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MSTID detection using ionosonde

It is possible to detect MSTIDs in ionograms...

...but:

on the limit of time resolution,

no TID characteristics (amplitude, periods,...),

not automated, not in real time.
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Continuous Doppler sounder system (CDSS) observations

Simultaneous Doppler sounding at multiple frequencies (with additional

height information from a nearby ionosonde) provide continuous

monitoring at high time-resolution.

Doppler shi� can be a�ected by

many things:
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Assuming the only relevant process

is plasma movement, this is highly

simplified:
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CDSS configuration

Some important aspects of the CDSS

installation:

Each Tx/Rx combination

provides one measurement.

Multiple Rx’s can listen to the

same Tx, and multiple Tx’s

received by the same Rx.

Measurements are done on

oblique paths, from tens to over

one hundred km distances.

Each link uses a slightly di�erent

frequency, to allow

distinguishing signals.

Di�erent frequencies can be

employed to cover day and night.
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CDSS data

Receiver samples the incoming signal at more than 300 Hz.

The data collected from CDSS instruments are spectrograms.
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Maximum spectral density identification

The first step in the analysis is to identify the trace of maximum spectral

density for each sounding path.

This can be done automatically in real time, although manual correction can

occasionally improve results.

See: Fišer et al., 2017, doi:10.1186/s40623-017-0719-y
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Time series of Doppler shi�s

The result is a time-series of Doppler shi�s fD .

(Data is sampled here to one minute resolution.)
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What is smaller than a “medium-scale” TID?

CDSS can observe phenomena time-scales much shorter than MSTIDs!

The time series fD is band-pass filtered to remove variations shorter than 4

or longer than 50 minutes.

The time series is also mean centered.

If data is bad (e.g., low signal to whole-band power), no TID detection is

performed.
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TID detection & characterization

Analysis is done every 15 minutes with a 90 minute sliding window. A TID is

considered to be present when the variance σ(fD) is above some empirical

threshold.

Propagation velocity and direction (in 2D) are obtained by slowness

(reciprocal velocity) search:
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Results

Outputs obtained are horizontal velocity and azimuth of the best fi�ing

TID, the variance of Doppler shi�s, and the dominant period of variations

(all with estimates of uncertainty).

Remarks:

Some (empirically obtained) minimum for the normalised maximum of

W (sx , sy) can be used to consider a result reliable.

There is an assumption that there is only one TID present, constant for

the 90 minute analysis window.

T. Verhulst (RMI/STCE) TID nowcasting – MSTIDs PITHIA/T-FORS School 2024-02-06 11 / 18



Real-time, operation MSTID detection

During the TechTIDE

project (2017–2021)

MSTID detection

from CDSS data was

brought into

real-time operation,

and the relevant code

made open source.

However: currently

only working for the

Czech data.
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Finding CDSS data in the PITHIA portal

Since we know what we are looking for, we can either browse directly to

this data-set or simply search for “Doppler sounder.”
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Archive of CDSS spectrograms

In the archive are all spectrograms from the instruments in Czech Republic,

Argentina, Taiwan, South-Africa, France, Belgium, Slovakia, and Germany.

The repository contains all spectrograms, but currently only as images.
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Example spectrograms
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Example spectrograms

Not all data is equally nice...
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Example spectrograms

�estion

What is going on here? Which country would this be from?
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Summary

1 Continuous Doppler sounding systems provide the best data for

MSTID detection.

2 Data processing and TID detection can be done in (near) real-time,

which good results.

3 Data coverage is very limited, real-time operations currently only for

one location.

The end!

�estions?

Starting point for further reading:
J. Chum & K. Podolská (2018): 3D Analysis of GW Propagation in the

Ionosphere, Geophys. Res. Le�. 45(21), 11,562–11,571,

doi:10.1029/2018GL079695.
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