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Abstract More than 800 extra-solar planets (exoplanets) have been identified since 1995. Exoplanetary atmosphere and
climate are two of the newest areas in exoplanetary science research. The purpose of the present paper is to review the
most recent progresses in these areas. Because Earth’s atmosphere and climate are always used as a reference for studies
in solar planetary atmospheres and climates, we first briefly introduce basic knowledge of these areas for comparison. We
next introduce concepts of habitable zone of stars and habitability of exoplanets. We mainly focus on recent observational,
simulation, and theoretical results of physical, chemical, and dynamical properties of exoplanetary atmospheres. Moreover,
we introduce possible climate environments of habitable exoplanets around M-type dwarfs.
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Fig. 1 Size comparison of solar planets
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Fig. 3 Exoplanets discovered, by years. Colors indicate exoplanets by discovery methods. Purple, yellow, dark red, green, and blue denote pulsar timing,

direct imaging, microlensing, transit, and radial velocity methods, respectively. From http://exoplanet.eu/index.php [2012-11-10]
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Fig. 4 Scatter plot of mass vs. orbital semi-axis of identified exoplanets. Solar planets are also marked in the plot. Horizontal axis is orbital semi-axis, and

vertical axis is exoplanet mass relative to Jupiter’s mass. Green, blue, dark red, orange, and purple denote transit, radial velocity, direct imaging, microlensing,

and pulsar timing methods. From http://en.wikipedia.org/wiki/Extrasolar_planet [2012-11-10]
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Fig. 5 Distances of habitable zones around all types of stars. From Wikipedia: http://en.wikipedia.org/ [2012-11-10].
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Fig. 6 Similarity of 7 potentially habitable exoplanets to Earth (From http://phl.upr.edu/ [2012-11-19])
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42 (http://exoplanet.eu/catalog/kepler-22_b/[2012-11-
10]). HD 85512b 5t KL & BRI 3~4 £, B
HILEAE 026 AU, HESPHIRE K252 300 K
(Pepe et al., 2011, Selsis et al. (2007) #&iti, I
ST B IR SO R 270 K, AT AN
B =%, PR MR S T . CRAYAET
LRSI PEIR R R VPR R KR Z,
KPR AN e B H k. ik, Bk
HD 85512b AR JE 1K 22 )2 SR HpE A AR5, 5 0],
B PR =% % . HD 40307 g J&— AT 5
RN RIMT I, ol /N iU K2 H Bk 1) 7.1
£ (Tuomi et al., 2012) , AR AT HEE—RU/ N T
B, mMAERHE E . Gliese 163¢ =& & KILIK
(http://exoplanet.eu/catalog/gl 163c/ [2012-11-10]),
Je WS IR L Gliese 163 BT RIMT . &
() dse /N TR K2 AL HUBR 1) 7 i, & T G Hh BR W,

T LS s 5 A ] e AR S ER Y5 . Gliese
667Cc (faifx GJ 667Cc) ML 5 oAl LA ERR
A, BEEELE—NM=MHERGET K —P (Gliese
667C), WEt i, GJ667CcH =4 “KM”, %4k
PEIE S (Gliese 667A Fl Gliese 667B) A At GJ
667Cc WBATHUE = A5, 1 AR &40 5 Be
(154, {H GJ 667Cc E#5% Gliese 667C [FI54M
(Bonfils et al., 2011). GJ 667Cc [{#5/NFifE K4 &
BRI 4 £%, 1 HIEGFA T Gliese 667C [1)EL iy
i), TR, A A IR AR (H—AN LR
(0 B, THIIX A 2R AT R (19 o 8 L b o o
K2, e EHERE R BARMME, R8s
W], ARG 2, XL R 2 A0 E
J bk

5 RIMTEKXR

T EE B BRI, AT BRSO AR e g 12
PELETRAT T RAIMT BRI 0 45
FIRER AL AR 7 A PR (Seager and Deming,
20100, HARAESE 2 95 P ()oK BH AT 2 KW
HR, 0] DAHEN R /M7 RS B KB LU
JLRhAY,

JRUE /N TR ) R M T R [ A AR,
AR AT REA K2 o X2 i /N AT AL )
SIREN, HRAZE SRS+ Tz 3k
IRFE Gk BT B kIR i, P B R S 11kt 3
KA T H, KERWRESRMRSE, S
PRGF PRI RS o WKL) T B K 2 2 M BR o e 1)
5.5%, KAEMKEHKRLRE 1077 SRS, 3
AWAKRA)Z s KA & K 22 H Bk it & Y
10%, LR KSEABIHERIE 02— HuH
JTEEVNORIMT R B EERE, KR
%, AR TR, AND kAR T
Wik, XL NMT R RA KRS, WA
S N EA GEW R T N) R F R R E Y
Lerbak s /M 2, HUE KRAEAAAE, BN
KA R OSSR & —2, REDASR
N,

JoT B R T BRI () R AMT AL, JUHE iR
KT HUBR TR 30 f5LL ERSRARATAL, HORAF 2
Y R 1%5 KB R AR+ B 1 RS 2R 48, H,
1 He s R BUE Y 99%LL F (Hy F1 He
T 7 R B R 2402 89% 1 10%), 3K I il i 4 F
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HOKEVEG W R RS R = Ry, 2
HEE R R Bk = fTETEE, 20120 )
AFHER TR 10~30 5 RIMTA, LR
WNIZAE LA Hy Fl He b 3, T RBHRMR TR
A EA . HAREEMEGERRKSZES, H il
(R LG S A R I T B (R R — 2, KL 80%, 1M
He Jr ot 1 LA UDAH O g — 28, KZE 18%. UKL
AT R RS AR 2 55 i 1 o B B VRS B
BRIEE GHA = FHFE, 2012). HEEZ2SE
RAMTEBI RS, WA 2R, W
WASP-43b &R E R EATE, ER
HOEARREN 1.78 %, HILER SRR ek
T, Ui R 1,78 1% (Hellier et al., 2011).
L WASP-43b #1Jz, WASP-17b ({248 KA AL
A2 2.0 5, (HEFEHMIEAEMN -,
S UL B AR )72 — (Anderson et
al.,, 20100 XPFRIMARE S KIHRKREHELZ
225, — 7 A AT e T e AT TN 0 oy 1 22
S, Sy AR R BR T E AR 2 5

] 2% FRAMT AL KA 2 AR 2 TR 3 e
Mo B5E, —AEARBRI A5 A& sy
BEYIAHIC,  BRUR [ A8AT AL OO B 2R T A
BRI EBIHE OGS R s TR, KB & AT

g
HH

=X
H

{

T g

AL R I 32 BE Ry FE A 23X e AT AL A S 4
AR R T R, TESAT B R AUk ik
HIRMESEA G ARSI , R EERIMT
SRR TR = T 1500 K, ABA4T L BT & i — Lk
BRI W Hy Cy N RIS 5884 nl ik ik
B, DA, IX SRR R AMT AL RS AR AT
fie T R RS BIAERR £ 55 4 8 ooy LS AT 4y
i A B A o T IR T (Léger et al., 2009), —
AN LI ) F-0E RAMT AL CoRoT-7b (Léger et al.,
20090, ZAT AR PR KLE IR 2~8 £, B
FeBEAR (R AD JEHIT, K29 0.017AU,
PRl 2 LI AL A B T HIAS & 1 AN HBEROR (0.85 ek
R, R FIE 1300~1800 Ko LSRR
B, CoRoT-7b M KSR Al BEJ& Naw Oy O Fl
SiO (Schaefer and Fegley, 2009). {H2| H fiy A1k,
A IX T TR o a0 5[ 2 RAMT 2R
THIELFE FASCAIG, U 647 B PR R 43 T e 2R AR
T BRI KL RS -

A BRI, BEAEBRP TR, K
KEWEZ, Tk, @RI K ERR 1] 78
WR BT 55 (Lissauer, 1999), i HE
TA A — S8 2 b 3k 1 5 K 3 AT DAk B3N T AL
1) 50% (Rogers and Seager, 2010). & 7 7R

K7 RSMTEM AN ZKE G AR E R hEER, 7oA ERRECHERIBTRAABUD, IR EEGR TR IRk . 518 Lissauer (1999)

Fig. 7 Environments of Earth-like planets. Earth is in the middle. A smaller planet (left) made of the same material as Earth would have lower ocean

coverage, but larger areas of continents, and a larger planets could be an ocean world. From Lissauer (1999)



xR ¥ 7%

460 Chinese Journal of Atmospheric Sciences

Vol. 37

SN 5 R AL 22 A SR BL, H AN FIAT A S
HuBRNHEL s 2 K (Lissauer, 1999), HH[R] 162 Bk & Hb
BRo ABE XL BB [FIRE A 2= A sy, TR Ak
R HLBR /N R BRI IR/ B, TR R BR300
RS2 WA BR Y  ) g7 e PR LR
ECHOERTA T 159, BTk, Jiling b M BR g e 2,
fihn, AR EELERIS 11 km, 11 KR mRs L
W ik 22 km (WK = A, 2012)0 0 FIXFER)
SEREKER D, Prid, FLRR R S e 1) T AR
Z BRI 2 . R, BERIABUER R, 2
JEE, EEERT, A%, IS KE
%, $ENREERERIHA 0T G bl R 5 (1) v P
mE. BEAR O KER B A i, G 1214b 15
HORAEHIIBRIY 6.5 %, PAREHIRE 2.7 £, &
(RSP 15 25 B R 202 1870 kg m™, HUHBER IR 3435 i
N L CHUER IV 35 % )% #5515 kg m)
(Charbonneau et al., 2009). ik, GJ 1214b 1R 7]
REE — 2R e, AN nT Be 2 A5 Hh 3R 578
A AR A, R ORI Re S BRI,
HIE AT, T A A 22 th kA e (K
16 B KR T B B 2 A B m A KoK, RS
B2 WA, 0 SCEAT AR 22D, BT,
HAPR 3 BN 6

YT G 12140 IXFE RS ERCR E, a1
LR BEAE K Ik S LA 1000 K AR, HRAHY
FE MR T RE 2 KR (steam atmosphere ). 511,
GJ 1214b [fE A & — LA, M 2 1) 1) E 2 A
£ 0.014 AU, GJ 1214b (AR AN 1.58 4N
BROK, e IR AR O P IR R K4 & 400 ~ 500 K
(Charbonneau et al., 2009). fEXFERIREE TR, ¥
A REMBEKZE RN RS ES, frel, 3
KA T KV AR JE A2 . iR
HRMMEER, GI 1214b R AT REH R =2, BT
CL, BMRAETE ] e B2 /Ky 4L (Bean et
al., 20100 3—J7 1, PRAEBY IR oK,
HH1 D R U Hy SRR A1, D,
G BRI KRB Hyo 0T DURIE T[S
TN EHER, R Hy /TP H,0 8% CH, %
fifer= e, KA R BEAEAT ALY RO A ] Be AL A AR
AT A (HHEAORTTREF = He, RN [ 54T
SEAETE R, He ANATREAFAE T &S AT

HAT, X5 ZRAMT AR AU A58 2 AH
WX, F 2R RAMT AR AT, H

T UL 1) 1) B R PRA T B T 1) R AMT AL & Alpha
Centauri Bb (Dumusque et al., 2012), ‘&2 KFH &
WAE 15 HHEZ 4. R, IER A8 T —
L ZIMT R R WP i, I
AR LF HE 52 T $RSE HD 189733b K & /K
FRHGE. HD 189733b [ AIE1244 5K &
AR, (e fEA (HD 189733) JEWH
i, KZJ2 0.03 AU, frll, HD 189733b & — il
VR B AR, L 1) BH T ) % T il 8B ik 1000 K
(Bouchy et al., 2005) CKFHRALAE 1 MR A
(R KL 165 KD o B 8 S A I 3 R SR BT
ML) HD 189733b KA 535 i A& bt AR A0
SERLXTEE (Swain et al., 2008) . ALK ZKVAE 1.9
pum F1 1.5 pm TR CIE IR E) 50 45
BA- 4, (HLE 2.2 pm BT, LR gl KV
Wy SO0 45 R IF A A B R — ek
FEHFREZ G Ol tibel), 2.2 um BHE IR
T I P 8 R AR R BRI o R I RIS JUL 45 SR
ANFEAR L X 3 S R — S AR 1) 75 2

TR IS, H O AT 2R 1
PR T AR — R BRI S SEER, IR IRAEX
9 b BR G AR RS G B AR AT B O AT
WMo BRR HETR R AMT R RSN 572 2 s 2 2
(Ehrenreich et al., 2006), i /& 1T 1725
BRI AL — S 2k o HalE Py AL (“uz
H 7, A b Bl R 20 B 30 B W A e 1 3% i
W CERHE AT BRI . X T EAT AR
RZ BRI HA B Kb m (H=kT/(Mg), XH
H KSR, ke T MR g 23 BB UR 255
WAL KA A T R R s D,
W 1) KRB WA KA 208 B R A R
SPIRRE, MACK AR R B IRE KR T ek
(TR B L, SRR A RERS 2 AR R W i A 1o 1
Fg e BOREKANS UL Hy Fl He A, 4> T
BN, HRER R G 1000 KD, KRIEH SR
L 100 km, 55 2 B0 IR B2 (0 BER o AR I
T ANFHRARZEMARE KL 27 km (KA
FERUID, Ik KR K202 8 kme BLAH)
MM ARIEAGEATH “Be H 7 R0 AT R RS
oy HEAT I 6

XK BH R AN fr R R & RAMT R RFE N &
BHWRZ — BT HERRERIMT AR ETAEE
A AR R AER, KBH RSN i S 15 5 5 2
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2.50 T T T T

3k Binned model: water + methane

A HST/NICMOS data
245

2.40

Absorption (%)

2.35

== Binned model: water + methane + ammonia
[ = Binned model: water + methane + carbon monoxide

T T T T T
— Model: water
Model: water + methane

230 — : : .

I .
2.0 22 2.4

Wavelength (um)
B8 ALANEL AR HD 189733b KA B8 = 1 R oR (K2 WA 8 K X B BEUT 21 AMHALAI 2 H ARG 18 SOW I g #AR 5L HD 189733b K
AR B LR o oAb Al i A S R L R KV Fbe s R — S A Bk DRSO o 5 €0 AR 5 €0 1 A A FH R 00 S e
UL K VAR SRR BB i %, = AN RIS R 1555 20 i Al R A BB K Y+ AR B8 (H,O+CHyD v 7K+ A BE+3 (H,O+CHy
+NH3), KEFFH—F A (H,0+CH,+CO) RIS . BEARbE B, HARRRIRIC% . 511 Swain etal. (2008)

Fig. 8 Comparison of observed and simulated transmission spectra of transit planet HD 189733b. Hubble Space Telescope observations are shown by the

white triangles. Two different models highlight the presence of methane in the planetary atmosphere. From Swain et al. (2008)

T AR R AMT RS A A i 1S
B TG . O O3+ N,O Fl CH, 3l #A N Je %
TEAE M AEAE IS, ORI bR AE ar i i, 31X
LA A A AR AR HAER R AE il Oy &/E 1
FEAE I LB, WA R, (Hipalify
Oy A EMAE L IAEAE, PO AN SR — AT B kA
WAk, KOG, H &K, 1l O,
M ZARAE RS, Brbh, fER A =k AT B K
SZTEREHETN 0y (HAT R A,
O3 7 9.6 um P BA — AN smmliers, Kk, 05tk
BARGPMINE] . (H O3 F1 Oy — R ASHERAE J 2L
AAELEIIESE , oA B O, f74E, WA O fE1E.
BN, B FA AR S T NLO S5 25575 SR A
JE HE A IR AFAE o

6 RIMTESIE

U TR IR R th 2 U TN A E R A
TR AR . AT R S IER Z FEES . AT 2K
PIFRAL SRR A 27 173 1 R —AT R ARG g S
WRERRSESE . IR RAIMT 2 2L RS AL
OB AT VE R, BT AR I A
FLREAT N S R AMT B KU IE, B2 IR+,
FAVICHIGE R AR RAT SR A5, FfiTh

VAR A1) R 1 R e A S AT R AR
5 DA ROX B T I AR 5 1 T AR AP A

BN IE TAE AR RIMT A Gliese
581c Al Gliese 581d (fijfx Gl 581¢ #1 G1 581d) (Udry
et al., 2007). Gl 581c Fil Gl 581d FH A J&— Ll 4
A, eSS A & 52 0.073 AU FI
021 AU, HJUsE#EEHHERE . Udry et al.
(2007 8 ik fi B R S A AR A IX P R Ak
TR W T-LL0E SR Gliese 581 FRIEL S ) P ONIA
MU, PRI, AT X R AMT A O
IThL. U, X —RIEFEAR TR RS S T E
KIS . Selsis et al. (2007) F3E KFH R FESITE
U 4 R KR (R AR AN T sy A ) T
XA SMT AL B R AT T A VPAS, AdA]
K Gl 581c & —RR AT EEK, R AT HEIRAKRH &
(W4 AL, 1fi Gl 581d WA P RE & —MUE A2 K. von
Bloh et al. (2007) M55 AME A JEWFIL T IX P RAT AL
(VRS AT TGV AT KA CO, IR L K
CO, 77 2 AEFRAT BRI A DA ER . AbAT
(PRSI A SRR B, Gl 581c A& E AT fAELE, T
Gl 581d WA AT R BT A B I A= A7 1E

{E LA b 9 THURF 5 40 38 A7 Aol FH B SEE ) A S — X
A B0 19 SR 2 M Bk 0 ] e R TR . Hu
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and Ding (2011) fff AR —XF o v & T
IXPRRIAT AL T RER IR, AT MR R IX P R A
7T 55 R BH AR 25 B BRAT A R R sy (R
U AR, Bt CO, & KA i
Ak B9 PR RIS R . T Gl
581c, HME2 T KSH A 50 ppm [ CO,, HA
BRI B A 310.6 Ko W IN Sk
RAAHF KA S =, HRIRET % 332 K, #%
T A ORI AL PR 340 K, H i 2 A 6 K
3.4%, AECLYERF R AR AR W wE S
B AAH A AR B, KPR 1 S AR PR A
B, RUEAR R 2 R AN 2 DLIEE f i = 106 &
FIH L. XU Gl 581c HAE A EMA7 e, M,
EIRGRHREE - OL) THEkR, o3
Gl 581c WIE/KELEE 2, WIH K/ EZhK
UL, KV I 5 R0 B Aof 1 12 2 i
B WIHRE S KEAE LA K e G 7= A A
HeikE, HARTTRERMIT 402, KA FEERS 2L
COy N &, I B KR ITRIR = F AR L
Kl 9b J2 Gl 581d FIRHULE R, 4 CO, (53 e
5 ANKRAIER, HIZE R KLY 258 K, 24 CO, 47
FEIEH) 10 NRAER, MR T = E 292 Ko —
B ZE R KATFE T A KAEN COy A R AT
Gl 581d MR I LT+ i 21 273 Ko A2 A A
] PRt A 21 T 2R AL &5 5 (Wordsworth et al.,
2010; von Paris et al., 2010)., — > & [ ] {
s, Gl 581d Wil RFF W ERE TG COL2 FrAiTmT
DAL, BEAR G B KAThA¥IE 90 AN KATEM
CO, (WK Z=MMEE, 2012), W4 Gl 581d K
H T AKRAEN CO HARBA T RetE. (HERE RS
FIREEI) CO, s RS KA, KAHM CO;,
WA, mEAIL. Kk, Gl 581d fEHA/KAAE
FITS I IFA IR CO, AT AT, CO, 1)
BORTHIE, 88 3 Z A P4 2 AL KA i
CO, #ifF 7T NKAEZ Lo — A ATRERIE L, G
581d SEA M T A o, B Ut AR DI A 1R B
M CEREUGD, MORE R, HAXFE, COo,
5 ity b 2 T AR TR 625 A 8] 1) IRk S Y A R V)
WrsRAR 59, AT N EHR R CO, 3 LATE RS
HERL S METRER, Gl 581d RINA KK
Bt A7 AE, AH LA AR K S M ER AR R S 5% 22 1]
P%¥% (Selsis et al., 2007; Hu and Ding, 2011). X2
Rk — BA KT AR R Bl A7, A s B R BRI K

SH CO E &, 1—H COy & 8K T —BIME,
P IR ERTE 6 12 ~7 AR H o AR
UK IR CEHZK = P, 2005); 140K 2
B G, COy R R, g HmaFEs
TR R R EE IR R, Rk 2Rl A oK 7 AL BR 1) 5
i, FEEBRIE NS %.

TEAT A TC @5 2], 7T H5 w1 NI R IMT
A, HAERFFAEAEAR KRR B o2 th Ry v e
(1), HbBR S s A AR e i B 73X — e
TEES 50, AN H T RIMTER TS I 2 FEE,
QT 22 B 1 KA 0 6 K R AT AR A AR
HEEPEm . RO, N, BAR G R m, (H
FEASTE I 2 AR, N A BR A (1) 53 W v LA 208 AN
i HEGE A AT B R85 AR RAMT
= No A ] fE & AU = 54K (Pierrehumbert,
2011). Ny T2 FREFE(E S A KT 40 pum 3% B
HIESAE T, RIS, IR
ST KA s 5 AN KA, &k
W B AR R = O 2 B EE W R (Courtin,
1988). 7% [& F i Z Bk i) 51 EE i EROK, R
FEAA AR 5 AN KAE, B, Ny il S 80y
WATREIER EZ . 7628 57, FRATE 2 H
HOERE R SZA TR Hayo 78 KU SR
BUR, ArFRERE T AT Hy fEL04h R Bt A B
FIESN AT (Borysow, 2002), FTLL, Hy7EE )
BRI R S AR i, Ha X 2040 B il
YOE TARE BB R 850 . Bt Tk
IR, Hy AL 3 8N 40 AT 45 T 221
5% (Pierrehumbert and Gaidos, 2011). SiO, H45
5 COy KL, FTEL, S SiO, 2 —Fhili %
Ak — SR IR S A BB W CoRot-7b K
SUZE A REIA Si0, sy, R FLAR T AR 6
ALl FAE RO A . BLE BT IR I == AR
SRR TP AR

KT RIMT A H ELEN 2
M, LR RO SO HBRS Ak R SE 1) e ik
MLy A QB VE R & — R . HRTX RAMT
SRR BT 3 LA AR W BAHAT R IR
RBh. vk, X —J7 R H A AR
(R AMT BLATAE G — 5053 0 E 25 J0AE R L,
TP BAHIIE A, BTCL, BRI IR R B
GF M X S RAMT R AR E N & . 55— 7
T, W7 BARAT AR HL TR A P S B i AN 30 )
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—THI K A MR S AE AR 1 5 T AR A AN E
PR LSRG, 5 B AR TR 75 2 DR A AR AR P P 7 2
KT G 2 A G AR sty 1) T AR 3457 ) 475
T, ATE KRS AL A 7 X8 ) R K
FHRAT RS AW, BRI AR B2 R} 2 )
Mo SiAk, RO S B R B AT B LR
T AR L, AT LT A AT R
AT B o

ARV R AT R 1 B T K S8 T 2 A
SRS, AR KIS B8 i A ) BH T ik 21 75 BH
T, AT DA BH T i AR S — 5T, 5
H T b T RN A 1) SRS 20 MRS . DRI, 5 BH T
{14 38 B ke >R 1 1) B T KA ) A Azt R B
H] [7) AL AME S A HLZ T (VA . R TR
PO 6 T 75 R DA SO AT T BH TH AN H
BRSPS, Joshi etal. (1997) A —Mfajia
(1) = 4 KA GRS R S350 20 SR FH IR 2 R R oK
SO R T AEARIR A ) (1 B W BiAHAT 2
T BT RELRE o ABATTIRI Dl 25 e B, B3 K
KT 100 hPa, KAHIEE ) #uie fnidofs a2 AT
5 BHTH BB 7 T COp UBREEIR S, i, W
TR AT R KRB KT, Bhaet it 2
i i 0 PRI, A KA o3 7 75 B T )il = <A
AN Tl B [ T U R B T . DRI, AR
SRR N AT SRATY A 0T R AR ER

DR by 3 Y AT 2R A AT B KA JLSE 43 1)
I ZEAE, I e TR (1 AR L e AR 4 ACRH & [
AT BRSO B SR B, 38 B e 1
KA RO, SRAG I AEAS )il = <k
CEEE COy) FEMEIL R . Pierrehumbert
(2011) A —AME S HbER SR X 5 P Bk
MRS, BT Gl 581g MR HIAUREFE . HA
SRR, E COy R R s IS UL, 1) BH T AT
DAAEFE— A LU L 50 G LI 208 O T B0 v
DI gt i O L = - 273 KO, AR X R
T BT R VK, EAS IR YRS .

SPHCEERS A IR B R R . AR
PR R I M Bk S I F R, FRAT 1 KN i
TEAE 1) B FH Y BH L2 1] () s b R 5 2, 0
S o) a1 e 2 b BR SR TT R 50 A i VE B 5 IR K
St S3ok, UKE— R E o0 T4 B R A
WAL AT AR R R I R o X — 5 T A A
CUIRALIG R R P, RO AT AL 1 7 O T L ¥

AAREIAT A=A KPR AR, (HE DU RIK
UKRZ R, BTRA, LA BHTH LA K 1) BH I 1358 43 DX 3
IRFTREREVKE 1, A DK T — & IR AT A7 ] e
A5 BT J A 9 R AT R 3R N DK T M IR RS T AN B
A E. i, SFOKMHEARIE 6000 K
(4w R BEAH LG, 208 SR DR AR B AR, — RAE
3500 K ZiAy, Rk, 0080 I5E SR 3 KOE 4
0.9 um BT CREXT T BH PRSI AE K 0.55 pum),
W AR 4L AM B (Hu and Ding, 2011). [ vkA1E
XA 2T A1 1) S 8 30 /856 m) UL I BE I s R
BT LA, UK — 5 HE 3R IE SO b Sl o 21 S it 1 %
5. AR RO 4R ALK T SR A R AR AT
VBB, LRI R, A
— AR A R AV TR KRR 2151k B
(1.0~3.5 um) ARGRMBIBCHT ), AHRHE, HbEEH:
W LTI A R D o I BT IR e SR D], JRAT
A8 FH B, B L S OR R S A% S RN B 0 i DK SR 1 i
—SHA AR (CCSM3) Xt Gl 581¢g I Mkt
AT TR, BE Gl 581g 2 —MMilgvrt st 18 10 By
IR KA COL MRBEAE 355 ppm HISRAT R, Gl
581g KM PIHFUK AT« RS L VKRR 2
IKIIE I E (Hu et al., 2013) o 78 THEFE 5 5 5 A
JA A O CGREED, ORISR — 4
[ TR IX 3k, T2l “elh” B (B 10a).
JRAE P L I PRI K I i) LA s ) AR, 5 B
THI PRIV UK AT B B s BT . AR 10b Y, il
FEr O IR R B R AL T AR TE R P,
LS Bt {l R 200 5°C, IR T 0°C [yu R Z
FERGALS: 30° R 150°F1 25002 8], 15 BH TR &
FAMIAY, RN TS BRI R X, el
MHEAE = T —60°C, 1T CO, ks GEERD i
JEBIE o X EE 0 UK T — S IR IE OB AS &2 LA
A 7 AR AT AL E N UK S MO BRI SR ZS, i Hifg
PRI BUARAT B AR R S AR R . R
(e SHEFEAR AL Gill (1980) Frés HHviiide 5h 1%
AR AE B s s AL I e M Rossby 3301,
W ARTE KR B Kelvin Y5 o 7RI FHUT I PR R
L RO RS 2, T SO E S, B
SR G 581¢g ¥ F LS (B IR 202 37 AMHiek
HD BBk B85 2, (HAE R S KT Hhak i
VRIS, XA AT BB RS g5 R, 1R
BBk b 1858 B R

LR AL A R R W BUAHAT A, SR
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Ko fit—xhat AR Gl 581c (a) #1G1581d (b) WIS IMEERL. 7EE (a) , CO AR HI N 50 ppm, WAL TR (X
F ISR T, S OB AN ORI L BRI, 2T (AR [ 2 A B 25 R OB OEVE R 2. 2R (b) o, X
VU AL P PR 2 T AR R, MR SR AL 0.15, AR Tt WK S CO, & B FR7R{EEI . 51H Hu and Ding (2011)

Fig. 9 Simulated vertical temperature profiles for Gl 581c (a) and Gl 581d (b). From Hu and Ding (2011)
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Fig. 10 Simulated sea-ice coverage and sea-ice velocity (a) and surface air temperature and ocean velocity (b). In plot (a), colors indicate sea-ice coverage,

and arrows indicate sea-ice velocity. In plot (b), colors indicate sea surface temperatures, and arrows indicate ocean water velocity. From Hu et al. (2013)
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