radar to test
effectiveness of various updating schemes.
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Figure 1. The EKB HF radar location and its FOV.
Vertical ionosonde locations are shown by black circles
with labels

2 Technique for IRI Model Updating

For purposes of HF propagation simulation we need to
know a spatial distribution of the electron density along
the propagation path. Critical frequency, foF2, has the
greatest impact on the HF propagation, and, therefore, it
should be corrected (updated) first. One of the advantages
of IRI model is a built-in mode in which electron density
height profile can be adjusted by user input foF2 value. If
one have a set of foF2 measured in spatially separated
points for a given time moment, it becomes possible to
make a spatial interpolation of the measured values (or
their deviations from the model values). Then foF2 values
interpolated along a given propagation path can be used as
input to calculate updated IRI electron density profiles.

In this study we check three schemes for IRI model
updating. In the first one we used foF2 measured by VS to
calculate a correction factor which is equal to the ratio of
the observed critical frequency to the model one at the
ionosonde location
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For a set of VS stations we have a set of correction factors
spatially distributed in the region under analysis. The
factors are interpolated using inverse weighted distance
interpolation methods [3, 4] modified for the spherical



case. At a point of interest the actual critical frequency
can be obtained via the correction factor, 7;,;, and the
model critical frequency, foF2' calculated for this
point.
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The second scheme uses GIM TEC maps and IRI-PLAS
model [2] for calculation the actual foF2 in a given point.
We used GIM maps provided by Center for Orbit
Determination in Europe (CODE) [5]. The CODE maps
are generated on a daily basis using TEC data from about
200 GPS/GLONASS sites of the International GNSS
Service (IGS) and other institutions. The CODE TEC
maps have a spatial resolution of 2.5°%5° in the
geographic latitude and longitude, and time resolution of
2 hours.

IRI-PLAS electron density profile below F2 layer peak
coincides with the IRI profile which is based on well-
known global ionospheric maps CCIR and URSI. Above
F2 layer peak the profile is calculated using the
IZMIRAN plasmasphere model, which was developed
based on in-situ electron density measurements provided
by Canadian satellites ISIS1 and ISIS2, and Russian
Intercosmos-19 [6]. A feature of IRI-PLAS is a built-in
mode, in which both foF2 and hmF2 (F2 layer peak
height) can be updated according to user input TEC value.

In the second scheme, first of all, we interpolate GIM
TEC in temporal (by linear interpolation between two
neighboring UTs) and spatial domains (by inverse
weighted distance interpolation [4]) to get TEC value
which corresponds to a given UT and given coordinates.
Then we used IRI-PLAS model [2] to calculate foF2 4,
corresponding to the TEC value at a point of interest.

The third scheme uses foF2 measured at VS station and
GIM TEC together. The combined use of actual foF2 and
TECav values allow us to make some calibration of the
equivalent ionosphere slab thickness [7] provided by IRI-
PLAS. First, we calculate the “observed” slab thickness
for each VS station
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Then the proportionality coefficient is calculated between
Tobs and Tyoqer for VS station location
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Spatial interpolation of 7; is applied then to correct IRI-
PLAS slab thickness at a point of interest. The corrected
foF2 are calculated at this point in the following way
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All the schemes described above allow us to reconstruct
“actual” foF2 at each point of a given HF propagation
path. To calculate electron density profiles which are
necessary for subsequent HF propagation simulation we
use foF2 .4 as user input to IRI-2012 model [1].

3 Technique for HF Ground Backscatter
Amplitude Simulation

The technique we used for the HF GB simulation [8, 9] is
based on adiabatic approach of eigenfunction method
[10]. In case of azimuthally symmetric Earth-ionosphere
waveguide electromagnetic field induced by arbitrary
emitter is expressed by a series of eigenfunctions as
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Where 7,(7) , A,(#) and ®,(#) are the time Ilag,
amplitude and phase of eigenfunction with number n
respectively, go(t) is envelope of the transmitted signal,
wy is a cycle frequency. Excitation coefficient I,,(¢) is
related with the characteristics of emitter, or with
scattering properties of rough ground surface. In the latter
case the relation can be expressed as,
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Where o(a;, a;) is a scattering coefficient, 4;(7y) is an
incidence HF field amplitude on the surface, a; and a; are
the incidence and scattering angles accordingly, S is an
area of scattering region at certain time moment. We used
an analytical expression for scattering coefficient derived
by small perturbation method [11]
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Where k is a wave number and W (x) is one dimensional

spectral density of roughness height distribution.

4 EKB HF GB Observation and Simulation

Figure 2a shows RTI plot obtained by the EKB HF radar
on beam #1 (azimuth -1.06°) during February 8, 2014.
Universal time (UT) is shown on the horizontal axis. The
date is characterized by moderate geomagnetic activity
during the first half of the day (Ap=23). GB intensity is
shown by color according to the right-side color bar. Red
crosses show GB echoes with maximum intensity for a
given UT. As we can see from Figure 2a there is a distinct
track corresponding to the scattering near the HF skip
distance. The track is located near ranges of ~1000 km,
and it is characterized by a typical diurnal behavior.



Corresponding HF GB intensity simulations are presented
in Figures 2b—2e. Calculated intensity is shown by color
according to the right-side color bar. Black crosses show
minimum slant range for a given UT. As one can see there
is a significant difference in the absolute values of the
observed and simulated intensity. The observed intensity
is calculated with relation to the measured HF noise level
(i.e., this is the signal-to-noise ratio), but in the simulation
the intensity is reduced to a level of 1 volt. Further we
discuss the differences and similarities of the observed
and simulated results regardless of the absolute intensity
values.

Figure 2b shows GB intensity calculated using the
original (basic) IRI-2012 model without updating. In
general application of basic IRI-2012 allows to reproduce
satisfactorily the diurnal behavior of the HF GB as
compared with the observations. However there are at
least two significant differences between the observed and
simulated results. First, simulation systematically
overestimates minimum slant range as compared with the
observations. Second, simulation show somewhat
different diurnal trend of minimum slant range. In other
words overestimation after the noon hours is greater than
before these hours.

Figure 2c shows GB intensity calculated using the IRI-
2012 model updated by VS data only according to the
first scheme described in Section 2. In comparison with
Figure 2b the adaptation by VS significantly decreases
difference between observed and simulated minimum
slant range. The intensity track becomes wider in slant
ranges which better corresponds to the observations. In
addition there is a sharp vanish of HF GB at about 13:30
UT as it also seen in Figure 2a.

Figure 2d shows the results of calculation using the IRI-
2012 model updated by GIM TEC data only according to
the second scheme described in Section 2. We can see that
adaptation using GIM TEC also significantly
overestimates minimum slant range. However there is
some correction to its diurnal trend as compared with
Figure 2a.

Figure 2e shows the results of calculation using the IRI-
2012 model updated by combined VS and GIM TEC data
according to the third scheme described in Section 2.
Comparing Figures 2b and 2e, one can see close similarity
between them. The difference is seen mainly for the time
interval from 15 till 17 UT. Figure 2e does not show any
intensity during this interval unlike Figure 2b.

Figure 3 shows relative average diurnal deviation between
observed and calculated minimum slant ranges for
different radar beams. The beams are characterized by
different azimuths. Beam #0 has azimuth of -4.3°,
whereas beam #15 directed to the azimuth of 44.3°.
Deviations for different updating schemes are shown by
different colors. Black, red, blue, and green colors

8.02.2014: EKB radar beam #1
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Figure 2. Pannel (a) - the EKB HF radar range-time-
intensity plot (RTI) observed on Febraury 8, 2014 on
beam #1. Pannels (b), (c), (d), and (e) ground backscatter
intensity simulated without updating (basic), VS only,
GIM only, and VS + GIM updating schemes
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Figure 3. Relative average deviation and standard
deviation of simulated minimum HF ground backscatter
range without updating (black), VS only (red), GIM only
(blue), and VS + GIM (green)

correspond to original (basic) IRI-2012, updated by VS
only, GIM only, and combined VS + GIM accordingly.
Relative standard deviation is also shown in Figure 3 by
vertical bars.

As one can see relative deviation (and standard deviation)
is different for different beams. In case of original IRI-
2012 (without updating) the greatest deviation of -31%
(with standard deviation of £26%) is seen for beam #10.
The lowest deviation of -13% (with standard deviation of
+20%) is seen for beam #1. It is well known that IRI



accuracy becomes worse with latitude increase starting
from subpolar regions. However the behavior of deviation
described above represents some kind of IRI-2012
accuracy anisotropy in the geographical region under
analysis.

In comparison with basic IRI-2012 adaptation by VS foF2
significantly decreases the deviation: to -19% (with
standard deviation of +£11%) and to -2% (with standard
deviation of £13%) for beams #10 and #2 accordingly. In
addition the deviation distribution over azimuths becomes
more uniform, reflecting spatial distribution of VS
stations used for updating. Updating by GIM TEC data
does not decrease the average deviation, but decreases the
standard deviation almost twice in comparison with basic
IRI-2012.

In comparison with the updating by VS foF2, the third
scheme, using combined VS and GIM data, leads to
somewhat greater deviations (and standard deviations).
However for beams #14 and #15 the standard deviation
increased dramatically, and it becomes greater even than
basic IRI-2012 deviation. Thus application of the
combined scheme (VS+GIM) is reasonable only in case
of VS data lack.

5 Conclusion

We test IRI model updating technique using VS and GIM
TEC data in application to HF ground backscatter
simulation. Comparison of three updating schemes shows
the better effectiveness of VS wupdating scheme in
comparison with updating by GIM TEC. Combined VS
and GIM data does not improve correspondence between
observations and simulation. However the combined
scheme can be useful in the regions where there is a lack
of VS stations.

Application of the presented updating technique is
perspective for improving interpretation of HF radar data.
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