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Abstract: Discoveries of more and more extra-solar planets (exoplanets) stimulate our great enthusiasm in searching for extrasolar
life in deep space. Among many factors that life requires, permanent existence of liquid water is considered the most critical
one. Thus, the first criterion in determining the habitability of an exoplanet is whether its surface temperature guarantees the
existence of liquid water, which is a problem of climate. The present paper will briefly introduce the progress of research of the
habitability of exoplanets in the habitable zone of M dwarfs. Exoplanets in the habitable zone around M dwarfs are very likely
tidally-locked planets due to strong gravitational forces, because they are so close to their M dwarfs. That is, such exoplanets are
in the synchronous rotating state, with which one side of these exoplanets permanently faces their primaries and is warm, while
the other side remains dark and cold. If the nightside temperature is sufficiently low, atmosphere compositions and water would
be all frozen over the nightside, and such tidal-locking exoplanets are uninhabitable. Here, we will address the question, with our
knowledge of Earth’s climate system, whether the atmosphere and ocean are able to transport sufficient heat from the dayside to
the nightside to prevent atmosphere from collapse and water from being frozen on the nightside, or not.
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Fig. 1 Spatial distributions of simulated sea—ice coverage and surface air temperatures. (a)—(b): simulation results with
a slab ocean, and (c)—(d): simulation results with a dynamic ocean. (a) and (c): sea—ice coverage, blue colors indicate

open ocean, white indicates ice. (b) and (d): surface air temperatures, and color scale isC. The substellar point is at the

equator and 180 degree in longitude, the center of the figure
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Fig. 2 A cartoon of trapped water on the nightside of a
tidally locked exoplanet
(The pole is located at the center of the figure, the upper-
left is the nightside, and the lower-right is the dayside.
Yellow color indicates desert, and white color denotes ice
cap. Adopted from Beau. TheConsortium)
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Fig. 3 Sea-ice thickness simulated by coupled
atmospheric and oceanic model™

(Color interval is 1 m, CO, concentration is set to 355
ppmv in the simulation)
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