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Abstract Solar Radio Bursts (SRBs) are critical space weather events that pose substantial threats
to the reliability and stability of navigation and communication system channels. Specifically, the
electromagnetic noise generated during these bursts can drastically lower the Carrier-to-Noise
Ratio (CNR) of Global Navigation Satellite Systems (GNSS), leading to potential signal loss or
positioning errors. To support effective risk identification for navigation systems, this study aims
to clarify the specific background conditions and precursors associated with strong SRB events.
This research is based on multi-source observation data from 2022 to 2024 during Solar Cycle 25,
combined with typical GNSS interference events. By integrating statistical data with two
representative cases of GNSS interference, the study systematically evaluates the correlation
characteristics between X-ray bursts, the F10.7 radio flux index, solar active region area, and the
occurrence of intense SRBs. Statistical results indicate a specific set of quantitative thresholds that
define a high-risk background: an F10.7 index exceeding 161.9 Solar Flux Units (SFU), an
individual active region area greater than 250 millionths of a solar hemisphere (MSH), and a total
area of active regions on the visible solar hemisphere surpassing 1020 MSH. Retrospective
analysis demonstrates that this threshold combination achieves a relatively high recall rate of
approximately 74%, successfully flagging the majority of hazardous events. However, the
combination also yields a high false alarm rate of roughly 93%. This disparity suggests that while
these parameters effectively identify high-risk background environments, they are more suitable
for preliminary screening of high-risk conditions rather than precise prediction. The study
attributes this primarily to the spectral inconsistency of these events; although radio emissions
associated with SRBs typically exhibit pronounced temporal synchronization across adjacent
frequency bands, the frequency ranges involved differ substantially between events.
Consequently, radio flux enhancements observed at fixed frequencies (e.g., 1415 and 2695 MHz)
may fail to represent radio flux variations within operational frequency bands. Therefore, static
background indicators should be viewed as preliminary risk screening. Accordingly, future
warning strategies should integrate dynamic spectral observations, emphasize coordinated
monitoring across adjacent frequency bands, and establish targeted, frequency-specific threshold
models tailored to navigation system requirements.
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Table 1 Classification criteria of solar flare classes
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Table 2 Statistical summary of X-ray flare events
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Table 3 Distribution of coincidence counts between radio burst onsets and X-ray flare onsets
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Table 4 Distribution of delays where radio burst onsets follow X-ray flare onsets
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Table 5 Comparison of Recall Rates for Different Indicators and Their Combinations
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Fig.9 GOES Soft X-Ray Flux Evolution from 7 to 9 May 2024
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Fig.10 Time profiles of radio flux at 1415 MHz and 2695 MHz during the May 9, 2024 event
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Fig.12 Variations of BeiDou CNR and Solar Radio Burst Flux
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