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0, = <qu‘i+szq” 0, (A.28)
p = p(R)IO, (A.29)
ooog.
A.1l5 O0O00O0O0O0O
oooooooooo
8pd 0 .
BT +8xj<pduj) = Dy, (A.30)
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o 0

o g (P) = Maclp) D, (A31)

0pe 0

BT + %(,ocuj) = Mgc(p.) + D,,, (A.32)
j

op, 0

015 + %(pruj) = Msrc(ﬁr) + Mfall(pr) + Dpr (A33>
j

0000. Maye(ps) + Mye(pe) + Mye(p,) = 00000000000, (A.30) -
(A33) 000000,

0
— 4+ puj = M;aul(pr) (A.34)

goooo.

A.l6 0O0O0ODOOOODDOOOO

(A.30) — (A.34) OO

9 (pa) _ _padp  10pa
ot \ p pPot  p ot
. -
P2 [ r; (pu;) + ZMfall(ﬂr)] + , [ oz, (pdu])]
0
Y0 (ppd> - *ZMfall pr); (A.35)
J

o\p)  pPot pot

_ e I

= pg l axj (pU]) + ZMfall(pT)] + P l axj (pvuj) —+ Msrc(pv)]

N VAN 1

- Ox; ( p ) 02 Mian(pr) + pMSTC(Pv) (A.36)
O (P _ _pOp  10p
ot\p) — prot pot

Pec 0 1 )

— —? l 8 puj ZMfall pr)‘| + - P [ aixj(pcu]) + Msrc(pc)]

- _ Pe 1

T Yo ( ) 52 2 Myau(pr) + ~ Marc(pe). (A.37)
9 (e _ _p0Op, 10p
825 o p2 8t p 625
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_ _Pr l_a%(puj) + ZMfall(pr)‘|

1 0
_|_; [—a%(pTUj) + Msrc(pr) + Mfall(pr)‘|

o (pr Pr 1 1
—uj— = | = % Y Mpau + ~Mye(pr) + =Myau(py)- A.38
uj Oz; ( ) p? Tl (er) p aler) ( )

p
0o
d
% = —Cf; > Myau(pr) + D(qa), (A.39)
d v v 1
dq - & Z Mfall(pr) + = Mge(pv) + D(qu), (A.40)
t p p
d c c 1
d(i == _g Z Mfall(pr) + 7Msrc(pC) + D(qc)7 (A'41>
P p
dq, r 1 1
q - _qf ZMfall(pT) + *Mfall(pr) + *Msrc(pr) + D(QT) (A42)
dt p p p
ood.

Alyy 0O0O ¢, 00000 ILLOUO w,w OOOQOOOOGOoOoO

ooogo 200000000000, 00000 ILODO w,w,00 pO000O0O0O
gg,bogogboboooagoooo.

goooao
du oIl
P COL e o (A.43)
dw oIl
2 = {ebm= =g+ Dy (A.44)
goooo
7)1 S (o Ju; 1 1de
o (cp) 0y B oz; + pZMfa”(pr) * 0 dt
1 (M) dqq (M) dqv> ]
+ —d
qa{M) /My + 3 q.(M) /M, <Md dt 2 M, dt
(A.45)
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godgodg
b pollle)/(®
— = A.46
PR, T (R, (4.46)
god
do
— = D A4
7 Q + Dy (A.47)
Jdododoooonooboonooboogoogoooa
d
49a _ _d S Myau(pr) + Dy, (A.48)
dt P
dqy Qv 1
= - M a r *Msrc v D A.49
dqe. qe 1
= —= Mo (pr —Mg..(pe D A .50
yr pZ flz(P)"‘p (pe) + Dy, (A.50)
g, . 1 1
dz‘ = _qp > Myau(pr) + ;Mfall(pr) + ;Msrc(pr) + Dy, (A51)

000,0000000 M0,
D (R)/(cp)
HE() (A.52)

000,00 ¢, O
(c)? = ({18, (A.53)
ooo.

00000000000, 000000000000000000000. (A46),
(A52) 00

1op (R, 0 (poll/ )
= (R)T10, (pocde<Cp>/<R>1) o1l
u Rd 8@
(R)ITG, ((c,) )\ &Il
oIl
- <Cp>ev87xi
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ggobbbbuoooogbbbbbuooooobobobobooo. gobb pd
gogboooooon,

polle)/(B)

(R) (qa(M)/My+ % g, (M) /M,) 91
B pOH(<0v>—1)/<R> <Cv> il
" (R) (qu(M)/My + ¥ q,(M)/M,) 0 (R)
polTien)/ (R)
" (R) (qa(M) /My + Y q.(M)/M,) 6
polTien)/ (R)

{
(R) (qa(M)/My+ 3 q,(M)/M,)* 0 < Ma
= (c,)0 <<C”> )de- Pao
PP\ () (R)TI, 6

dp = d

do

) dqv>

; << )
qa(M)/Mq+ ¥ q,(M) /M,
_ <Cp>P9 P
= ) dIl gde

p (( )4
qa(M) /My + 3 q.(M) /M, \ M,

000.000 ()000000,
(cp) (R)110,

<CS> = <Cv>

O00. (As)OD0DO0oOOoooooooooo,

>dqv> . (A.55)

(A.56)

dll  (c)? [ldp 1df
At (e, lpdt 0 dt
1 (M) dgq (M) dg,
+qd<M>/Md+2qv< M)/M, (Mddt ZMdtﬂ
o {ey)? du; 1d6
B (cp)ﬁvl 8x3+ ZMfa” pr)+ 6 dt

1 (M) dgq (M) dq,
qa(M)/Ma+ 3= q.(M) /M, ( M, dt +2Mvdtﬂ (A.57)

gog,bgoogbboobo.

A2 JUO0O0O0Ooooood

gogbbobuogoo,buoooobboogoobb,oooboobo.
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A21 0O0O0OOOOODDOO

gboboobbooobooo,obboobbooboboooboo. boa,
goooboobgooog.

u(x,z,t) = u(z) +d(x,2,t),
w(z,z,t) = w'(x,2,1t),
O(x,z,t) = 0(z) +0(z,2,1),
U(z,z,t) = T(z)+ ' (x, 2,1),
qa(z,2,t) = qu(2) +qd (7, 2,1),
(T, 2,t) = G(2)+ ¢ (x,z,1),
q(z,2,t) = q/(x,z,1),

¢ (r,2,t) = ¢'(x,2,1).

oot wwwddooooooooobbbbooo. ogoooo
gooooon
81:[_ g

0z (e,

(A.58)

ggboobuogooboood.

A22 OJ0O0ODOOOODDOOOODO

gbooboobobboboobuoobgoobo.

o
ot

B —[(u+u) Oz 0z

-0l - oll Ol o1l
—<Cp> (9@% + 01}(97 + 01, 871] _'_‘91) ax> + Du

aW+d)+w8W+dq

gogbobobbooooob 2000000000, bbooodb «00000
gboobgooboboboo,ooboobobobobbob.

,ou/ ou_ou ,0T —oIr
o - Vor W T Vo @+ D (A-59)
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A23 0O00ODOOODDOOOODO

gbogobobobobboboobooboobo.

ow' -~ , Ow' ,Ow’ _oll  _Oll OI1 oIl

_g_|_Dw,
O0o0ooooooooo 200000000000000o0d.
ow' 0w ow' _oI - o1l ,OI1
GOy g2 ey (0,5 0,5 0 ) — gD
at = “ar "o "or <Cp>< 5. "ot az> 9+ P

gobboogod

I
om_ g (A.60)
0z (cp) 0
gogooodoooooon.
aiwl L /8w’_ ﬁwl_i@w,
ot “or Yo "or
— g —aHl ’ g
0, [ —9 ) = ()0, 5~ 0, [—9—)— g+ D,
e (@M) €020 4 ) (@w) g+
O’ ,Ouw’ ow' _ot’ e,
= UGy TV gy (e Tt Du
goag
T, (M) (M)
evZH—<Mde+ZquU 9 (A.61)
goooooooooooooon,
;o (M) (M) _\ 5
= (Sparxa)o (A62)

0, = (%2%+§:%2%>0+(%2%+§:%2%>9 (A.63)

gboogo,0bon

0, 0  qu{M)/Mq+3q,(M)/M,
9, = 7" @ldn/My+ Sq(n/,° A6
00000000.00000000000000000000
ow’ 0w’ 0w 0w
ot ox - 0z _“ax
_%yﬁw+gg¢mMW%+Z%MﬂM%
"0z 07 q(M)/My+ g (M)/M,

g+ Dy (A.65)

goo.
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A24 0O0O0OOOODODOO

Klemp and Wilhelmson (1978) 00, 00 00000000000000000
000000000000, 00000000000000. (A57) O (A.39),
(A40) 000000,

dil e [ Oy
dt  {c,)0, Oz,

+ ; ZMfau(ps) + ; {1(Qcond + Qrad + Qdis) + DG}

qd<M>/Md+1zqv< >/M{< ( 2 Ml D)

+> %} (Jﬁ > Myau(pr) + Mre(qn) + qu> H (A.66)

Oo00. (A66) D0O0OODOOOOO,

dIl on+n o041 O + 11
e T U PR

o orr , 011

o "o TV 8z
00D0.000000000000000000000O0000,0000000
D000000 ()2, 006, 0000000000000000. 000 (A.66)
ooooo0O0ooooOo,
{cs)? @%
(cp)by l Ox;

1 (M) [ qa
T/ My + 5 0, (M) /M, { My <_ p 2 Myan(pr) + qu)

+§:m@(_%EZMﬁMMy+Mm@J+D%>H

ol 23;
1

(M)
qa(M) /Mg + > q.(M >/M{ < ZMfa” 0 )
+§:%2(—%}:MﬁM¢%+Mm@D+IQ>H
00000000000 0000

orr o Ol (e)? O

; Z Mfall(pr) + ; {I}I(Qcond + Qrad + Qdis) + Dg}

1
+ =3 Myau( py) + 7

Q

{1(Qcond + Qraa + Quis) + De’}

+

ot Y ox w&z_( )0, 02

<<CCS>>9 [ > My (p,) + ;— {%I(Qcond + Qraa + Qais) + D@’}
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1 (M
qa{M) /Mg + > q.(M >/M{ < ZMW[ 0 )

+ Z <]]\Z)> <_qpv Z Mfall(p;) + Msrc(q;) + in,) }] (A67)

ggooob.odd

W:<0p><3>ﬁ9v
<Cv>
OooOo. (A67)DODOODO 20,0 30000000,

ot T o

9z {c,)0, 0z,
— (R)/{cv) 2 / /
_ w2 (PR o) (O, Ow
0z Do C{e,)0, \ 9z ' 9z
(R

1 (R)O(pb,) <cs>2 ou  ow
G i )

(%5
_ <Cs>2_2 {w’a(pev) +p9_v <8ul+8w/>}

6’:1:+ 0z

‘Q [

(c,)p0, 0z ox 0z
c? o,
= o )
goog
o _o1r cs? -
ot or <Cp>169_2v' ()
(cg)? 1(1
< >§ [ ZMfall pr) + é {H(Qcond + Qrad + Qdis) + Dg’}
1 (M)
+€Td<M>/Md+qu< M) /M, { < 5 2 Mrailpr) + Dy )
M To / /
s <MU> <_‘Jp S™ Myai(pl) + Mare(q,) + Dqgj> H (A.68)
ooo.

A25 0O0O0O0OOOO

Jdododoooonoonoooooaon
8(0_—%0/) B / 8(5—%0’) /3(§+9') 1
ot = —(utu) ox v 0z +1:I+H
+D9_+D9’

7 (Qcond + Qrad + Qdis)
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gododootuo :u00oooouooououoogd,

06 , 00 , 00 06 00 1

o _<u8x waz>—uax—waz‘f'l:[(Qcond‘i‘de‘f‘Qdis)
god.

A26 0O0O0OOOOODOO

gobobuogobbooobbog,bbuoobbooobbooobb. o
gboobo,gbobgobooo.bg,ugoo,bobobobobobooon
ggbb.booobbbooggbobuoooobbboooboobobog.

g}

dq, dqy _0q, 0 @
/ d / d d / /
= gyl Gt T AN
ot Yor Yo, “er Y8 3 2 Mianlpr)
+Dg; + D‘L’i’ (A.70)
dq, ,0q, ,0q, dq, ROl ,
v v v —=YHdv _dv M .
ot e 0z Ox oz P 2 Myau(p})
1
+%Mm(p;) + Dg-+ Dy, (A.71)
dq, ,0q, 0q.  _0q. T )
c _  _ c ¢  —"4c  Hc M .
ot “or Va2 oxr P 2 Myau(p})
1
+%MSTC(P/C) + Dy, (A.72)
dq, ,0q, ,0q,  _Oq. 1 N ,
I = — r r L+ — My, M. D, .(A.73
BT U 92 Yoy + 5 rau(py) + 5 (py) + Dy ( )
gdodooooooooboonoobooboooa.
A3 OO0
Jdododooooooooooogoogno.
googd
ou’ ,0u/ ,0u’ ou/ ,0u —OIl
oo e o w s et w0 + D, (A4
ot Yor Vo Yor Y oa () Ox + ( )
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ow’ , 0w’ . , 0w’ _ _ouw'
ot ox v 0z “ ox
O 0 qy(M) /Mg + 3 q,(M)/M,

—(cp)0y + = — — + D
B TG Gn My s g (M) /0,
(A.75)
godgodg
’ ! 72
AL, A
at (9:1} <Cp>p6v
(cg)? 11
< >‘9_ ZMfall Pr) + 0_ {ﬁ(@cond + Qrad + Qdis) + DQ’}
1 (M) < dd ' )
+ - M a r +D /
Ga(M) /My + m<M>/Mv{ 2y \ T 2 Mpanler) + Dy,
M _'U ! !
+ Z <M> <_qp Z Mfall(pr> + Msrc(qv) + in}) }] (A76>
god
06 , 00 ,00 00’ ,00
a - <u0x+ 82) _u%_wa ﬁ(Qcond+Qrad+des)
+D;+ D, (A.77)
gogoodgno
¢ 0qy  ,0qy  _Oqy 00  Qa ,
Y4q4 _ o Hd  ZY8d  P8d Hd NS
ot Yor Y "or Yo 7 2 Myau(rf)
dq, ,0q, ,0q, 3q 0% @ ,
v v v v _qv M
a1 “or Yo Yar Yor 3 2 Mianlps)
1
+%Msrc(p;;) _'_ DCIT: + DCILv (A79>
dq, ,0q, ,0q,  _0q,
“He c c c  4c M
ot “or Yo “or Z san(45)
1
+%Msrc(p’c) + Dy, (A.80)
aq. ,04. ,04. aq 1 1
roo_ T ro_ r M M D
5t U 5 w 5 81’ + > rau(pl) + 5 are(p) +
(A.81)
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0 OB 000000000000

B.1l 0000oodooodon

Klemp and Wilhelmson (1978) 000 CReSSOOOOOODODO 1500000
ggbobobuog.gbbboooobbouoooboboboooob,

dEur Ca 3
dtt ’ B+S+DE—(Z) EZ., (B.1)
000000.!1000000,1=(AzA2)Y?000. B0 SO00000000
D0000000000000000000,D;,00000000000,0 4
0000000000000000,

B = %W (B.2)

S — g, (5.3)

Dy = aij (Kfij”’) (B.4)
000.150000000000,000000000000000000.

() = —K, (g;‘; + ng> + géz-jEmb, (B.5)

uif = —Kh(ii. (B.6)

oboo0 K, 0oboooboooooobobobobo,FpO000b00o0obbooboboon
goooodobo, K, 0boobobud. K, [, 0 EO0ODO0OOOOOO0
goooo.

K, = C,EBzl, B.7)
K, = 3K, (B.8)

—~

ooooo C,¢, 0000 02000.
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B.1.1 OOOOOoOOOObObDOOOO

Klemp and Wilhelmson (1978) O 0O (B.1) O OO O, O Deardroff (1975), Mellor
and Yamada (1974), Schemm and Lipps (1976) OO 0000000000000
gbogbogooboboo,oboobobooboboboboobob.obon
O000000000000D0D000O00 Mellor and Yamada (1974, 1982) OO O
go0o0oobooboobboobobuouob. oobooob Mellor and Yamada
(1973,1974) 00 0O00O00OO0DO0O0 (B.1), (B.5), (B.6) D0ODOD.

00000000000000000000,00000,0000000000
0000000000000.0000000000, Mellor and Yamada (1973)
00 (7)000 (8)

ouy wjul +
5 B upuiul; + ujulu V@xk u
+ o, pu; 89@73 (ejmuqu; + epupuy)
——0u;  —— Ou; g 7
— _ukula J ukuj@ — B(gjui0 + giu0)
ouj  Ouj ouj Ouj
: — : B.9
+ (8:70] + 6@) V@mk al'k’ ( )
oue' oo’ o', 0 — —
8]t + O luké’u + upu] uuf — o 9rr ye’ax;] + oz, PO + € fruy0'
— 89 ou; (99’ ou’; 0’
g B e} (02 J . (B1
DDDJB%DDDDi:jDDDD
0q¢> 0q¢? 0 (—— 9q*  ——0uy 0 —
ot " or, oz (“k“j“ Vomr) T T gn, T am P

Ny Ou;
+g;68u50 _21/((%2) (B.11)

gog

=V 2Ejturb

0,v0,30000000000,00000000000,¢ 00000000
0000 j00000.
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(B9)ODOO (B.1o)OODOODOOOOOOOODOODODO 30000OOOOOOO
gogbooobogd.

Lp(5¢+42)(0000000000000000)

:—q(W%—&%%+Cf<&”+6W>

8xj 0@

o0o0.000 y0000b00bD0bobOo,coobogoooobooDbo.

QpW(DDDDDDDDDDDDDD)
1. 0000000000000,

q
= —— 9/
31,

gob0.0oogooboooob L,ooo.

o, v/,
e (0DDO00D00)
godoobooooooboooooooooooboo gooooooag.

2 3
:725”.
3\
000 A, 0O0ODDOOOOO0ODODODOOO0OOO0D.

4. (a+ V)a—u; oo’

awk azk

goo.

7 7 2
5. wpuiul, upuit) up (0")

0000000 wuu, wuld,«(¢)? 0000000000.

- au’u E)u U oulu’;
ol — k J)
Uit ( Oxy, Oz T Ox; >’
- U 9’ 3u-9’
u%uggl = _q)‘Q < b 8$k ) )
(0
u (0?2 = —qXs 835

o000 N(:@=1,23)000000000000000O.
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6. pul,pf (0DDODOOOOODO)

7.

pui =pf' =0

O000. 00000 Deardroff (1975), Schemm and Lipps (1976) D00 00O
gdod.

Sr(Ejmuul + eqquiid), frejuud (00000)

Io) — I —
Je€jmuqu; = fké?ikluzuj =0,

/
Jr€jrwt =0

O000. 00000 Deardroff (1975), Schemm and Lipps (1976) D OO0 0O
godod.

=0 (B.12)
ooo.

000000 (B9), (B.10), (B1)0DODOO0O000,0000000.

gog

dw a )\ 8u’ , + au/u?ﬂ + au’ / a !,/
dt oxy, o oxy, Oz, U@xk Uit
= —uﬁgu;gj — 8% — B(gjui0’ + giut))
R Sowrw ﬂ 2) 8“9 2¢°
30 (uiuj q°) < 8%) 3/\15”’ (B.13)
du'’.0’ 0 8uk9’ 8u 0
— = |
dt oxy, 0z &rk
—— 00— 0uj q —
— Wy~ T — g0 - S (B.14)
dq? 0 o¢>  oulul, dq?
A J —
dt * 8 T |f1 1< ox T + 8a:j V&xk
A R, g2t (B.15)
= u; uka g;8u; A )
@i~ ot "om,
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O00. 0000 Mellor and Yamada (1974) O Level 4 00000000000
goo.

0 (B.13), (B.14), (B.15)000,000000000000.

e 1 (B.13)0,0000400050000000.000 (B.16)00O C=1/3
goo.

e ] (B.14)0,0000 1000 40000000.000 u}u%qu(Sjk/?)D
go.

e 0 (B.15)0,000 3000000000.

0000000000, 0 (B.13), (B.14), (B.15) 0

57;]‘ 2 8UZ 616]‘
o= S92 1
U; Uy 3 q qly <3Ij + 8%) (B.16)
— 06
Tor — B.1
w0 qls oz, (B.17)
dg* ——Ou, 0 0q* 7

O000. (B.16) O Mellor and Yamada (1974) O Level 1 0000 wiw 0000
0. (B.17) O Mellor and Yamada (1974) O Level 1 0000 «f0’ OO0 (¢)2 O
0000000000000, (B.18) O Mellor and Yamada (1974) O Level 3 O
000 ¢*000000,300000000000000000000O000O000.

qgh=Kn,qo=K,00,qU0 E,.0000000000000O00O0DOO0OO

00
ULy = ;%Etwb — Ko <gz] - gzj> (B.19)

wo = _Kh(%i (B.20)

MZZT = —ngi + g;0us0 + Fon [ngzz] - 2;/12Ef;{fb (B.21)

000. 0000000 g=1//00000000000,0 (B21)00000
00000 (B.1)0OOO0.

0000, Klemp and Wilhelmson (1978) DO 00000000 0OOOO, Mellor
and Yamada (1974) O Level 30000 Level Ll 000000000 O0O0CODOOO
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O000000000. Klemp and Wilhelmson (1978) 0000000000000
O000000000000000000000D000 Mellor and Yamada (1974)
O Level 25 000000. 000 Level 250000 Level 30000 Level 2
ggbbobugoobbooogoobogd.

B.1.2 200000000

2000000 (B1Y)ooooOOoOoUUO.DOoOoOUODUODOODDOOOOOOO,

B

g] I@/
0
g

— Y
0

06
- alea)

(B.22)

go0.0o0o0goooboobobooobooooooobon sag,

— 0y
J

0u,~
=~

ou; ou;
+ 8xj> 5@] Eturb}

6Ui
—{m4%j

ou
—{m«wjr

ow
Ko (22
+{ m(a,+

ou
)
ow Ou
+K,, <8x+8z

ou; ou;
+ uj) 523Eturb} Ui

8Uj
aT) 51] Eturb} 0;17]

8uj
— E
O > 53] turb} 61’]

2
3Eturb} au + K <8w + =

8@- 8%

Oz,
ou

ow

Ox 0 0z
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