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Search for geomagnetic variation of equatorial electrojet using string matching
and its application
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The strong eastward zonal current near the magnetic equator on the day side (Equatorial Electrojet: EEJ) is enhanced by the
cowling effect, especially within & 3 degree. The EEJ causes significant changes in the ground magnetic field, especially in
the north-south component on the dayside. EEJ is superimposed over various physical phenomena, including the interaction
between the atmosphere and ionospheric plasma, solar wind disturbances. Thus, it plays a critical role in the coupling of the
solar wind-magnetosphere-ionosphere system.

Over 150,000 days of geomagnetic field data has been collected at Kyushu University. It takes an enormous amount of
time and effort to manually detect specific patterns from this large amount of data. Therefore, an automatic and quick detec-
tion method is needed. Matsuyama (2021) showed that “string pattern matching” is useful for analyzing EEJ geomagnetic
variation patterns of EEJ. In the proposed method captured the characteristics of the graph by replacing numerical increases
and decreases with strings. By searching for specific string patterns, similar variations are extracted. They also demonstrated
the rapid and automatic detection of EEJ variation patterns from hourly magnetic field data. Furthermore, a comparison of
search speeds between two string search algorithms, the Knuth-Morris-Pratt (KMP) algorithm and the Rabin-Karp algorithm,
revealed that the Rabin-Karp algorithm is effective when searching for longer strings. On the other hand, the characteris-
tics of geomagnetic variation are captured by replacing geomagnetic variation patterns with characters, so if the number of
characters to be replaced is small, the original characteristics cannot be captured correctly, resulting in a problem with search
accuracy.

In this study, we conducted string conversion on 1-minute low-pass filtered data. We used approximately 4000 days from
2012 to 2018 of magnetic field data collected at the DAVAO [GM Lat.-2.2] station. We found that 12 and 18 characters could
represent 70% and 99% of the total variation pattern, respectively. This method enables the extraction of typical EEJ, morning
CEJ, and afternoon CEJ patterns under quiet conditions from over 4000 days of data in approximately 0.2 seconds, using a
standard PC. This high search speed allows for more efficient analysis compared to traditional manual extraction techniques.
In this presentation, we will discuss the results of classifying the variation patterns of the extracted EEJ using string matching.
Furthermore, we plan to discuss the classification of various types of events, including DP2-type events, sudden geomagnetic
variations caused by solar flares (solar flare effect: SFE), and events that take place during complex magnetic disturbance.
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