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Correlation of steep ionospheric delay gradient parameters as a threat to GBAS
in the low magnetic latitude region

#Maho Nakamurd,Susumu Saitd, Takayuki Yoshihar&

(ENRI, MPAT,2ENRI

Spatial gradient in the ionospheric electron density is a threat to differential GNSS systems such as the GNSS ground-based
augmentation system (GBAS), because it may cause spatial decorrelation of differential correction between the reference
station and a user. Steep spatial ionospheric gradients in the low magnetic latitude region are caused mainly by the equatorial
plasma bubble (EPB). Past studies by the authors have also confirmed that the occurrence of steep electron density gradients
is consistent with the occurrence characteristics of EPB. Although the mechanism of EPB development has been studied
extensively for a long time, the development conditions under which a gradient with a width of several tens of kilometers that
threatens GBAS have not been clarified.

Parameters that characterize the ionospheric delay gradients, which is called ionospheric threat model are used for the
safety design of GBAS. The parameters include the slope, depth, width, and moving speed. GBAS has to be safe against the
worst case combination of these parameters. The ionospheric delay gradient parameters are usually treated as independent
ones, and therefore any possible combinations of them have to be considered, which may result in unrealistic extreme worst
cases. To ensure integrity even for such extreme cases, availability of GBAS may be degraded. To reasonably exclude such
unrealistic cases, it is effective to analyze the correlations of the parameters. Although we have collected and analyzed
parameters of steep ionospheric delay gradients, correlations between all possible combinations of gradient parameters have
not been analyzed yet. In addition, we try to clarify the conditions that the gradient develops to be a threat from the analysis.

We used the single-frequency-carrier-phase based and code-aided technique to precisely estimate the slope of ionospheric
delay gradients. lonospheric delays derived with dual-frequency observations are used to derive the width, depth, and speed.
We presents the results of correlation analysis of the gradient parameters when the steep spatial gradients occur.
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