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Overview of the activity
(4 - 10 September 2017)
Geoeffective AR2673 emitted a series of solar flares, including:

• an M5.5 at 20:33 UTC on Sept. 4;
• an X2.2 at 9:10 UTC on Sept. 6 – the
most prolonged flare of Solar Cycle
24;
• an X9.3 at 12:02 UTC on Sept. 6 –
the strongest flare of Solar Cycle 24;
• an M7.3 at 10:15 UTC on Sept. 7;
• an X1.3 at 14:36 UTC on Sept. 7;
• an M8.1 at 7:49 UTC on Sept. 8;
• an X8.2 at 16:47 UTC on Sept. 10.
Occurrence of an intense and multistep geomagnetic storm (on September
7 -9) due to the combined effects of 3
coronal mass ejections (CMEs).
1st excursion: 6 September 23:05 UTC
2nd excursion: 7 September 22:27 UTC
3rd excursion: 8 September 11:05 UTC

After Qian et al., 2018

Ionospheric response:
Solar Flare effects
Quiet day
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Ionospheric response over Europe:
Large scale storm effects

6 September 2017

Apart from direct solar flare effects, the peak electron
density (foF2) ranges around normal levels

4

Ionospheric response over Europe:
Large scale storm effects

7 September 2017

Positive storm effects (ionization increases) over
Europe from 08:00 UT onwards:
wave-like disturbances, probably attributed to TADs
(Travelling Atmospheric Disturbances)

Ionospheric response over Europe:
Large scale storm effects

8 September 2017

Negative storm effects (ionization decreases) over
Europe after dawn that are more intense in the
middle-to-high European latitudes.
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TechTIDE activity report:
AATR indicator of the ionospheric activity

The AATR for all the
European receivers.

The moderate increase of the AATR during the
noon of Sep 6 is linked to the solar flare. The
main characteristic is that this increase occurs
simultaneously for all latitudes mainly for the
receivers close to the sub Solar point. The
increase lasts less than 5 minutes.
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TechTIDE activity report:
AATR indicator of the ionospheric activity
The AATR time series for 4 European receivers.

7 September 2017
Linked to the increases in the geomagnetic activity,
the AATR in the auroral region reaches values larger
than 1TECU/min (indicative of strong ionospheric
activity), while large AATR values are also for
mid/high latitudes.
8 September 2017
Apart from the high ionospheric activity at high
latitudes, it appears also some weak activity in the
mid/high latitudes probably linked to a LSTID that
propagates southwards from the auroral region.8

TechTIDE activity report:
HF Interferometry method performance
7 September 2017

Typical characteristics of LSTIDs whose origin might be
auroral.
Europe
The LSTID activity as observed by the HFInterferometry reports a dominant disturbance for
all the European stations with a periodicity of about
2-h and clear southward propagation occurring in
the day-time and in the evening to mid-night hours.
South Africa
Stations in South Africa observe a dominant
disturbance with a periodicity close to 1.5-h and
clear northward propagation occurring in the
evening.
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TechTIDE activity report:
HF Interferometry method performance
8 September 2017

Typical characteristics of LSTIDs whose origin might be
auroral.
Europe
LSTID activity was also observed in early hours of 8
September (until 2:00 UT) for all the European
stations, as continuation of the event reported for 7
of September - azimuth of 180º (from true north)
and a velocity of about 400m/s.
South Africa
Dominant disturbance with a periodicity of about
1.5-h and northward propagation occurring in the
day-time hours. The disturbance propagated with
an azimuth of 0º (from true north) and a velocity of
about 450m/s.
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TechTIDE activity report:
HF - TID method performance
September 8:
Strong TID activity in
the early morning
and daytime hours.
Propagation: northto-south, velocity:
300 – 1000 m/s

September 7:
Strong TID activity in the evening hours.
Propagation: north-to-south, velocity: 300 – 1000 m/s

TechTIDE activity report:
TaD: Detrended electron density

TechTIDE activity report:
TaD: Detrended electron density

TechTIDE activity report:
TaD: Detrended electron density

TechTIDE activity report:
CDSS method performance
Time is in UT
v_h –horizontal velocity
dv_h – probable inaccuracy
AZ – azimuth
dAZ – probable inaccuracy
coh – coherence
df_RMS – effective Doppler value
T – wave period
dT – probable inaccuracy
f – frequency used

The table shows results for time intervals, for which the propagation analysis could be done reliably.
Time correspond to the central times of 90 min time intervals
Unusual short-period GWs were observed on 10 September 2017 from ~07 to 15:30 UT (partly also in
the afternoon on 7 September). Typically these are observed during passages of distinct meterological
fronts.
Interesting Doppler fluctuation on 7 September around 5:02 UT. Likely geomagnetic effect (ionospheric
electric field -> ExB drift)

TechTIDE activity report
Activity

Method/Indicators

Overall

 Solar flare indicators
 Geomagnetic activity (Kp,
Dst)
 Magnetospheric activity (AE)
 AATR
 Ionospheric characteristics
(SNR, foF2, TEC)
AATR

TIDs

HF-Interferometry

HF-TID

TaD

Time interval
September, 6
September, 7
September, 8
Solar flare activity  Enhanced geomagnetic
• Enhanced geomagnetic and
magnetospheric activity
and magnetospheric
• Enhanced ionospheric activity: Negative
activity
storm effects over Europe after dawn
 Enhanced ionospheric
activity: Positive storm
effects over Europe from
08:00 UT onwards
Weak LSTIDs that propagate southwards
from the auroral region (15:30 - 16:00 UT).
 Europe: LSTIDs with a
 Europe: LSTIDs activity in early hours (until
periodicity of about 2-h
2:00 UT) - azimuth of 180º (from true
and southward
north) and a velocity of about 400m/s.
propagation (600-800 m/s)  South Africa: LSTIDs with a periodicity of
occurring in the day-time
about 1.5-h and northward propagation
and in the evening to midoccurring in the day-time hours. The
night hours
disturbance propagated with an azimuth
 South Africa: LSTIDs with a
of 0º (from true north) and a velocity of
periodicity close to 1.5-h
about 450m/s.
and northward
propagation occurring in
the evening (200-1000
m/s).
 Europe: Strong TID activity  Europe: Strong TID activity in the early
in the evening hours.
morning and daytime hours.
Propagation: north-toPropagation: north-to-south, velocity: 300
south, velocity: 300 – 1000
– 1000 m/s
m/s
 Disturbances in the daytime hours that are
maximum in lower altitudes

Further considerations (2nd release):
Data quality issues
Auxiliary tools/algorithms
i. Removing data outliers
Outliers in foF2 and hmF2 shall be identified and removed. An foF2 (hmF2) value
is removed if it differs more than 20% than its previous one.
dfoF2 (%) =
[(foF2_current - foF2_previous)/foF2_previous] * 100

The thresholds were obtained through the statistical
analysis of actual observations

ii. Filling data gaps by a non-parametric local linear function approximation
(LLFA) method. Following evaluation tests, the method will be used for data
gaps up to 45 min in order to efficiently keep reliability of the estimates.
iii. Characterization of the ionospheric activity level: a) Defining a threshold
for significant disturbances using the relative standard deviation, STD (%) of
the values taken into account in the calculation of the medians.
STD (%)=(STD_foF2 run median/foF2 run median)*100

b) Quantification of the disturbances intensity (e.g. weak, moderate,
intense) in terms of users’ requirements.

Further considerations:
Forecasting capabilities
Ionospheric alerts/warnings
The analysis of the TechTIDE results provide evidence on the relevance of the background
ionospheric conditions for the occurrence/detection of LSTIDs during geomagnetic storm
events. For instance, the probability of the LSTID occurrence/detection seems higher
during ionization increases. This argument needs support from the analysis of a significant
number of storm events, but it sounds reasonable to consider the potential exploitation of
ionospheric storm alerts available as for instance the EIS (DIAS) alert provided by SWIF
model.

