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Solar radiation wavelengths that directly generate the Earth’s ionospheric E-layer
#Akimasa Ieda®) ,Kyoko Watanabe?) ,Shinnosuke Kitajima?) ,Michi Nishioka®),Hidekatsu Jin®), Tomoaki Hori®)

(Unstitute for Space-Earth Environmental Research, Nagoya University,(®?National Defense Academy of Japan,®National
Institute of Information and Communications Technology

Solar radiations ionize the Earth’s neutral atmosphere to generate the ionosphere. The ionospheric E-layer is characterized
by horizontal electric currents, which cause geomagnetic variations and Joule heating. These quantities are often modeled
using the maximum electron density of the E-layer. According to Chapman’s ionospheric formation theory, this maximum
electron density is proportional to the square root of the solar radiation energy flux. The solar radio flux F10.7 (10.7 cm,
2.8 GHz) index has been often utilized as a proxy for solar flux in models of ionosphere, including the model of E-layer
maximum electron density. However, this usage of F10.7 may be inappropriate because the E-layer is not generated by the
solar radio wave but Lyman f3.

In this study, we compared the maximum electron density with solar fluxes, namely, the F10.7 index, Lyman {3 (103
nm), and Lyman a (122 nm). We used the Lyman a data (daily values) collected by the University of Colorado using
multiple satellite observations. We calculated Lyman {3 flux using an empirical relationship with Lyman a . Hourly values of
maximum electron density were obtained from ionosonde observations conducted at Yamagawa station in Kagoshima, Japan,
operated by the National Institute of Information and Communications Technology. Data from 1991 to 2023 were used for
the analysis.

A least squares fitting to the data gave similar correlation coefficient with the maximum electron density among the three
solar flux quantities. However, the fitted lines showed qualitative differences regarding the origin. The line fitted to the Lyman
[ data passed through near the origin. This result suggested that Lyman [3 directly controls the Earth’s ionospheric E-layer.
In contrast, the line fitted to the F10.7 index deviated from the origin. This result implies that the F10.7 index should not be
directly used in models associated with E-layer, and its offset needs to be subtracted prior to calculations. This correction
presumably improves models of ionospheric conductivity, geomagnetic variations, and Joule heating.
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