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Relationship between aurora and GPS scintillation: a statistical analysis
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In this paper, we investigate the relationship between aurora emission and the magnitude of the GPS scintillation indice:
through large-scale statistical analysis using image recognition based on machine learning. We make use of data from an a
sky color digital camera and GPS scintillation monitoring system in Tromsoe, Norway (69.60N, 19.20E). Through the statistical
analysis of observations for 4 years, we found that phase scintillation increases and amplitude scintillation decreases when aurot
appear on the ray-path of the GPS navigation signal. In the statistics, scintillation data in the morning and afternoon periods wer
investigated in a separate manner. Since diffuse (discrete) auroras occur more frequently in the morning (afternoon) period, th
statistical analysis enabled us to examine the association between GPS scintillation and the form (i.e., diffuse or discrete) c
aurora. As a result, it was found that amplitude scintillation decreases during intervals of diffuse aurora and phase scintillatior
increases during those of discrete aurora.

When diffuse auroras take place, the electron density increases in the bottom of the E region at 100 km altitude and the shaj
of diffuse aurora is known to be more uniform than that of discrete aurora. This means that the spatial structure of the ionospheri
electron density becomes more uniform during intervals of diffuse aurora. We suppose that this process can explain the decrea
of amplitude scintillation in the morning side. In contrast, when discrete auroras appear, a layer of enhanced electron densit
is distributed in a wide range of altitude up to lower F region. This implies that the GPS navigation signal travels through the
region of enhanced/disturbed electron density for a long time. If the phase refractive index changes with time, then the phas
of the received signal is disturbed, and eventually the level of phase scintillation increases. This mechanism can account for th
increase of phase scintillation during intervals of discrete aurora.
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