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1. Introduction

GNSS radio waves, such as those from GPS, pass through the ionosphere and are therefore affected by ionospheric dis-
turbances. We are currently near the peak of the solar cycle, during which such disturbances are becoming increasingly
significant. This presentation describes large-scale ionospheric disturbances that occurred over the past year and a half during
periods of high solar activity, focusing on their impact on precise GNSS positioning.

2. Overview of the Impact on GNSS Positioning

Using Japan’s continuously operating reference station network (GEONET) operated by GSI, we provide a network-based
RTK service that enables position measurements with centimeter-level accuracy every second anywhere in the country. High-
precision positioning is classified into two categories: fixed solutions (integer ambiguity resolved, centimeter-level accuracy)
and float solutions (ambiguity unresolved, decimeter- to meter-level accuracy).

From October 2024 to April 2025, increased solar activity led to frequent positioning failures caused by medium-scale
traveling ionospheric disturbances (MSTIDs) and other factors. However, the impact of these small- to medium-scale dis-
turbances is more pronounced when the baseline positioning accuracy is already degraded due to multipath effects, radio
interference, or other environmental factors affecting the receiver. Typically, the periods without fixed solutions are short, and
the spatial extent of such disturbances is limited.

3. Large-Scale GNSS Positioning Disturbances over the Past 1.5 Years

Significant large-scale ionospheric disturbances affecting GNSS positioning occurred three times between February 2024
and July 2025.

Two of these events occurred from approximately 22:00 JST on May 11, 2024, to 08:00 on May 12, and from approxi-
mately 21:00 on June 2, 2025, to 06:00 on June 3, 2025. Both events shared the following features:

(1) occurrence from night to morning,

(2) movement of the affected area from northeast to southwest, and

(3) several hours of impact at each station.

Although similar in appearance to MSTID events, these disturbances lasted longer, covered a wider area, and had a greater
impact.

The third event occurred from approximately 13:00 on January 1, 2025, to 14:00 on January 2. A disturbance first appeared
near Kyushu, expanded to the Tohoku region, then returned southward within a few hours before dissipating. This cycle
repeated several times with varying intensities, resulting in an overall duration of about 24 hours. The fluctuation pattern
resembled that of plasma bubble phenomena, though the largest disturbance occurred around 06:00.

All three events shared the following characteristics:

(1) long duration of impact,

(2) wide geographic extent,

(3) large variability in positioning values even with fixed solutions,

(4) occurrence during geomagnetic storms, and

(5) simultaneous observation of low-latitude auroras in Japan (e.g., in the second case, an aurora was observed on the day
before, June 3, 2025, whereas in the other events the aurora was observed on the same day).

4. Implications for Space Weather Forecasting

Since ionospheric disturbances are neither visible nor directly perceptible, space weather forecasting— capable of predict-
ing such disturbances in advance—is highly valuable. Among the three cases reported here, NICT issued a prior warning for
the May 2024 event due to a large solar flare, but the other two events occurred without any special warnings. Additionally,
a large solar flare warning issued in October 2024 turned out to be a false alarm in terms of GNSS impact.



Nevertheless, all large-scale GNSS disturbances coincided with geomagnetic storms and observations of low-latitude au-
roras, indicating that there were at least indirect precursors. We therefore anticipate advances in forecasting capabilities that
can more reliably predict ionospheric disturbances affecting GNSS positioning.
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Figure GNSS kinematic positioning fix status due to large-scale
ionospheric disturbances
-- Top: May 11-12, 2024 Bottom: January 1-2, 2025
-- Fixed solutions (blue) and float solutions (black) every 10 minutes
-- GEONET stations are arranged from northeast to southwest on the
Japanese archipelago tilted at a 45-degree angle.



