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7'('BS = O'SBT4
maz ,S
%%,k/% = E Agr, exp(— (|TL,wv,k+§,l - TL,wv,k’+%,l|
+‘TL,da,k+%,l - TL,da,k’Jr%,lD)
TL,wv,kfé,l = kL K1) lM k,,
TLdak—L11 = kLdaiMgq g 1
kmaz k’—l - pk/+,
va,k—% - Z Quo k! ——
g
pk_,
o 2
Mda,k—% = g

‘00000000000.00000000000O0OY
‘0000000000000000.00000000000.
'D0000000000000000000,000000000000.

(5.21)

(5.25)
(5.26)
(5.27)

(5.28)

(5.29)
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lmaz,S

Zch%,kUr% = Z Agry eXp(_O‘(kL,wv,l|va,k+% - va,kur%’
=1
tkpda i Magpr = Mggpoq2l))  (5.30)
k
maz Pr 1 — Prii1
va,k—% — Z qu’k,w (5_31)
K=k g
Pr_1
Mda,kf% = kg ? (5.32)

O000,lw.0,00000000,00000000000000000 (OO
O00)000,Ag,, 00000000 !0000000OO0OO.

gbooggobog,bgobogbobuodobbooboobbuoobbooboo
gbboodg,buodgbboodgbbooobbboobbobo.ooobbao
gdddododddoodooouuuuu, 000000 Uooo
gboboo,gbbuoobbbuoogobbuooubbbooobbooobob.bad
goboboogoboboobooan,

OF 1 onB
2 . S
oT,  oT, ek (533)
= ArnospT Ty (5.34)
aFk+l 87TBkl
8Tk/2 = = T (ZH%,M*% - 77c+%,k’+%> (5.35)
= —405nT3 (Tiryuy — Teruosy) (5.36)
000.000000,00000000,
OF, . 1 kmar OF, 1
Frl = prol "2AT, 2AT 5.37
ki i T oT, + = Ty k (5.37)
AT, = T+ -7t (5.38)
AT, = TP -1t (5.39)

goggooobb. oodg,bbbobbbbbobotbotoudguoooaobbh,
goboooogooboood,

Fn+1 — Fn—11+ aFkJr% AT8+ aFkJr%

AT 5.40
e = Pty o1, (540)

oooooooooooé.

S0000,000000,0000000,0000000000000000000O000D000
goboogboooooaooo.
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5.3.2 0O0OOO

obobooboobooboobobbob.

sz+% = —(1- Aa>F0(X)7:iir,k+%(X)
(1= AR (O AT 7501 (V) (5.41)
maac S
%ir,k+§(X) = Z exp|— sec X {7,y gt T Tsdagt L 11 Ags, (5.42)
s
Zh‘f,k%(X) = Z exp[— sec X{Tg . 11+ T da, ]
1=1
'eXp[_a{TS,wv,%,l ~ TSwuk+1,0
FTsda, 0 — Ts,da,k+§,z}]AQS,l (5.43)
TSwok-L11 = KswoiMy,p 1 (5.44)
TSdak-11 = HKSdaiMaap 1 (5.45)

gbobbooodaob.

Imaz ,S

,];lir,k—f—%(X) = Z AQSZGXP[— SeCX{kSwvl wo k1
=1
Fks.dai Mg 41 Y1 A1 (5.46)
lmaw,S
Tupres(0) = D explosee x{ksuniMun s + ksni My )

=1
exp[—a{ks’wv,l\va’% - M ) k—&—%'

wv,

+k5,da7l|Mda,% - Mda,k—&-%'}]AgS,l (5.47)

000, lhw.s 0, 00000000000000000000000O0DO (OO
00)000,Ags, 0000000 D 0000000 DOOO.

54 0O0OOO

Numaguti, A., 1982: 00000000 DO0OODOOOOOOOOOOOOO,O00
gbooobog.
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el UOLOLOUOOULOOOOODNO

6.1 U000

goobbobobboooooooobbobbbodooooobbobobboooog
gbog,bodbboobuoobbuodobboobuoobbuoobbooboo
gbogobogbuodgbo.gbbogbuogbbobobuooboobbooo
gooo.

000 depamb 00000000 (Manabe et al.,1965) 0000000, 00,0
O00000000O000oo0o0ooo0ooD. ooo0oooooo (ooon)
O000.0000000000000000 (D00oo)bobooooog.

6.2 OOOOOO

6.2.1 0000

O0000,000000 (eg., Manabeet al., 1965) 000 000000000. O
g, gggobboooboo,bodgogooooboboob,bbbooggd
gobbooogbboboa,gbbbuogobboooobboboooobn.

gbobooo,ooob 20000000,00000000000D00000
uo.

1. 000000000000 0000000DO0000O0 (Dobooooooo
00000000000 0000O (COoOOo0DOooooooooooon)),

1

l00o00,0000000000.000,00000000000000000000000
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2. 0000000002

gbobob,g0bboboooobbobuoooobbbagn.

Cka + LC]*(Tk) + 92k — (CkaH + Lq*(Tk+1) + 9§k+1> > CpAT,, (6.1)
qk

QT(Tkapk)

] k41 S

O (Thsrs pror1)

> T, (6.2)
Te (6.3)

oooO,ocooobobooboob.00,cAT. 0ggggoooooooobooboo
gooobood,-.gogbbbbooogbboboogad.

gboboooogooo,

A ) Pr—1 = P4l A R Pryl — Pgy3
(Ots 10 P o ng ) P

Pp—1 = Pryl Pr4l = Pry3
= {C, T}, + Lqi} — +{C,)Tj41 + Lapn } ——= (6.4)
CpTy + La, + gz = CpTit1 + Lgit1 + g2k (6.5)
@ = ¢ (Tk,pr) (6.6)
@1 = ¢ (Thyr, Pryr)
ogoag.
oo00,(65) 0000000000DODDOODOOO,
RT 1
Co(Th = Thr) + L(q"(Tk) — " (Tha)) — “ (Pk — Prey1) =0 (6.8)
k+3

DDD.DDDDD,...DDDDDDDDDDDDDDDDDD.DD,TH%D

(6.9)

obooooooo,000o00oboob0oboboooocoooboo,0cobobobooobooonoog
goooo.

D000,00000000000000 1000.000,00000000000000
gooooooooooooo,0oobooboob0 10bbooooo,booooboooag
oooooooo.
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gobbooaobn.

000, q, gy 00000000,

* * (T 8 *
@ = ¢ (Ti,pe) = ¢ (T, pi) + a?r AT, (6.10)
T=T}
qk+1 = q*(TkJrlakarl) = q*(Tk+1,Pk+1) + oT ATkH (6-11)
T=Tjt1
AT, = T, —Ty (6.12)
ATk+1 = Tk_l’_l - Tk_l’_l (613)

goboboooobboboog,bboooobn.

[ L
AT, = {Apr(1+%)} " {EAQ — Apggr (14 Yr41) ATk—H} (6.14)
p
-1
ATt = [Feoy {8k (14 ) = Apga (1430500} + (L4 7) (14 9011) (Apk + Apgas)]
L
{Apk (1+ %) Spy1 + {1 +— FH%} EAQ} (6.15)
p
Apy = Pr-i = D+l (6.16)
R pr — pr1
Fpy1 = ——n DL (6.17)
i Cyp 2pk+%
A L (.- e A
Skt = T =Thmr + ol {q (T, px) — ¢ (Tk+1,pk+1)} = Fp1 (Tk + Tk+1> (6.18)
p
AQ = Apy {@k - q*(Tkapk)} + Apr+1 {@kzﬂ - q*(Tk+1,pk+1)} (6.19)
L 0q¢*
T = A (6.20)
Cp OT |7y,

0000,00000 g, 00000000000000000000,00
00 .00000000.000,0000000,k00000 k+10000
0000000000000000,0000 300000000000000
000.000,000000000000000000,000000000.

00,0000,

1 Dp—1 — Ppil
poo Loy PP,

1 Pr_ 1 — D1 )
= —E Z M {(qk)lma:c+1 - Qk} (621)
k=kmaa
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ooos.

6.3 UQOOO

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.

‘000,0000000000000000000000D00D0000.000,000000
ugboobooaboodan.
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O70 OO0O0OOOO(@QCOOoOo0o)

7.1 0OO0OO0

000oooobooodOoooodon, Manabe et al. (1965)DDD,DDDDD
U (DD,DDDDDDDD)DDDDDDDDl. godoogopoooooggon
gooooo,dooooooooo.
Jdo0do0dooooboobonoobogoooog.
qk
q* (T, pr)

goo,obooooooo,r.gbooboobuooboboboboo.

> Te (7.1)

gdooooouoooodao,
@ = ¢ (Tk,pr)

gog.

¢0,00000000000000000,

*

* * (T 0
% = ¢ (Tr,pe) = ¢ Tk, pr) + 8qT AT, (7.4)
T=T)

0000,00000000000000 1000.000,00000000000000
gobogobooboobgoobo,0oboooboboboob 100b0boo,boboobooobd
googoooano.
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gbobobooodgboboboad,

Ty = Tp+ AT} (7.5)
+ L {@k — q*(TAkypk)} (7.6)

= k + Ha* .

Cp+ LG5 -1,
W = qr + Agy (7.7)
~ aq*
= ¢ (T, px) + ATy, (7.8)
T |y,

goo.

goo,..dqgbihiddbbuooobbuooob,ggbboodgbbogd.
ooooo,b0bo0oboooobooob,b0boobobo(ooobo,0on

(Th)i1 = (T + ATy (7.9)
(@)1 = (@) + Ag (7.10)

gbobobooogbbobuoooobobooon.

00,000,0000,

1 pkfl - pk-+l
P = - #A
2At Z g Qk
k_kmaﬁl'
1
1 pkfl - pk+l R
T 2At > ———2 {1 — @} (7.11)
k=kmazx g
ooo?2.
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.

000,0000000000000000000000O000000.000,000000
ugboobooaboodan.
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g8

gaon

U8 ool

8.1 UQ0OONO

gobobooooboboa,obobog,bbbuoooboboooobboan

gobbboooobobboood

0.

10F,, »
p 0z
OF .

gap

(8.1)
(8.2)
(8.3)
(8.4)

(8.5)

000, Fre, Fuy, Fr, F, 000000000, 0000000000000, 0

gobbo,gbbboooobbb,guobbbuoodaob.

Fm,x

(8.6)
(8.7)
(8.8)
(8.9)

(8.10)

(8.11)

(8.12)

2010/10/15(000000000)
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gboo,0d00bbobooogbbodn

Fo. = —pCqlv|u (8.13)

Foy, = —pCylvlv (8.14)

F, = —C,PpCylv| (6 — b;) (8.15)

F, = —pCylv| (g —g;) (8.16)
goououo,gooodgo

Fny = 0 (8.18)

Fr = 0 (8.19)

F, = 0 (8.20)

Ooo.0o00,0000000000o0000000o0d0 F,000000
gboooogo.

000,pp 00000000, K, Ky, K,00000000,0,000000
nooo. ¢, G, ¢,00000000,0,000000000000.

K., Ky, K,, 00000 Mellor and Yamada (1982) 00O 200000000
O00. 00ddddooooooooooooooo ... 0oooo. Gy, Cy,
C,, 00000 Louisetal. (1982) 00000000 O00O. 000000000
goooooooooooo ...oooogo.

8.1.1 UUOOOO

000000, K, K, K,;, O Mellor and Yamada (1974, 1982) D OO 2000
gooooooao.

Mellor and Yamada (1974, 1982) 00 00O0OOOC, 0000000000000
go.

ov
K., = [2]== 21
ov
K, = I?|— .22
., || Sn (8.22)
K, = K, (8.23)
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g8

gaon

000,/00000000,

[ = k(z— z)
1+ k(z—2) /o

(8.24)

0000000.000,,000000000,,(,0000000000°t. 00,

Sy = B2 (1— R;)? §3,5,
1 1 ~1 -
Su = Bf (1 —Ry)? S5 Sn
000. Sy, Sy O,
~ Oél—CYQRf
S - _- e J
= 1Ry
5 Pi— PRy g
Sy =2 2g
M By — BuRs i

ooo,000,R,00000000000000000,

Ri=—
T 26,

ooo0d. 000 Roobooouoouood
998
_ 00z
ST

0z

ooo. oo,
o = 3142’71

as = 34y (1 + )
51 = ADB (71 - Cl)
B = Ay [Bi(n—Cy)+ 64 4+ 34,

By = AQBl’Yl
By = Az [Bi(m11+72) — 34i]
1 24,
"= 3 B
BQ 6A1
Yo = E + ?1

{ﬁl + B4R — \/(ﬁl + 54Ri)2 - 4ﬁ253Ri}

(8.25)
(8.26)

(8.27)

(8.28)

(8.29)

(8.30)

000, (Ay, By, Ay, By, Cy) = (0.92,16.6,0.74,10.1,0.08) 00 O (Mellor and Ya-

mada, 1982).

Ldepam 000 (2010/02/20) 00000000 lp=300m 000.

2010/10/15(000000000)
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8.1.2 0O0OOOO

000000, Louisetal. (1982) 00000000 O0ODO.

00000000 (R >0)000

00,000000 R,>000000,00000000000000£0°2.
9 1

Ca = a : (8.42)
L+ 10R, L
1
C, = a* 8.43
n T YT I5RAI T OR (8.43)
o — P (8.44)

log (%)

OO00,00000000,k00000000 k=04, 0000000. 0O
0,00000000000 (boOoODOOO0O0OO0OO0)OOOoOoOoODOOOOO
goo.

00,000 (Louiset al.,, 1982) 000000000 O0DOOOO.

1

Cy = a®— (8.39)
1

C, = d° 8.40

h T 3bRIT AR, (8.40)

0 = —F (8.41)

log (Z—:OZO)

OO00,b=5,d=5000.a0 log000000 242 0000000000000C0.
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000 (R;<0)000

000 R,<000U0O0OO,0000000000000003.

10R;
Cqy = a*|1- (8.47)

1+ 7502,/ 2| R;|

15R;
Chn = a®|1- of (8.48)

1 + 75(121 / %|Rz|

8.2 [OOMO

depam OO, 00000000DOOOOOOODO.OOO,D0D00O00ODODO
gobbooaobo.

t+At t+At
ut+At J— ut_At Fm,l’,k‘i‘l - Fmﬂ:’k_l
e W _ ° } (8.49)
2At Petl = P-4
t-l-At t-‘rAt
’Ut+At - ,Utht Fm,y,k+l o F;w,,y,k*l
Y —U% - _ ) 2 (8:50)
2At Pril = Pr-1L
i+AL t—At S
(e e B (8.51)
2At Co™ Pril —Prd

00,0000000000000,00000 (k>2)000000ooooO
uo.

L+ AL t—At FiHAL _ pirat
— e+l k=1
R L (8.52)

24t P+l = Pr-1

300,000 (Louisetal.,, 1982) 00000000000000O.

2bR;
Cy = a*|1- v (8.45)
( 1+ 3a2bey /2120 | R,
3bR;
Cn = a*|1- - (8.46)
( 1+3a2bc,/z':°|Ri|)

O00,c=5000.a0 log00000D0 242 000000000000D0O.
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00,000 (k=1)00000,00000000000000000000QOA0O,
20000000bboboooo. 140g,

FHAt _ ptrAt

q,tjm _ q]t;At _, gk+1 a.k—3 (8.53)
2At Dl = Pr-1
ooo,100,
t+AE  pt—At
q]i+At . q’t;At B Fq,k% Fq}kié
- =g (8.54)
2At Dyl = Pr-1

000.00000,00000000000000000 (k>2)000000
ooooo0. gogbog,bobobobobooboo t—AtgoDgoooogoo
004 00,00000000000000000000000, ... 00000
gooboo.

gbooboooobobobuoooobobod.

Fm,x,kJr% = _(Tc)m,k+% (uk+1 - uk) (855)

Fm,y,k+% = _(Tc)m,k+% (Vg1 — vg) (8.56)
Ty Ty

F.o.. = —C,P_.(TC 1| —— — — 8.57

it = Py MOy (B2 - ) (357

Forpr = —(TC)gpr (o1 — ) (8.58)

{0000000000000000000,0000000000000000000000
goooooboooooboooooooo,oob0,0obobobooooobooobooo.

gbobooooobooooboooooboo,bobooobobooo,00bobooobooooooboooooono
oboboo,0o0000,000000000000b00b0000b00b00b00obO0obobo. o
go,00000b000bo0o,00b0oboo,00bo0oooboobooooo0oooboooobog
gbooooobooboooobo.oboob,boob,0ob0obo,obobooooboo,ob0o0o0a0
gooo,bobooooooooboboobooooo,0oboooboboboooboooog
gooooo.booogooboboo,0ooooobobooooboboboooobobbooog
gooO,000000000000. 00b00O00b0bo0bo0,0b00b00,0000000
00 (00000O00000O0),0000000000000o00UooO0oUoooOoO,Uoo
depam 000000, 000000000000000COOOODOO0O t—-AtO00O0ODOOOO
000000000000 0Uo0,000o0ooooooooon).

go,0o0o0bobogooogoob,booboobooooooooobooboob.oob,0oobbgoo
gboooooo,0000o00obo0ob0obooobooooobooboboobo,bobobooobooonoo
obobooboooooooo,0o0ob0ooooooooooooooooo. ooooo,o00
gbooooOobooooboobooooboobooooonn.

go,boobooooboooboooooobooooobo,0oo00bo0,00b000000, 0
gooooooboooooobooooooboooooobob,boob0ooDob.oooog
ooooooboooooobon.
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000,2<k<kne—1000,

1

(To)m,k;—i-l - pk+le7k+l— (859)
’ ? 2 2kl 2k

1
(Tc)h,/ﬁr% = pk+%Kh7k+%m (860)

1
TC 1 = Ko i — 8.61
(TC) g 41 Priy Bakty (8.61)

Dr+l
= : 8.62
Pret3 RT,.. (8.62)
k=1000,
Fm,m,kf% = _(Tc)m,kféul (863)
Fm,y,k*% = _(Tc>m,k—%vl (8.64)
Tk: Ts
Fh,k;_% = —OpPk—%(TC)th—% <F’€_Pk—§) (8.65)
Fppy = —e(TC)y s (e — ) (3.66)
(TC)pp-s = psCalvg| (8.67)
(Tc)h,k—% = psCh |vi] (8.68)
(TC)y s = pClow (5.69)
Ds
P RT, (8.70)
0005, k= ke 000,

szmukma:c"r% = 0 (871)
Fm,Z/,kma.z-&-% = 0 (872)
Fpmasts = 0 (8.73)
Fq,kamm+% =0 (874)

goo.

8.2.1 0UUODLOOO

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

000 Tp (0DDDOD)0000?7,000007?000,00000000.000000
gboboooooooan.
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gboooodgn

S|
Q
S

. 00z
R b (8.75)
0z
g, 00gooooooad.
Ry — 9B =0|ov)” (870
1,k+35 8k+% Zk+1 — 2k 82 k+%

8_’0
0z

2 2
_ (uk—l-l uk) X (Uk+1 Uk) (8.77)
k1 Rk+1 — Rk Rk+1 — Rk
2

8.2.2 00000

oboobood,..obooboboob.oboo,oobobooboboon
obooooobooooboon.

gbooooogn

R = Lo (8.78)

g 6)1 _85 ov
R, = 2 gv .
"z es Zk4+1 — Zs 0z % <8 79)
] N ATk A A e A (8.80)
82% a 21 — Zs 2] — Zs ’
T
9, = = (8.81)
Poo\ "
P, = — 8.82
(%) (552

000,z O0000000,7,0000000,p,0000000000¢.

‘0000,R0000000000DOOO0OODD,000000000O0O0O0000OODOO0
gbooaboodabooa. gbooboobgoboobab.
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823 UUOILDOUOOOOODDOO

0000000000000 .. 000000,2<k<kpe—1000,
—(TC) s (w5 — uy")

1 Pryl — D1 .
<_2At g Tyt (T0>m,k+;) (W — ul)

~(TC) vy (w33 = 0i3")

_ _(Ft—At _ pt-At ) (8.83)

1 1
m,z,k+3 m,z,k—3

k=1000,

1 Pryl — Di-1 . B
(_Mt Oy (T C>m,k+;) (a0 — uf)

~(TC)y ey (Wl — ")

_ _(Ft—At _ pt-at ) (8.84)

1 1
m,z,k+3 m,z,k—3

k= kmee 000,
~(TC)p gy (w5 = wi5")

( 1 Pryl = Pr-l

¥ (TC)mJg_é) (ulr ™ — )

B 2At g
= _@Zﬁ%_FZ$%> (8.85)

goo.

gobooboooog,

Az, =G, (8.86)
e o e Y I
Gu — (gu,h gu,Q; ceey gu,kmax) ) (888)
_ t—At t—At
Juk = — <Fm,x,k+% o Fm,x,k7%> (889)
000,2<k<kne—1000,
-1 = —(TC)mﬁk_% (8.90)
B 1 Pr4l = Pr-1
Uhk = ~5A7 P + (Tc)m,kf% + (TC)m,kJr% (8.91)
Ak k1 = —(TC)WH% (8.92)
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k=1000,
1 Prpyl —Pg-l
e IN ? P =+ (Tc)m,kf% + (Tc)m,m% (8.93)
g jr1 = —(TC)WH% (8.94)
k=kne 000,
app1 = —(TC) 1 (8.95)
1 Pr+l — Pr-1
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