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炭素循環の機能する系外地球型水惑星の表層環境と進化
Climate evolution of extrasolar terrestrial planets with water and carbonate-silicate geo-
chemical cycle

門屋辰太郎 1∗,田近英一 2

Shintaro Kadoya1∗, Eiichi Tajika2

1 東京大学大学院理学系研究科, 2 東京大学大学院新領域創成科学研究科
1The University of Tokyo,2The University of Tokyo

The surface environment of a habitable planet has been constrained in terms of orbital semi-major axis and an effective solar
flux, focusing on the existence of liquid water, that is, the habitable zone (HZ) around main sequence stars (e.g., Kasting et al.,
1993). It has been also pointed out that the carbonate-silicate geochemical cycle would be essential for maintaining the climate
of a habitable planet (e.g., Tajika, 2003). However, the whole picture of evolution of climate of planets with carbonate-silicate
geochemical cycle has not been known.

In this study, we investigate the climate evolution of an Earth-like planet (actually, the Earth itself) around a G-type star (=
Sun). Steady states of climate of Earth-like planets are estimated systematically with a simple climate model coupled with a
carbonate-silicate geochemical cycle model. We classified climates of Earth-like planets within the HZ into three modes, in
terms of stabilizing mechanism. Then, the climate evolution is estimated based on the steady state solutions of the climate with
models of the stellar evolution and the thermal evolution of planetary interiors. The results indicate that, on an Earth-like planet
(the size of the Earth) orbiting around a G-Type star, climate depends on the thermal history of the planet in the early stages of
its lifetime, and then depends on the stellar evolution. The climate evolutions are also estimated for the different mass both for
stars and planets.
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