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Cyri T
—Mg—:—l—}},kcosw, (k=2,--- ,K—1)
1 . Cori T, i O
Usk = Cx + [)Vk — ZAOKUKA/Q(UKA —Uk) — pT’Ka + F Kk COS @,
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goobobobooboobbbooodad. bboobbobbbododooooooood
000 (Bourke, 1988). OO0O0DO0O0O0O0OOOOODO. D00O0OO0DOOOOOO
gboobogbbogd. bbgobbuoooboboobbooobog 25000
oooobo. bobobooboobogo BOoooooo. oo, 000000, b0g0on
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noo,
. n(n+ 1)) V2 2\ Vo/? .
DM,n = —Kup [{—%} 2 — TM kn (3-106)
~m OK NSL k > k
Tt pn = 4 VMO <_> (B2 Fsiim) (3.107)
0. (k < ksLiim)

O00, ks, DOODOODOOODOO0ODOD EOO0O.O00,0000000O
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Hy, = T.Dy
1
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1
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gooo,ggbbobogoobbooogoobood.

dT (r,7")

! A4
I dr (5.4)

Fr(r) = 7BT(7s,7) — /OTS 7B(7')
mB(t) = os5T*(7)
TB, = USBTs4
T(r) = T(rp), 7))
_ Azmkaﬁmunm—mmWyﬂ

‘HTL,da(p? g) _TL,da(p/?g)’}]dg (57)

TL,wv(pag) = kL,wv/ pQwvdZ/ (58)
z(p)
1 P
= kL,wv_/ Qwvdp/ (59)
g Jo
ranlp.9) = b [ pd (5.10)
z(p)
p
— hpa 5.11
Lo (5.11)

000.000,0s3 00000000000000000,a00000000.
kLws, ke 00 00000000000000000000000000000
0.¢0000000 (000O000)000

5.2.2 0O0OOO

gbbobuoodobbbuoog,bouoobbbuog,boooobbobood
oooobooboobuo.goboboob 100000, kobooboo,ooo
0000000o0oooooooooos,

000,000000000,0000000000000 (ooooo)oo
gbobogogbbogdb.bog,bbugobbuoogbboogbbood
O,000000 A, 0000D0O0O0O0COOD,0D000DO0OO0ODOODOOO
gboboboooooboooaod.

0000000000 kOD0OO00000O0D0DO0D00000000000. 000, Numaguti
(1992) O O00O0OO0O0OOOOO0OUDOOO0ODOO, 00000000 OOOO.
‘000000000O00OO0O0o0Oa.
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gobb,gobobbboduoobboboooobbbod.

FS<7_> = _(1 - Aa)FO(X>7:iir<T> X) + (1 - Aa)FO(X)As’]:iif('ﬂ X) (512)
Tair (T, X) = 7:%7«(7(?), X)
= /ﬁ exp[— sec X{75,wo (D, 9) + Ts,aa(p, 9)}dyg (5.13)

Tair(T,xX) = Tair(7(p), x)

1
= / eXp[_ sec X{TS,wv (p57 g) + TS,da<psg)}]
0

: exp[_a{|7—5,wv (psa g) - TS,wv(pv g)|

+175.da(Ps, 9) — Ts,da(p, )| }]dg (5.14)
TS,wv(p7 g) = kS,wv /( )pQwvdZ/ (515)
z(p
1 P
= kS,wv_/ Qwvdp, (516)
9Jo
75da(Py9) = ks.da /( )de/ (5.17)
z(p
p
= k a 5.18
s (5.18)

O00,x0000000% (Liou, 2002 0000 solar zenith angle ) 000, a O
OO000000. ksuwws ksae DOOOOOOOO0OOOOCODOOOOOODOOO
000000O000.00,A, 000000000000, F(x)O,000 xO
gbdotbououououououououog.

5.2.3 UULOOOLOUOOOOLOOOLOOOOO

0000 1000000000000000000000 Fy(y) O

2
1
Folx) = Foo (Ts> cosx (cosx > 0) (5.19)
0 (cosx <0)

gboooobgobg. rppbooobooboobooboobobbobb,
00000000% rs 0000000000000 00O0O-00000000.

{000000000000000000000000. 00 (1982) 00 6, Liou (2002) 00
8o, Peixot and Oort (1992) 00 Z, Hartmann (1994) 00 ¢, 0000000,

S000000000000000-0000000000000000000000000.0
00000000000000000000

1
a <1 + 2€2>
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Figure 2.5 The earth—sun geometry. P denotes the perihelion, A the aphelion, AE the autunmsal
equinox, VE the vernal equinox, W5 the winter solstice, and 35 the summer solstiee, m s normal o the
ecliptic plane, a is parallel to the eanh’s axis, & is the declination of the sun. € the oblique anghe of the
carth’s axis, « the longitude of the perihelion relative to the vernal equinos, v the true ancmaly of the carth
ata given time, A the true longitude of the earth, O the center of the ellipse, QA {or OF = a) the semim:ajor
axis, OF (= b) the semiminor axis, $ the position of the sun, E the rll.lhillLII.‘l af the earth, and ES {= rithe
dhistance between the earth and the sun.

051:0000000000000000. 000 Liou (2002) O Figure 2.5. O
ooboooboooboobooooooo. oo b0 s, voeOODO.

xooooboooboooboboobooboo.

cosx U,
cosY = cos@cosdgcos H + singsindg (5.20)

000000.000,¢000,6 0000000 (DOOOODODODODODODOO
O000000. Liou, 2002 OO OO declination of the sun. 0O OOO0OOO
O000000000)000. HOODO (hourangle) OO0, 000000000
0000000000000 0000 (00000000000 oooooooo
0)OO0D0. (52000 00000000000000000000O0O (Liou, 2002 O
220000 Appendix COD). OOOO0OODODO 051005200000
O.00,depam OO00OO0D00O0O0O0O,cosx000 secyJODODOOODODOO0O
O0,000000 secyUOOOUOOoobbbooooo.

r¢ 00000000000000000000(00000000000000815
0o).

rs = (1—-ecosf) (5.21)

O00,e0000000.&000000 (DO000O00OOOO, eccentricanomaly)
O00. («e000000,ed000). ex1 000000000 «000O0OOO.
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Lacal 2enith

Figure 2.6 Relationship of the solar zenlth angle 8y to the latitude ¢, the sobar inclinotion angle &,
and the hour angle k. P and D are the point of observation std the point directly undar the sun, respactively
[see pext for farther explanation).

052 000000000000000000O0O. 000 Liou (2002) O Figure
26 DO000ODOOOOODOOOOODOOO.O00 60O xO,60000
goo.
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000,000000000000000000% 00000000
£ —esiné =1 (5.22)

O00000000000000. 0001000000 (mean anomaly) 000,
gbogobodgbbda,boobbuoobboobboobooooobbod
obooobooobooo.boo ¢, 0o00bg 7,, 0000

o 27T(t — to)
B Torb

™

l
180

+ (D gpoch — Do) (5.23)
000.t 000 (000,00000000000000.00000000C
00000000000000)00000000. @k 0000000000
00000 (000 degree, 000000000000 x000000), & OO
0000000, depam 00, 0000000000000 Newton 0000

(5.22) 0 ¢000O0ODOOOOO.

)s DOODOOoDOobooon.
sin dg = —sin 6, sin(Py + D) (5.24)

¢, 000000 (0000000000 D0000. Liouw, 2002 0000 oblique
angle of the earth’s axis. 00000000000 O0000O). 00000 (true
anomaly) 000, 00000000,0000000000000000000
goooo.o0noboooobooooo

)
— = > 2
tan 5 T % tan 5 (5.25)

o boboboboo,ooboboboobooboobong. o9+ 0000
gbooboo,gbbbuoggobbbdoogobbbooooobobod.

U0 FOO0bOOooogooo.

H = 27TtByDay — 7T+ A (526)

‘000000000,0000000 000000000000 (z,y) 000000 €0
oooooooooooo.

x = acos§ —e),
y = ay1-—e2siné,

ugbb,etgbodno,etdnbgobogn.
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tBypey 0000000000000 000 (taypay =0000 000, tpypay =
0.500000000). 0000000000000 H,y O

cos Hy = — tan ¢ tan dg (5.27)

goo.

Oobo,00 depam D00 0O0000O00OOOODOOODOOOOODOOODOO.

1. 000 (D0ooo)obooooooo.

O00ooo,000 (5.19), (5.20), (5.21), (5.24)0000000OCODO,0O0
gbodbdodgbuodgbuadgbodgbodgbadobobobodgbodoabog.

depamb D0 O0OOOO00OODOODOOODOODOOODOODOOOODOOO
gboboobboo-ogoboogs3b,gbbogbooobobooooboo
gboobboobobobobobooooo-0bobobs400n0. OO0
00000000 (O 5.4b) O, Liou (2002) O Figwre28 00000 OOO
gbobboogoobobod.

2.00000000Db00000bboOg

depamb OO OO0, 0000000 0OOO0OOO0ODOO,D00000O0O
gbogoogobo.

Fl(p) ~ —=So(Ains + Bins cos” p), (5.28)

cosx =~ A, + B, cos® p. (5.29)
00,000000000000000000 sec¢ O

1
= 5.30
PEEX A, + B, cos? ¢ (5:30)

gboooobogo.

Ains; Bins, Ay, B, 000 051000.000000 AGCM500000
00000000,0000000000000000000000000
000000O0. 000, (.19 0000000000000000000
000000000,000000 (5.28)000000000000005.1
0000 A, 000 B,, 000000000000000 (T420000
000 Ay = 0.12756, By, = 0.18340 00 0). A,, B, 00000, (5.19)
000000000000 (5.28)00000000 A, Bins 100000
0000000 A, B, 00000000, 0000 sy 000 1000
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outgoing shortwave

(a)

latitude

(degree,moorth)

time

CONTOUR INTERVAL = 5.000E+01

—-600 —-450 -300 —-150 0

outgoing shortwave

latitude

(degree,moorth) 200

time

CONTOUR INTERVAL = 3.000E+01

___IEEEEEE .

—600 —450 -300 —-150 0

outgoing shortwave

latitude

(degree,moorth)
time

CONTOUR INTERVAL = 5.000E+01

B [ 77 [

—600 —450 -300 —-150 0

0 53: depam 000000000000 00000000000000000
000000000-0000.00010000000000,00000.00
0000000000000 100000000,0000000000000
O.depam5 00 0000000000000 0O0000000O0000O0000O
0000. 000000 T21. Fy = 1380 W/m=2, 6, = 23.5°, &5 = 0.0, € = 0.0,
000000000000 28.000000.100000 3650.
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outgoing shortwave

(a) outgoing shortwave (b)

latitude
latitude

]
(degreeimoorth) 100 200 300 (day) (degreefﬂoorth) 200 400 GO(OdOy]
time time
CONTOUR INTERVAL = 5.000E+01 CONTOUR INTERVAL = 3.000E+01
__DEENEEE N NN N
—600 —450 -300 -150 0 -600 —-450 -—-300 -150 0

054 000000000000000000000000-0000.0001
0000000000, 00000. 000000000000000 1000
00000,00000000000000. depam5 000000000000
00000000000000000000000.000000 T21. ()00
D000000D0000000000000. Fy = 1369 W/m™2, §, = 23.44°,
dy = 102.768413 + 180.0, ¢ = 0.016713, 00D O0DO0DO0 DO 99.403308 +
180.0. 100000 3650. (b) 0000000000000 0O0O00O0O00O0
0. Fy = 588.98 W/m™2, 6, = 25.19°, &, = 258.98, ¢ = 0.0934, 0000000

oboob -10342, 100000 669 O.

Bins

Ains
0.183

AX BX
0.127 0.410 | 0.590

051: 0000000000000 Aips, Bins, Ay, By 00
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00000000000510 A, 000 B, 0000000000 (T42
00000000 Ay, =0.12756, By, = 0.18340 00000 A, = 0.41021,
B, =0.58979 000).

gboob,g0obbbdoooobbbuoooobbobooogboobod
gbobo.goobboooobboobbbooobbbooobobod
gboobooggooog.

e UOOODODOOOODO
Liou (2002) D0O0O0O,000000 F,00000000000O.

Faay(0) = Foo (l)QS(T)

s ™
X (cos ¢ sin hg cos ds + hgsin ¢sindg).  (5.31)

Ooo0o0,o0 S(r)0 100000000000 O0ODODOOOOOO0OO0
uo.

e OUUUOODLODOOOODLODLDDOO
Liou (2002) 0O DOO,000000000000O

FOOTorbg(¢7 6)

Fy(¢) = ma (5.32)
. . 27-(-
m¢@;;§%$fl(m—mmmmmw (5.33)
oooooo.

DDDDD,North(1975)DDDDDDDDDDDDDDD. North(1975)
b, 0dododotdotdodouododododouoouooun
Fao

Fy(x) = 1 {1+ S2Ps(z)}, (5.34)

Sy = —0.482 (5.35)

000,00000000000000000000000.000 z=sin¢
O00O0. S 000, Chylek and Coakley (1975) 000000000000
00000000000000000000 (000000000000
0000000000000000). 0000, Ay, B, 1000000
00000

Aims = 0.1295, (5.36)
Bins = 0.1808 (5.37)

goo.
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3. 0000000000000 (perpetual run).
O000000,sinds 0 rg 00000000 (5.19), (5.2000000,000
goboboooooboboooobobobooooobo.

4 0000000000000 O0 (DOoOOooooo)

O0000D0,00000000 daseter OO0, DOOODOODOO O
pooou (¢subsolar:O>7DDDD

COS X = COS ¢ COS Agubsolar (5.38)
o, doguoouoouoouoouoooon
Fo(¢) = Fyocos x (5.39)

goooo.

5.24 UJUUOOOLOOOOOO0OOOO

000000000000000000000 (DODO0O000oUoO0)0Doooo
uo.

e J0IDODOOOOOOO:depamb DODOODOODOODODODODODO
0.2.

0000000000,0000000000000 0.225000. Kiehl
and Trenberth (1997) 0000 0000000000000,000000
0342W/m2000,77W/m200000000000.

e J00000: depamb 00 000000000000000 0.0,
00000000,000000 00167 (0000000).
00000000,000000 0.0934 (Allison, 1997).

e UODOODO:depamd DO ODOOODOODODOOOOODOOO 0.0.

00000000,000000 102.924° (0000000) 7 depam OO
obooobogD 102.768413 + 180.0 DO OO .

O0000000,000000 250.98° (Allison, 1997).

"Duffett-Smith (1988) 0000000,
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e J00OMO: depamp 00O DO DOMO 1380 W/m? 0000 Ishiwatari et
al. (2002) D00. 000O0OOOOOODOOOOOOOOOOOOOOOO
oos

00000000,00000 1367 W/m2 000 (Hartmann, 1994). O O
0000000000000000 L0000 385x10% W (OOoOoO), O
0000000007000 10000 (1.496 x 101 m; 0000, 1995)
00000,00000

Ly 3.85 x 102¢

= = 1368.8W /m? 5.40
An7% 4 x 3.142 x (1496 x 1011)2 /m (5.40)

oooooo.
00000000,00000 588.98 W/m? (Kieffer et al., 1992)

5.3 UOOOO

gbbogobboogbbooobbooob.booob,oogbbood
gooo.

gboobooggbooboogoon.

;j

Wl= o)

Qr = (5.41)

iF
Cp iy

l\.’)\b—‘ m\»—‘

0000000 1WBTOW/m?2000000000.
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kmal‘
Frs = 7BTips— Y 7By (T;c+%,k/_% - 7;%,,“%) (5.42)
k=1
7By ospTy (5.43)
7B, ospT? 5.44)
lmaz,S
7;)+%,k’+% Z AgL,l exp(_a(|TL,wv,k+%,l - TL,wv,k’+%,l|
=1
_HTL,da,kJr%,l - TL,da,k/+§,z‘)) (5.45)
TL,wv,k—%,l kL,wv,lev,k_% (546)
TL,dak—1.1 k'L,da,lMda,k—% (5.47)
k
mazv Ppr—1 — Ppry 1
va,k—% Z qu,k’ - g —2 (548)
k'=k
Dp_1
Mo -1 = (5.49)
g
lmaz,S
77@+%,k/+1 Z Agr, eXp(_O‘<kL,wv,l|va,k+% - va,k/+%|
=1
+kL,da7l|Mda,k+% o Mda,k’-ﬁ—%l)) (550)
k
mav Prr_L — Ppry L
va,k—% Z Qwv,k’ i ! k_+2 (551)
k'=k g
Dr—1
Mda,k% g (5.52)

000, 0, 00000000,00000000000000000 (OO
O00)000,Ag,, 00000000 !000000C0OO0OO.

gboogoboog,bgoboobobodobbooboobbuoobbooboo
gbbogg,buodbboodgbbooobbboobbb.ogobboo
ooy, 000U UUUU o
gboboo,gbbuogobbbuogbbuooobbooobboooob.bod
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gboboobuoogobbooodb,

OFy1 orB
T - T 77““7 2 (5:53)
= 4dnogspT? Tir1n (5.54)
aFk—l-l aﬂ'Bk/
T, = 3Tk (7;4- k-1 77c+%,k’+%> (5.55)
= —4USBTk/ <77€+%,k/_% — 7;+%7k/+%> (5.56)
OO00.000000,00000000,
ntl -l +§ ktg
Fi = B+ B AT+ Z 3T ATy, (5.57)
AT, = T —TS” ! (5.58)
AT, = T -1 (5.59)

obobooobobdg. oo, obbooobboobboobboobooob,

gooduoouoouooooooan,

OF,, 1 OF
n+1 n—1 +2 k+
Fifl = R+ 5t AT+ —m

ooooooooooo?.

2 AT, (5.60)

5.3.2 0OO0OOO

gboboboooobbbooobboboooo.

Fk+% = —(1- Aa)E)(X)Ew,m%(X)
+(1 - Aa>F0(X>As7:ﬁf,k+%(X) (5.61)
lmax,s
Tairk+1(X) = Z exp[—8eC X{Tg o rs 11 + Tsdarsi i} Agss  (5.62)
b
Tagrr:(0) = Y expl=secx{Tg 010 + Ts a2 )]
=1

‘eXp[—a{Ts,wv,é,z ~ TSwok+1
+T5da, L1 — Ts,da,k+%,z}]A95,l (5.63)
TSwok—11 = k&wv,leuk—% (5.64)
Tsdak-Lti = KsdaiMpqy— (5.65)

‘0000,000000,0000000,00000000000000000000000
gbooobooaboodaod.
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gobbooaobn.

lmam,S

771%,k+%(X) = Z Ags, exp|— sec X{k57wv7lev7k+%
=1
+kS,da,lMda,k+%}]Agl (5.66)
lmaz,S
,Tdif’k"'%(X) - exp[— SecX{kvalewv,% + kS,da,lMdaé}]

=1

w

+ks.dai|Maa,r — Myq i 1} Agsy (5.67)

exp[_a{ksyw%“va,% - M U,k+%|

000, lw.,s0,0000000000000000000000000 (B8O
O00)000,Ags, 00000000 /0000000000,
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Allison, M., 1997: Accurate analytic representations of solar time and seasons on
Mars with applications to the Pathfinder/Surveyor missions. Geophys. Res.
Lett., 23, 1967-1970.

Chylek, P., Coakley, J. A. 1975: Analytical analysis of a Budyko-type climate
model. J. Atmos. Sci., 32, 675-679

Hartmann, D. L., 1994: Global physical climatology. Academic Press, pp411.

Kieffer, H. H., Jakosky, B. M., Snyder, C. W., 1992: The planet Mars: from
antiquity to the present. Mars edited by Kieffer, H; H., Jakosky, B. M.,
Snyder, C. W., Matthews, M. S., The University of Arizona Press, 1-33.

Kiehl, J. T., Trenberth, K. E., 1997: Earth’s annual global mean energy bugdet.
Bull. Am. Meteorol. Soc., 78, 197-208.

Liou, K. N.; 2002: An introduction to atmospheric radiation 2nd edition. Aca-
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g od,tob g,0b od, 1996 bbbuguobbobouodin, pp2b9.

Numaguti, A., 1982: 0000000000 ODOOO0OOOOOOOOOO,DO0
oooood.

gobood,2010: 0bo0o,00b0o0o0d.

5. UO0OOO

5.5.1 UO0O0OOOOOO0OOOOO

gbboboodoobbbooa,bbbouodgbobboooobbboooobon.

googobuoobbooboooobooboooboobboobo,bbod
gboboboooobobooooobn.

Fi(r) = Fi(1) = F(7) (5.68)
Fr(n)t = FBST(TS,T)—/ WB(T/)%CZT/ (5.69)
Filr)~ = /OTWB(T')%W (5.70)

gb,u0ggobboogobboooobbobuoogboboba,gobboboood
goooogag.

dT (r,7")

Fur) = B T(rr) = [ eB) T

dr’ (5.71)
OO00,Bp0000000,000000000000,70000000O0. BO,

TB(r) = & / " B (T () di (5.72)

kmin
kmazx

B, = n / B(T.) dk (5.73)
kmin

000.000,k000000,B(7 0000000000, ... BOOOOO
00000. 00000000000000,0000000000000 ogg 0
ooo,

mB(1) = osgT*(1) (5.74)
B, = ospT? (5.75)
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goo.

00,000000000000000000000,00000,000000
000 Fop 000, 7B, =F,, 000000,

ooo 7(r,7)0,0000000000000000,00000000000.

T<T> T/) = T<T(p)77(p/>>
= exp[—a{|rL(p) — (p')] (5.76)

a00000000. 000000000 0ODOOODOODO, 000 Schneider
and Liu (2009) 00, 0000000000,

7(p) = Tro (%)2 (5.77)

oo, p, o 0D OO0O0O000O0000O000O0000000O00O0.

00, Numaguti et al. (1992) 00000000, (k0000000 OODOOOO
O000000)000000000OO.

T(p) = kL,wv/ pQwvdZ/+kL,da/ pdz' (5.78)
z(p) z(p)
L[ : p
= kL,wv—/ Quodp” + kL a0~ (5.79)
9 Jo 9

000, kg, ke D00000000000000000000, ¢,,0000
0o.

go,bdggoboboogobbo,ogoboboooobooog.
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5.6.1 0O0OOO

obobooboobooboobobbob.

Fioy = FLo—Fo (5.80)
k
F];:-% - WBS’E‘?JF%:% N ZWB’“' <77€+%,k’—% - 77c+§,k'+§> (5.81)
k=1
ka.CD
Fk:_+% = Z By (7;+%7k,_%—7;+%’k/+%> (5.82)
K =k+1

go,0b00bgbobboobooboobogobuooboobogboagoan.

kmaz

For = nBTins— Y 7By (7;#%7,6,_% - 7;%7,“%) (5.83)

k'=1
000,B0O
N
N
7TBS = WZBl (Ts,kpii) w; (585)

gbud,w00bouogbogob,0budgboobbogboobb.odgn,d
goooboooog,

7B, = osgTy (5.86)
7B, = ospT" (5.87)

goo.
gb,boggbobuoooobbobuoogobbobbooooobobod.

Terpwsy = (a7 — Toas) (5.59)
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gobboooobbooodgboon,

OF 1 o B,
S = o Tk (5.89)
6ka—i—l aﬂ'Bk/
8Tk/2 - aTk’ (7;+%’k/_% _7;+%’k,+%) (590)
god.oooobobo,bbobooooag,
OF, 1 Fmaz OF, 1
nt+l n—1 +3 k+3
Fk+% = FH% + a7, AT, + ; T, ATy (5.91)
AT, = T -1t (5.92)
AT, = T -1 (5.93)

goggooobb. ooa,bboboobbbbbboboodouoooooboh,
gobbooboooooboood,

Fn+1 — anll_i_ 8Fk+% ATS—i— aFkJr%

h AT; 94
kt3 kt3 0T, 0Ty ! (594)

ooooooooooo?l.

POpoo,000000,0000000,00000000000000000000000
goboogboooooaooo.

2011/06/15(000000000O) radiation/radiation.tex(radiation/radiation-util-disc.tex)



depamb 000000000000 6.2 0OOOOOO 53

el ULOLOUOUOUOOOOOOODO

6.1 QOO0

gobboobbooooooobbobbbooooooobobooboboooooog
gbog,bgobuogbbodobooobuoobbodoboobbuoobbod
googbooobogboo. gboobboobogboonoboobouonbod
gooboo.

000 depamb 00000000 (Manabe et al., 1965) DO 0OO0O0O0O. 00O, 0O
O0000000o0O00oo0o0ooooOooD. ooooooooo(oooo)
O000.0000000000000000(D0oobo)booooog.

6.2 OOOOO

6.2.1 0000

O0000,000000 (eg., Manabeet al.,, 1965) 000000000000, O
g, ggobobobobodod,dgggggooboooboboo,bouuooad
gbbobuoooobbodg,obbboodgbobbuoooobbbouoooobon.

ooobooo,00b0b 20000000,0000000000000000
uo.

1. 0000000000000 00o0O00oDO0U0ooD (Doooooooo
000000000000 000 (CoboooDUooooooooooon)),

1

0000, 0000000000.000,0000000000000000D0000000
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2. 0000000002

gobob,o0b0bbbouoobobbooogbbbogn.

Cka + Lq*(Tk) + 92k — (Cka-H + Lq*<Tk+l) + 95k+1> > C,AT, (6.1)
Ak
q:k (Th, pr)
dk+1
0 (Tt1: Prsr)

> T, (6.2)

v

Te (6.3)

oooO,bobobobbobobob.00,cAT. 0000000000000000o
goboododg,-gooobbbuooobbbago.

gobbooaobn,

n ) Pr—21 = Di41 A R Pryl — Pry3
(ods 13 P oy ng ) P

Dp—1 = Pryl Drql = Pr2
= {Cka + qu} T + {Cka-H + qu+1} —_— (64)
CpTi + Lk + g2 = CpTht1 + Lqiyr + 92k41 (6.5)
@& = ¢ (Tk,pr) (6.6)
Gor1 = ¢ (Thg1, Prt1)
god.
DDD,(6.5)DDDDDDDDDDDDDDDDD,
. . RTyyy
Cop(Th = Thsr) + L(q"(Tk) — 4" (Ths1)) — = (pr = Pr41) =0 (6.8)
k+3

DDD.DDDDD,...DDDDDDDDDDDDDDDDDD.DD,T,H_%D

(6.9)

oboooooo,b0boboocooobooboboboocoooboob,0cob00ob0obooobooooo
goooo.

D000,00000000000000 1000.000,00000000000000
gooooooboooogoboo,bobobooooooo 1gbooogo,boboboboooboo
oooooooo.
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gbobobodoogon.

000, q, g 00000000,

a = ¢ (Tpr) = q" (Tiypr) + a7 ATy, (6.10)
T=T}
k1 = ¢ (Tir1,Prer) = q*(TkJrlakarl) + oT ) ATpr  (6.11)
T=Tky1
AT, = T,—T; (6.12)
ATk+1 == Tk+1 - Tk+1 (613)

gbobooboooobobooog,booooboo.

_ L
AT, = {Aps(1+%)} " {FAQ — Apgir (14 Ye41) ATk+1} (6.14)
p
—1
ATppr = [Fk—k% {Apr (T + %) = Apra (T4 yp01) } + (T4 9%) (14 Ye41) (Apy + Apk—f—l)]
L
[Apk (1+7) Spps + {1 + oy — F,H%} FAQ} (6.15)
p
Apy = Pr-i =D+l (6.16)
R pr, — pr1
Fppo = ——o DL (6.17)
Bk Cp 2ppy1
A A L . . A A
Sper = T =T + ol {q (T, pe) — ¢ (Tk+1,pk+1)} = Fpp1 <Tk + Tk+1> (6.18)
p
AQ = Apg {C_?k - C]*(Tk,pk)} + Aprt1 {Cjk—i-l - Q*(Tk+1,pk+1)} (6.19)
L 0q*
o= = (6.20)
Cyp OT |y,

gooo,ubbibd g, g DODOO0O0O00OO0O0O0O0O0OO0O0O000O,00
o0 ..000ooboooogo.go0,00b0o0og, k00000 k+10000
gobobboboobbbotododgoog,gooo sboobbobooougooood
gbobo.oug,bbbduodobbboooobbboa,bbboooobn.

00,0000,

1 Pr—1 — Ppyl
P i

1 Dp_ 1 — Dol )
— —E Z M{(Qk)lmmﬁ-l _Qk} (621)
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ooos.

6.3 UOOOO

Manabe, S., Smagorinsky, J., Strickler, R.F., 1965: Simulated climatology of a
general circulation model with a hydrologic cycle. Mon. Weather Rev., 93,
769-798.

‘000,00000000000000000000O0O0D0DO000O0.000,000000
gboboogoooooan.
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070 OO0DOOOO (QDOOOo0)

7.1 0OO00On0

O000oooboboooOoooodn, Manabe et al. (1965)DDD,DDDDD
O (DD,DDDDDDDD)DDDDDDDDl. goooonogooooono
gooooo,gooooooooo.
do0dooooboobobouooooooooo.
.
q*(Tk, pr)

oo, ooogoboooobog,rgbgoboobobobobboooboo.

> Te (7.1)

goououououooao,
@ = ¢ (Tk,pr)

oog.

¢ 0,00000000000000000,

*

* * = a
@ = ¢ (Tn,pe) =q" Tk, pr) + 8qT ATy, (7.4)
T=T),

0p00,00000000000000 1000.000,00000000000000
goooboobooobogboo,bboobooboob 10bbo0bo0,00b0o0oboobo
gbooabooan.

Iscond/lscond.tex 2011/06/15(00000000O0)



58 depam5 00000000000 70 000000 (000oo)

gobobouoooobboooad,

T, = Tp+ AT, (7.5)
. L{Qk_q*(fkapk>} 76)
Cp+ LG5 -1,
G = G+ Agk (7.7)
~ aq*
= T AT, 7.8
q"(Th, pr) + T |, k (7.8)

goo.

goo,..dqgbibhoodbboodbboogb,ggbboogboobogd.
ooooo,b0b0obooobooogoo,b0bobobobooooo,gon

(Ti)irr = (Te) + ATy (7.9)
(@)1 = (q)i+ Ags (7.10)

gobbbogoobbooogooboood.

00,000,0000,

1 Pr—1 — Pr4l
P = —— #A
2At Z g ax
k=kmax
1
1 Pr—1 — Pryd R
T 2At > ———2 {1 — @} (7.11)
k:kmaac g
o0oaoe.
7.2 0O0O0O0O

Manabe, S., Smagorinsky, J., Strickler, R.F., 1965: Simulated climatology of a
general circulation model with a hydrologic cycle. Mon. Weather Rev., 93,
769-798.

000,00000000000000000000000D00000.O000,000000
gboboogoooooan.

2011/06/15(000000000O) Iscond/lscond.tex



depamb 000000000000 81 0L U000 59

U84 oo

81 QOO0

gboobooooobog,bbodgo,bbogoobboooobobbood
gbbobuoogobbooooon.

(@) _ _10Fu. (8.1)
ot )vp p 0z
0F 4
t)vp op
oT g th
il - J Z-h 4
(at)VD Cp Op (84
Jq _ 0F,

000, Fne Iy, Fp, F, 000000000, 0000000000000, 0
gbbooboo,gbbobuodgbobbo,gbbobooodabn.

Fpo = —me% (8.6)
Fp, = —me% (8.7)
F, = —C'pPpKh% (8.8)
F, = —qu% (8.9)
0 = % (8.10)
p = (%) (8.11)
K = C’E (8.12)
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gobo,o0dboo

Frny = 0 (8.14)
F, = 0 (8.15)
F, = 0 (8.16)
oo, 00oogo,ogooooooooooooonooooon,
Fny = —pCalolo (5.15)
Fh = —CpP,OOh"U| (‘9_‘93) (819)
Fy = —pCqlv|(q—q7) (8.20)

O00,000000 (CoooooOoOoOooO0D0)0000 (bobooooooo
Oo0oo0)oooooooo,

Fpe = —— 8.21

, o (8.21)
1

Fry = ——uv (8.22)
Tf

F, = F, (8.23)

F, = F,, (8.24)

000.000,000000000000000000000 F,000000
0000000. 000,pp 00000000, K, K, K, 00000000,
0,0000000000.C,C, C,00000000,0,000000000
000.00,000000000000000, Fy., F,, 000000000
00,00000000000.

Ky, Kn, K,, 00000 Mellor and Yamada (1982) 000 200000000
000. 000000000000000000000 .. 00000. Cy, Cy,
C,,00000 Louisetal. (1982) 00000000000. 000000000
0000000000000 ..00000.

8.1.1 00O DLOOO

000000, Ky, Ky, Ky, O Mellor and Yamada (1974, 1982) 000 2000
Do0oo00ooo.
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Mellor and Yamada (1974, 1982) 0000000, 0000000000000

0no.
ov
K, = I’|—
0z Sur
ov
Ky, = IP|—
h 0z Su
K, = K,

000,/00000000,
- k(z— zs)
Sl k(z—2)/lo

(8.25)

(8.26)
(8.27)

(8.28)

O000000.000,,,000000000,,0000000000°. 00,

00d. Sy, Sy O,

- 1—Ry
5 B — B2Ry &

Sy=——"-85
M= s — BaRy n

(8.29)
(8.30)

(8.31)

(8.32)

ooo,000, R, 0000000000000C0004,

1

Ry = BYER {51 + BuR; — \/(51 + /B4Ri)2
B2
oooo. o000 ROouobouoouoooon
990
R = 0 0z
g ov
0z
|52
ogoo. oo,
o = 3A2’}/1

as = 34y (11 + )
51 = AB (71 - 01)
B2 = Ai[Bi(n1—C1)+6A

Bs = ABim
By = Ay [Bi(m+72) —3Ai]
1 24,
"= 3 B,
BQ 6A1
Yo = E + ?1

_ 46263&} (8.33)

(8.35)
(8.36)
(8.37)
+ 34, (8.38)
(8.39)
(8.40)
(8.41)

ldepam OO O (2010/02/20) 00000000 lp=300m O000.

vdiff/vdiff.tex(vdiff /vdiff-math.tex)
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000, (Ay, By, As, Bo, Cy) = (0.92,16.6,0.74,10.1,0.08) O 0 O (Mellor and Ya-
mada, 1982).

81.2 0OO0ODOOO

000000, Louiset al. (1982) 00 00000O0ODODO.

00000000 (R >0) 000

00,000000 R,>000000,000000000000000°¢2.
1

Cq = a - (8.46)
1
C, = a 8.47
n T YT I5RAI T 5R (8.47)
k
a (8.48)

log<%)
000, 00000000,k00000000 k=04, 0000000d. 0O

O0,00000000000 (COOOOODOODODO)ODOODOOOODOODOO
goo.

00,000 (Louiset al.,, 1982) 000000 O00D0OOOOOO.

1

Ci = ®———— (8.43)
L+ 2bR; e
1
C, = a° 8.44
h T 3bRAI TR, (8.44)
a i (8.45)

log (zi—jo)

O00,b=5,d=5000.a0 logd00000 242 00000000000000.
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000 (R;<0)000

000 R,<000000,0000000000000003.

10R;
Cy = a*|1- (8.51)

1+ 7502,/ 2| Ri|

15R;
Cp = a®|1- of (8.52)

1+ 750/21/%|Ri|

8.2 [OOO

depam 00, 00000000 O0OOOOOOO. 00O, 0D00bO0oOCbOOOOd
gbobobooodaob.

t—‘,—At t“rAt
ut+At . ut—At Fm,z,k-&-l - 'Fm,z,k:—l
W —W - ) (8.53)
2AL Pr+i = Pr-1
t-i—At t+At
'Ut+At At Fm,y,k‘+l - F1m,y,]€*l
kot S S : : (8.54)
2At Pe+} = Pr-1
t+ At t+At
T£+At B T};ﬁ—At 1 Fh,k+% - Fh,k—% (8.55)
2At Cp” Dred — Pr-i

O00,0000000000000,00000 (k>2)00000ooooooo
ao.

t+At t—At FiHAl _ ptrat
— e+l k=1
e L (8.56)

24t P+l = Pr-1

300,000 (Louisetal., 1982) 0000000000O00ODOO.

2bR;
Cqy = a*|1— - (8.49)
( 1+3a2bc,/Zer;0|Ri|)
3bR;

Ch = CL2 1-—
( 1+3a2bc,/z4z':°|Ri|)

O00,c=5000.a0 logd000O0O0 242 0000000000D0O0OO.

(8.50)
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00,000 (k=1)00000,00000000000000O0O00000OQO,
200b0000obobuooob.1bo,

t+AL t—At FiHat _ ptrat

q; qy, a.k+3 0k—3
b % (8.57)
2At pk+% - pk—%
ooo,100,
t+At  t—At
AR B Fq7k+% Fqk%
* Tk = g (8.58)
2At pk+% - pk—%

000.00000,00000000000000000 (k>2)0000000
O00o00o0.ooooo,bobob0ob0obobo t—-At0b0ooooon
004 00,00000000000000000000000, ... 00000
gooo.

gobbooooobobooooboog.

Fm,az,k+% = _(TC)mJng% (ukJrl - uk) (859)

Fryier = —(TC) k1 (Verr — vg) (8.60)
Ty Tk

F,... = —C,P._.(TC 1| =— — — 8.61

P Ty (32 - 1) (3.61)

Fq,k+% = _(TC)ch—‘,—% (Qk:+1 - Qk) (8.62)

{0000000000000000000,0000000000000000000000
goooooobooooooboboooobo,obob0,00oobooooobobobooo.

gobooooooboooooboooooobo,0boooboo,0b00boboooboobooobooboooon
oboboo,bobooo0o,000co00o0oocoooooooooooooooooooooog. o
gb,0b000o0oo0obooo,goo0oooo,ooooooooboooboobooooaoon
gboooooobobooobo.oooobo,00o0,000000,00000D000,D00000
goboo,bo0boooobooooboboboobobo,oboboooooobOoboobobooog
gooooo.boooooobo,gbooboooobooooooboboooooboboo
ooo,00b000b00o0ob0oob0. ocoboooooboobooo,obo0booo,0b000000
00 (b0000oO00U0o0o0),000000000o00U00O0U0o0o0ULooOO,0Ooo
depom O00O0O00,000000000000000000O0O00ODO t—At0ODO0OO0OOOO
O000oO0o00ooOo0o0ooOo,0000o0oo0oooooon).

go,0bo0o0oboooooo,0oooobogooobooobooooboobo.boo,0bo00boo
gboboooo,0oboooocooobobobooooooobooobob,0co0b00ob0obobooo
gbobooboboobooboo,0oco0ob0oocooooooooooooooo. ooooo,o00
gboooooboobooooobobooobooboooon.

uo,000b0oboobooooboobooooobooo,0cobooobo,b0bobooboo,o
goooooooboooogoooooobooooboooooob,bobooboobD.oboo
obooooooboooooogon.
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000,2<k<kne—1000,

1
(TC>m,k+% = Prtl m,k+%m (8.63)

1
(Tc)h,k—i—% = pk—f—%Kmk—&-%— (8.64)

Rk+1 — Rk

1

TCpey = PrryBopry s ——1 (8.65)
Dryl
T = 8.66
pk+§ RT,H_% ( )
k=1000,000000000000000000000¢0,
Fm,x,kfé = _(Tc)m,kf%ul (867)
Fm,y,k*% = _(Tc)m,k—%vl (8.68)
Tk Ts
Fh,k—% = _CPPk—%(TC)h,k—% (Fk - Pk_1> (8.69)
ooy = —e(TC) s (e — ) (8.70)
(TC)p-1 = psCalvil (8.71)
(Tc)h,k—% = psCh |vi (8.72)
(Tc)q,k—% - pqu ”Uk| (873)
Ds

p RT, (8.74)

0005 0000000000000000,000000000000000,

Fm,:z;k—% = _(Tc)m,kz—%ul (875)
Fryp—t = —(TC)y 411 (8.76)
Fpp-r = Fhg (8.77)
Fop-y = Fos (8.78)
(TC) - = (8.79)
m,kfé - Ty .
000.00,k=kpe 000,
Eoabmatt = 0 (8.80)
Fm7y7kmam+% = O (881)
Fhpmaatt = 0 (8.82)
Fq,k‘amw+% =0 (8.83)

000 T, (0000D0)0000?7,00000?000,00000000.000000
ugbooaobooaoodan.
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goo.

8.2.1 UUODOOO

000000, K, K, K,,0 ... 0000000000.0000,00000
0000000000000000000000000.

gobobooon

999
R, = ra_‘;’j‘ (8.84)
0z
0,0000000000.
-1
Rivr = 3 9 Jen =0 |Ov (8.85)
’ kil Zhil = 2k | 02 k+d

8_11
0z

_ (Uk—H - Uk)2 i (Uk+1 - Uk>2 (8.86)
k+d Rk+1 — 2k Rk+1 — 2k

8.2.2 ULOOOO

goobod,..bbbuoodgbbbdoa. oobb,oooboboodobbodad
goboboogoobobod.

goobooon

<
Q
53

S
Q
Ny

R = (8.87)

D
e

]

9
g,b0boogaobb,oogbbbooaf.

-1

. g 91 — 95 ov

Rié B 08 Rl+1 — Zs 0z 1 (888)

ov Ug, — Us 2 Vg, — Us 2
SR C=RCET

T.
0, = — (8.90)
Poo g

P, = £00 8.91
() e
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000,., 0000000,7,0000000,p, 0000000O0O0OC.

823 UULODLDLDOOOOOODOO

OO00O0b0obo0oooobog ..00b0b00,2<k<kn,—1000,

—(TC) ey (W5 = up1")

1 Pryl =P} .
<_2At Y T IOy + (T C>m,k+;> (A — A1)

~(TC) g (03" = 0i3")

_ _(Ft—At _ it ) (8.92)

1 1
m,z,k+3 m,z,k—3

k=1000,

1 Pr+l = Pl )
(_ AL A (TC) -1 + (Tc)m,k+§) (uft 2 — )2

~(TC)ery (22" = i)

_ _(thAt _ pt-at ) (8.93)

m,x,k—o—% m,m,k—%
b=k 000,
t+At t—At
_<TC>m,kf% (0" — i =y")

( 1 Pryl = Pr-d

IOy ) (6 )

B 2A¢t g
= (P - (3.04)

goo.

gooboboooon,

z, = (Ut —ul B bt — A ufgjf - u';;ff) , (8.96)

Gy = (Gu1Ju2s o Gukmas) (8.97)
—A A

gue = —(Eor, —Fatiy) (898)

‘0000,R0000000000DOOO0OODD,000000000O0O0O0000OODOO0
gbooabooabodg. gbgobobooboaoboab.
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000,2<k<kpe—1000,
a1 = —(TC)p st (8.99)
1 Pr4l = Pp-3
Uk = ~5ag J + (TC’)mk_% + (TC’)WH% (8.100)
App+1 = —(TC)m,kJr% (8.101)
k=1000,
1 Pr4l = Pr-3
Uhk = ~5r; g + (TC’)m’k_% + (TC’)m,kJr% (8.102)
k1 = —(Tc)m,kJr% (8.103)
k= ke 000,
app-1 = —(TC)pp 1 (8.104)
1 Pryl =Pl
= — TC 1 8.105
akrk 2At g + ( )m,kfi ( )
ooo.
gooooooo,ougoooooboooouoooooon.
Az, = G, (8.106)
@, = (VA — oA A gl A gt Al i Al (8.107)
G’U = (gv 1791}27-~-79vkmaz) (8108)
_ t—At t—At
Gok = (Fm o+ - F ,y,k») (8.109)
ogoao.
8.24 0U0O0OOOOOOOOOO
doooooon ..oooodd,2<k<kn.,—1000,

P, s

—Cp5— P, (Tc)hk 1 (TIzJ—rlAt - Tlf:ft)
1 DPryl — P2 P, P,
" <_Cp2At — g — Gt P IOy + Gy
P’”z t+AL t— At
O (TC) (B~ 1)
o t—At t—At
- (Fhk+— Fhk——)

E+1 _
- _ My (Tc)h,kJré) (T,;H_At o le At)
k
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Od0d,k=1000,0000000000O0O0O0O0O000004,
_OP<TO>h,k—% (TstJrAt_Tst_At)

1 Prpl — D2 Pyi1 Py_1 _
¥ (—% N G Oy + G <Tc>h,k_;> (T8~ 1)
P"”% t+AL t— At
—Cp Prrt (Tc)h,k—i-% (Tk+1 — T )
= - (Fﬁ_kfl - Fﬁfzﬁé) (8.111)
dobooooooooooboooon,
1 Dl — Pyt B
(—szAt k+3 p k—3 +Cp ;—;2 (TC)h,k-&-é) (T£+At _le_At>
Pyt
-Gy P - (Tc)h,k-i-% (TliilAt - le-T-lAt>
k41
—- (F,jﬁ% - F ) (8.112)

P,_1
=Gy Pk_j (Tc)h,k—é (leJ—rlAt - Tli:lAt)
1 Pr4l = Pr-1 Pk—% t+AL t—At
_ t—At t—At
_ (Fh,k—f—% _ Fm—%) (8.113)
oog.

000000000,000000000000000000000000000,
Bz, = G, (8.114)

_ t+At t—At t+At t—At t+At t—At t+At t—
@, = (TS T8 Ta — T8 T at — Ty 8 T A — T4 115)
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