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Figure 1 Distribution of stellar radiation flux on the surface of the
tidal-locking exoplanet. The substellar point is located at the equator
and 180° in longitude, and the anti-stellar point is located at 0° (360°)
in longitude. Stellar radiation can only reach the region between 90°
and 270° in longitude. Color interval is 100 Wm™.
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Figure 2 Distribution of near-surface (1000 hPa) air temperature and
winds. (a) Slow rotation, and (b) fast rotation. Arrows indicate wind
velocity, arrow direction indicates wind direction, and the length scale

of arrows marked on the upper-right denotes 15 ms™'. Background color
shading indicates temperature, and color interval is 5 K.
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Figure 3 Spatial distribution of cloud coverage. (a) Slow rotation,
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Figure 4 Precipitation, evaporation, and precipitation minuses evaporation. Left panels: slow rotation, and right panels: fast rotation. From top

to bottom, panels are for precipitation, evaporation, and precipitation minuses evaporation. Note that color interval is nonlinear. Unit is mm d™".
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Figure 6 Vertical cross-section of zonal-mean temperature. (a) Slow rotation, and (b) fast rotation. Color interval is 10 K.
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Figure 8 Vertical cross-section of zonal-mean zonal wind. (a) Slow rotation, and (b) fast rotation. Color interval is 15 m s
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Figure 9 Zonal-mean meridional mass streamfunction. Orange-red colors indicate clockwise motion, and blue color indicates anti-clockwise

motion. Color interval is 1.0x10'" kg s™".
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Atmospheric circulations and climate of tidal-locking
exoplanets

HU YongYun~ & DING Feng

Laboratory for Climate and Ocean-Atmosphere Studies, Department of Atmospheric and Oceanic Sciences, School of Physics,
Peking University, Beijing 100871, China

M-dwarfs have the highest population in the Universe. Because M-dwarfs have much lower luminosity than Sun’s,
the habitable zone around M-dwarfs is very close to stars. Thus, habitable exoplanets orbiting M-dwarfs are very
likely to be tidally locked to their primaries due to strong gravity force, causing one side of these habitable exoplanets
facing stars permanently and the other side remaining dark. The very uneven heating causes strong temperature
contrast between day and night sides. In the present paper, we use a modified Earth atmospheric general circulation
model, which is coupled with a slab ocean, to study surface climate and atmospheric circulations of tidal-locking
exoplanets around M-dwarfs. Two types of simulations are carried out. One is slow rotation with a rotating and
orbiting period of 243 Earth days, and the other one is fast rotation with rotating period of 1 Earth day. Results show
that in the case of slow rotation, atmospheric circulations are mainly driven by thermal contrast with convergent
flows at lower layers and divergent flows at higher layers, and that the region with liquid water is a small area around
the substellar point. By contrast, in the case of fast rotation, the Coriolis force becomes effective, atmospheric
circulations are dominated with strong zonal flows and tropical wave modes, and regions with liquid water are much
broader. Especially, zonal flows demonstrate equatorial super-rotation jet stream. EP flux diagnostics show that the
equatorial super-rotation flow is due to poleward propagation of tropical Rossby waves, which generates EP flux
divergence over the equator. It is the EP flux divergence that generates and maintains the equatorial super-rotation.

extra-solar planet, tidal-locking, atmospheric circulation, M-dwarf star, atmospheric waves
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