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Signals from the Global Navigation Satellite System (GNSS) travel through the ionosphere before being received by
ground-based receivers. Consequently, ionospheric disturbances in electron density can degrade signal quality and reduce
positioning accuracy. Previous studies have established that ionospheric disturbances during geomagnetic storms can impact
GNSS positioning. Specifically, during the geomagnetic storm of May 2024, a region of increased Total Electron Content
(TEC) was observed extending northwestward over Japan. Within this region, plasma bubbles—localized TEC depletions—
were also detected. Previous studies have also shown that the appearance of these structures correlates with an increase in
GNSS positioning errors.

This study investigates the relationship between ionospheric disturbances and GNSS kinematic positioning errors
during the May 10 — 11, 2024 geomagnetic storm, using data from the Geospatial Information Authority of Japan’s GNSS
Earth Observation Network System (GEONET) and SoftBank Corporation’s GNSS network. As a result, the vertical TEC in
Morioka, Japan, was observed to increase to 27.2 TECU. To detect the electron density irregularities in the ionosphere, we
examined the Rate of TEC change Index (ROTI), which is calculated as the 5-minute standard deviation of 30-second TEC
differences. ROTI values were found to increase between 16:00 and 17:00 UT, with an average of 2.1 TECU/min. Using data
from receivers installed in the Tohoku region, we performed kinematic positioning with RTKLIB. A significant increase in
the three-dimensional positioning errors was observed between 13:00 and 21:00 UT on May 11, 2024.

We further investigated the dependence of kinematic positioning errors on the orientation of the baseline between the
base and rover stations. Errors tended to be larger for north — south oriented baselines compared to east — west baselines.
The error ratio between north — south and east — west baselines was approximately 1.2 before the disturbances but rose to
about 2.2 between 13:00 and 13:30 UT, when ROTI value increased. These results suggest that the structure of ionospheric
disturbances influences positioning errors.

In this presentation, we will discuss the relationship between baseline-direction-dependent positioning errors and the
structures of these ionospheric disturbances.
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