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Abstract
Discoveries of more and more extra-solar planets (exoplanets) stimulate our great

enthusiasm in searching for extra-solar 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 in 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, with our knowledge of Earth’s
climate system, that atmosphere and ocean are able to transport sufficient heat from
the dayside to the nightside to prevent atmosphere collapse and water being frozen on

the nightside.
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HBRAE AV AE T R A R ME 0?7 K RN SRS A M EN R
BER? REREKALCRALR —ERZMIAGFE RN, H 1995 45 — UK FH
RAMTE (RFRRIMTE) #RIE] 2014 4 3 A 16 HoNiE, ©F 1771 BiAR s
1T E#AAIA (http://exoplanet.eu/), A1) 20 Bk A=A Al GEiE B A AZ1E N
HJEAT A (http://phl.upr.edu/projects/habitable-exoplanets-catalog) . iX 20 47 A2 #R
SRR IS OR T IR BT RAMT A, RO RPER .

RGPGEEMAENRRARZ, 5 H AT A S BB IR A= iy A7 7E 1
KBS WA K AAAE o« BRIBE, — 0T B 75 1 B AR A7 L R DG B L3R T
I 75 RS CRAUF VRS K K IAETE, Wate e, HRMIREN AT K40 <T-
70 T 2. WHATEMRMEEKT 0 T, TERKRKEN: & T 70 T
(A TEILE] 100 T), 17 BRI NR ERIRIRE, HRMBAS KK 2o AR,
HANKRZE, HFREWOEM (Ingersoll, 1969, Pierrehumbert, 2010). K 94T £ 1K)
R FEAEAR KA FHO T 5 HAE R Z (M FE &5, BTbh, b BT U i B
[l (0 T-70 T) BWHE NG AT BALT PE B HAE B IE 24 1R X8 A 1T g
FEE B, AN SRR B HAEE KT, 47 B MR INR BRI N A vk, T an
RIS DU IR R IRRAS o 2% 6] 0 i 2 11 DR, DXl o e R S ) o S
(Kasting, 1993). X T RBHFRKVF, HUBRIEAAL T RPH A AT e, A2
A TR R ARG, KR AL T KB B A MU A 2. L, S
RATRETE R IHZ P T iR s bt 72, HIER MR Sk 480 T, DA WAK
FEAE . T KR R TR K IE-60 T, WA REA A dnfife (k=AM E,
2014).

URERETHT S ERZMEE, HFEEEBBEM KL 75% (Rodono,
1986). JirbL, AL LLRR 2 M IR0 2 B AT 2 A LAz b A H e SR A 2 B
IERIEEAT RESS 2. LRERFELEVN, KA KIHFER 0.075-0.5
v, HNERRAR NS, L, HARSHEE KZILE 3500 K A4, @ik T K
BHEI SRS A 6000 K, [RlbL, 20082 1B v i B E R A . JUHLERER B K

P X BT A e RO R A R NS, TR A A TR B AR A i S 2 Pl R A
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B PR SR 2 B FE AR L o il dn,  H BRI ER A BT, BrBL, JRATIAEBER E K
iz R AL B A BRI, A ARIE S 1. X472 S HEEZ AR BT
5 A b 3 AT 2 1 9 B T AT B 18 2 ) R IR AN IS 23 S P — EL e 2
ST R PR g T P D A4 AN BIE R R S AR O €04 o b bt 7 A2 1 7 )
&, SEZIAT B RS P R S A KA, B BR T T AR S A ]
REFEL LLE T FrA IR RK 73 #RAR 254 15 FH T, M0 ANGE B 2R d A7 £E

VR, S 1200 2 B R RIAT 2R S iE B A A X —
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FRART R AR 73 #AT FL 2 e [ o, DARBIR KSR oy 9l £ — RS
BT, B3 (N B (0 A E 4k (COp) kR 2y il f2-210,
-218.79, -78.5 T, WnSLATH IR T R MIA 1R T P 5-78.5 T, CO K&
Jelbt [ UK. T — B CO, MRS, KRNI R, MR
FER PR B A PR (<18 T). WnFHEH R E 4k S 4K F]-210 T, HuEk
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FUTRE BT BHT, TERPTIE R ATHRI R . R RSP R I, Bk
R EZ =T 0 T, HilFRA KRS, TREMEHESEMAER. K8 E
[ IR E A RKBH R KRB E] (Toon et al., 1980). K2 KRS 4) 95%
f& COy, F TR AN A5 9804, CO, TEMEMEESE BT VKUK B ARk
T R ARV, BHEATRIRSEE KR CO2 KRR K E RS BAEN
25% - 30%. WIS KEPIRGEE ) CO, Tk BATHEI N KERIZ, KEX
S RENTHE . KEKS COp fEMH RSSO B AT B 1 PH IR
ERASHRI SR AL T A

i FH AE RSP 20, Haberle etal. (1996) 5 S KM Hiv At 1 17 MEH BH T 17 75 FH
T AR S B Ik A2 75 BB A% (56 3 P TR 2 B A B2 DABHAE CO, JTREIIRE . Atk
I EE REH, i RAT BRI RE/ILF] 0.15 MRAE, RAKEREE
S DA T 3R 2 = T CO, [N . HEE COp A UibE, KA RN
W ORE e i R 2 7= AR Bt E AN YTRE . Joshi et al. (1997) {3 FH itk (¥ =4k K
AT E T EIRGIR, A TR R4 R URBIE & 0.1 MR
Pierrehumbert (2011) A1 Hu and Yang (2014) i F 5 A5 2« A1 50 e B 52
AU A Y BOREINSE R, RIS I SR S A S 7E 210 B2 MY A )W 9% A
7B B AATTR S5 R R 2 W IR AT B 1 FH TR R 12 = T CO
LG AE . & 1 B (2 A e clod itk <A 2 (CAMB) AL T-41
W HL 7 Gliese 581 H & P I — 4T L (GI 581g) IR IHI ANV 35 % (Hu
and Yang, 2014) . Gl 581g #&—/MA&A IEX B AT RAMRMAT R, HE KL
FEHERIV 1.5 6%, EALAA R B WIHE 36.7 AN HuER H , 15 2458 515 $0E 866 Wm™2,
AT AL I, CAM3 A XS HH A X AT RS HOR B, B4 21
CO, W2 355 ppmv, R KRS 5B SHE . H34h, AT CAM3
55—~ 50 m IRHPAREEEARRN S (B L BT ED o FTRLE S, B RE T
KRR =T 8 T, AR KL 2-70 T, ZRER, HHIAS
FEEA 2 AR HRIR 10 B BT BA T IR v T K B OK G P,
BAPHTHAT A KAEE (B L AR e HIED . SHBATH P FF RO B, kR
G —ANERER, DR A AR A BRER IR S 4 45 Ceyeball climate pattern) (Pierrehumbert,
2011).



Bl ZEEARUNEGABEEXZMRTARESF. LHE: BIEFELAFTHENER
THE: SINEFEAHTHENER, ZNAEZEKEESR, HTHE 6T RIER,
BEXTKE RS AMAETRERE, PEARNEMCZC. BEEAA ML TE TR,

Figure 1. Spatial distributions of simulated sea-ice coverage and surface air temperatures. Top
panels: simulation results with a slab ocean, and bottom panels: simulation results with a dynamic
ocean. Left panels: sea-ice coverage, blue colors indicate open ocean, white indicates ice. Right
panels: surface air temperatures, and color scale is <C. The substellar point is at the equator and
180 degree in longitude.

ARAEHBER U B AR, FRATTRIE P VB AR R R BRI B 52 5 KR
WA ZEAZ R EE, o, BN ERIES LRI BT B KRG 4
RN o AR T BUEAT R U, FRATTEE 0 PR ik 32 B B R
TR IS T2 8] ) AR AR, T AMRATE ST BRI, FRATIRIE RS H #ite 1) Y
P b E Ik . AIRIEILE AT BB, —MESEHTENRERER, K
Fres & /K % (Lissaure, 1999). X T IR E I8k, FHLEEAR,
R BR () R AT P Re 8 e I o, R, B IRIR AT RE 2 — > “OKiH:

o —BEE VRIS AER, RATTE T R HEUK- SR R Y I S ABAN K
B e R, PRONIREUK IR RASHA 7T Be 3 30T B E N RUKEPRAS, AT R— A
UK HER . FEHBIRI S b, UKEE HOBR G 4253 IAE K 23 AGFHTF 6-7 {LAFETTZ
RS (7K =5, 2005). (H57—J51H, MRAEIKSHIEREIBT AR, HEEA
A A AT BE A B R AT BN A VKENIRES, MrETE 2 B AU X 3 AR
R (Yang etal., 2012a, b, ). ik, HFE Tah i ERNERA G, #
MURRGKENT R — L, S TIRFE R, EARIT, FATRE i H bk
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s A OKMEF. B 1 A R IR ER B S T SRR AT T QRS
O BHLIKE S R AR TR . E5E TIFFERERE 5, JFEEA
BT, MRZMF “IRER7 R, PR 877 R FAREmm, KKm <R
B — BB X BB R T R RGP I, KRR
JF/R3C (Hu and Yang, 2014) . IX—FEH A ES Gill (19800 2 H 1K< AN
VPR A VPR PE e TR S — BT . AN L A mT LU, B 0 5T
BOHEE TR I 25 SR R AN F (0 — 2 PRI, 2 COp MR
M 0.2 KRAUER, FFEOEEMTA A IR, T BHTH 1R MR A s R
2 MBS EHENP, 2 COFHmiEl 0.2 ANKAURZ S, 5 BH I 2 T v
N2, B B THT AR B DU AR DR (R T v o 3 DRI AT o PR A i DA o T %
FTFBHT, COg i 2 RO = A [ I #A e B 3= 24k F SR I A BT, DA T4 Bk
FE#S T 0 <C, B BHTH MG UK A R AL o IX 3 BRI R A e 6 A b i
WAV BB AT LI SUBERFAE

2.2, kP RESWERAEESHE

EHRE REBY], KRS AR IS 2 AT AT 2 1 PR I A
FAAHDER RS ZL A7 (e i b, 78 RN BOARAT B AN 2277 AR KSR I
IR o AHEAFAE AL, AR K 052 15 = S R S (LRI WU AT 2 0 PR I
PRI/K BGEE R IERE (0 T FERU o BB rimife 2. K& 2 45 1R K gl
SURESEAT B I — ik RE B B PRSI REUR S, IR RS KA
Wik A, I IR AIE S BUR AT A T BRI, ZKVCAE T H T 46 ] 5 172 1k
B, T FHERRK) o 55— T3t VK1 B B T R s B T 22 e A sl A2 FH
T A I S K o X E BRI )5, UK R AR e 7
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B 2. Ky ZeWALLRI YT EN TG FEE. BH P SABE, & T2,

HeATEE, AEMANmE, 9&ikTkE, & B BeauTheConsortium,

Figure 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.

Y E FAER K (R0 1 o) G o B L o WUERAE BRI E L, P
AR 4 HH ) 25 SR 1 FH T DK i K BB TS 3] 4.5 km, P35 B RER 202 2
km (Menou, 2013). XEME, WIERAEIRTVIEFHREMT 1 km, a2
IKAGRAEAELS BATET ;7 QR AR R T 1 km, WIS 853 7K 43 mT LAAR B2 72 3
BHTHT o AHANSRZE R8T 2 )i AR P B 5 RS T e A izt , 8 BH T P ok
Hsdrw i, B 3 From it i SR & B x0gs IR UK B oy A 1], 1 BHL T VK =
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Figure 3. Sea-ice thickness simulated by coupled atmospheric and oceanic model.
CO; concentration is set to 355 ppmv in the simulation, color interval is 1 m. adopted

from Hu and Yang (2014).
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AAFAE . A WA P A b, i s TR, IR R IS R AR AN
VRS, D0 BH TR SR R AR . AERUE DL, SRR I A 75 /K A7 AE B T 7 BRI
(Bt K S o AR KN ) 027308, DKk & 2 KBS o T 75 BH T ) P67
WHGEEME/FE K. HnEBCA R E 'R, EHEE DI,

3. BEFITie

SRS AN AW I EN g s B h Mk 0 SR N SRR V2 S NN oy
W8, DA REH: D B ERAMERENXG T, KAWRA
3P ST T 1) 7 D T D A0 o6 DA TS T 2 1 UL P2 T s )38 e tH R S R IR
RIEUE: 2) WAL A RO NS R T, BMELEMCIREE CO, (M
GUN, B BHTHE VKR EVMET 10 ms 75 CO RIS, L BHTH UK g
B 56 A RA: 3D BN R KR T W BIAEAT 2 SRS, RO
B CHRER” RE, mREG—R iR, B 1 e A
BEASHA BT AR IR R AMT B T8 BB AT & o BRI R SO AGE T
VEENX — L, HT R ORI B R A A B BX — H AR L, iXeedh
RAARFKG RIMT R BRI T E RIS B A . X LR T4 R, A7
TR A A R O AT B IS S T SR AR T R & A AR A A I
TR A, RS B T AU SE ARk, (RATYER VAT A R T AN E B
A KA. /£ GIS8L R, BT GI58lg, A MHEIT R RERER K
MR, EAiT/ Gl 581c A1 GI 581d, 7rIfi T Gl 581g I ANMN, T 2007 4%
RI. SYIRITFRY, XWTEA R EER (Selsis et al., 2007). {HJ5k
HIRT R, Gl 581c NMEE &N, HARMIRE KE, 1 Gl 581d AT H
JEAT ML, FEKRL 7T AKSER CO A fgfiithRiRETmE 0 T UL L
(Hu and Ding, 2011).
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fERATIEIR, JCHGR N AR AT R UL, R AT B R UR & AR A . 1k
Ab, HI T 210 B AR B L el SR A R KR A S WGEAT R AUE
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