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temperature of the atmosphere with a given distribution of relative
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F16. 11. Vertical distributions of radiative convective equilibrium
temperature for various distributions of relative humidity.
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Tasle 3. The variation of the equilibrium temperature of
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F1i. 15. The net upward long-wave radiation both at
the top and bottom of the atmosphere.
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Tazsie 4. Equilibrium temperature of the earth's surface
(°K) and the CO; content of the atmosphere.

Average cloudiness Clear
CO: Fixed Fixed Fized Fixed
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300 291.05 288.39 300,05 307.20
600 202.38 290.75 301.41 310.12
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Frc. 16. Vertical distributions of temperature in radiative con-
vective equilibrium for various values of COq content.
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Tasie 5. Change of equilibrium temperature of the earth’s
surface corresponding to various changes of COs content of the

atmosphere.
Ch Fixed absolute Fixed relative
of COy humidity humidity
content Average Average
(ppm) cloudiness Clear cloudiness  Clear
300 — 150 —=1.25 -=1.30 —2.28 —2.80

300 — 60O +1.33 +1.36 -+2.36 2,92
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TaBLE 6. Change of equilibrium temperature of the earth’s
surface corresponding to various changes of CO: content of the
atmosphere [computed by Miller using the absorption value of
Yamamoto and Sasamori (1958)7.

Variation of Fixed absolute humidity
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Frc. 17. Vertical distribution of O3 adopted for the computation

of radiative equilibrium shown in Fig. 18. Vertical distribution
{Herring and Borden, 1965); total amount (London, 1962).
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Taece 7. Equilibrium temperatures of the earth’s
surface for three ozone distributions.

Latitude, Total amount O Tyt
month (ecm, STP) (°K.)
ON, April 0.260 287.9
40N, April 0.351 288.8
80N, April 0.435 290.3
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Fic. 20. Radiative convective equilibrium temperature at the
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Fre. 19, Vertical distributions of radiative convection equilibrium
for various values of surface albedo.
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22T, BLIFREMT A~ FOHEM %Y 72 ) OEKED
ZTT, BYVBLETH, COBEIZ, KEERDE
Tapre 0. Effeet of cloudiness on surface equilibrium tem-

perature T.° FB and HB refer to full black and half black,
respectively.

Cloudiness

Experiment {amount) T,*
no. High Middle Low (°K)
C1 0.000(HB) 0.072(FB) 0.306(FB) 28011
C2 0.500(HB) 0.072(FB} 0.306(FB) 281.6
C3 1.000(1IB) 0.072(FB) 0.306(FD) 284.2
C1 ﬂ.OOO(FB; 0.072(FB) 0.306(FB) 280.1
C4 0.500(FB 0.072(FB) 0.3506(FB) 298.4
Cs 1.000(FB) 0.072(FB) 0.306(FB) 3180
C6 O.E'.SEFB; 0.000(FB) 0.306(FB) 290.5
Cci {].218?’]3 0.500{(FB) 0.306(FB) 271.5
Ccs8 0.218(FB) 1000(FB)} 0.306(FB) 2518
co 0.218(FB) 0.072(FB) 0.000(FB) 311.3
Cc10 0.218(FB) 0.072(FB} 0.500(FB) 2720
€11 0.218(FB)  0.072(FB) 1.000(FB) 229.3
C12 0.000 0.000 0.000 307.8
C13 0.218(FB} 0.072(FB) 0.306(FB)
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Fic. 22. Vertical distributions of equilibrium temperature for
a clear atmosphere and that for an atmosphere with average
cloudiness.
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iz, RoXckToenTcEFET,

aT.¢/8(100C,) = —8.2
aT.¢/d(100Cy) = —3.9
dT.¢/d[100Cy(FB)] = +0.17
T, /d[100C,(HB)] = +0.04
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F16. 23. Notations used for the explanations of
convective adjustment.
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F16. 24. The rate of absorption of solar radiation by HzO.
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Fic. 25. The 1ate of absorption of solar radiation by CO..
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Fi16. 26. The mean slab absorptivity of HyQ, from which the contribution of the range of wave number 550-800 cm™ is omitted.
In the lower right corner is shown the slab-absorptivity of H:O for the omitted range of wave number.
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FiG. 27, Emissivity of HaO from which the contribution of the wave number
range 350-800 cm™! is omitted. .

FE L, (r+ DFEH oHIRKIRE T e, FHD WA
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BRI CwE S, 28 a HICEEE|I N TV 2 EEE 7 HLHITRLTHY ET, ZNLDOTIE, FEHDX T
TIRAL 72 FHNICET 2 DT, & OFE L RALH 72 Pl TR, HETER, 3K O WINGHEFE % i & L TH
W ERE T Lizbh 0 A, D, HFERX2ONB AL LE L, ERT -2 & H
WCERA RES TR O NI E Z o RICR L £
7
100 AT = F 5 (1955) AR L 72 & 9 10, KRR X udft
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70k — st e RTEET,
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40F
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Fic. 28. Slab absorptivity ¢; and column absorzp!ivily & of
C0O, at 300K. Bandwidth is assumed to be 250 em™.
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Fic. 29. Slab absorptivities of COy at various temperatures.
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Fic. 30. Slab and column absorptivity of 9.6-u band of Q.
Run means the run of experiments by Walshaw (1957). Bandwidth
is assumed to be 138 cm™.
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Taste 10. INustration of the 18-level o-coordinate system
based on $,=1000 mb. H denotes the approximate height of
the level, and Ap is the pressure thickness of the layer.

? Ap
Level P (mb) (mb) (km)
1 0.0277 2 2 429
2 0.0833 20 25 26.4
3 0.1388 53 40 20.1
1 01044 99 52 16.1
5 0.2500 156 62 13.3
6 0.3055 223 71 110
7 0.3611 207 77 9.0
8 0.4166 376 81 7.5
o 04722 458 a3 6.1
10 0.5277 542 83 49
11 0.5833 624 81 3.7
12 0.6388 703 77 29
13 0.6944 777 71 2.1
14 0.7500 844 62 1.4
15 0.8055 901 52 0.86
16 0.8611 047 40 0.46
17 0.9166 980 25 0.18
18 0.9722 908 9 0.02

DI, ZOMEPLEWINTHET, §2FTH AL

L ulpD 20D NTG A2 —RFHTLENET LW
T, 2L, 7ur7 I vrsoffiiglozvic,

T120X7 2= Zu, BHEAINTHE T, M.S.® 368

~—izaV (Fig([X)24) & aCO:(Fig([X)25) % 13 3 J7ik 03 E
HoNTeET, & (Fig()26) DERICOWTIE, M.S.
DDA, ff (Fig(R)27)DEF I (12)R, L

er O (Fig([X)28 & X 1F 29) e (Fig([X)30), & L U

eV (Fig([)26) D E# 1T M.S. @ (16a), (16b)X, LT
ANROE#RESHL CTLE XV, F Y VT X 3 KB

B oINHERIC O W TIiZ, MS.O A6 MESHEL TL A&

W,
fT§% 3

BHEDGHHETIX 18 @ & 9 J§ D7 D RAJE 2 L <
WE T, HTOFR L FRIC . BAEOMEIR [ A=T)

VAF—ICXBAREICE STV ET, sk ROKIEDOH
Bl TERLE T,
Tasie 11. Tlustration of the 9-level ¢-coordinate
system based on p, =1000 mb.
N ap 7
Level 4 (mb) (mb) (km)
1 0.0555 9 34 31.6
2 0.1666 74 92 18.0
3 0.2777 189 133 12.0
4 0.3838 336 158 8.3
5 0.4999 500 166 5.5
6 0.6110 . 664 158 3.3
7 0.7221 811 133 1.7
8 0.8332 926 02 0.64
9 0.9443 991 . 34 0.07
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Fie. 31. Radiative convective equilibrium of the atmosphere
from the 9- and 18-level models. See text for discussion.
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Average cloudiness : 78 b

Clear : Pl

Table(58) 6. K& H D CO2 BDOZEALICHIEG L 7 R i
DVEHRE Ot Y ~E + L H T ) ORIYEE T
A Z—I2 X o CEHR](1958). CO. & DA H)

Variation of CO; content : CO, D ZE 1L

Fixed absolute humidity : i3 [

Average cloudiness : 417 2 b

Clear : Pl

Fig(X)17 Fig([X) 18 I</R & 217 it Fg o 55 I v
L7z Os DINES I (~) v 7 R —=F v, 1965) ; fok
(vv Fv, 1962).

Fig(X)18. Fig()17 ISR L7z AV v 4rfiic s 3 5 1K
SR R A o RS oD TS A

0°N, APR: dt#& 04 A

PRESSURE : &£

|

ALTITUDE : &

TEMPERATURE : i}

Fig(B)19. il 7 v~ F Ok 42 7o EIC 03 2 BUR* -



1967 4£ 5 A B AR

5 D ERTE A
PRESSURE : &JE
ALTITUDE : @&

TEMPERATURE : {3

Table(R)7. 3 D D4 V' v ordi i 1 % HERFE W O FHHR
&
Latitude,month : &, H

Total amount O3 : 7+ V' ViR E

Table(3%) 8. KM 7 M~ Fa, DR 4 7 fEIC G L 72 2R 1 F
T,
Albedo : FEFR

Table(5%) 9. FifFHRET.ICNT 2 EDFEFB &
HB i3z 2 e Bk & Bk R L 5.

Cloudiness (amount) : %t
Experiment no. : FEif 5
High: kg  Middle : g Low : fi/Jg

Fig([X) 20. &Y oBI% e L CHbER o 210 RO i -1
M (EE, SEE. KEE), Eo8FB L HBlIth
TRk e RRAEEL £

DEPENDENCE OF EQUILIBRIUM TEMPERATURE OF EARTH’S
SURFACE UPON THE CLOUDINESS AT VARIOUS LEVELS : ZE o &
XOWIC L B, HIRTHRIERE~ D HArE

CI(FB) : 4E (54 E(K) CI(HB) : $E(CLEKk)

AS(FB) : m/EE(RHA) LOW : KEE

Fig(XD21. &, e, EEEoL hERICEIT 5F
MR O BhE .

VARIATION OF CIRRUS(AS, LOW CLOUD) CLOUD(INESS)(FB)
AND EQUILIBRIUM TEMPERATURE : %% (HHZE. KFE) (el

R DZAL & SRR

Fig([2)22. P D KD PHREE DSE M & . P
IC& 5 T 3RS BT 245070,

PRESSURE : %/E

ALTITUDE : 7

TEMPERATURE : /&

AVERAGE CLOUDNESS : ‘¥ x E&

Fig([X)23. AT DI & 515 Kk,

& VF¥—FT. V= b~TF 24 %5

Fig()24. HLO 12 & 3 ABHEOH OWITH,
Symbol : G5 (MTREL)

Fig([)25. CO: ic & 3 KB o WK

Fig(F)26. H.0 D2 5 7WRINHK. 4 550~800cm™
"OHEIFOFGIIEM ST T, A THIC, AS iz
MOFPFICH T2 HIO DR T 7T INEEZ R L TWE T,

Fig()27. & & % H0 ofits. 550~800cm™! D
FHOFSEIEMINE L7,

Fig([4)) 28. 300K T CO: D 2 7 7 DWRIHKe, & 1 7 LWL
e, BRI 250 cm™ L RGE L T E T

Fig([X)29. K% 7iREICH51F 2 CO, DR T 7 DWRILE

Table(3)10. p, = 1000mb. Z EEHIC L 7z 18 @D o- LR
FOMIZ, HIBOoB X ZoEmas %, ApREOEHES
ZRLTWET,

Table() 11. p, = 1000mbic o< 9 fBD o-BIZE %,

Level : J&

Fig(X)30. O3 @ 9.6y DR 7 7 &5 7 LORIE,
DO Run iz 7+ vy a— (1957)ic X 2EBREERL ¥4
. OHIEIEIZ 138 ecm ! EEHE I NE T

Fig(X)31. 9 Jg & 18 J§ D & 7 )L D KX D U i A,
HIMONE RS L TLZE v,

PRESSURE : &JE

ALTITUDE : /&

TEMPERATURE : i&/&

18(9)LEVEL : 18(9) /&



