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Global navigation satellite systems (GNSS) is now implementing to the air navigation systems as a next generation technique
in addition that the satellite-based augmentation system (SBAS) is investing as the MTSAT-based Augmentation System (MSAS
the Ground-Based Augmentation System (GBAS) is planned to be implemented in Japan in the near future.

Since the GBAS uses the differential positioning technology based on the L1 frequency only, steep gradients of ionospheri
delay (proportional to the total electron contents) differences between the airplane and ground station can result in large positio
errors which is a threat to the safety of GBAS. To design safe and available GBAS, an ionospheric threat model that defines th
ranges of parameters describing the characteristics of the ionospheric gradient is necessary.

In Japan which is located from low to lower mid-latitude regions, the equatorial plasma bubbles (EPB) is one of the major
souces that associate such steep ionospheric gradients. It is also known that the ionospheric gradients associated with EPBs
greater than those associated with severe magnetic storms [Saito and Yoshihara, Radio Sci., 2017; Saito et al., GPS Solutiol
2017]. Therefore, if the ionospheric threat model for EPBs are applied for all the locations in Japan and for all the satellites in
view, the system availability would be limited.

On the other hand, it is known that the EPBs would have a limited latitudinal extent. It is also known that EPBs have structures
stretching predominantly in the north-south direction. By taking these characteristics into account in the ionospheric threa
model, the threat space could be limited and the GBAS availability would be improved.

ENRI has been executing to develop and optimize the ionospheric threat model for GBAS for the magnetic lower latitude
to mid latitude region include Japan. In this study, the data used are obtained from GEONET. The single-frequency-carrier
phase based and code-aided technique which is not subject to the frequency-biases [Fujita et al., JAAA, 2011; Saito et al., 10
GNSS 2012] to estimate ionospheric delay variations and for the auto detection of plasma bubbles candidates. In addition, dua
frequency observations for ionospheric delay variations are also used for the speeds and spatial scale analyses of the ionospht
gradients [Saito and Yoshihara, Radio Sci., 2017; Nakamura et al., ION PNT 2019].

In this paper, the latitudinal limits of the occurrence of ionospheric gradients that are threat to GBAS and the dependence o
them on the satellite line-of-sights are presented.
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