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3.3 Uobob: ooognd

O0000000000000000000. Arakawa and Suarez(1983) OO O
0,3.1)03.6)000000000000000O0O0. DODDODODODOODDOO
ooooooo.

3.3.1 OUUOooo,uogd

aa_j __ g(D’“ 4 v VA, (3.70)
_ om K
Ghorjp = —Oko1jr g, = ;(D, tu,-Vm)Ae, (k=2 K), (3.71)
12 = Ogct1y2 = 0. (3.72)
ooo,
v - VT = (1%;@% + a(l‘f 2)( ;ﬁ)g—z. (3.73)

3.3.2 ULUOO0OOO

Dy = @, + Cploy" — 1)1,y
= (I)s —+ CpalTv,l.

O — Oy =G, {(M) - 1} Tor+C, [1 — (M) } Ty i1
T Ok—1 (3.75)

= Cpaou Ty j + CpBr1Th -1

(3.74)

noo,
ay = (“’“‘1/2) ~1, (3.76)
O
Bp=1- <—O"”’“/ 2) : (3.77)
Ok
b, = gz, (3.78)

gob,0bbobuooaon.
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3.3.3 00000

9 1 1 OVap OUsy,
= (Tt - ) + D), (3.79)
oD, 1 < 1 OUay n OVa

) — Vz(q)k + Cpl%kaﬂ' + (KE)k) + D(Dk)

ot a\l—p2 O\ oL
(3.80)
0oo,
) CoirT! | O
Uar=(G+ )V — 50T 03/2(Ur — Us) — %ﬁ + F1 €os @,
1 .. .
Unp = (G + Vi — Aoy [0k-1/2(Uk—1 — Ug) + q1/2(Us, = Up1)]
Cor T
—Mg—:—l—}},kcosw, (k=2,--- ,K—1)
1 . Cori T, i O
Usk = Cx + [)Vk — ZAOKUKA/Q(UKA —Ug) — pT’Ka + F K oS @,
(3.81)
Cpf%lTéJ 37r

Var1=—(G+ U — d3/2(Vi = Va) —

1
2AO‘1 a
Vagp=—(CG+ f)Ur — [0r—172(Vi—1 — Vi) + Grg1/2(Vi — Viey1)]
QAO'k

C,irT! B
—M(l—ﬁ)a—:;—l—f%kcosgo, (k=2,---,K—1)

(1-— uQ)% + F,1cos,

1 .
Vak =—x + f)Uk — Ay 0x—-172(Vk—1 — Vk)
K
_ Tv(l — /f)% + Foy. i COS @,
(3.82)
P Uk—l/?(o-zfl/g - UZ) + O-k+1/2(o-g - o-g+1/2)
k= p
Uk(Uk—1/2 - Uk+1/2) (3.83)
_ Ok—1/20¢K + O'k+1/25k
AO’k ’
T, =Tox — Tk, (3.84)
U2 ‘l‘ V2
KE), = —f—k_ 3.85
(KE)y, 20— ) (3.85)
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334 00000

T 1 1 T, T,
ot acosp \1—pu? O\ o
0 (3.86)
+ =5 L D(T}) + D (v).
Cp
noo,
1 .. - . .
Hy, = TéDk - E[ k—l/Z(Tk—1/2 - Tk) + 0k+1/2(Tk - Tk+1/2)]
k
K
+ {Oék [O’k_l/g’vk -V — Z(Dl + v - Vﬂ')AO’l
I=k
a 1
+ O [akH/QUk -V — Z (D) + v, - V7)Ao, } A_%Tv’k
I=k+1
1 .. - . .
=T,Dy — E[‘ﬂc—lﬂ(Tk—l/Q — 1) + Opy1/2(Th — Thy1/2)]
k
+ I'Aik'vk . Vﬂ'Tv’k
K (3.87)
Tk
— O Z(Dl + v - VW)AO'I k.
—% AO’k
i T,
Uyk: f— DY —
— B > (Dt Vmhogs (k=1 K -1),
I=k+1
1 . - . -
Hy =Ty Dk — F[ k-1/2(Tk-172 = Tx) + 0 11/2(Txk — Tie11/2))
K
+ /%K’UK . VWTU,K
T,
— aK(DK + Vg - VW)AO'KAO’_I;
ooo,
o i o a
(752) et - (520) [
N Ok Ok—1
Ty1/2 = ; ;
Ok—1 — Ok
P P (k=2 ,K), (3.88)
Tl/? = 07
Tri172 =0,
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a = {1 - (O‘ZI)] B : (3.89)

b = Gy KUZI)H - 11 B . (3.90)

3.3.5 UOOOog

Oqk 1 1 OUrgr Vi
—_— = —— R S D . 3.91
ot a(l—/ﬂ oA + ou B+ Son + Dlar) (3:91)
noo,
Ry =qD; — 5o, d3/2(1 — q2),
Ry = qiDy — A [Gr—1/2(@r—1 — qk) + Frr1/2(qn — Q1)) (k=2,--- ,K—-1)
o

1.
Rk = qx D — 2A0K0K—1/2(QK—1 — k).
(3.92)

3.3.6 UUOOUooooo

Arakawa and Suarez (1983) 0000000000 0ODOOOO, 0000000
go.

Arakawa and Suarez (1983) 0,0 0000000000000 0OO.

e IO DOUODLDUODLDDOUOUODLUOLUOLDUOULOObLOUUObLD ODLOO
(AS1983 0000 00000000 DOOODOOOO)

0000000000000 0000ODoDOoo0o0. (boboooooood
O0000000oooooooon).

e 0O 0ODOODODLODOODODLODLODLOODOODLDODLODODLODO
obobooboooboobooboobooo.

2(2011-02-22 00)000000000000.
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Pp=0,300000000000000(T=a+b(p/p)~0007?) 00,
0000000000000000.

O00,00000 global massintegral 00000000 ODO0O.

gobbboogoobbooogooboood.

e 1000
0 . ~ (5p~so-)k o
e JODOODODO
9 d(pscb)

_(ﬁ89k> + va(ﬁsvkek) + l:

ot

= AS19830 (8.1 94
5 L 0 519830 (8.1)  (3.94)

01/, 00000 (3.95 000,

01/, 0000

(Mp—y = My—1/2)0k—1 + (12 — 11i) O
Iy — I,

Op1jy = AS1983 0 (43)5)

gobooo

—(V,®), = —Vo®; — 0,V 1T,  AS19830 (8.2) (3.96)

gooogo

Oy — Py = (Il — 1)  AS19830 (8.3), (3.97)
O — D10 = ¢ [(Hk—l/Q — IIi)0, + (-1 — Hk—1/2)9k71}
= Cpek—l/Q(kal - Hk>7
(2<k<K), AS19830 (8.4) (3.98)

O000,0000000 39)0000.
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e OO UOOOODO IIk

U120 = (pk_1/2> (3.99)

DPo
e 1IOOOODO IMy—1y2 (?7):

I, =

1 [Pk—l/zﬂk—m — Pry1/2lliy 10

, AS1983 0 (8.63.100
k+1 Dk—1/2 — Pk+1/2 } (8.6.100)

dIl
dps

(??) 00,0000 (3.100) 000003

iy, Op—1/2(Ik—1/2 = ) = opp1 /oI — Iipq2) AS1983 00 (3.3.101)

dps Pk—1/2 — Pk41/2

3.3.7 O0OOOOOOO4d

AGCMsS OO, L6 00000DOO0O0DOOOOOOODOO.

34 U0OO0O: OD0OO0OO

goobobobooboobbbooodad. bboobbobbbododooooooood
000 (Bourke, 1988). OO0O0DO0O0O0OOOOOODO. D00O0OO0DOOOOOO
gboobogbbogd. bbgobbuoooboboobbooobog 25000
oooobo. bobobooboobogo BOoooooo. oo, 000000, b0g0on
OOooOoDbOobD kOO0ODO.

3.4.1 0OO0OOO

~m I J
agtn - _Z( Aok ZZ ”Yﬂl* )\lnu]) (3102)

k=1 i=1

s0poo,o000.
4(2011-02-22 00)000000000000.
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k Ok+1/2
0 1

1 0.990
2 0.970
3 0.930
4 0.870
5 0.790
6 0.700
7 0.600
8 0.500
9 0.410
10 0.330
11 0.260
12 0.200
13 0.150
14 0.100
15 0.050
16 0.000

032 AGCM50 L16 000000000000000000000. o412 0
gobbooodbbb o0gg.
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ooo,

K
=—) v, VAo (3.103)

k=1

3.4.2 00000

A R - wj
:FZszVA,ijn (Ai,ﬂj)m

ot i=1 j=1 (1 ])
I J
1 w (3.104)
+ 7 Unij(1 = 115) =Y, (N, 1) ’
+ Dy
oDm 12”:2": U ¥ O 1) =
- m 174 n 79
e e =)

=1 j=1 Hj (3.105)
I
nn+1)1 ”
i TZZ(KE)inn (A p1 ) w;
i=1 j=1
1 _ . -
"D (@ 4 CyaTi) + D D
noo,
. n(n+ 1)) V2 2\ Vo/? .
DM,n = —Kup [{—%} 2 — TM kn (3-106)
~m OK NSL k > k
Tt pn = 4 /MO <_> (B2 Fsrim) (3.107)
0. (k < ksLiim)

o000, ks, DOODOODOOODOO0ODOODO EOO0O.00,0000000O
poooooboubobiobibon, wme.=7v0 000, 000000000
gooobooog,

- { gM,0> EZZ i 8; (3.108)

goo.
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00,depam 00, Kyp 0,00000000000000 (1/e00000), 7up,
00000o0s 000,

1 (N(N+1)) o2
Kyp = { ( a2+ )} (3.109)

goo.

3.4.3 UOOOO

=—= imU; Y, (N, pg) ————+
ot I — j:l I a1l - p3)

/ a mx wj
+ = ZZVT (1—p a —Y! (Al,uj)a(l_uz)

zljl J

I
1 Qi e (3.110)
FET (s ) o
+ Dy, I
1 I J
+ f Z Z D;](’U)Ynm*()‘z? Mj)wj'
i=1 j=1
noo,
" n(n + 1)) Vp/? o
Dy, =—Kup {—%} — VYHkn (3.111)
~m OK NSL k > k,
0, (k < ksriim)
~m YH, 0, (m 7& O)
= ’ 3.113
’}/H,Dm, { 07 (m _ O) ( )
ooo.

‘0000,0000000000000. ..0000000000,00000000000
00,000000000000000000O00,7gp 0 1/e000000000O00OO0.
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3.44 00000

oYy -
9 _ 1 imUs i Y™ (N, 147) ———5+
at =1 j=1 (1 B MJ)
J
1 5 w;
_ ‘/; ql Ym*(/\znu’ )—J
+7 ZZ (1= 1) Va1 = 12) (3.114)
1 I J
+ i Z Rij 4 S435) Y3 (N g )w;
i=1 j=1
+ D7
0oo,
) 0 Vo2
D, = —Kup {_n(na—; )} (3.115)
ooo.

3.5 Uoot: oot

gbobobooooobooooboog.

googob,0bogbogobuodgboofo.bogbbooboobbon.

e 10100

— gbooboobooboobobboboo,oobooobon.

— 0O0OoOoogo, leap frog 00O Crank-Nicolson O 00O OO O OO semi-
implicit O (Bourke, 1988) OO0 O.

o [JUOD

— Dogooboboog,bboboogoboo.

— 000000000, semi-implicit 00000000000 O0O00OOO
gboooooooo.

e JUUUDOO
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— ODO00O0,00000o0boo0oob,o0o0boboo0gn leap frog
00000000000 00000000000000 (Asselin, 1972)
gobooo.

ooooo,0000b0 AO0DOO,000 3000booo.

At+At _ Atht B 1
2At 2

{Adyn,G (AtiAt) + Adyn,G (AtJrAt)} + Adyn,NG (At)
+Adyn,dis (AtJrAt) + Aphy,pred (JthiAt) 5 (3116)

ATFAL = JiHAL QAtAfm‘c (AH_M) + QAtAphy,adj (At+At) ) (3.117)

A=Al 4 ep (AR — 24" + ATAY) (3.118)

000, Agna, Agnye 00000, 00000000 semi-implicit 00000
O00000 (000)000000 (0000), Agna, 0000000000
O0000000, Apryprea 0000000000000, Apric, Aphyag O, 00
00000000000000000000000000. ¢ 00000000
O0000,depam 0O0O00ODOD 00500000.

3.5.1 UUOOogooooobogd

00, semi-implicit 000 00000,00000 T=7,0000000000
0000D0D000000D00000000. 00000000000 A = {4,},
0000000 A={4,}00000,0000,00000,000000,

~m ~m\ NG ~m
i;l::(i;1> ~c-D", (3.119)

m ~ m~\ NG
0D oD D\ em o Cm
n::< n> _<_ﬂ£il>@w+ﬂg%+aﬂw+m%D

ot Ot a? o
(3.120)
o™ (o1™\C
no_ n WD + DT 121
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—_—m  ——

ooos. (). 0] |, 00000000000 2500 (2.10), (2.15), (2.17) 0
00000. 000,00 NGOOOOOD,00000000,0000000

goo.

orm\N¢
i =zZ" 122
(55) =z (3.122)
oDy, NG_} 1 OUaujn m+ O Vaiju|"
ot Ca\|[1—pu2 OX " o |,

(KE)r + Z Wi (T, — Tl)] ;

=1 n

_ (_M"_jU)

~ m\ NG
0Tk, 1 1 U1k m+ Vi T 1™
ot oa\[l-p2 X ], o 1, (3.124)

‘00000000000, &), = (&, &, én,) 000,
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gbbogdgbogobo.gbbuodabbda,buoobbd.ybbuaobbad.

K
Z == vp-Vrloy, (3.125)
k=1
Hy, = T.Dy
1

B AO’k
1

B AO’k
+ I%kT%k’Uk -V

Oh—1/2 (T/k—l/Q — Té) + Oky1/2 (Té - T'k+1/z)}

_dllj—Glﬁ (Tk—lﬂ - Tk) + "711;14?1/2 <Tk - Tk+1/2>}

r K K
— A&—k TukZ’Ul 'V?TAO'I—FT;JCZDZAUl
Tk | I=k 1=k
3 - K K
—Zﬁﬁmkz:mWMAm+ﬂﬁ§:DAm (k=1,---,K—1),
EL I=kt1
Hy = Tl Dx
1 7. - . -
T Ao [UKA/Q (T/K71/2 — TI/(> + O0Ky1/2 <TI/( - T/K+1/2>}
OK

—1 ; s 2l . — =

-+ /%KTv,KvK -V

- A(I_K [Tv,K'UK . VT('AO'K + Té KDKAO'K} s
OK ’
(3.126)
or\ NG K
d}j—Gm = —0k-1/2 (E) — Z'Ul - VAo
1=k
X « (3.127)
= O)—1/2 Z vy, - VrAoy, — Z v, - VAo,
k=1 =k
0, (k=1)
Ticip =19 Tiorjp— Thorje, (k=2 K) (3.128)
~ 07 ( - 1)
Ti-ijo=1 awlyp+bp 1Ty, (k=2,---,K) (3.129)
0. (k=K+1)
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gb,bggdgbbobuoogobobuoooobbbagad.

Cr = Aoy, (3.130)
Wit = Cpap>1 + Cpfir—131 (3.131)
Gy = kpCpTh, (3.132)
h=QS—R, (3.133)
1 1
Qu = (Tk: 12 — Ti)0ket + E(Tk — Tk+1/2)5k+1 =1 (3.134)
S = Uk—1/2AUz — Aoy, (3.135)
Ry = — Ak Aoidr<; + —ﬁk AoiOpi1<i T, (3.136)
AUk AO’k
~ —n(n+ 1)\ VP2 2\ Vp/2
(DM,kl)nm = _KHD [<%> — (;) 5I<::l
o Nsi
— YMon (—) Ok=10k>kgp1im - (3.137)
OK
~ —n(n+1)\ 2/
(Du )y = —Kup <%) Op=i
oL Nsr
— YHom (-—-) Ok=10k>ks Liim - (3.138)
oK

< O, k<!0000000 1,000000000000000O.
00,000000000000000000,00000000.7

gbooboodag,

e U UOOODLODLDOUOOODLDOOUOOOODLDDOO

e J00OOOO,leapfrog 00D OOOOODOOODOO semi-implicit O

oooooo,

orm\ NG —mt
M = ( o ) —¢c.D", (3.139)

~ m\ NG
5@?:(0271) _( —("ajl))(cb T +G7rm)+DMmD’"”“,

(3.140)

'D0000000000000000. 0000. (YOT, 2009/10/11)
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~m\ NG
Am T —=mt ~ m~m
5T, = (aat” ) —wD. + DT (3.141)
ooo.ooo,
1
A = oo (AR - AR, (3.142)
1
At — 5 (At+At _{_Atht) — Atht —|—5tAAt (3143)
oog.

—mt
(3.139), (3.140), (3.141) OO, D, DOOOOOOOO,

M) {W(I —2AtDy ) '+ GCT}] D,

a2

[(1 — 2AtDur,) — (A1)’ (—

" ot

A (_n@_jl))
a
~ m,t—At

~ m\ NG
+W(L—2AtDy )71 ¢ (L — AtDy )T, + At (aT” )

~ . NG
~ m, ~m,t— D
= (- AtDy D) At+At<a ")

m

P

s,n

B ot

+G ,ﬁ_m,tht + At aﬁ—;n NG
" ot

(3.144)

—mt
O00.000I00000,Ccf0cCco0o0oooooon. (3.144) 0 D, O
ooooo,

~ mt+At = mt ~ mt—At

D =2D, —D

n n n

(3.145)

000, (3.139), (3.141) 000 A2 0opoooo0.
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00000000000, 00000000000000. 1<k<kp—10
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log oy41 —log 041
1 = . 4.2
Y3 log 0}, — log o341 (42)
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Ooo00ooooooooooot
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000000000000 Numaguti (1992) 000000000, 00000000000

gobgoobooboboobooboo. ooboo,bboobooboob. oboobobo
gboboobooboda. bogbooobgobobobooboobooan.
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O0000ooooooooo?2

gooo,ggbbobogoobbooogoobood.

d7T (r,7")

! A4
I dr (5.4)

Fr(t) = wB,T(7s,7) — /OTS 7B(7')
mB(t) = os5T*(7)
TB, = USBTs4
T(r,7) = T(r(p) 7))
_ Azm}mymunm—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. bbb 100000, kobooboo,ooo
0000000o0oooooooooos,

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

0000000000 k0O0O000000D0D0D00000000000. 000, Numaguti
(1992) 00 O00ODOO0O0OO0O0OUDOOOO0ODOO, 00000000 OOUO.
‘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) = Zh’r(T(p), X)
= /ﬁ exp[— sec X{75,wo (D, 9) + Ts,aa(p, 9)}dyg (5.13)

Tiir(1,x) = Taip(T(p), X)
= /0 exp[— sec X{Ts.wv (s, 9) + Ts.4a(Ps9) }]

: eXp[_aHTS,wU (psa g) - TS,wv(pv g)|

+175.da(Ps, 9) — Ts,aa(p, 9)| }]dg (5.14)
TS,wv(p7 g) = kS,wv /( )pQwvdZ/ (515)
z(p
1 P
= kS,wv_/ Qwvdp, (516)
9 Jo
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. ksuws ksae DOOOOOOOO0OOOOCODOOOOOODOOO
O000000O000.00,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 is 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, © the center of the ellipse, QA {or OF = a) the semim:jor
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
ooboooboooboobooobooooo. oo b0 s, voeOODO.

xoooooboooboooboboobooboo.

cosx U,
cosy = cos¢cosdgcosH + sin¢sindg (5.20)

O00000. 000,¢eO000,6 0000000 (DODOOOOODODODODOO
O0000D00. Liou, 2002 0000 declination of the sun. 00000000
O00000000)000. HOOO (hourangle) OO0, 000000000
0000000000000 0000 (Dooo0oDUoDOoooUoOoDOooDoooOo
0)O0O0oD0. (5.200000000000000000000000O0O (Liou, 2002 O
220000 Appendix CO0). DO0ODO0OOOODO O51005200000
O.00,depam 0000000000, cosx000 secy OO0OOODOODOOO
gbO,000000 seecyUOODODOOooobOoooooo.

re 0000000000 0DOD0OOO0COOO0ODO (DOOOOOODOODOOODOS1S
0o).
rs = (1—-ecosf) (5.21)

O000,e0000000.&£000000 (eccentric anomaly) 000, 0000
O0(2O0000000)000000,00000000000000000000

O00. («e000000,e0000). ex1 000000000 «0O0ODQODOO.
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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 DO0O00ODOOOOODOOOOODOOO.O00 60O xO,60000
goo.
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O0000. 000000000 n
§—esing =1 (5.22)

00000000000 000. 00011000000 (mean anomaly) 00O,
dooooooooono,0o0ooooooooooboooooooooooa
ooooooooo. oo ¢, 0000 T,, 0000
_27(t —to) T

B oo, — Do) —— 5.23
Tors + (®pocn = o) 75 (5.23)

O000.¢, 000 (O0O0O,00000000000000. O0O0O0ODODODOO
0000000000000 0)00000000. ¢, 0000000000
00000 (D00 degree, OO0O0O0OD0OD0OOOOOOrOO0OOOODO), $ 00
OO0000b00.depam OO0, 0000000000000 Newton DOODODO
(5.22)0¢000O0ODOOOOO.

l

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

¢, 000000 (DO0OD0O0O0O00000000. Liouw, 2002 0000 oblique
angle of the earth’s axis. 0 0000000000000 0O). 00000 (true
anomaly) 000, 00000000,0000000000000000000
Oo00O0O0. 000000000000

d 1+e 19
tan — = tan = 2
an - T, tan g (5.25)
o 00000000, 00000000000 O0O0O0OO0O. ¢+ 0000

gboobo,gbbobuoogobbbuoogobbouoooobobod.

U0 AO00b0booooon.
H:2’/TtByDay—7T+)\ (526)

tBypey 000 D00000000000000 (teypay =0000 000, tpypay =
0.500000000). 0000000000000 Hy O

cos Hy = — tan ¢ tan dg (5.27)

goo.

ooob,00 depam 00000000 O0OO0OOODOOOOODOODODODO.
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Bins

0.127 | 0.183 | 0.410

Ains
0.590

A, | B

051: 0000000000000 Aips, Bins, Ay, By 00

1. 000 (0o00)oooooooo.

000000,000 (5.19), (5.20), (5.21), (5.24) 000000000, 00
0000000000000000000000000000000000.

depamb D0 O0OOOO0O0OODOOOOODOODOOODOODOOOODOOO
gbobobobo-oobobgos3u,gboboooobobobon
gboobbooboboboboooooo-0obobobs400n. OO
00000000 (O 54b) O, Liou (2002) O Figuwre28 00000000
gboobooooboobod.

00000000000000000
depam5 00 000,0000000000000000,00000000
0Doooo0Doo.
FE(¢) 2 —S0(Ans + Bins cos® ), (5.28)
cosy ~ A, + By cos® p. (5.29)
00,000000000000000000 sec¢ O

1
secy =
X A, + B, cos?p

gbobooogo.

Ains; Bins, Ay, B, 000 051000. 000000 AGCM500000
00000000,0000000000000000000000000
0000000, 000, (.19 0000000000000000000
000000000,000000 (5.28)00000000000000 5.1
0000 A, 000 B, 000000000000000 (T420000
000 A = 0.12756, Bjp, = 0.18340 00 0). A, B, 00000, (5.19)
000000000000 (5.28) 00000000 A, B, 000000
0000000 A, B, 00000000, 0000 csy 000 1000
00000000000510 A, 000 B, 0000000000 (T42
00000000 Ay, =0.12756, By, = 0.18340 00 000 A, = 0.41021,
B, =0.58979 000).

gobbo,goobobbbdogoobobuoooobobooooooboo
gbobb.oodgbbbuodobboboobbboogbbboooboo
goboboooooboobod.
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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

053 depam 0000000000000 00000000000O00O00O
O000000O00-0000.00010000000000,00000.00
0000000000000 100000000,0000000000000
O.depam5 00 000000000000 O000O00000CO0000O00O0O0O
D000. 000000 T21. Fy = 1380 W/m™2, 6, = 23.5°, &y = 0.0, € = 0.0,
000000000000 200000000.100000 3650.
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outgoing shortwave

50

latitude
(@)

-50

[}
0 100 200 300
(degree_north) (day)

time

CONTOUR INTERVAL = 5.000E+01

B [ 77 [

—600 —450 -300 —-130 0

outgoing shortwave

latitude

0 200 400 600
(degree_north) (day)

time

CONTOUR INTERVAL = 3.000E+01

_ I EEEEEES N

-600 —-450 -—-300 -—150 0

054 00000000000000000000000O0-0000.000 1
0000000000, 00000. 000000000000000 1000
00000,00000000000000. depam5 000000000000
000000D00000000000000000.000000 T21. ()00
00000000000000000000. Fy = 1369 W/m™2, 6, = 23.44°,
dy = 102.768413 + 180.0, e = 0.016713, 0000 D000 0 OO0 99.403308 +
180.0. 100000 365 0. (b)) 000000000 DDD0O00000000OO0
0. Foo = 588.98 W/m2, 6, = 25.19°, &, = 258.98, ¢ = 0.0934, 000000
O0000 —10.342,1 00000 669 O .
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e HOUUOUDLODLDDOUOOODO
Liou (2002) D0O0O0O,000000 F,00000000000O.

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

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

oo00,60 S(r)0 1000000000O0OOOOODOOOOOOO
guo.

e HUUUUODLODLODOOOODLODLDDOO
Liou (2002) D0O0O0O,000000000000

FOOTOTbS(¢7 6)

Fy(¢> = 7T(1 . 62)1/2 ) (532)
. . 21
Q@@zzﬂﬁﬂff(m—mmmmmw (5.33)
2m 0
oooooo.

00000, North (1975) 00000000000 O0OOO. North (1975)
gb,b0gggbobuoobobobbooogbobooooboboogo

Fo(z) = %M1+$g@n, (5.34)
Sy = —0.482 (5.35)

000,00000000000000000000000. 000 z=sin¢
000. S, 000, Chylek and Coakley (1975) 000000000000
00000000000000000000 (0000000000000
0000000000000000). 0000, Ay, B, 1000000
00000

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

goo.

3. 0000000000000 (perpetual run).

D00000,snés 0 rs 00000000 (5.19), (5.2000000,000
000000000000000000000000.

4. 000000000 00O0ODOO (DOoOoooooo)
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O0000D0,00000000 daseter OO0, DOOODOODOO O
opooog (¢subsolar:O>7DDDD

COS X = COS¢COS )‘Subsalar (538)
gob,dggobobbooogboobod
Fo(¢) = Fypcos x (5.39)

gogoo.

5.2.4 UJUUUOLOOOOOOOOO

O000000000o0oo0o00o0o0o00ooo (boooooooo)ooooo

guo.

gboooboooboogbob:depamd DO OOOOODOOOOOODODOOO
0.2.

goboooooobobo,0bb000obobb0o0on 0225 000, Kiehl
and Trenberth (1997) 000000000000 OO0OOO,000000
0342W/m?000,77W/m>? 00000000000.
Obo0oob0d:depamb DO OOOOOOOOOODODOOOO 0.0.
O0000000,000000 00167 (0DOOOOOO).
O00000000,000000 0.0934 (Allison, 1997).

OO0000:depamd OO0 ODO0O0OO0OODOOOOOOOO 0.0.

00000000,000000 102.924° (0000000) ¢ depam OO
gbooobogD 102.768413 + 180.0 DO OO .

O0000000,000000 250.98° (Allison, 1997).
O0000: depam5 00000000 1380 W/m?. 0000 Ishiwatari et

al. (2002) 000. 0O0O0OO0O0O0OODOOOOOODOODOOOOOOOOO
oor

00000000,00000 1367 W/m? 000 (Hartmann, 1994). OO
0000000000000000 Ly000 38 x10*wW (00o0o0),O

SDuffett-Smith (1988) 0000000,
MO000D0D0 BOW/m? 000000000.
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0000000007000 10000 (1.496 x 104 m; 0000, 1995)
ooooo,0o0og

Ly 3.85 x 10%¢

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

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

5.3 UOOO

gbbogobbogdbbogoobooob.bogob,ooggbbood
gooboo.

gbbboooobbboooabn.

iFk—‘r%_Fk—%

Q, = LMz ks 5.41
‘ Cyp DPrql = Prp-1 ( )

5.3.1 0O0OOO

obobooboobooboobobbob.

kmaz

Fay = 7BTuys— > 7B (Tupuy — Tgwry)  (5:42)

k=1
By = ospT} (5.43)
By = ospT! (5.44)
lmaz,S
%%,k/% = Z AgL,leXp(_aGTL,wv,k—i—%,l_TL,wv,k’+%,l|
=1
+‘TL,da,k+%,l - TL,da,k’Jr%,lD) (5.45)
TL’wv,k,%’l = kLﬂUU,lev’kfé (546)
Trdak-11 = KrdaiMagp 1 (5.47)
k
max pk/_l _pk/+l
va,k—% - ZQwv,k’# (548)
frat g
Pr_1
Mygp-p = ng (5.49)
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lmaz,S

Zch%,kUr% = Z Agry eXp(_O‘(kL,wv,l|va,k+% - va,kur%’
=1
tkpdat Magpyt = Mggpoq2l))  (5.50)
k
maz Pr 1 — Prii1
va,k—% — Z qu’k,w (5_51)
K=k g
Pr_1
Mda,kf% = kg ? (5.52)

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 orB
2 . S
oT,  oT, ek (553)
= 47TO'SBT8377€+%’% (554)
aFk+l 87TBkl
8Tk/2 = - T (ZH%,M*% - 77c+%,k’+%> (5.55)
= —405nT3 (Tiryuy — Teruosy) (5.56)
000.000000,00000000,
OF, . 1 kmar OF, 1
Frtl = ol AT, AT 5.57
kel ey T on, ST 2o, (5:57)
AT, = Trt—pn! (5.58)
AT, = TP -1t (5.59)

goggooobb. oodg,bbbobbbbbobotbotoudguoooaobbh,
goboooogooboood,

Fn+1 — Fn—11+ aFkJr% AT8+ aFkJr%

AT 5.60
e = Pty o1, (560)

oooooooooooé.

S0000,000000,0000000,0000000000000000000O000D000
goboogboooooaooo.
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5.3.2 0O 0OOUO
Ooooooooooooooooooooon.
Fpno = (1= A)Fo() i 42 (X)
+(1 - Aa)Fo(X)Athf,m%(X) (5.61)
maz S
%ir,kJr%(X) = Z exp|— sec X {7,y g0t TS dak+l 11} Agsy (5.62)
=1
maT ,S
IZZZif,k—i-%(X) = Z exp[— sec X{ g . 11+ Tsda, 1]
=1
'eXp[_a{TS,wv,%,l ~ TSwok+1
+TS,da,%,l - TS,da,k—&-%,l}]AgS,l (5.63)
TS,wv,kfé,l = kS,wv,le%kf% (564)
TSdak—11 = kS,da,lMda,kf% (5.65)
O0oo00ooooooo.
lmaac,S
Turiss () = Y Agsiexpl—sec x{ksuwoi M,y ji 1
=1
Fksda1 Mo 41 HAG: (5.66)
lmaz,s
Tyigprr(X) = Z exp|— se¢ X{kswo i My, 1 + Ks.daiMyq 1 }]

=1
exp[_a{k&w%”va,% - M v k-&-%l

wv,

+k5’,da7l|Mda,% - Mda,k—&-%l}]AgS,l (5.67)

O000,l.s0,0000000000000000000000C0O00O0O0 (OO

O00)000,Ags, 00000000 !000000O00O0OO.

54 0O0OOO

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, 675679
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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., T8, 197-208.

Liou, K. N., 2002: An introduction to atmospheric radiation 2nd edition. Aca-
demic Press, pp583.

North, G. R., 1975: Theory of energy-balance climate models. J. Atmos. Sci.,
32, 2033-2043.

000000000,000000000000,00 0,00 00,1974: 00.
0000, pp2l4.

Numaguti, A., 1982: 00000000000 0OO0OODOOODOOODOOO,00
gobooog.

ggbooog,2010: 0000O,000000.

5.5 OOOO

5.5.1 UOUOUOOOOOOO0O0OOO

gbobbooogobbbog,bbobbuooobobbboooobbboooobn.

gbogbobobobobobgobooooobobobobobobo,ubon
gbooboboobooboobg.

Fi(r) = F{(r)—Fp(7) (5.68)
Fu(r)" = nB,T(r,7) - / WBW)%W (5.69)
Fr(r)” = /OTWB(T/)%CZT, (5.70)

oo, 0doodoobodoobooooooooooboooon, tooooao
gododgod.
Ts dT /
Fr(r) = WBST(TS,T)—/ WB(T')—(T’T)
0

= dr’ (5.71)
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OooO0,p0O0O000OO,00O000DO0OODOOO,7TO0DO0O0O0DO. BO,

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

kmin

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

kmin

0O00.000,k000000,B(7T)0000000000. .. BOO0OOO
00000.00000000000000,0000000000000 og50
ooo,

mB(1) = osgT*(7) (5.74)
B, = ospT? (5.75)

goo.

00, 000000000000000000000,00000,000000
000 F,p000,7B,=F,z000000.

000 7(r,7)0,0000000000000000,00000000000.
T(r,7') = T(t(p),7(p"))
= exp[—a{|mL(p) — 7(p)]] (5.76)

aJ00O0O0ODOOD. O0DO0OO0O0O0OO0OOOOO0O0OOODO,000 Schneider
and Liu (2009) 00, 0000000000O.

m(p) = 7o (£>2 (5.77)

DPo
Oob,p, o DUOOOO0O0OO0OO00OOO0O0O0O0OO00OO0O00O0O.

00, Numaguti et al. (1992) 00000000, (k00000O0O0OOOOOO
Oo00oO0o0oO0)oooooooooo.

7L(p) = kruwe / ()pwadzl+kL,da / ()de’ (5.78)
z\p z(p

I / b
= kL,w’U_ Guodp’ + kL,da_ (5.79)
g.Jo g

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

gbo,0ggogbbobodogdgobob,ogboboboooobood.
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5.6 L0OOO

gobbboooobbooooboboboooo.bbbooao.

5.6.1 U000

gobbooogbbobuoooobobboool.

Py = Bl — Py (5.80)
k
Fl:r— = "B - > b (Zs%,k’—é - Tk+§,k'+§> (5.81)
k'=1
kmaz
Py = Z By <Z€+é,k’—% _Zc+%,k'+§> (5.82)
K =k+1

gb,0boboobobbobbobbobboboobooboobogbon.

kmaa?

By = Tyl — Zka,( [Ty _779—&-%,14-1-%) (5.83)
k'=1
000, BO
N
7B, = WZBZ. (T, i) w; (5.84)
7B, = WZB Ty (5.85)

gbbd,wdbogbbdadgb,dbboobobdodboobbodb.odb, o
goboooood,

B, = ospT} (5.86)
B, = ospT! (5.87)

gog.
gbo,0b0bboobboobbooboobooboobooboobobg.

77<:+%,k/+% = eXP(_a(|TL,k+%_TL,k:ur%D) (5.88)
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gb,uogdgobbodg,bbbuoobobbuoooobboooobbboood
gbobogobbo,0bbugobobuooobbuooobbooob.bood
gbogobuodgbobogbuoobbuodobooob,gboobbuoobbod
gbobogd,bugobuooobboogbobbooobbuooobbon. d
gbbboooobobooooboo,

OF) 1 o By
oT, o, b (5:89)
aFk—f—l 87TBk/
QTk/Q = = T <77f+%,k’—% - 77@+%,k'+§) (5.90)
O00.000000,00000000,
aFk, 1 kmaz aF 1
n+1 __ n—1 +§ k+§
iy o= B+ 3T AT, + kz_: T ATy (5.91)
AT, = Tr -1t (5.92)
AT, = T -1 (5.93)

gooobobobb. ooa,bobbooobbbbbbbooooouaaoaoaoad,
gobobooogoooboad,

aFk 1 aFk+l
Fril = proly —TTEAT, 2
k+3 k+3 + 0T, + oT,

AT, (5.94)

o0ooooooooo®.

‘0000,000000,0000000,00000000000000000000000
gbooobooaboodaod.

radiation/radiation.tex(radiation/radiation-util-disc.tex) 2011/03/28(000000O0OO0O)
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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.

CpTi + La*(Th) + g2k — (CkaH + Lg* (Terr) + 9§k+1> > C,AT, (6.1)
qk
QT(Tkapk)
dk+1
¢ (L1, Prs1)

> 1, (6.2)
> e (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
goooboobooobogoboo,0cboobooboob 10bbo0obo0,00booboobo
gboooboan.
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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.

cumulus/cumulus.tex(cumulus/cumulus-references.tex.tex) 2011/03/28(000000000)
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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.

Iscond/lscond.tex 2011/03/28(000000O0O0O0O)
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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)

2011/03/28(000000000)
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goo,0o0o0oon
Fro = 0 (8.13)
Fny = 0 (8.14)
F = 0 (8.15)
F, = 0 (8.16)
0o, 000o0dg,o0doouooodoonoooooooon,
Fry = —pCafolo (8.18)
Fh = —CpPpCh|’U|(9—95) (819)
Fy = —pClv[(q—q5) (8.20)

O00,000000 (0000000000 0)0000 (bobooooooo
OooO0)0oooooDoooo,

Fpe = —— 8.21

, o (8.21)
1

Fpy = ——v (8.22)
Tf

F, = Fy, 8.23)

F, = F,, 8.24)

000.000,000000000000000000000 F,000000
0000000. 000,pyp 00000000, K, K, K, 00000000
0,0000000000.C,C,C,00000000,0,000000000
000.00,r000000000000000, F., F,,000000000
00,00000000000.

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

8.1.1 UOUODOOO

000000, Ky, Ky, K,y O Mellor and Yamada (1974, 1982) 000 2000
0o0oooooo.
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Mellor and Yamada (1974, 1982) 0000000, 00000000000 0OO
uo.

ov
2
K, =1 5 S (8.25)
ov
2
K;, = 1 _82 SH (8.26)
K, = K (8.27)

no0,/00000o0o0o,
I k(z—zs)
L+ k(z—2)/lo
0000000.000,, 000000000, 000000000000,

(8.28)

1 1 ~1 -
Su = B¢ (1 —Ry)25;Su (8.29)
Su = BE (1— Rp)? $,5u (8.30)
000. Sy, Sy O,
~ oy — ap Ry
Sgp=—"-"—" 8.31
= 1—R; (8:31)
5 P — PRy 4
Sy=——"-=-5 8.32
M, — BuRy n (8.32)
ooo,000,R,0000000000000O00004,
1
Ry = ﬁ {ﬁl + BuR; — \/(51 + 54Ri)2 - 45253&} (8.33)
2
ooo0o. 000 RROoobooouoouood
900
0 0z
0z
ooo. 00,
ar = 3Am (8.35)
Qg = 3A2 (’}/1 + ’)/2) (836)
ﬂl = AlBl (’}/1 — Ol) (837)
ﬂg = Al [Bl ("}/1 — Cl) -+ 6141 + 3142] (838)
Bs = AyBim (8.39)
Ba = Ay [Bi(m+72) — 34 (8.40)
1 24,
= - _ - 8.41
M 3 B, ( )
BQ 6A1
I A Mt 42
V2 B, + B, (8.42)

Ldepam 000 (2010/02/20) 00000000 lp=300m 000.
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000, (Ar, By, As, Bs, Cy) = (0.92,16.6,0.74,10.1,0.08) O 0 O (Mellor and Ya-
mada, 1982).

8.1.2 0OOOOO

000000, Louisetal. (1982) 00000000 OODO.

00000000 (R >0)000

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

1
Cs = & - (8.46)
1
C, = a* 8.47
" YT I5RAI T OR (8.47)
k
(8.48)

v log (%)

OO0,00000000,k00000000 k=04, 0000000. 0O
0,00000000000 (boOoOOOO0OO0OO0)oOOooOOoooOoOoOOO

goo.

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

1

Ci = ®——nF— (8.43)
1

C, = d° 8.44

h T 3bRIT AR, (8.44)

a i (8.45)

log (zi—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- (8.51)

1+ 7502,/ 2| R;|

15R;
Chn = a®|1- of (8.52)

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 _ ° } (8:53)
2At Pr+i — Pr-1
t-l-At t-‘rAt
’Ut+At - ,Utht Fm,y,k+l o F;w,,y,k*l
kR = ? : (8.54)
2At Pr+l = Pp-1
i+AL t—At S
(e e B (8.55)
2At Co™ Pril —Prd

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

L+ AL t—At FiHAL _ pirat
— e+l k=1
I B L (8.56)

24t P+l = Pr-1

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

2bR;
Cy = a*|1- v (8.49)
( 1+ 3a2bey /2120 | R,
3bR;
C, = d*[1- - (8.50)
( 1+3a2bc,/z':°|Ri|)

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

AL t—At Fitat _ pirat

i q ekt T ak—3
_ = =g (8.57)
2At pk+% - pk—%
ooo,100,
t+At At
q]i+At _ q’t;At _ qu,m; Fq}kié (558
2At pk+% - pk—%

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) (859)

Fm,y,k+% = _(Tc)m,k+% (Vg1 — vg) (8.60)
Tr1  Tx

F.o.. = —C,P_.(TC 1| =— — — 8.61

it = Py MOy (B2 - ) (3.61)

Fq,k-i—% = _(Tc)q7k+% (Qe+1 — a) (8.62)

{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<kun,—1000,
1
(TC) oy L pk+%Km,k+%m (8.63)
1
(Tc)h,k—i-% Pk+%Kh,k+§— (8.64)
Rk+1 — Rk
1
(TC) g2 pk+%Kq,k+%m (8.65)
Dryd
) 8.66
pk+§ RT]H_% ( )
k=1000,000000000000000000000O0,
Fm,m,kf% = _(Tc)m,kféfu’l (867)
Fm,y,k*% = _(To)m,k—%vl 8.68)
Tk Ts
Fh,k—% - _CPPk—%(TC)h,k—% <Fk - Pk_§> (8.69)
Fry = —eTC)yyy (a1 — 4)) (8.70)
(TC)p-s = psCalvg| (8.71)
(TChpp-r = psChlvg (8.72)
(TC 1= psCy |V (8.73)
Ds
P = R, (8.74)
000° 0000000000000000, 0000000000000 OA0,
Fm,x,k—— = _(Tc)m,k—%ul (875)
Fogh—t = _(TC)m,k—%Ul (8.76)
F i = Ihs (8.77)
For-1 = Iy (8.78)
1 = — 8.79
m,k— T ( )
O00.00,k=kn, 00O,
7m’kma;v+% = 0 (880)
whmartt = 0 (8.81)
Fh,kmaz+% = 0 (882)
kamztl = 0 (8.83)

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

gboboooooooan.

2011/03/28(000000000)
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goo.

8.2.1 UO0OOOOO

000000, Ky, Ky, K, 0 .. 0000000000. 0000,00000
0000000000000000000000000.

gbooooogn

ke
RS

0z
O, 0000ooooon.
Ori1 — Op |O0| 7"
Ryppr = 270190 (8.85)
RT3 9k+%zk+1—zk 0z .

8_1;
0z

_ \/(Uk-i-l - Uk)2 i (Uk+1 - Uk)2 (8.86)
k+d Rl+1 — Rk Rl+1 — Rk

8.2.2 U0OOOO

gboodod,..bboggobboo.gbobb,oobboodobbbood
goobooggoooo.

gbooooogn

R, = L& (8.87)

17)
g, gggooooo,ogooobbbogn.
991—95 ov

-1

Rié B 05 Rk+1 — Rs & 1 (888)
vl () (o ) (8.89)
0z, 21 — Zs 21 — Zs ’
T.
g, = —= )
B (8.90)
P, = ﬂ) 8.91
(5 1)
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000,z 0000000,7,0000000,p, 0000000OO0OC.

823 UUOLOILOUOOOOOLODDOO

Oooobooboboooog ..0obo0D0,2<k<kn,—1000,

—(TC)p ey (03" = ui7Y")

1 Pr+l = Pr-1 .
<_2At R <T0>m,k+;) (™ — up )

~(TC) g (3" = 0i3")

_ _(Ft—At _ pt-at ) (8.92)

1 1
m,z,k+5 m,z,k—3

k=1000,

1 Pyl — DPr-i )
(_mt 5 T IOy + <T0)m,k+;> (™ — )

~(TC) vy (2" = i)

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

m,m,k—i—% m,m,k—%
b=k, 000,
t+At t—At
_<Tc)m,k7% (" — i y")

( 1 Pryl = Pr-l

IOy ) (6 ™)

B 2At g
= (P ) (5.94)

goo.

gobooooood,

T, (ui—i-At _ ui_At, ué—f-At _ ug—At’ - zlt:nfj _ u}:ﬂit) 7 (8.96)
Gy = (Gu1)Ju2s o Jukmas) (8.97)
gui = —(FL - FA) (8.98)

‘0000,R,00000000D0D0O00O0OODO,0000D0000O0O0DOO0O0DODOOO
gobogboaobo.obogboogboobgooban.
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000,2<k<kne—1000,

g1 = —(TC)pp1 (8.99)
1 Pryl = Prp-1
g jr1 = —(Tc)mk% (8.101)
k=1000,
1 Pryl = Prp-1
TN ; + (TC’)m,k_% - (TC’)m’H% (8.102)
Ak k+1 — —(TC)mJCJr% (8103)
k= ke 000,
App—1 = —(TC’)m’k% (8.104)
1 pk+§ - pkfé
= - TC 1 8.105
akvk 2At g + ( )m,kfi ( )

goo.

gbobobuoogo,boggobobuoogobboooonon.

@, = (0] =oAL gt — A A At (8.107)

Gv = (gv 17!]@2,---,9@ kmaz> (8108)
_ t—At t—At

Juk = <Fm k+2 F m,y, k—7> (8109)

goo.

824 [HUOOOOOOOOOOO

oboooooboo ...oboboon,2<k<kun.—1000,
P,

S p Oy (T T
k—1
1 Pryl —DPp_1 P 1 Pk+ A ~A
+ (_Cp2At : g : + Cp Pk2 (TC)hk 1 + C Pk2 (Tc)h,k*F%) (Tkt)+ - Tlﬁ t)
Pk+2 t+AL t— At
~Cop - (TC)pry (Tl — Ti3Y)
. t—At t—At
- <F%k+7 Fhk_7> (8.110)
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Od0d,k=1000, 0000000000000 O00000O0404,
_CP(TC’)h,k—% (T;+At_T§_At)

1 1 = -1
_c 2 24 G (T sy + G5 (TC),, k—1> (T = 1)
% ? k ne

(IO s (LT = TitY)
S (Ft‘Aﬂ - Ff—Aﬁ) (8.111)

gbgoboboboobooboobon,

1 Pryi — D1 Pry1 _
(—opw e R <To>h7k+;> (10— i)

2 A —-A
Ty (T~ 1132

_ (Ft—Atl _ Ft—Atl> (8.112)

1
j (T0>h,k;—% (leJ—rlAt - le:lAt)

1 Pryl = Pl Pk—% _
+ (—Cp AL g O (TC),L,,@) (T2 =172

_ t—At t—At
S (FM% - Fhvk_%> (8.113)

gog.

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

_ t+At t—At t+At t—At t+At t—At t+At t—
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