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Statistical analysis of blackout prediction parameters using ionosondes
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High-frequency (HF) radio communication is a critical method often used in disaster response and air traffic control be-
cause of its capability for long-distance communication using reflections in the ionosphere. However, a rapid increase in
solar X-ray emissions during solar flares can cause a sudden increase in electron density in the lower ionosphere, leading to
Shortwave Fadeouts (SWFs) that make HF radio unusable. The most severe situation of these events, where a total fadeout
of the ionospheric echo occurs, are called blackouts.

The magnitude of SWF can be known from a minimum frequency observed in ionograms (f,,,;,,) and blackouts. f,,;, sub-
tracted by its 27-day running median at the same LT (df,,,;,,) correlates well with solar zenith angle and flare class. However,
the blackout duration cannot be explained solely by the flare class or the solar zenith angle, suggesting additional influencing
factors. In this study, we performed a statistical analysis of SWF from 1981 to 2024 at four Japanese ionosonde stations
(Wakkanai, Kokubunji, Yamagawa, and Okinawa). We examined the relationship between observed maximum df,,,;,, values,
blackouts, and solar zenith angle-corrected flare classes. We defined parameter that can contribute to improving the accuracy
of SWF forecasting. We use a Receiver Operating Characteristic (ROC) curve and an Area Under the ROC Curve (AUC) to
evaluate the parameter.

Our analysis revealed a seasonal variation in SWF frequency, with more events in summer and fewer in winter. This sea-
sonal variation was even more pronounced for blackouts, with the highest number of blackouts occurring in July, more than
10 times the number in December. We also found that C-class flares can also cause blackouts from May to August. For
the blackout that occurred in May 2024, the X5.8-class flare on May 11, 2024, lasted longer than the X8.7-class flare that
occurred on May 14, 2024, with the blackout durations in Wakkanai lasting 10 and 105 min, respectively. We found the
probability of occurrence of blackouts was related to a negative storm on May 11, which caused a decrease in the ionospheric
F2 layer critical frequency (f,F2). Statistical analysis also showed that blackouts are more easily to occur when f,F2 is low.
Predicting blackout occurrences requires consideration of ionospheric information before solar flare, such as f,F2.

To address this, we proposed a new prediction parameter, fp =f,F2/(f,F2-f,,,;,,), using f,F2 and f,,;,, observed by ionoson-
des before a solar flare. We defined and evaluated the relationship between fp, flare class (F), and solar zenith angle ()
for df,,;,, = 50FY/4 cos!/? ¥ fp. The ROC analysis yielded an AUC of 0.80 for df,,;, = 3 MHz, demonstrating improved
accuracy in blackout predictions when factoring in pre-flare ionospheric conditions.
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