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1.1 /\EZTILY —2DOREIR R

INERZT LI —2DREIRFR:
1. Runaway greenhouse limit:
IERR A ST RS ST = STHRSA
Kasting+1993: 0.84 AU
Kopparapu+2013: 0.97 AU

2. Water loss limit:
BrARFREORRBRETELIEH
Kasting+1993: 0.95AU
Kopparapu+2013: 0.99AU
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1. [ZC&HIZ

1.1 \EZTILY —2OREIR R

1. Runaway green house limit
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1. [ZC&HIZ

1.1 \EZTILY —2OREIR R

2. Water loss limit L 72D H DR DBREM H DFEEZEEA~
H o DEEEERDD
H AR ZER A S Kasting+1993 (Hunten 1973) TILF B AR L ifih
, H RS e A HBEUTOLSICREEOTLS.
H d,. (H) =2 x 10°f(H) cm ?sec”’
. (cDesc(H)H o)jﬁt&;@%, ft(H) H®{$$§5‘Eétt)
N L 7]
H,0  H.0 ANyt HO IS FIZHL, H IR EH RS BEER,

AIEFET, HEDBFEENERRETEHLETHE,
f.(H,0)~ 3e-3. (Kasting+1993, Kopparapu+2013)
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1. [ZC&HIZ

1.1 \EZTILY —2OREIR R

NERT LY —2OREIER%E
ROTWNDED (I A]H?
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1. Runaway greenhouse limit: H,0 D ¥1%
2. Water loss limit: EZZEDH,0 DEFEEE
CRETAT7AILIZEIKT)
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The model stratosphere was taken to be isothermal at 200K;
this assumption has negligible effect on the runaway
greenhouse limit but may have a significant effect on the
“water loss” limit. (Kasting+2013)
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1.2 BETAI7AILIEED LIITREDIDM? (RODHDH)
Nakajima et al., 1992: R K5 T1RITHET *T 7t T 1
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1. [ZC&HIZ

EJOJ7AILITEDESITREDLDH? (ROBDH)

1.2 ;ml
k& vs JEIRE
LEx03 MEEDERE S -

h 3% R E 300K, H,0 + JEIRIRK & (105[Pa))
ARIFEEFTHT/LTEY, KEKUFEFML TS ERE

B — [RE KRR (RIVZREL= 0.01[m kg-1]) D INEEH 1H

N Line-by-line 5t EIC LD MBES M

® 1.E+04 (HITRAN2008, 0-2500cm-1, B ELAEL)
ERBRRTIL, LZZETENEHNIERZIZSTELN.
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Water loss limit [(Z&2ERAIZHHDMELNIELN.
- 1-D line-by-line St E CEIF EZRELS.



2. BRY

KEREARK[DOXNRBEREOMER
1R 7T line-by-line I ET ILZRALNTHEEL,
water loss limit [ZDWTEERT 5.
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3. ETIILEEE

1. Line-by-line model

Vertical profile Opacity calculation Optical data
Pressure  Presgure “ "Line absorption:
( A T )/\ Optical Depth S;l\ngle scattering Albedo HITRAN, HITEMP

 Continuum absorption:
MT_CKD 2.5, UV absorption
- Scattering:
Rayleigh scattering

N N S S

. . [ -
Temperature Composition Wavenumber Wavenumber

Flux calculation 1(7; OD, 5A) Boundary condition

N Upward & Downward Flux =Solar flux
-Surface albedo

N
7

Wavenumber




3. ETILIEE

1. Line-by-line model

Vertical profile Opacity calculation Optical data
Pressure  Presgure “ "Line absorption:
( A T )/\ Optical Depth S;l\ngle scattering Albedo HITRAN, HITEMP

* Continuum absorption:
MT_CKD 2.5, UV absorption
- Scattering:
Rayleigh scattering

N N S S

. . [ -
Temperature Composition Wavenumber Wavenumber

Flux calculation 1(7; OD, 5A) Boundary condition

N Upward & Downward Flux =Solar flux
-Surface albedo

N
7

Wavenumber

2. Band model for GCM

Vertical profile Line-by-line Flux profile Band Absorption Coefficient GCM
Pressure  Presgure Pressure u /(Absorption Coefficient H

)
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4. 5185

HERTE :C‘)«:,
PTA

Estimate of tropopause

Pressure

osphere
non absorption gas)

N
e

Heating rate

Temperature profile > Optical depth S Radiation budget
H,O mixing ratio profile Single scattering albedo Heating rate
*H,O + non-absorption gas (10° [Pa]) *Line absorption: =Solar irradiance:
*Convective atmosphere up to TOA HITRAN 2008 5800[K] black body
*Moist pseudoadiabatic lapse rate *Continuum absorption: -Surface albedo:
= Surface temperature: MT_CKD 2.5, Chan et al., 1993 0-3000cm-1: 0.0
250, 270, 290, 300, 310, 330, 340, 350 [K] =Rayleigh scattering cross section: >3000cm-1: 0.2
Goldblatt et al., 2013 -Wavenumber range:

0 -100000cm-1
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H,O volume mixing ratio profile

Temperature profile
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H,O volume mmbg ratio: 3e-3
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5. 5T EHER

Flux DERE 7O T7A4 )L

Flux (#h 3= ERE 300[K])
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5. 5T EHER

Flux DERE
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5. 5T EHER

R RR (YR EL = 0.01 [m2 kg1])
INZEAZE D R 1E 79 (M 3R )2 FE 300K)
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5. 5T EHER

MBEORESMEBEFREDHE

MNEEDENTE 7 (Hh TR E300K)
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planetary - solar heating rate
solar =
()
X MRAENEMNLIEICL DR 2
)
= S
o
g .
5 1.E+04 Kasting+1993
VN ) em s en s an an e oam o o= - e e ———————
(]
- RE RS
__________________ q--———=—===
1.E+05 1.E+05 /
-6.E-05 -4.E-05 -2.E-05 O0.E+00 2.E-05 1.e-16 1.E-12 1.E-08 1.E-04 1.E+00

heating or cooling rate [K s-1]

heating ratio [K s-1]

- [k, Kasting+1993 KYBEF @I EZE



5. 5T R R

MBEORESMEBEFREDHE

Temperature profile L E400 H,O volume mixing ratio profile

H,O volume mixi!\g ratio: 3e-3
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Heating rate (tropical atmosphere of

Earth)

Heating rate (this study) .
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Solar irradiance
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absorption cross section [m2/molecule]

Solar radiation: NREL, 2000 ASTM Standard Extraterrestrial Spectrum Reference E-490-00
H,0: HITRAN2008, MT_CKD2.5, Chan+1993

CO,: HITRAN2008, MT_CKD2.5, Cairns&Samson 1966, Cook&Metzger 1964, Edward et al.,
1953, Thompson et al., 1963

O;: HITRAN2008, MT_CKD2.5

0,: Hudson 1971, Cook&Metzger 1964, Watanabe&Marmo 1956, Nagata&Todomatsu 1973
N,: Hudson 1971, Cook&Metzger 1964, Watanabe&Marmo 1956
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Atmospheric evolution
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1. General circulation is modified?
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AV HY KD SURDRE S (R FELY)

temperature

sigma at layer midpoints

80 -60 -40 -20 O 20 40 60 80
(degree_north)

latitude
CONTOUR INTERVAL = 1.500E+01
M T T T T T |

160 200 240 280

(BESAIZLDETE)

AV LR DO REDERE 2 (E T

temperature

80 -60 -40 -20 O 20 40 60 80
(degree_north)

latitude
CONTOUR INTERVAL = 1.500E+01
M T T T T T |

160 200 240 280



H,0 + FERINAK S DBEREDHEZTIToT-

%ﬁﬁmﬁmli FEFETRALTO DA SO MEE

MENSIEICHELRZTEmITT S EICKYIToT .

B ARmEEEIL, 200Kk KUIESHETFESNT-.

-Water loss limit [XFEITHARERELEDHLLELNEDR

ZSnt-.

HER(ICU - FE (M RERE

X, ER DXt TR E
-

EEJ:U:EH—J =18

i

300K, IEMRUN KRS 10°Pa)T
-

FEMNHEE SN



