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M-dwarf star and its habitable zone
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Liquid water on a synchronously rotating Earth-like planets ?
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Growth limit for ice sheet volume
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So1THHZE previous studies

Menou (2013), Narita (2017)
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Maximum ice sheet volume is estimated by using
General Circulation Model
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Basal melting controls ice sheet thickness depending
on surface temperature and precipitation and
vaporization rates
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lce sheet topography was neglected in the circulation

modeling
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GCM simulation including ice sheet topography
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Stablllty of liquid water and ice sheet on a
synchronously rotating planet
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KR AKEEET /L (GCM) decpamb
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SsAET(Manabe et al., 1965; Moorthi and Suarez,
1992)

KIS (Manabe et al., 1965) https:/ fwww.gfd-

% - +1#EHKE(Manabe et al., 1965) dennou.org/arch/momoko/index.htm.ja
ZLE & (Mellor and Yamada, 1982)
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Parameter Value

Planet radius 6371 km

Surface gravity 9.8 m/s?

Insolation 1366 W/m? Earth value
Atmospheric Comp. N,,0,,C0O,,CH,,N,O

Mean surface pressure 1 bar

Spin, orbital period 10 day Typical for M star HZ
Surface albedo 0.15

Dayside longitude 0-180 deg

Resolution T21L22 (32 latitude, 64 longitude, 22

vertical grids)
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- 2 Simulation setup?
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Experiment Day side condition Liquid water content D =k
Maximum ice sheet
volume
BE#RDEcIE | FH20cm DK, & | D P RJEED AT | REICDETHRE
Day side EOLEAHRE | HMFADTIRE | DAHBEET 20
surtface Small: distribution is = % ~ =
partially dry A : controlled by atmospheric Hﬁ.'f.&lgﬁ%\gfd\ HZOE
20 cm water depth in transport Minimum H,0 to form
average, infinite soil |.nf|r.1|te3|mal.amount_ of
water storage liquid water in day side
BHE/KEM | E2EEEMN % mKICK AHE | BEICE BFEDF
Day side Uniformly swamp IS DEEAL Z"j‘ 5D BER
surface Large: global F4H,02

saturated in
water

redistribution by water
flow

Minimum H,0 to form
an ocean
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lce sheet thickness control factor
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geothermal heat flow
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results: Dar’uallv drv experiment

Surface Temperature sswp
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Ice Thickness
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Egijiﬁk);ﬁ%/i\ﬂz%Tﬁ7k}\% Global Equivalent Water Level 688 m
cf.500 m by Narita 2017 (with no topography)
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results: satura’uon experiment

Ice Thickness

, Surface Temperature sswp

-~

latitude

8 8 &4 8 o 8B s 8 8

longitude

i’tﬂi’%@mf |§¢7}<<
3)IL—T7HTEIRHA KR TIZ/A - 7= globally frozen !
« 2)L—T7BTERF¥IKIZEE>S1TmMDIKEKIFA

EREER RS

5 ) — 25 F KKE

¢« WHEIRTHAPINTZKINEBEFEIKITHA
Hyﬁliﬁq: 18 57 H > 7 not reach to a convergent solution
SIKEFEICENA B HH LN

¢ n-li- L \/\7:%'%5-@75\%\?



RARK DIFFE R BEE

conditions required for liquid water on day side hemisphere
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For earth-like planet, GEL > about 700 m

« ME/NT A —RIKFHIZSEDRE

H,0N0'% WIS IEEIREGE T b a]getEdH V)
Too much vvater might cause a snow ball planet
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GCM

simulation is conducted for a synohronous,l%/hrotatin

Earth-like planet around M-dwarf star including the ice-sheet

topography
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Partlally dry expemment obtamed nearly converged solution
with a maximum ice sheet volume of 700m GEL
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Liquid water may be stable in day side hemisphere if the
planet has larger total H,0O volume
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Saturation experiment does not attain a convergent solution
but suggests snowball state induced by ice sheet topography
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