15th Russian-Chinese Workshop on Space Weather
September 9-13, 2024, Irkutsk, Russia

STUDY OF IONOSPHERIC IRREGULARITIES
BASED ON HF RADAR NETWORK DATA

Alexey V. Oinats

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

oinats@iszf.irk.ru
Northern hemisphere Southern hemisphere

120°E /

20°5 |

20°s |




OUTLINE

INTRODUCTION
1. Medium scale traveling ionospheric disturbances (MSTIDs)
1.1. TID’s parameters determination technique
1.2. Statistical study of MSTID’s parameters
1.3. Comparison with neutral wind model (HWM14)
2. Field-aligned irregularities (FAl). GDI growth rate
2.1. FAl observation during St.Patrick superstorm (March 17-18, 2015).
Comparison with GSMTIP
2.2. Statistical study of FAl occurrence observed by EKB and MGW radars
2.3. Comparison with empirical ionosphere models
CONCLUSIONS and FINAL REMARKS

, , Ground Ground lonospheric lonospheric
Transmitled signal -, backscatter; ireflection reflection :backscatter
| - 300
: \ \ - | Fregion
3 II'|I \ 12'F_|1 - 200
, rE?.BI‘. \
HF WAVES S\ X | *|_E region 100
PROPAGATION MODES W R
(3-30 MHZ) . f;:.:’ FRERSE SR LEE TR RS E .-':/:".f FAELLELL, f./l".f:}?; iy f\f FRERTR LGRS EAE AL ELE, /‘4.’ oy i {]




INTRODUCTION

Latitude

Russian HF radars

Operational frequency: 8-20 MHz Range gate: 15/45 Km
Number of beams: 16 Stereo mode — 2 channels
Beam width: ~3,5° First light dates
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1. Medium scale traveling ionospheric disturbances (MSTIDs)

Simulation example
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1.1. TID’s parameters determination technique

Oinats et al. (2015)
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1.2. Statistical study of MSTID’s parameters
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1.2. Statistical study of MSTID’s parameters
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1.3. Comparison with neutral wind models

Equinoxes (c) Summer

(a) All year (b}
360 FrrrprrrrTrr T T T

EKB 330
(2013 - 2021)

Azimuth, degree
- -
o@D
f=]

-

I NN

I | el b b

[ )

(d) Winter

el b beea biaa Lo

T T TR

Azimuth, degree

ialian JIIJIIJl‘lJII
T T T T '

=
nom
=T =1

T T

=

Azimuth, degree

120 - It L 1 1 ]

R S S

sl s lasalangd

[} 4 8 12 16 20 [} 4 8 12 16 20
uT uT ut

] 4 8 12 16 20 24

0 2 4 & B 10 12 14
Occurrence rate, %

“Allowed”
azimuths
(HWM14)

Observed
MSTID
azimuths

“Restricted”
azimuths
(HWM14)



1.3. Comparison with neutral wind models
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2. Field-aligned irregularities (FAI). GDI growth rate

s 2 3 4 (Dungey, 1961)
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2. Field-aligned irregularities (FAI). GDI growth rate
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2. Field-aligned irregularities (FAI). GDI growth rate

Gradient-drift instability (GDI) growth rate in the ionospheric F region
[Makarevich, 2014]
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2.1. FAl observation during St.Patrick superstorm (March 17-18, 2015).

Comparison with GSMTIP
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2.1. FAl observation during St.Patrick superstorm (March 17-18, 2015).
Comparison with GSMTIP
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GSMTIP - regression and correlation

NH: SD IS echoes vs GSMTIP(250km) Vemax, S~°
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2.1. FAl observation during St.Patrick superstorm (March 17-18, 2015).
Comparison with GSMTIP

GSMTIP, GDMF2, IRI2020 - regression and correlation
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2.1. FAl observation during St.Patrick superstorm (March 17-18, 2015).
Comparison with GSMTIP
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2.2. Statistical study of FAI occurrence observed by EKB and MGW radars
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2.2. Statistical study of FAI occurrence observed by EKB and MGW radars
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2.2. Statistical study of FAIl occurrence observed by EKB and MGW radars
Solar activity dependence
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2.2. Statistical study of FAIl occurrence observed by EKB and MGW radars
Geomagnetic activity dependence
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2.3. Comparison with empirical ionosphere models
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2.3. Comparison with empirical ionosphere models
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2.3. Comparison with empirical ionosphere models

N € ax I'Ne G N € max I'Ne G

All data -0.1/-0.07*  0.06/0.38* 0.15/0.4* -0.08/0.1*  -0.06/0.07*  0.0/-0.24*
0.32/0.35*  0.49/0.52* 0.21/0.17* 0.36/0.45*  0.43/0.42* 0.22/0.12*
-0.41/0.15* -0.11/0.49* 0.06/0.56* -0.38/0.1*  -0.21/0.41* -0.04/0.44*
-0.04/-0.01* 0.04/0.39* 0.09/0.32* -0.03/0.12* -0.05/0.04* -0.04/-0.13*
Kp<2 -0.36/0.02*  0.08/0.36* -0.02/0.35* 0.05/0.12*  0.09/0.09* 0.06/-0.21*

Dataset

0.08/-0.08* 0.08/0.38*  0.22/0.42* -0.07/0.09* -0.07/0.03* -0.06/-0.3*
-0.12/-0.09* -0.06/0.29*  0.21/0.27*  -0.25/0.1*  -0.25/0.05* -0.13/-0.2*
| 2013 [ 0.09 -0.02 -0.04 0.07 0.25

| 2014 GRS 0.59 0.07 0.55 0.59 0.34

| 2015 [EERE 0.38 0.39 0.18 0.23 0.2

| 2016 [EEEEY: 0.15 -0.36 0.27 0.36 0.34

| 2017 [EGED) 0.23 -0.14 0.26 0.40 0.31

| 2018 [EVETI 0.24 0.1 0.35 0.37 0.09

| 2019 [EENOPE 0.38 0.1 0.52 0.43 -0.03
| 2020  [EEERY 0.37 -0.17 0.52 0.46 -0.04
| 2021 R 0.58 -0.07 0.62 0.63 0.13

| 2022 R 0.66 0.07 0.59 0.69 0.37

*EKB/MGW



CONCLUSIONS and FINAL REMARKS

HF radars are very effective tool for monitoring ionospheric dynamics in a wide
spatial regions including polar, auroral, sub-auroral, and mid-latitudes.

Statistical dependencies of the main parameters of MSTIDs on the time of day,
season of the year, levels of solar and geomagnetic activity, location of HF radars,
and the state of the neutral atmosphere are revealed. Properties of most of the
MSTIDs are in good agreement with the hypothesis of IGW filtration by neutral
wind. This allowed us to develop and test a method for estimating the horizontal
neutral wind velocity vector based on statistical distributions of MSTIDs azimuths
and velocities.

First principle and empirical ionosphere models allows for a satisfactory
prediction of FAIl generation regions of, both during individual events and for the
purpose of interpreting statistically observed patterns. Monitoring of radio aurora
in quiet and disturbed conditions is useful for validating the models of large-scale
ionospheric formations, such as the MIT, auroral oval, SAPS, SAID, etc. Location and
dynamics of the aspect scattering regions are directly related to the radial current
systems of the magnetosphere (FAC), and, at the same time, there are features of
their manifestation associated with the conditions of radio wave propagation in the
absorbing medium.
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