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Outline

ÅObjectives

üSpectralanalysisand filtering of ground-basedand satelliteionosphericdata

üCorrelationanalysisbetweenfiltered ionosphericdata and solar/magneticparameters

ÅTask description and participating teams

üTask 3.1 Assessment of data requirements (T01 ςT06)(UWM,UPC,NOA)

üTask 3.2 Spectral analysis and correlation analysis (T07 ςT24)(UWM, NOA,UPC)

üTask 3.3 Band-pass filtering (T10 ςT24)(UWM, UPC)

üTask 3.4 Verification and Final release of band-pass filtered and multiband data (T24 ςT32)(UWM, 

UPC,NOA)
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Time-frequencyanalysisof terrestrialGNSS data
ÅNICO IGS station, VTEC calculatedfor trackedsatellitesand averagedusinginversedisatanceweighting.

ÅThe signalis continuousfor this station, but severalIGS stationsprovidedata includingdiscontinuities

ÅWe remove40-day trend to work with signalsfrom around27-day waveperiod to just overdiurnal waveperiod

Diurnal and semi-diurnal components are the strongest, 
and therefore the option is to work with shorter (inter-
diurnal) or longer(over-diurnal) waveperiods.

The work with inter-diournal periodsneedsextremely
completedata. The GIMsdo not assuresuchresolutions.

A several-day increasesof Ne areobservedby Swarm, and 
therefore the choice of over-diurnal periodsis chosen.

WŀǊƳƻƱƻǿǎƪƛΣ²., Wielgosz, P.; IŜǊƴłƴŘŜȊ-Pajares,M.; et al... 2023, The CorrelationbetweenIonosphericElectronDensity
VariationsDerivedfrom SwarmSatelliteObservationsand SeismicActivity at the AustralianςPacific TectonicPlateBoundary. 
Remote Sens. 15, 5557. https://doi.org/10.3390/rs15235557

https://doi.org/10.3390/rs15235557


Time-frequencyanalysisof terrestrialDigisondedata

No NmF2 there

ÅNI135 Digisondestation, foF2 downloadedfrom FastCharservice and allocatedǘƻ мрΩ regulartime axis(no interp).

ÅThe signalincludesmoderatediscontinuities, but alsomanyoutliers (inter-diurnal periodsimpossible), 

ÅOver-diurnal havesomechance, but cleaningis really advised(potential influence on over-diurnal signals)



Filteringof terrestrialdata
ÅThe40-dayhigh-pass filtering (a-b) and band-pass filtering (c-e) (the same for GNSS and Digisonde)

ÅRegion surroundingNicosiato -15ϲ< <˂15ϲ-10ϲ< <10ϲ Blue lines are
standard 
deviation of 
residuals.
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phenomena
occursat data 
gaps.

But this is in 
filtering from 
data filled by 
linear
interpolation. 
For 
spectrograms
we use
original-trend-
filled with 
zeros



Time-frequencyanalysisof GNSS/Digisonde
ÅThe50-1.4-day spectrograms(the same for GNSS and Digisonde)

ÅAncillarydata: Solar wind Flowspeed, Proton Density, Hp60, Dst, Earthquakesand 10-d Cum. SeismicEnergy
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The earthquakesM>=5.0

ÅThe earthquakes in 2020 with M>=5.0 surrounding the station (the same for GNSS and Digisonde)

ÅRegion surroundingNicosiato -15ϲ< <˂15ϲ-10ϲ< <10ϲ

Samos, M=7.0, end of October2020

Twoearthquakesin May 2020, closeto 
Crete, the strongerM=6.5 first

S-E Turkey, M=6.7, January 24, 2020



ÅThe12-1.4-day spectrograms(the same for GNSS and Digisonde)

ÅThe signalsmust differ as the soundingsare from 20000 km and 600? km Thisis not Edge effect from gap, 
becausewe haveit in GNSS
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ÅThe earthquakes in 2020 with M>=5.0 surrounding two Digisondestations from Rome

ÅRegion surroundingRome to -15ϲ< <˂15ϲ-10ϲ< <10ϲ

Samos, M=7.0, end of October2020

Twoearthquakesin May 2020, closeto 
Crete, the strongerM=6.5 first

The earthquakesM>=5.0 aroundRome



Time-frequencyanalysisof foF2 from Rome Digisonde
ÅThe50-1.4-day spectrograms, the datasetshavedifferent gaps, and the one from the left is duringthe earthquake
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