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1. Introduction

GNSS radio waves, such as those used in GPS, are subject to delays and other effects when they pass through the iono-
sphere. In this presentation, we will report on the impact of the large solar flare in May 2024 on high-precision GNSS
positioning accuracy.

2. GNSS Positioning and Ionospheric Disturbances

GNSS positioning for navigation and smartphones generally uses a code (with a wavelength equivalent of about 300 m)
modulated onto a GNSS carrier wave, resulting in positioning accuracy of a few meters. In contrast, high-precision position-
ing, used in surveying and other applications, relies on the phase of the GNSS carrier wave (wavelength of about 19 cm) to
achieve accuracy within a few centimeters or less.

The ionospheric delay is a significant issue for high-precision positioning. Using two frequencies, L1 (1575.42 MHz) and
L2 (1227.60 MHz), can mitigate ionospheric delays by taking advantage of the fact that delay amounts differ depending on
the frequency. However, disturbances in the ionosphere caused by solar flares, among other factors, can lead to irregular
GNSS signals, resulting in reduced positioning accuracy.

In high-precision positioning, determining the integer number of radio waves (integer ambiguity) between the satellite
and receiver is crucial for accurate distance measurement. The state in which this integer value is correctly determined is
called a FIX solution (accuracy: within several centimeters), as opposed to a FLOAT solution (accuracy: ranging from tens
of centimeters to several meters). The FIX solution is a key indicator of positioning accuracy, which can be affected not
only by ionospheric disturbances but also by a decrease in the number of usable satellites, multipath effects, and radio wave
interference.

3. Positioning Status from May 11, 2024

We provide a service that enables position measurements with an accuracy of a few centimeters every second throughout
Japan using the network RTK method, leveraging GSI’s continuously operating reference station network (GEONET). Begin-
ning around 22:00 JST on May 11, 2024, our monitoring detected a phenomenon where the FIX solution became unavailable
in certain areas, gradually moving southward from Hokkaido to Kyushu.

This issue first appeared in eastern Hokkaido around 22:00. By 23:00, parts of the Tohoku region were also experiencing
a loss of FIX solutions. By midnight on May 12, the disturbance had spread across nearly the entire Tohoku region, moving
westward to Kanto by 1:00 a.m. and then to Kansai by 2:00 a.m. The disturbance reached its peak by 4:00 a.m., affecting
a wide area from Tohoku to Kyushu. It gradually subsided, becoming confined to southern Kyushu by 7:00 a.m., and was
no longer observed by 9:00 a.m. This phenomenon appears to have affected not only our service but also RTK positioning
services in general.

Since the disturbance occurred from late Saturday night to early Sunday morning, the impact on general users was mini-
mal. Although advancements in equipment and software have improved our ability to mitigate such large-scale disturbances,
some phenomena, such as this one, cannot yet be fully prevented. Therefore, further countermeasures and public awareness,
including advance warning of anticipated impacts, are essential.
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