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The impact of ionospheric disturbances due to solar activity on the user position
accuracy by CLAS.
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Centimeter Level Augmentation Service (CLAS) utilizes the L6D signal of Quasi-Zenith Satellite System (QZSS) to trans-
mit positioning augmentation information. This information provides centimeter-level positional accuracy, consistent with
the Japanese geodetic system, available for the main islands of Japan and its surrounding ocean area. CLAS employs PPP-
RTK as its positioning method and estimates correction such as satellite clock, satellite orbit, satellite signal bias, ionospheric
delay, and tropospheric delay. These corrections are mapped onto a grid with an interval of approximately 60 km. The user
can calculate augmentation data at his or her location by using information from the nearest three or four grid points.

When localized ionospheric disturbances occur, the disparity in augmentation data between neighboring grids becomes
significant, impacting the precision of CLAS users across these grids. CLAS users are particularly susceptible to the effects
of plasma bubbles and Middle Scale Traveling Ionospheric Disturbances (MSTIDs). In fact, a trend of degraded positioning
accuracy has been observed during the occurrence of plasma bubbles and MSTIDs.

In recent years, due to increased solar activity, the number of ionospheric disturbance events has risen, and their impact on
PPP-RTK positioning by using CLAS has become more significant. In particular, the intense magnetic storm caused by the
solar flare in May 2024, reaching Dst<-400nT, and associated ionospheric disturbance caused noticeable impact on the user
position accuracy by CLAS. This paper evaluates and reports the results of ionospheric disturbances associated with recent
solar activity and their impact on PPP-RTK performance by using CLAS.
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