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5.6 UUOOOOOOOOOO

gogbobboobobboouoooobboobobbbooooooobobboboboooog
gooboooood

dynamics_hspl_vas83_nml

ooo goooogn 0O

FlagSLTT false. gdooooooouoodgo
sltt_nml

FlagSLTTArcsine true. Arcsine0 0000000 OOO
SLTTIntHor “HQ” ooooo
SLTTIntVer “HQ” ooooo

*HQ: OO O0DO0ODOO0ODbO0OHC.ODOOOOoOooOooOo

Ooon

e Enomoto, T.: Bicubic interpolation with spectral derivatives, SOLA, 4,
pp. 58, 2008.

e Kashimura, H., T. Enomoto, Y. O. Takahashi: Non-negative filter using

arcsine transformation for tracer advection with semi-Lagrangian scheme,

NCTAM, 62, 2013.

e Sun, W.-Y., K.-S. Yeh, and R.-Y. Sun: A simple semi-Lagrangian scheme
for advection equations, QJRMS, 122, pp. 1211-1226, 1996.

e Williamson, D. L., and Rasch, P. J.: Two-dimensional semi-Lagrangian
transport with shape-preserving interpolation, Mon. Wea. Rev., 117, pp. 102—
129, 1989

e 00O, 0000,0000:ClIPO—O00D000DOOODOODOODOOD
gbooboo,obobd, 2003.
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el ULOLOUOUOUOOOOOOODO

6.1 QOO0

gbooboodobobog,bboooobbbuooooboboo,bbbood
gbbobuooobbod. ggbb,ooobbobuoooob.

6.2 0O0OOO

6.2.1 0OUOOOOOOOOO

:gbbobbodugogbbobbodooooboboo. ooogo,bbouood
gooogoo.

00000000000, 00000000000000. 1<k<kpe—110
oQd,

Thyr = 1T+ By 1T (6.1)

logo,, 1 —log ok
1 = 2 6.2
Y3 log 0}, — log 041 (6.2)
8 B log o), — log Opyl (6.3)

M3 T logoy, — log op '
00,k=0000,
T, = T (6.4)
Tkmam""% = Tkmam

Oo00.1<k<kn,—1 0000000, 000000000O00DO0ODODODODO.

auxvars/auxvars.tex 2013/02/26(000000O0O0O0O)
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6.2.2 0O0OO0O0OOOOOOODODOOO

gbgoboboobo,boobgobobobboboo.

R
7 = zs+ET1 (1—o09)

R Okp—1 — Ok

2L = Zk—l‘l‘_Tk_l—
g = Op-1

2

go,b0bogoobobboog, bbb booonon.

—= ZS

=

R, Op—1 = Opyl
Gt = Hoy+ T2
? 9 Ok

2013/02/26(000000O00O0O) auxvars/auxvars.tex
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vt O

7.1 0OO00On0

goboboboooooobobobo. obobobo,goooboboobb,o00od
gboogbbogbo,bogobugboobobuoobobooboa. bbod,
OO0oooooonD AGCMs, ODObOOobOobOobobobobobo,onogoo
gbbobuooobboooobbooboooooboo.

72 OJUO0O: 0obogd

721 0O0O0O

gbbbuoooobbboooobboboogan.

1 OF
- - 7 1
Q= -55 (7.1)
g OF
= 12 2
& (7.2)
F = F,+F;s (7.3)

oo, F, Fsoobobooooboboboobobobooboobogoobo. oo
gbobO,d0dbobobooggbboboooobbboooobn.

radiation/radiation.tex(radiation/radiation-math.tex) 2013/02/26(000000O0O0O0O)
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722 OU0UUOOUOOOOOoOoOoOoOoOoOoO

gbogbobobobobobgobooooobobobobobobo,ubon
gboobobbobooboobuoobooboboon.

F(r) = F™(r)—-F (1) (7.4)
F(r)* = 7B,T(1s,7) — / SWB(T')—dTC(Z:/T)dT’ (7.5)
F(r)~ = / WB(T')de’ (7.6)

0 dr’
Oo00,B00000O0O0,000000O0O0O00O0O,7O0O00000ODO. BO,
kmaa
TB(r) = & / B(T(7)) dk (7.7)
Emin
kmaw
nBy = 7T/ B (T) dk (7.8)
Emin

O00. 000,k000000' 0000000000 0000,000000
gobbodd espg OO0,

tB(t) = osgT*(7) (7.9)
B, = ospT} (7.10)

goo.

00,00000000000000000000,000000000 F.z00
0,7B,=F,000000.

000 7(r7)0,0000000000000000,000000000.
T(r,7) = T(r(p), 7))
= exp[—a{|r(p) — o.(p')] (7.11)

a00000D0OD. O0DO0OD0O0O0OOD0OOOOOOOODOO,000 Schneider
and Liu (2009) 00, 0000000000,

7(p) = Tro (pﬁo)? (7.12)

OdO,py, o 00000000000 OOOOODOOOOOOOO.
lpooooooooon.

2013/02/26(000000O00O0O) radiation/radiation.tex(radiation/radiation-math.tex)
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00, Numaguti et al. (1992) 00000000, (k000000OO0OOOOOO
O0000000)00oooooooo.

TL(p) = kL,wv/ pQwvdZ/+kL,da/ de/ (713)
z(p) z(p)
1 P
= kL,wv_/ Qwvdp/‘i‘k'L,daB (7.14)
g Jo g

000, kpwe, kree D00000000000000000000, ¢, 0000
0o.

go,0gdgobbobdoooobob,ogobobooooboog.

723 UUU0U0O0UOOoOoOoooOooooboboboon

0000,00000000000000000000 (eg., Liou, 2002; Toon et
al., 1989) 0000000. 00,00000000000, Toon et al. (1989) O
oo.

obooboobooobo,obbooboob,bgdb,booboobboon

radiation/radiation.tex(radiation/radiation-math.tex) 2013/02/26(000000O0O0O0O)
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00000000000, FE, 00000000000000.
Fig(r) = F*(7) + Fy,(7) (7.15)
Fr (1) = kiexp(A\1) + Thyexp(=A71) + CT (1) (7.16)
F~ (1) = Tkiexp(A1) + kyexp(=A71) + C (1) (7.17)
dzr n(T) =0 (718)
dzr n(T) = /jJOﬂ-FS exXp (_l> (719)
Ho
wom Fy exp (—j) {%%“0 + 7472}
+ _
Cr(r) = N L
Ho
1
+ 2 By+ B + 7.20
() o
1+
wom F exp (—j) {7 st 7273}
Ci(T) = )\2 . LQ
Ho
+ 2 {B +B< ! )} (7.21)
T — :
H1q Do 1 T+ 72
1/2
— (=¥ (7.22)
2
r = 7.23
Y+ A (7.23)
By = nB(t=0) (7.24)
B — nB(r =1,) —nB(t = 0) (7.25)
Ts
1—
o= =0 (7.26)
Y172

0O0O0,CcY-0000000,0000000000000000000000
goodoooogooood. w1, v, 13,7« 0, 0000000000000

gobbobooooon

, (6-)Eddington O,

(0-)Hemispheric mean 00000 0O

goorl1b00bl. mg OO0, rnF,0000000000O000000
godb,p bobodgbbg. b, ggbugbbogboa,bodgb,d
gbobobooobobobooobn. k000D 0ODO,0D00D00DbObDOD.

goboboogoooboobod.

F*(ry)
F(0)
szc

Asch_ (Ts) + szc

FTOA

Aspeprom Fy exp (—E> + enBsyc
Ho

(7.27)
(7.28)

(7.29)

2013/02/26(000000000)
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7l:000000000000000000

o0 i V2 V3 V4
— 4 11— 4 — 2 —

Eddington ! woi +39) — woi 39) jg'uo 1—s

Hemispheric mean | 2 — wy(1 + g) wo(1l — g) —

00, Hemisphericmean 00, 00000000000 0OO0O0ODOOO,0000
gobobooooobobo s,y oobobooooo.

000, Ay, 7F,, ¢, By, 0,0000000000000,000000000,
00000000,00000000000000. F;,, 0000000000
000000000000,000 Fyy,,=0000.

000,400 (sadjustment) 00000, 7, wy, g 000O0D0.. 0000000
ooooo.

.ggo..

7.3 UUouo: 0o

0000000000000000000000. boooooo. (boooo
oooooog.)

7.3.1 00U

gbobobooooboobooggoo.

;j

Wl= o)

Qr =

T 7.30
- (7.30)

m\»—‘ m\»—‘

gk
C,

radiation/radiation.tex(radiation/radiation-disc.tex) 2013/02/26(000000O0O0O0O)
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7.3.2 LOUUUUOUoooooooooon

gbgoboboobooboobgoobob.

k
Fly = 7BTiy— > 7By (7;%%7,6,_% - T,ﬁ%,m%) (7.32)
k'=1
kmaz
FL,o= Y wB <77c+%7k’—% - 7;%7,6,%) (7.33)
k'=k+1
000, BO
N
B, = 7Y Bi(Ti ki) w; (7.34)
N
7B, = 7Y Bi(Top i) w (7.35)

bbd,wdoogobogb,dbbogobodboooboob.ogn, g
gobobooood,

By = ospT; (7.36)
B, = ospT! (7.37)

oo0o.

O0,000000000000000000O0CO0OOO0O0O0O0O00.
7;%,14'% = eXP(—Of(|TL,k+$_TL,k'+%|)) (7.38)

O0,00000000,000000000000C0O0O000000O0BG0GCOO

O0000ooooo,0000000000000000000O0O00. 0000

gbboggbogbobodgbboooboobobuoob,obbuoobbogboo
gbbodod,buoodgbbooobbuooobbooobbooobobba. o

2013/02/26(000000O00O0O) radiation/radiation.tex(radiation/radiation-disc.tex)
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gbbboooboboboooobobo,

OF"
ktd on By
9.~ oI, i (7.39)
OF
ket 1
S =0 7.40
0T, (7.40)
+ 871' /
Ly - (T~ Toent) B2 K
9T 0 . .
OF | 0 s
sas A B, (7.42)
aTki 8Tki€ (7—];+ K 1 77‘”1—%,/#—{-%) k < k/
000.000000,00000000),
) . OF maz OFF
+ nt+l o + \n-— 2 2
(FL )™ = (B 4 g AT+ Z o AT (143)
1 1 8Fk+ kmaz aFk__’_
i s 2
(Fery) = F)" o T, . AL+ kZ_: aT, ATy (7.44)
AT, = T =T (7.45)
AT, = T/ —1pt 1)

gooooobbD. ooa,bobobooobbbbbbobooooooaooooa,
goobooogooobooaag,

(Fr )™ = (FF, )“*1+8F’“+2AT Ot op (7.47)
k+2 N k+2 8T 8T1 ! .
OF,, 1 OF, 1
Foom = (F ) 4 AT 4 2 AT, 4
( k+§) ( k+§) * T, o1y ! (7.48)

ooooooooooo?z

7.3.3 UUUUddooooooouoonobobooboon

gbobbbodooooobb,bod,gooobbbbooooobbobo. d
gb,n0000000000DO0O00DOO0ObODbO0ObbOo0bbOo0obobOOod

0000,000000,0000000,00000000000000000000000
gbooobooaboodaod.

radiation/radiation.tex(radiation/radiation-disc.tex) 2013/02/26(000000O0O0O0O)



58 depamb 000 00000O0O0OO0O0 O 70 g
goooogoooogoogg.
Ff(1) = kinexp(AT) + Dokonexp(=\,7) + CF (1) (7.49)
F (1) = Thkinexp(AT) + kopexp(=A,7) + C, (7) 7.50)
wo T Fs exp (—TC’:(;LT) {71:3:0 + 74,n72,n}
N B ,
Ko
1
+ 2,“/1,n {BO,n + Bl,n (7— + —) } (751)
Tin + Y2,n
Ten+T 'Yl,n+%
=oarlexp (~57) { e Vzm»,n}
n N?)
L2 {B +B ( ! )} (7.52)
n n n|\T— —————— .
H, o b Tin + T2.n

oub,r0,n000000000000000000), 7.,

goo.

gobbooodaboo

,gboboooaobn.

F;H(Tn)

Ea(mh)
A Fy (11) + Sspe
Froa

AsfcMOTrFs €xXp <_E
Ho

000,000 Frp,=0000.

k=n+1
ddodooooooooooo. oo, 000, .0 k000000000000

) + enBsyc

N
ZTkD n 0

oobooooooooooooboOo,00o0o00000, kg, ke, 0000000
O000000.000,Toonetal. (1989) 0000000 O0OOOOOOO,O
gobboogobbobooogboboooobn.

Ax d

(7.58)
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O00,Add000O0OO0OCOOODOOODOOO.

11 = €11 — Asfc€3,1 (7-59)

ara = —(ez1 — Aspeean) (7.60)

A2 on—1 = €1n€2n+1 — €31Cont1 (7.61)

Aonon = €27€2n41 — €4n€ant1 (7.62)

22041 = €1n+1€4n+1 — €2n1+1€3n+1 (7.63)

Aont12n = €27€370 — €10€4n (7.64)

A2n+12n+1 = €1n€in+l — €3n€3n+1 (765)

A2n+12n+2 = €3n€ant1 — €1 n€2nt1 (7.66)

2N2N-1 = €1N (7.67)

a2N 2N €N (7.68)

@i jti—1,ii+1 = 0 (7.69)

Ty = Y .70)

To = Yoq 1)

Top—1 = Yin 72)

Top = Yau, 73)

Ton—1 = Yin 7.74)

Toy = Yan 75)

di = —C7(m)+ AspCr (11) + Sse (7.76)
don = €21 {=C7(0) + Cy (Tnia)} — eant1{—=Cy (0) + C:+1(Tn+1)(}7-77)
donp1 = e3n{=C; (0) + Crpy (Tar1)} — e1a{=C(0) + Cpy (Tasn)} (7.78)
don = —Cy(0)+ F;(0) (7.79)

000 e1n eam esn s, 100000000,

el,n
€an
€3n

€an

= Tpexp(—=\,7) +1
= Tpexp(—=\,7) — 1
= exp(—A\.7n) + T
= exp(—A\n7n) — 'y

radiation/radiation.tex(radiation/radiation-disc.tex)

2013/02/26(000000000)
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oQ,

1
le,n == é{kl,n eXp()\nTn) + k2,n} (784)

1
ngz§{klynexp()\n7'n)—k2,n} (7.85)
oo, dotoououo, bbb onooooooaoad.

Fi(1) = Yialexp{=Au(7s — 7)} + T exp(=A,7)]

+Yonlexp{—=A\. (1, — 7)} — T exp(=A.7)] + CF(7)  (7.86)
Fo (1) = Yia[Dhexp{=X.(7, — 7)} + exp(=A7)]

+Yo o [Crexp{—=An(7, — 7)} —exp(=A\,7)] + C, (1) (7.87)

gobobo,goobbboooboboboogobobobooogboog.

FHO0) = esnYin +eanYon + Cl(0) (7.88)
F'rj (Tn) = el,n}/l,n - e2,n}/2,n + C;r (Tn) (789)
F(0) = e1nYin+e2nYon+C,(0) (7.90)
Fn_ (Tn) = e3,n}/1,n - e4,n}/2,n + C,; (Tn) (791)
00,0000000,000000000000000000000.
Fion(r) = Fi(r)+ Fy, (1) (7.92)
Flpa(m) = 0 (7.93)
Fi(r) = arFooxp (-2 (7.99)

gobbobooodn

0000, Toon et al. (1989) 0000 OO0O0O0O0O0O0OOO (source function
technique) 00O OOOO.

gbobbooogbbbuooobbbuoooboboboooobbobooaog.

R = [ ur s (7.95)

~ Zwiuili(ﬂ 1) (7.96)

i

2013/02/26(000000O00O0O) radiation/radiation.tex(radiation/radiation-disc.tex)
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gbod,ugubogobobogbuodgboob,obuogboboboboobg. d
Ub,w, 00booogao. oo, d ey, gbboooobobbuogd
07+ 0,0000000000000.

LF(0,p) = If(r)exp (__n>

+%m{u—@h+m@@(_%)} (7.97)
L) = L0 (-2)

)

() )

ool )

T {u exp (—%) Y, - u} (7.98)

000, G, Hy, Jp, Ky, Q1py Qo 010, 02, 0000000000,

1
Gy = (M2 (5 -2 (7.99)
H
1
H, = (Y1,—Yy,) ()\ + M_) (7.100)
1
1
1
1
mlzﬁm—nw(——g (7.102)
251
1
n = 24Bg,+ B, — 7.103
Qg { 0, 1, (% TIPS Hl)} ( )
Aopn = QBLTL (7 104)
1
n = 2<By,— Bin, — 7.105
o { " " (714-72 m)} ( )
O2n — 2Bl,n (7106)

radiation/radiation.tex(radiation/radiation-disc.tex) 2013/02/26(000000O0O0O0O)
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gobbobuooooboboobogd.

If(ma) = 2enBige + Aspely (1) (7.107)
Iy(0) = 0 (7.108)
ooo.
0o,
OF, (1) OT* (7, 1:)
G ~ ;wim@—Ts (7.109)
aIrer(Ouu) o aBsfc i Tk
UL a2 o (-2 a0
o1, (0,p)
—or. 0 (7.111)
OFE(T)
- = 112
oT, 0 (7.112)
oDoo3 .

74 0O0000: AGCM5 O0O0OOnO

O000,000000000 AGCMHOUODODOODOOUOODOOODOODOO
O0. 000000, Numaguti (1992) OO 000000000, 00000000
ooooooooot

gogobobobobbo,bbouodgogooo,gobob,bbbobbbodoggd
goboo,gobobobodad.

7.4.1 0000

gbooobuoobooobog,br220 00bog,0o0boobboobon
gbgo.ooboobo,boobgoobgob.

OFE(r)

30L004) ngoQgo,000000. 000000, 00,00000000 25

DDDDDDDDDDD,DDDDDDD.

000000000000 Numaguti (1992) 000000000,00000000000
gobgooboobboobooboo. ooboo,bboobooboob. oboobbo
gboboogboobooda. boobooobgobobooboobooboab.

0,00

2013/02/26(0 0 000 00O O O) radiation/radiation. tex(radiation /radiation-agecm5-math. tex)
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oo, oo oogouda. ggad
O100000,k0000000,0000000000O0000DO0DOO0
a°.

0000, 7B(r) O

mB(1) = osgT*(7) (7.113)
By = ospT} (7.114)

O0000000,00000000000000000.
T(r,7') = T(r(p), 7))

1
= / exp[—a{\TL,wv(p, g) — TL,wv(p/, g)|
0
+70d0(py 9) — TL.aa(P', 9)|Hdg  (7.115)

TL,wy(p,g) = kL,wv/ pQwvdZ/ (7.116)
2(p)
1 [P
= kL,wv_/ Qwvdp/ (7117)
g Jo
Trda(P,9) = Krda / pd?’ (7.118)
2(p)
= pgn (7.119)
g

O00,0spg 00000000000 0O00000, o 00000000. Kz we,
kLo DO0O0O0O00OO0OCOOOOOOOOOCODOOOOOOOODOOOOODOO. g
0000000 (0000ooo)ooo.

7.4.2 0O0O0OU

gboboboodbb,ogubboooobbobuoooob,ooobbboood
gbobobuooogboboboood.

ooboooobooboboboooooooooo.ooboob 100000,k
0000000,000000000000000000000% o0ooO00O
O0,000000 A,000D0O00O0C00DO,ODO00DOO00ODOODOO
gbooboogobboboooboboboogoboobood.
‘0000000000 k00000000000 D0000000O0DODOO. 000, Numaguti

(1992) O O00O0OO0O0OOOOO0OUDOOO0ODOO, 00000000 OOOO.
‘00000000000O000O0.

radiation/radiation.tex(radiation/radiation-agcmb-math.tex) 2013/02/26(000000000)
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gobb,gobobbboduoobboboooobbbod.

Fs(r) = Fg(r)—Fg(7) (7.120)
Fi(r) = (1= A)Fo(x)AsTaig(1,X) (7.121)
Fg(r) = (1= Ad)Fo()Tair(T, ) (7.122)

Tair(T,X) = Tair(T(P), X)
= /0 exp|—sec X{Ts.wu (P, 9) + Ts.4a(P, 9) }dg (7.123)

Tais(T.x) = Tair(7(p), Xx)
_ / expl— 56¢ X {7500 (D, 9) + 75,00 (59 }]

. eXP[_O‘ﬂTS,wv (p87 g) - Ts@v(p, g)|
+[75.d0(Ps> 9) = Ts.aa(p, 9)|}dg  (7.124)

TS,wv(p»Q) = kS,wv /( )pQwvdZ/ (7125)
z\p
1 P
= kS,wv_/ Qwvdpl (7126)
9 Jo
Tsda(P,9) = ksda / ( pd?! (7.127)
z(p)
= ksda- (7.128)
g

O000,xO00000007 (Liou, 2002 0000 solar zenith angle ) 000, a O
0000000, ks ksee J0000000000000000000000
O000000000.00,A,000000000000. F(x) 0,000 xO
gdodooououououououoouoog.

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

2013/02/26(000000000) radiation/radiation.tex(radiation/radiation-agem5-disc.tex)
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7.5 0O00O00O0: AGCMS5 OOO0OO
7.5.1 0000
000000 »B(r) D0 0O0O0DOO0OODOOOOOOOO.
By = ospTy (7.129)
B, = ospT} (7.130)
lmaz,S
77€+%,k’+% = Z Ag[/,l exp(_&(‘TL,wv,k+%,l o TL,wv,k’+%,l‘
=1
T daks 11— Thdag+1.1) (7.131)
Trawvk—11 = FLawoiMy, ;1 (7.132)
TrLdak—11 = kL,da,lMda k—1 (7.133)
k
max pk/77 _ pk-/+l
Mypp-1 = Guro b — 2 7.134
=2 ; (7.134)
Pr_1
Myg -1 = - (7.135)
b 2 g
lmaacS
77c+§,k'+§ = Z Agr, eXp(—Oé(kL,wu,l!Mmer% _va,k'+§’
I=1
+kL7daJ|Mda,k+% - Mda,k’—i—%D) (7.136)
k
max pk/fl pk/+%
va kfé - I;c%uv K’ g (7137)
D1
Mygp-1 = p (7.138)

O000,lw.0,00000000,00000000000000000 (BO

00)000,Ag,, 00000000 !000000000OO.

radiation/radiation.tex(radiation/radiation-agemb-disc.tex) 2013/02/26(000000000)
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7.5.2 0O0O0OUO

gbgoboboobooboobgoobob.

Fiy = BL—Fo (7.139)
F’L% = (- AG)FO(X)ASEif,kJr%(X) (7.140)
F,;L% = (1- Aa)FO(X)Eir,k—i-%(X)
lmaz,s
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TS,wv,k—%,l = kS,wv,lev’k_% (7143)
TSdak-L1 = HKSdaiMaap 1 (7.144)
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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.
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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).
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000000, K, Ki, K,, O Mellor and Yamada (1974, 1982) 000 2000
oooooooo.

Mellor and Yamada (1974, 1982) 0000000, 0000000000000
go.

ov

K, = [? S 10.26
=S (10.26)
5 |0V
K, = 10.2
h aZ SH7 (O 7)
K, = K. (10.28)
oog,/ooooooog,
k(z— z)

l:

TS k(== =) Jlo (10.29)

0000000.000,., 000000,,0000000Y%50000000
(Kdrman’s constant) 00 0. 00O,

1 ~1 -
Su = Bf (1= Rp)? 53,51, (10.30)
Sy = B? (1 Ry)® 32,54 (10.31)
0o00d. Sy, Sy O,
a1 — Oéng

~ - Ry <R critica
Sy = 1— R, (By < Bperiticat) , (10.32)

SH min (Rf 2 Rf,critical)
61 62Rf
S R < R critica,
Su = Bs — BaRy i Ry < Rporitica)

. (10.33)
SM,mzn (Rf Z Rf,critical)

0002 000,R,00000000000000 (flux Richardson number)

Ry = 2; {ﬂl + Bl — \/(61 + BaR;)* — 462&),1%@-} (10.34)

1(2011-8-1700) 0000000007
2(2011-8-26 00 ) 000000 Mellor and Yamada (1974) 00 0000000000000
0000D0000000.00000000000,0000000000000000000.
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O00,R 000000000000 (bulk Richardson number)

999
= 00z
ovl?
0z
DDD.RﬁcritimlDDDDDDDDDDDDDD,

§a!
Y1+ 2

i

Rf,critical =

goo.

oQ,

a; = 3As,

az = 342 (n+7),

5 = AiBi(m—Ch),

Bo = A;[By(y1 —Ch)+6A; + 345,

Bs = AzBﬂb

By = As[Bi (71 +72) —344],
_ 124

Y= 3 B1 )
. B2 6A1

Yo = B, + B,

(10.35)

(10.36)

(10.37)
(10.38)
(10.39)
(10.40)
(10.41)
(10.42)
(10.43)

10.43

(10.44)

000, (A, By, As, By, C1) = (0.92,16.6,0.74,10.1,0.08) O 0 0 (Mellor and Ya-

mada, 1982).

10.1.2 0OO0OO0OOO

000000, Louisetal. (1982) 00 00000O00O0ODO.

00000000 (R;>0)000

go,0bobbd R,>2000000,00000000D00DOODO

3

300,000 (Louiset al.,, 1982) 000000 O00DOOOOODO.
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1
Cy = a* (10.48)
1+ 10R; e
1
C, = d , 10.49
" Y I 15R,VIE5R, (1049)
k
a = ———. (10.50)

log (%)

Oo0d,00000000,k000000O0,0000000.00,2z00
000000000 (Coo0UoUoooooD)0ooooooooooooo.

000 (R <0) 000

000 Ry<000000,000000000000000¢%

10R;
Cqy = a*|1— : (10.53)
14 75a%,/ Z|Ril
15R;
Cp = a*|1- : (10.54)
14 7502/ Z|Ril
Cy = 2; (10.45)
1+2szm
1
_ 2
O = R RVITdR, (10.46)

k

OO00,b=5,d=5000.a0 logd00000 242 0000000000000C0.

(10.47)

‘00,000 (Louiset al.,, 1982) 000000000000 DOO.

2bR;

Cd = a2 1-— s
1+3a2bc,/zi—;°\Ri|

3bR;

Ch = 0,2 1-— .
( 1+3a2b61/'ztjoRi|>

OO00,b=5,¢c=5000.a0 log000000 242 00000000000000.

(10.51)

(10.52)
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10.1.3 O0O0O0O0O0OO0OOOO0O0O0O0O0O0

e JDDODOOO lp: depam OO O (2010/02/20) 00000000 Ip =300 m
goo.

e JIDOODOO k:depam DODOOODOOO £=04.

0000000001950 0000 1980 000000000000000
0000000000000 (00, 1982). Businger et al (1971) 000 O
000000000000 0350000000.00000,0350000
0000000000, Businger et al (1971) 00, 00000000000
0000000000000000000000000000000000
0000000000. 000,0000000000000000000
0000,0390000000 (Kondo and Sato, 1982).

00000 (1999) 00, Dean (1978)° 000000000000 OOOO
0o41000,00000000.

e 1010 20

depam DO OO0 D0O0O0O0DO0OOODOOODOOOOD,0000 2 =0.1m,
00000 =10"mO000000000000000O000O. S

000000000000000000. Sheppard (1947) 00000000
0000000000000000000. 0000,0000000 (O
00000000)0000 2=9%x10%m 000000000000
000000 2=0139m000000000000 (Shpeppard, 1947 O
Table 2). Sheppard (1947) 00000000000 Sutton (1953) 7000
00 (1982)8 000000000.

5Dean, R. B., 1978: Reynolds Number Dependence of Skin Friction and Other Bulk Flow
Variables in Two-Dimensional Rectangular Duct Flow J. Fluids Eng., 100, 215-213.

Sdepam5 0 0000000000000 O000OOOOOD,000000000O0O0OOO
00ooood0oooooooD. o00,0000,00000000 2000000000000
0000 (0000 private communication O 00 ).

"Sutton, O.G., 1953: Micrometeorology. McGrawHill. 333pp.

800 O,1982: DOOOO -J0000oo00-(000oo0oU0oo 6),00000.
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t+AL  _ ptAL
e ey 105
= g ’ ( ' )
2At Prty = Pr—j
t+At  _ pttAt
el S 1036
= g ) ( . )
2AL Prrs ™ Pr—3
t+At t+At
Tﬁm—Tzﬁ_m 1 Fh,k—&-%_Fhvk’_% (10.57)
2AL Co” Pryl =Pr-t |

00,0000000000000,00000 (k>2)00000000000
go.

t+AL t—At FiHAt _ pirat
- k3 T k-4
B "G _ g tMs  ohs (10.58)

2A¢ Pyl = Pr-1

00,000 (k=1)00000,00000000000000O0O0000OQOAO,
2000000400 b0b00000. 100,

AL t—At Fiat _ ptrat

qy 45 qk+3 qk—1 (
e~ T k=1) (10.59)
2At Pryl = Pp-1
000,100,
+AL  t—At Fitat _ pt-at
A L B L SRR (10.60)

2At pk+% - pk—%

O00.00000,00000000000000000 (k>2)000000
OO000O00. 00000, 00000b000bobogot—-At0O0b0OoOonoon
O0°% 00,00000000000000000000000, (10.60)000
gbobobog.

‘0000000000000000000,0000000000000000000000
gbooobooboooooboooooboooboo,oob0,00b0ooooobooboooon.

goboooooboooooboooooo,b0obooobobooo,oobooooooooooooooo
obooboo,00000,000000000000b00b0000b00b00b0obOobo0obOo. o
o0,00000000000,00000000,000000000000O000DO0O0DO0O0
gboooooobooboooobo.oboob,oo0b0,00b00b0,0b0b0o0000,00000
gbooo,bo0booooooboobobooooooobO,0o0b0oboobobobooobooonog
gooooo.booooobobobo,0boooooboboooobobboooobobobooog
goo,b0b0000b0o00b0o00ob. 00obboobobooobo0o,oboobo0o,00b00b000
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gobbobooodgbboboooobbog.

Fm,m,k+% = _<TC>m,k+% (ukJrl - uk) s (1061)
Fm,y,mé = _<Tc>m,k+% (Vkg1 — Vi), (10.62)
T, T,
Foprr = =GP (TC) i1 (ﬂ - _k> ) (10.63)
’ ? 2\ P B
Foppr = —(TC)grss (@rer — ) (10.64)

000, (TC)pys, (TC)py1, (TC),r DOODOOOOO0OODODOY.

oooooo,
(TC) s = 0, (10.65)
(Tc)h,kmaer% = 0, (10.66)
(TC) s = 0. (10.67)
k= kmee 000,
m,x,kzmm«—i-% = 07 (1068)
m7y7kmaa:+% = 07 (1069)
ket = 0, (10.70)
ghomztt = 0 (10.71)
ooo.
2<k <k —1000,
1
(Tc)m,lwr% = Pr+i m7k+%m, (10.72)
1
(TCOppsr = prprBppor———, (10.73)
Rk+1 — Rk
1
(TC)grsy = %%nggzjz- (10.74)

00 (0000oO00U0oon0),0000o0000o00U0o0oUDUooO0oUooooO, oo
O depam O00000,00000000000000000O00000O0 ¢t—At0OD0O00OOO
O000o00O0000ooO0oU0ooOo00,00o0oooooooooon).

uo,0b0o00booobooo,oboo0obooooobooboobooo.boo,obo0oobo0oo
goboooobo,0obooobooooobooboboobooooooobob,0cob0oboboboo
gbobobobobooboo,0oocooooooboooooooooooboooboo. oooobo,o0
gbooooobooobooooobobooobooboooon.

oo,000000b000oo0obooobooooobooo,ocobooo,bo0bobo0obono,o
gbooooboobooooobobooooboboooooboob,boboooboob.0oboo
ooooooopoooooogoo.

bopoooooOoOoo0, (7TC)0000000000oooooooa.
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p,H_%DDDDDDDDDDD.

P+l
RTv,k—i—%

000 7,0000000.k=1000,00000000000000000
ooooo,

Prs s (10.75)

Frap-y = —(TC) 51w, (10.76)
Foyiy = —(TC)y 101, (10.77)
T, T,
Fh L1 = _CpPk—l(TC)h k—1 _k ) (1078)
5 2 2 ’ 3 Pk Pk»_%

Fopy = —e(TC’)qyk_% (g — q) . (10.79)
(TC) -1 = psCalvel, (10.80)
(TChpp-r = psChloil, (10.81)
(To)q,k—% = psCq vkl (10.82)

Ps
P RT,, (10.83)

oooY, 0000000000000000,000000000000000,
goooooon

Fm,x,k—% = _(Tc)m,k—%ula (1084)
Fmvyvk_% = _(Tc)m,k‘—%vla (1085)
Fhpr = Fhs, (10.86)
Fopy = Fos (10.87)
000.000 (70),,-, 000000000,
1
(TC)ppr = — (10.88)
- -
ooo.
10.2.1 0O0OO0O0O0OOOOOO0O

000000, K., K, K, 00,0000 (10.26), (10.27), (10.28) 0000000
gboo.gobog,boboobba,bbooobooo,ogbboobbod
gbooboo.gobooboboooobbbodaod.

l0pgo T,, (00000)00007? 7, (T,.,?) 000007 000,00000000. 00
DO0000000000O0000.
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(10.35) 0 0000000000000, 00000000000O0O0OODOOO.

g Oky1 — O -

Oril Zher — 2k

8_’0
0z

; (10.89)
k+3

2 2
_ (u) N (M) _ (10.90)
k+1 Rk+1 — %k Rk+1 — %k

0000 (1029 D00O0DOOOOO0O0.

Ri,k+% -

8_1;
0z

k(zk - Zsurf)
L. = . 10.91
z,k—l—% 1 4 k(Zk . Zsurf>/lO ( 0.9 )

000,z 000000000.

10.2.2 0O0O0O0O0OO0OO0OOOO

000000, (10.48), (10.49), (10.53), (10.54)0000000000. 0000
0,00000000000000000000000.00000000000
0o.

(10.35) 0 0000000000000, 0000000DO,00D0000D00DODO.

-2

g 81 — 03 81)
R = >—n—|— 10.92
g Of 21 — 2 |02 |1 ( )
2
ov B Ug, — Us 2 n Vg, — Us 2 (10.93)
0z, 21 — Zg 20—z ) '
T.
0, = —, 10.94
= (1091)
g::(ﬁg. (10.95)
Ds

000,z 0000000,7,0000000,p,00000000OO"Y

2Ooppoo,R00000000000000000,000000000000000000
gobogboaobo.obogboogboobgooban.
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0000000000000000 (1055 000000,2<k < kpew —1 0
oQ,
—(TC)yy s (w3 = =5)

1 Pryl = Pt . N
(~gm o Ty + (T ) (7 =)

~(TC) sy (w2 = wi?’)

- —-(F”*At N ) (10.96)

1 1
m,z,k+5 m,z,k—3

k=1000,

1 Dryl — P2
2AL
—(TC) gy (w3 = ui30")

_ _(thAt _ pt-at ) (10.97)

1 1
m,z,k+3 m,z,k—3

FTC) sy + (T ) (047 = )

k= ke 000,
—(TC)y s (w2 = YY)

( 1 Pred — Pl

FTC) iy ) (S = ™)

At g
_ t—At t—At
- (Fm,x,k—ﬁ—% - Fm,@k—%) (1098)

goo.

oboobooboa,

Az, = G, (10.99)
@, = (u™ —ufm Al A A A (10.100)
GU = (gu,b Gu2," " agu,kmm;) ; (10101)
Juk = —@ﬂjg%—ﬂgﬁ%) (10.102)

000,2<k<kpe—1000,A=(an,) 00000,

Ak k—1 = _(Tc)m,k—%7 (10103)
1 Pr4l = Pr-1

= — TC 1 TC 1 10.104

Ak, k AL q + ( )m,kfi + ( )m,k+§7 ( )

Ak k+1 = —(TC)mJH_%. (10.105)
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k=1000,
1 Pr4i = Pr-1
Uhk = —5A7 ? p >+ (TC)myk,% + (TC’)m,H%, (10.106)
A k+1 = —(Tc)m,;ﬁ%- (10.107)
k= ke 000,
arp1 = —(TC)pp1 (10.108)
1 Pr4+i — P
= - 2 T 10.1
g SAL P + (TC) -1 (10.109)
ooo.

gobboogdg,bbogggboboboogobbobuoooon.

Ly = (UilH_At Ui A U§+At Ué_Atu e 7UZ—:L§; - U]tg,_nfzt) ) (10111)

G”U - (gv 1,9v,2," 7gvkmax) (10112)
_ t—At t—At

vk = (Fm k+2 - F yk77> (10113)

goo.

10.24 O0O0O0OOOOOOOOO

00000000 (1057 000000,2<k<kn.—1000,

pPk, (Tc)hk ;(THN Tg:?t)

Pant g
Pk;+2
P P

t—At t—At
—-<F2k+7 f%k_7> (10.114)

1 Pr+l = Pr-1 B, sz+2 _
+ ( C +C, 2 (TC)hk_l + C, (TO)MJF%) (TEHA — Ti=5)
-C

5 Ty (T = Tiy)
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OOb0,k=1000,0000000000000D000O0O,

_CP(TC)h,k:—% (T2 =T

1 Pryl —Dp-1 Pk+ P B
+ (_CPQAt p y 240, P,: (TC’)hk+1 +C,—= 2 (TC’)hk 1) (TéJrAt _ T}z At)
P’f+2 t+At t—At
~Cop (g (T~ Ti1Y)
_ t—At t—At
- <Fh - F k——) (10.115)

gooboooobobobogoooboobo,

1 Pryi — D2 Ppy1 A A
(_CPZAt : g : +Cp P;: (Tc)h,lwr;) (T£+ ! _le t)
P"H% tHAL t—At
_Cp P <T0)h,k+ (Tk+1 Tk+1 )
_ t— At t—At
—- (Fh“% - Fh,k_%> (10.116)

000.00,k=kpe 000,
Pk,_l

~Cop Ty (LI~ i)
1 Pryl = Pr-d By t+AL t—At
+ _CPQAt g +Gp P, (Tc)hk 1 (Tk =1 )
- t—At t—At
— (Fhk% F k_§> (10.117)
ooo.

godoooooo, oo onooooooog,
Bz, = G, (10.118)
T, = (TH-At_Tt—At T{H_At—Tlt_At T2t+At_T2t—At Tkt+At_T]§§;m)1719)

Ga = (gh]. gh 2, " ?gh kmaz)? (10120)
g = — (o3 - Fo) (10.121)

000000000. ¥ 000,2<k<kn—1000, B, = (bamn) 000

3p, 0000000 «0D0000O0O0O0DOO0ODOO. 0110 000000000000,
oooo B, OOODO.
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ad,
P,
bakip-1 = —Cpms—2(TC), 1, (10.122)
Py 2
_ L Pr+d = Pr—j Pk—% Pk+%
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k+1
ood,k=1000,
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Piy1
bapirr = —Cpms—2(TC)) gy (10.127)
Prya T
O00,k=kn, 000,
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1 Pryl —Dp_1 P
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goo.

O00,B, 0 knee U ke +10000000,00000000000000
gboboooboobooobo.boboobobobo,obo0bobboobon
gbobooboboob,boobobooboboo.oobobboobob
gobboooobobbuooooboboog,b 13ggbooog.

00,0000000000000000000000000,00000000
00000000, k=1000,

1 Pr4l = Prp-1 Py
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Py
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+

O00.k>100000,(10.122)~(10.1249)000000. 000000, B, O
kmee O kne 0000000, 00000000000000,00000000
gobooog.
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000,2<k<knpe—1000,C=(cn,) 00000,
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ooo.
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