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Abstract

Main contributors: 
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RINAN: V. Galushko, Yu. Yampolski, A. Koloskov, A. Sopin, A. Kacsheev

Traveling Ionospheric Disturbances (TIDs) attract significant attention of the 
ionospheric community. These propagating waves contribute to the energy 
exchange between different parts of the ionosphere and also affect high 
frequency (HF) radiowave propagation through the ionospheric plasma. 
Specialized techniques using GPS TEC and HF data have been developed for TID 
observations. Using a significant amount of the data collected in Antarctica and 
Europe statistical pictures of the TID occurrence in these regions are 
established. Overall the observed climatology of ionospheric disturbances 
varies significantly through the year and is mainly controlled by background 
plasma density distribution. There is a significant difference between daytime 
and night time disturbance characteristics as the former are controlled by the 
neutral wind parameters while the latter appear to be related to the 
electromagnetic processes in the ionosphere.  
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Outline

• GNSS/HF study in Antarctica 

• HF observations with Ebre digisonde (tilt 
measurements)

• HF observations in Europe (HF Interferometry)

• Summary
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TID observations at Vernadsky-Palmer

Drake Passage in Antarctica generates severe
tropospheric waves, i.e., it is associated with
cyclones, convective plumes, enhanced zonal
winds, orographic waves, etc. This makes it a
very good candidate for studying
tropospheric-ionospheric interaction and



Simultaneous Doppler and angle-of-arrival data for a HF signal on the Vernadsky-Palmer link. 

NTIDs measured signal parameters:
• AoA
•



Three channel coherent HF receive
system together with GNSS receiver

Receive Antenna Array (Palmer) Receive Loop Antenna 

(Palmer)

Existing Rx System at Palmer

Receive antennas at Palmer 6
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TIDs characterization with FAS technique

Perfectly reflecting surface model
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Spectral representations:

Measured signal parameters:



FAS solution
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Trajectory parameters spectra: (direct problem)

Reflecting surface spectra: (inverse problem)

With the use of the spectral representation, one gets solutions
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GNSS interferometry methods

(Afraimovich et al., 1998; Valladres and Hei, 2012; Galushko et al., 2016)



Climatology of the observed TIDs. Left: TID climatology measured with
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#1 factor for TID occurrence is background electron density
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#2 factor for TID occurrence is magnetic activity
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Some Results collected from Vernadsky-Palmer link
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Results of TID observations
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Examples of the measured signal characteristics.

Disturbances in the ionosphere (e.g., TIDs) affect the propagation of the HF radio waves. By measuring the parameters of the
ionospherically reflected HF signal it is possible to monitor and to measure the



#2 factor for TID occurrence is magnetic activity
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How big a factor is the troposphere?

Sep 10, 2016
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Is magnetosphere a factor?

Sep 16, 2016
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HF observations with Ebro digisonde (tilt 
measurements)

The Observatori de l’Ebre is a Research Institute founded by the 
Society of Jesus in 1904 to study Sun-Earth relationships.
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Measurements at Ebro/Roquetes digisonde station
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Digisonde Tilt measurements

The transmitted signal illuminates a large area in the 

ionosphere, typically a few hundred kilometers in 

diameter (top). The transmitted radiowave reflects at 

every point in the ionosphere where the wave 

encounters the cut-off frequency (index of reflection is 

zero). If the normal to the surface of equal electron 

density points exactly towards the sounder, then the 



Determining ionospheric tilt from skymap



Ionospheric tilt angles specify the orientation of an imaginary surface (left) which reflects 
radiowaves to produce a specific skymap (right). Tilt angles are found as a center-of-mass” of 
all the sources present in the skymap data. 28





Experimental proof of tilt concept

Middle latitudes, 2014

Using ionospheric tilt measurements near the 
midpoint of an HF link, it is possible to 
“reconstruct” AoA variations at the receive 
location. Top plot compares elevation angle 
measurements (blue) and reconstruction (black), 
and bottom one shows azimuthal angle 
comparison. This example shows AoA modelling 
with the use of the “mirror model” reflection 
and with the fixed reflection height, estimated 
from simultaneous ionogram measurements.
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Comparison to GNSS observations

Comparison of the tilts derived from digisonde and





Top: Climatology of short period (20-80 min) variations 
for NS component calculated for 2012. The black and 
red line indicate the sunrise and sunset times (at ground 
level) correspondingly.
Middle: Plasma density distribution in terms of critical 
frequency, foF2. Bottom: Sporadic E layer occurrence at 
Ebro



TID propagation direction from tilt measurements

Distribution of the tilt azimuth (colormap) compared to the direction opposite to the neutral 
wind velocity (black line) for year 2012. Azimuthal direction of the tilt can be regarded as an 
indicator of the TID wave propagation direction (under the assumption of the plane wavefront). 
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HF interferometry

Europe (9 systems) South Africa (4 systems)
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For each ith 

TID parameters calculations
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HF-Int processing chain

Calculation of the residuals for the detection of LSTID in the HF-Int method. Panel (a) compares the 
raw data with the DFT interpolated data and panel (b) depicts the residual values calculated by the 
contribution of the harmonics with T ≤ 3h

Preprocessing
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Event selection criteria:
1. Confidence level above 0.975 at each site
2.



Verification of the HF-Int method with synthetic data. Panel a) shows simulated time variations 
of the MUF(3000)F2 for EB040 on 15 January 2017, with 2 TIDs events generated analytically 
(red line) with the indicated characteristics. Black dots correspond to the background calculated 
by IRI. Panels b) and c) show the results of the HF-Int method for DB049 and EB040 stations 
respectively.

HF-I
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TIDs parameters in Europe

LSTIDs are observed (determined by the method, i.e., very large spatial separation)
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TIDs parameters in Europe

Predominantly equatorward propagation of LSTIDs is 







Summary of TIDs observations in Antarctica and Europe

• The most consistent is the fact of daytime TIDs propagation against background 


