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Data C '

-Data from the ionograms at Ebro Observatory station (40.82N, 0.50E) (EB040). Ground-based Digisonde-
Portable-Sounder-4D (DPS4D) routinely performs vertical at different time samplings, usually at 5 or 15 min

-Data available at the GIRO portal (https://giro.uml.edu/)
-Software tool Data Visualization/Editing Tool known as SAO Explorer (SAO-X). (https://ulcar.uml.edu/SAO-

X/SAO-X.html)

2014.11.24 (328) 12:30:00.000 _I

-SAO-X allows to extract the DPS4D
amplitudes for each reflected radio
signal and the most probable
amplitude (MPA)
-The MPA is the amplitude
threshold below the noise level.
-For a given frequency of sounding,
signal-to-noise ratio

SNR = Amp-MPA

Short user manual to manage
these data in supplementary
material on de Paula et al., 202;
doi.org/10.3390/rs14081898
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Sighal-to-Noise Ratio (SNR)
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Detection methodology

+* Determination of the quiet monthly pattern.

Quiet monthly pattern:

Winter
SNR (= Amp - MPA) >18
EB040_November 2013 5 Quiet days AVERAGE
(day of year: 328,329,330,331,332)
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FREQUENCY (MHZ)

Detection methodology @Uﬁ?é‘eerﬁ’dnyZOZZ

s* Comparison between the daily SNR with the quiet monthly pattern.

uiet monthly pattern Daily SNR
Q YD SNR (dB)

SNR (= Amp - MPA) >18 18 21 24 27 30

SNR (= Amp - MPA) >18 SNR (dB) EB040_2013323 (11/19)
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FREQUENCY (MHZ)

Detection methodology
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s Comparison between the daily SNR with the quiet monthly pattern.
s If the difference is below -20dB in 4 consecutive frequencies — event detection!!

SNR (= Amp - MPA) >18 SNR (dB)

EBO040_November 2013 5 Quiet days AVERAGE 18 21 24 7 30

SNR (dB)
SNR (= Amp - MPA) >18 18 21 24 27 30
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Results

(ESUsszr, 2022

After running the detection method for the period 2013-2014 only a 36% of events are detected.
Comprehensive analysis indicated which parameters have an influence on the detection of the absorption
effects on the local ionosphere by our method.
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» Relationship between Solar Altitude Angle (as) and
Geoeffective Hard X-ray Incidence (E, )

Eerr = F - sinag
sinag = siné - sing + cosé - cos¢p - cos(h)

5 = 2345 . sin |2 (22241
= . Sin T 365

6 Sun’s declination, ¢ local latitude, h hour angle
and n day of the year

Constraints:
ag = 18.94°

Eerp > 3.30x 107° W/m?
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Results (ESUsr, 2022

» Asynchronous measurement: Temporal Mismatch (TM)

EeffTW(Fmax:AF: aS) — lFmax - (Fmax ) %)] - sinag
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Trend of the hard X-ray flux reduction Variation of the geoeffective hard X-ray irradiance vs.
from the peak vs. TM. TM for a M1.0 class solar flare.
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Results (ESUsr, 2022

» Geoeffective Hard X-ray Radiant Exposure
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Detection Rate Summary @Uﬁﬁ?fr?éwZOZZ

Solar flare detection rate of the Ebro ionospheric station (EB040) considering those events that accomplish
all constraints (ag = 18.94°; E,¢¢ = 3.30 X 107° W/m?; Hopp = 1.61 x 1073 J/m?).

X-Class M-Class C-Class All Classes
100.0% (14/14) 82.6% (57/69) 46.2% (6/13) 80.2% (77/96)
Cause undetected events: Cause undetected events: Cause undetected events: Cause undetected events:
Asynchronous Meas.: Oevents B Asynchronous Meas.: 4events B Asynchronous Meas.: 7 events N Asynchronous Meas.: 11 events
False Negative: 0 events u False Negative: 8 events N False Negative: 0 events N False Negative: 8 events

References:
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