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40 Uooouoottd 2

4.1 OOO0OOOOOOO

goboboo,0boodbbboggo 1ingobboooboobooobbod
gbbodbb.ogbooboboa,bobooboobboo,booobog, oo
ggobobboogob.gbobog,gobobooogooobuoog. d
00,00000000000000000000(Lin, 1955)0000000. 0
gb,gbbogbbodgbooobuoobbogbooobuoobbuooboo
gobbuooobb.ogobbooobbooobbooo,buogobboo
ggobooboooggobb. ogbbobbodoogobbobooooon,
gobbuoogobbuooobbooobbooob.booobbooa,boo
gob0oobo0oooooboobboobobO0bOooboooooooboobogD. fO
gbbogbbuogobobooob,ob2000buogboboooboooboo
gogboob,gobbbduooobobooogbbobooooobooo.
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4.2 OO0O0OOOOOOO

ggbbobuooobobbooogboboooobobod.

%%+vwv«+ﬁw=0 (4.2.1)

ooo,
V-V =0 (4.2.2)

O000. (421)0,000000000000000O0 (3366)00000000
R‘W@'/@ZDDDDDDD,DDDDDDDDD rogooboooboobgoon
gobobooo.bbuogobbo,bbbugobbuooobbooobboo
00000 F1O00O0OOOOOOOooOoOOooooooooo (032000).0
o0, 000o00ooboobobobob.ob0obob,bobobobooboog
0000000000000 00000000 (DO)0Do0oooooooo. o
000o0ooo, 421)0000000000000O0O 500 hPa0000O00O0OO
O00.00,500hPa0000 (4.21)000000000194900000,000
ggboboooobn.

000000000000000,0000000000D0000U=U(y)0O
ggbobo.buogoobobuooaoobo.

/

C=Cy)+¢, u=U) +u v=uv
000,(=-dU/dy000. 0000 (421)0000,0000000000
acac +_U/<a<

000.00000000000000000+¢000000,4 =—-0¢/dy, v =
op/0r000000000. 0000, (4.22)0000000000.00000
000000, (4.23)0

9, o, PN oY
va+U%vw+<5—@95;_o (4.2.4)

000.000,¢=0() 9000000000 (00000000000
00)000000000.000 (424000000,

w—@(%?%ﬂo—(%é—>mzo (4.2.5)
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O00. 000,y=000000000000000000,000D000 (y=
+d)000000000000. 0000000000000 O0oDooOoDDooOOo00
ggbbooboooobbobooaoboo,

o .
mi@:-ﬁ = ik U(+d) @) =
O {,_sy
ODOoD. o000,
U(d) = U(—=d) =0 (4.2.6)
O0000D0,0000000000. 0000 (42600000 (4250, cO
DOo000O0o0ooooo.

U=U(y)0000000000000000,00000000000000
0000.000000, (425)0

d* 3
— — [k - U =0 4.2.7
dy? ( U— c) ( )
O00.0000 (426)000000,000000000000000
2n — 1
U, = Acos | CR=UT o (4.2.8)
2d
000, ([@2n—-1)r/2d? =—-k*+3/(U—-c)000.0000,00000
c=U b (4.2.9)

k24 [(2n — 1)7/2d)?
I I I A A A O /%
0000000000000 00o0ooO0o0O0oD. 428000000V, 000

gbbodboogobuoobboobboooboobboob,obbuodobobo
O.n=1,d—=o0c0c00000,000000000

c=U - B/K (4.2.10)

O000.0000,0q¢/0y0 (26.53)000000000,(2652)0000000.
02000000000000000000000O0O00O0OOOOO0, (2.6.52)0
(2653) 00 0000000000000 O0OOOOOO (4210000000. 0O
00,000000000 (2652) 0000000000000 LO000Oogd
0000000000 ™ 000,00000000000000 kxVgOOoodo

*1(2.6.52) 0 (2.6.53) 0000000000000000000000

B+ U/L%
k2(1+ L2/L%)

c=U - (4.2.11)
000.000,Lg=(¢gH)Y/?/f0000000000000,L=k"1000.

000U ~10m0O0000,00Lg>L~10m0000000000,0000000
(4210)00000.
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000000000000000 ((2652)000). 0 ¢=(f+C)/Hy= f/He(H,
000)00000,0000000000000 V00000000, 000,
00000000000000000000000000, (42100000000
00. (4.2.10)000 Rosshy(1939)000000000000,00000000
00,0000000000000000000000000000000000
(Hough, 1898). U >000000 A=\, =2x(U/8)Y?00000,000000
00000000000. L<A\000000000000000000,L> A,
00000000000.500hPa0000000000000000 (4.2.10)0
0000000000000,00000 (4210)00000000000000
0000000000000,

4.3 UOO0OOOODOOO

0000000000000000000000,0000000000000
00. ¢ =yt 000000000000000000,0000000
000000000000, 000 c¢=¢+i000,00000 900000
00000000000.00,(425)0900000 (¥000)00000

42U d
w—@(waﬁ—ﬁmw>—<£é—)mwzo (4.3.12)

ggb.oboboogobobobooooboboobooon,

2\1} *
B (gedV) v iy
dy?  dy dy dy dy
goooou. oo, oo ooouoodouog 200
0o.
YU* = |U|? and

AU dv | dU
dy dy |dy
0000000000,000 4312)00U —c000 £4d00000000

d g AW dw |2
/ (¢t—>—k%m?———
—d dy

— d
dy dy Y

(4.3.13)

d
_ [ -p o,
—d U—-c

O000.000000VV(xd)=000000,¥ (0000000000000
gobobobooooo.gog,yoobovvy ogoooobobobob,bon
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100000000000. 00000000000000 (U=¢)* =(U—c¢,)+ic¢
gogboooooon,

d (5 2 _ 2
~ ay - (4.3.14)
i [ U e,
"l U — cf?

gob.boogob1buoodgoboo,goboboooobobooooobobod
ggbbobuoooobobod,.gbbbuoogobbbuoodabb.

d 12(7’ 1 2 2
cl/d e dy =0 (4.3.15)

Ooooobooooobbog#000000,g00000000DODODOOOO
O00. 00000000000000, dU/dy?-p00000 —d<y<dO
gobbuooobbboodobboodobbbooobbooob.boa,bod
00000000000 yO0O0O0OoOOO0O (D00 wOOO)OOOO

dU
(——B) =0 —d<y<d (4.3.16)
Yk
gooooooo.

000000000000 000DDO Lord Rayleigh(1880) DO O OOOODO
O,HLKu(1951)0,00000000000000000O0OODOOCOO0O
0000000000000 000. 00 43.16) 00000000000 00OO

ooo.

d dU dC,

dy( i + 1) o at ¥y =y ( )
0000,00000000000000,00000000000000000

ggbbobuoooobbooogbboboooobboooooobo.

gbbooboobbodgbooboba,buogbbodboobbuoobobo
0000000000000, (4240 w0000, 2z,y000000000

/iva 6V¢ Ubar V%“_(ﬁ)( (Hv}w—o (4.3.18)

2 dy?
0DoO0. 000, L' [f()dzD0D. 00DOOD0OO0OODOODO,O
DDDDDDDDDDDDDDDDDDDDD.DDD&
V(x+ Ly, t) =(z,y,1) (4.3.19)
Y(z,d,t) = ¢(x,—d,t) =0 (4.3.20)
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O00. 43.18) 0000000000000 000O0O0OO0,0000 (4.3.19)0
00000,0000000000000000°7,

dy = u'v — dy (4.3.21)

d dul2+7/2 /dﬁdU
dt —d 2 —d dy

000, u =-9y/dy, v = -dy/dx 000. 000000000, 00000 ¢
gogooboooooooooooooon.
U(z,y,t) = Oy, t) coslkx — O(y,1)] (4.3.22)

oo00,e00000000,00D00D00. 000000000000 «v' 0
ggoboboogd.

ulvl — _a_/wa_/w
ageax o (4.3.23)
_ w29 2 oy YU _ _
= 8yk sin“(kx — 0) + k o U sin(kx — 0) cos(kx — 0)

oopooooooOoOoOO, LO2r/k0D000O00O0OO0O0OO0O0OO0O0,000O

goooon

UU—2 @
DDD.DDDDD,WDDDDDDDDDDDDDDDD89/8yDDDDDD
0000000000, (4324)0000,00000000 (4.3.21)0

(4.3.24)

dy=—= [ U —~—— dy (4.3.25)

d 4?2 42 k /d 00 dU
dt —d 2 2 —d ay dy

000000, (88/0y)(dU/dy) <0000 (00000000000000000
000000000000000)000000000000, (86/8y)(dU/dy) > 0
000 (00000000000)00000000000000000.

4.4 OJ0O0O0OOOOOOOO0O

gbobo,gboobobobooboobobob20b0obobobogbo
gobooboobo.bobooboboboboboobboobon

U = Uy sech?(y/yo), (4.4.26)

“2000: 00000000000000 (4.321)0000000.
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gugooobobbbbuogodaad
U = U, tanh®(y/yo) (4.4.27)

O000000000000.00000000000 (4.4.26) 0, Bickley D 00O
O000000000.0000000004.4.1004420000000. (4.4.26)
00ooooooooo (U, >0)0,00000000000000O0DODODOO. O
00000 (U< 0)0000000000000000, 4420000000
000000000000000. 0441004420000 &U/dy?0000
ooooooo,bd g=0000,000000000000DO00OD0ODODLOO
(43.16)00000000.0000O,000000000

dU dU
<d—y2)max > ﬁ and (d_yZ) - < 6 (4428)

00000. 0030000000000 (d2U/dy?)max O (d2U/dy?)mm 0000
000000,00000200000000000044.10044200000
0000. Bickley 00000000000000000,

—-2<b<2/3 (4.4.29)

,'I 0t I o+ " _
Y/Y0 o P y/yo -
2t M / |
-2 _{( 4
4 . _J |
® ' “ 1 0]5 (JJ 015 11
0 05 1 - -0.
U/uo U/uo
0 4.4.1: U = Upsech® y/yo 0 4.4.2: U = Uptanh y/yo
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0000Do0000. 000,
b= Bys /Uy (4.4.30)

ogod. o0, 0jobooooooooboooooooooa
b] < 4/(3v/3) (4.4.31)

000000000, (4426)0 (4427000000000 (4.25)0, 60 ky O
000000000000000000000000000000000000
00. Kuo(1973) 0, (425)00000000,00000000 (4260000
¢c000000000 (44.26)0 (4427)0000000000000.

04430, Kuo(1973)00000000,0000000000000 (d— o)
000 Bickley 0000 (4.4.26)00000000000 ¢,/Uy0 8 = kyoc; /Uy O
00000, b>00000000,b<000000000000000. 0443
0()000000000000000. 000000 (b>000000000
000000000000,000000000000000 U,00 50%000
00.00,000000 (b<0)00000000000000000000,0
00000000000000U,02500000. 000000000000
00 ((42.11)000),b0000000000000000 (k—0)0000, ¢,
000000000000000000000000. 04430 (b)0,0000
0000000000 -2<b<2/300000000000000000. 80
000,000000000000000000000.000000,0000
00 (b0000)000000000000000000.0000000000
0000,00000000000000000000000000000000
000000000 00000000.

04440,000 (44.27)0000 (Kuwo(1973)00000000)00000
00000000. (4431)00000000000,0000000000000
000000000000000000000000. 04440 (00000
000, =0000b=00000000,0000000000000000
0000000000.000](,/0000000U,0090%00000,000
0000000000 M0000|¢|00000000000. 04440 (b)0O,
00000000b=00000000000000,000000 b=4/(3V3)
00000000000000000. 00000000000,6000000
000000O0. 000 Bickley 0000000 00000000. 000000
00000,00000000000000000000000.

gobobbooouobboooobobboooobboo.oooboboooobb, Williams
et al(1971) 0000 Uy >0, b=0,d=5y000000000O0O0O0O0ODO. O
4450, Bickley 0000000000000 (kyo=0.9 0000000000
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Modified
I Rosshy regime

0 4.4.3: Kuo(1973) 000 U = Upsech® (y/y) 0000000, (a)kyo O ¢, /Uy
O0000o0o0o0oooOoosdOOO; (bpODOOCOODO kyyOOODDODDOODOO
00000 6. (H.L.Kuo, Dynamics of Quasi-geostrophic Flows. Academic Press,
1973.)
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0.6

H¥q
o
(3]

o | I ]

b

0 4.4.4: Kuo(1973) 0O O U = Uptanh (y/yo) 0000000, (a)b0 kyo OO
00000000 ¢/|Up|0000; (b)b0 kyeOOOOODOODOODOOOODOO
000. (H.L.Kuo, Dynamics of Quasi-geostrophic Flows. Academic Press, 1973.)
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4 ‘i !_b;4
2r 12
b ool 1o !
or —0
Y/yo | 4 Y/YQ
-2} 4-2
-4 1-4
1 1 L (U N O T I I I |

0 2 4 -80-40 O 40 80 120

0 4.4.5: Bickley 000000000000 00000O0O. (a)00 PODOO; (b)
0060000 (DO0OO0O0O0O). (Haltiner,G.J., Williams,R.T., 1979 : NUMER-
ICAL PREDICTION AND DYNAMIC METEOROLOGY SECOND EDITION.
John Wiley & Sons, 47Tpp)

O0.00¢=P(y)cos(k(r—ct)—0(y) D000, Plyy0OOOOO,0000
gogbob.ooodby=0000000000,0000000000000
gogodooobobboboboobb. oobbobbbobobobbbbooooooad
0000, 45 000000000000000DO000DOOO00O0OoOOO
gogobobod. dgggoboobodooobobo,ooogoobobooooooa
ggboooooon.

04460,U,>0,b=000000000000000000 (kyo = 0.45) 0
0000000000.0000,y=+4000000000000,y=000
0000000000000. 0000000000000000000000,
0000000000000000000000000(QO0O000).
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4 li I£-4
2: :2
ol do !
YKYOOH —OnyQ
2t 1-2
-4k 4-4
=

0 446: 000 (4427000000 4450000000. (Haltiner,G.J.,
Williams,R.T., 1979 : NUMERICAL PREDICTION AND DYNAMIC METE-
OROLOGY SECOND EDITION. John Wiley € Sons, 477pp)

4.5 UO0OOO

gddddodooddoouuo, o000 UUuUg
gobbuoodo.bbuooobbooobbo,obbuooobbuooobboo
oooboboo. oooboo,p=00000000000000O0O0,000O
(426)0000000 (425)00000000DO0O0COOOOOO.

0000000,00000000000000000000.0000000
0000 (423)000000000000 (30000)0000, U = Uy + Sy
000000000.0000, (4.24)0

2 2
8V¢+U8VQ/J:

0 4.5.32
ot ox ( )
O00.000000000000000.

V) = F(z — Ut) (4.5.33)

000, FO000000000, F(zx)Dt=0000000000000.

gd,bogoobobuoooobbboogoobbooooooobo.

v = —vpsinkx

main.tex 2011/08/13(00 OO)
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oooo,
V%) =( = —kvycoskx at t=0

god,gd¢«tggogoooooon
V) = —kvycos k(z — Ut) (4.5.34)

gugd.oooooooooooo, oo ooooooboooooon
0.0000,
Y = Acosk(z — Ut)

oooo,
V2 = —Ak? cos k(z — Ut) — AS*t?k? cos k(x — Ut)
goo.

0000000 (4534)00000000000000 AQDODODOOO. OOO,
_ vgcos k(x — Ut)

T 5 (4.5.35)
gogod.oo,0oooobon
u—U—ﬁ—w— _ vokStsink(z — Ut)
B oy k(1 + 5%t2)
v_@_l/}__vosink(x—Ut)
- Or 14 52t2

D00.¢000#00000,«0¢t0000000000000000000.
000000U=U,+Sy0000000,0000000000000000
00000000.000000000000,000000000000000
00000000000000.00000,00000000000000.0
0D000000,y=y00000000000000000000000000
00000,0000000¢«y)=0(/)00000000000000000
000.0000000000000000000000000000.

0000000000000000000000,000000000000
0.00,00000000000000000000000000000000,
000000000000000000.00,00000000 (4.28)0000
00,000000000000000000000000000.000000
0000 Case(1960) 0, (4.25)0 (4.26)000000000000000000
000,00000000000000000000000000000000O0
000000000, 00000000000000000000000000
00000,000000000000000000,000000000000
0000000000, 000,000000000000,000000000
0,00000000000000000000000000000
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4.6 U0O00O0OOOOOOOOOOO

gobbooooobobo,ogobbobuoooobbboooobbog,bboboo
goboogobooobboo. bbuooobooobbobobboooboo
gbooooboob,obobuoobbobobobboobo. boobobodoobo
000,000000000000000000000000O00O0 (Case, 1960).
gbbodbooo,ggbooobuoobbogboooboobbuooboo
gobobog,bboggbobobogobobooobbooobboo.obbod
gbobobogobboobooboo-boobbobobooboo,uoubbo
DDDDDDDDDDDDDDDDDDD.DDDDD,DDDDDDDDWD
gogobbboooooobbob. gob,bbbooogo,obbbobobodad
go,boggobobbogoobbobooobobbooooobobo,gbobobod
gogobobbbbobbbtbodooooodobob.oooooob,obogog
gobobooobb,dbbbogobbuooobbooobbooobobo. g
g, goggoogobbboobbbooodadg. oug,ououogbbbooodagd
000000, (00000000)000000000bOoOOoooooDOOoOoo
gogoooo.

main.tex 2011/08/13(00 OO)



gbboboogobbodood 95

4.7 0OQOooognd

ooboobo,0o0oboboobbogobooooboooboobogo. oboooo, Char-
ney(1947) 0 Eady(1949) 0 000 00000000. 000O0O0OO0OOOOOOO
gog,guooobobiodoooooboob. guob,bboobbbbooo
(3.366)00000000O0ODODOOO.

<%+kxv¢*-V)q=O (4.7.36)
ood, g
—7Z *
2 foe 2 0
qg=VY*+e 82( T 8Z>+By (4.7.37)

O00,00000000 (potential vorticity) 10 0. 00, * = f;'@0000
00000, 7000000 (3.347)%000. 000000000000000O0
00o0ooO, (3.3.55) 00
a+k x Vi* -V dﬁ+ﬁ%2_0 (4.7.38)
ot YA
O00000. 0000000 Z000000000000000000,000
000 -97/0-000000000T000000. 0000,00000000

0000 ZO0OOOOOD.O00,00000000000000000000
gogbobooboodg,bboboogooobo.

y*0ogooobooo,0oobooboobuoobobooon.

O (x,y, Z,t) = 0(y, 2) + (x,y, Z,t) (4.7.39)

000, |¢/lw*|000000000.0000,U=0¢/oy000000000.
(4.736)0000 (47.39)00000,000000000000

0 o\ . ovog
(8t+U8)q+8x8y 0 (4.7.40)

"(3.347)00000.
0O000000 ZO00O00O0O0O0OOOO,

0 3‘1’ - or H2g g 1 oT
gooooo.

“00000000000000 o(p) 0,

o(p) =T/p?
oooooo.
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0o00. 000,
o [ fie %0y
2 0
¢ =V +te 82( T 8Z)’ (4.7.41)
0q 0*U fee=? 0U
3% =" B eaz( 7 (4.7.42)

000. (4742)000000(00020)000000(00030)00000
0000.00000000000000,

) o\ oy ooU .
(aﬁ%m:) 57 anay T TZ=0 (4.7.43)

O00.000,Z00000000000. 000000,000000000
ggboooooon.

0 ¢ =V(y, 2)ete=) 00, (4.7.40) 000000

92T feZow\  , 1 97
goo. oo, o0godaodod
oV U R
(U =)z = 570 —ik™ [ TW =0 (4.7.45)

O00. 000, Z=W(y, 2)e*#=) 000. Charney and Stern(1962) 0 0 O
Pedlosky(1964a) O, (4.3.16) 00 0000000000000 0OOOO. 0000
O000,000000¢/oy000000000000DO0ODOOOU/0ZOO0OODO.
0000000O0oooD30000oooo,00oooooo0oooon (4.3.16)
O000000000,000000000000000 (Holton, 1975 000).

4.8 U0O0OUOODOOOOOOO

Eady OO

000000000000 00000000000000000O, Eady(1949)
ggbbbuogod.bbboooobbbuoooobobbgaod.

e =0

e J00O0D0O0DDODODO (e =~ const)

main.tex 2011/08/13(00 OO)
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e 00000000 (T = const)
e y1O0O000D0DO (8/dy=0)

e 100D0O rigidlid(W =0 at Z=1)

godooboooo, z00ooooooao
U=Sz (4.8.46)

ooo0o.00o,Soo0b0o0.obooboooboobooOo,00bo0oooDo
000000000000000. 00,0« 4,I0000000000,000
00000000 (4.744)0

(U —c) (“’%‘?% - k;?\p) =0 (4.8.47)

Oo0.U-c#0000,000000000000OC0O0DDO.

. Z Z
U = Asinh <517) + B cosh (M) (4.8.48)

000,e= /00000000000 (3348)00). Z=0,100000
000 W =00, (474500,

(U - C)Z—;D — ST =0 at Z=0,1 (4.8.49)

000000, (4848)0 zOOOO, (4.849)000000

—cs7'?A - SB =0,
(S — ¢)e Y2[Acosh(e/?) 4+ Bsinh(e~/?)] (4.8.50)
—S[Asinh(e7Y2) + Bcosh(e™V/?)] = 0

0D00. 0000000 A BOODOOOOOOOOOOO,000000000
0000000000000.000000,0000000000000000
ooooo.

? — Sc+ S*(eY?cothe™ /2 —¢g) =0 (4.8.51)

gobbcObboogga,bbodgd

c= g + S [1/4— (¢"/*cothe™/? — 5)]1/2

_ _ _ - 2
B S e f e 1/2 172 o172 172 1
=3 + Se {[ 5 — tanh 5 5 — coth 5

main.tex 2011/08/13(00 OO)
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0ooo0.00000,
£1/2
—- <1.20 (4.8.53)
000,00000000. 000000 0000000,00000000.
(3.348) 000 e=L%1% (000 Lg=TY%/f,000)0000,000000
000000 (4853)00000000000.
A Lg
_:L>_
o 2.40
000000000000,0000

IS c—1/2 172 e—1/2 e~ 1/2
o= ([ an ()] [ (55) 2 s

000.000,0000000000SOD00000O00O0O.00,L0 (490
ooopoogooo,sS40000000000000DO0O0OD.DOObDOOO
gooobogoooboobo g,

(4.8.54)

_LR

161
goo.ggbog,boobgoobugbuodb0 L~Lg0D000e~100
gbobogobogb.bogobbooobboobbe~100b0b000b0OO
gbbodb,obbodbooobuoobbooboooboobbooboo
gogoooo.

(4.8.56)

gogbooobooooon,

.= = 4.8.
&= (4.8.57)

gob,gdbbboogobbuoogbbuooobboobobbo.oobboo
00 Z=1/2000000000000000000O0,000 Z=1/2000
00000 0000000,0000000000000000000000
goooo.

»00000000000000,Edy 000000000000000000000000
00.00000000,00000000.
(4850)00000000,(4848) 00000 BOOOODOD,000000000 ¥(Z)O

v affomn (2) - o (2) )iz (2))

000.000,v000 (90000 A0000000 (0000, ¥(2)=|¥(2)?0on).

W (2)[? Az{sinh (2) S\[ Osh<\Z[> }2+A2 c2 COSh2< >

pm() 0 (2) sz (2]

000.0000 AOCOOOOOODODODDODODD.

tan k@ =

main.tex 2011/08/13(00 OO)
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000000000,00000000000000000 (484900000
gogoggobobobboboboobbboood. boboobbbbooooagd
v=000000000OO00O,000000000O0.

O00000 Eady OO0, 000000000000 0O000O0DOO0OOOODO
gobbuooobbuooobboodobbooob.oooobobo,obbod
k00000000 100000000. Pedlosky(1964b) 0000000000
gbboooooboo,bbogobooobuoobbuoobbuoobbogboo
gogog.

Charney 0 [

Charney(1947) 0 0000000000000 Eady D00 O0O0OOO0OOO
O0000,Eady DODOODOOOOODOODOODOODOODO. Charney DO OO0
ggobbobbuodg,ogobbbbbouood. oo, oooobbobobodad
000.00000,00000000000000000 (4.742)0,

9q

3y = B+ 25T (4.8.59)

o00,00000TI'00000000. 0000o0g (S>o00000,000
gooooooooooooooooooobDo. oo, Eady DO OO OO0
0000000000.0000,00000 4744)00000000O.

A dU

wZ—@[g(aﬁ—EE)—H%445+@£w=o (4.8.60)

d¢/oy0 00000000, 4847) 0000000000 LODOOOODDODOOO
U.gggobobob,oo0bobbobuooodgbbobuooooboboob.bodgd
gogobobooooboobobooooooboboooag,

. LB+SH/T)
fS(1 + AT fy2k2)1/2
000.00000000000000000000000,000000000

O00000. 00000 Gambo(1950), Kuo(1952), Green(1960), Burger(1962)
0000000, Kuw(193) 0O OODOD0OD0O0OO00oooooooog. 04870,

ooo,00o0oboobocooobyybO0oboboOobo,0cobobooon

(4.8.61)

U(x, Z,t) = |U(Z)] et exp[ik(xz — ¢t + 0(Z))] (4.8.58)

00000. (4853)000000,000000 |¥|00D0éUDOO0OUDOODOOUOODOO,
00000 Z=1/200000000000000,000 Zz=1/2000000000000
ooog.
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Scaled shear = x,

Scaled wavelength = %‘

0 4.8.7: Green(1960) 000000000 Charney 00000000 OCOOOO
0.000,Z=10000000000000. (Green, J.S.A, 1960 : A Problem
in Baroclinic Stability. Royal Meteorological Socitey)

Green(1960) 00000000000 OODOOOOOOODOOOODO,Z=100
00000000. 000000000 1/, 000000000 SO0OO0O. 00,
000000000000 k00000O0O0O0ODODO. 0000000 (BODOOo
O00000000)0,r=10000000 Charney, Gambo, KnoOOOOODO
O00.00000000DO000DO0000D0O000. BurgerO, 0000000
000 -00o00boooooO,000 0000000000000 bOooon
O0.000002200000,r=2,300000.

gbbogbogbbuooboobobuoobbooboobboob,obobo
goboobooobbooboobo.oobobob,o1roboobbobbon
gobobooobbo,bbbogobbuooobbooobbooobobo. o
oo sSOoooooo,000obooo00oboboob00ooD EadyOOOQOO
goo.
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4.9 20000

Charney D00 0OO0O0ODO0O0O0ODOOODOODOOOODOOODOO,O000D0O
googoobobbbobbbbbbooddoooo. 200000000 498
goboooboobo40b000b0,00b0 1300000, 0b020b00000000
gogoboob.20b0000oobobbooooobobobooooobobb,od
O00O00O Charney DODOODOOOO. DODODO, 000000000000
0000000000000 0000O. 000000000 0OooOOoOO (3.3.76)0
O0ooooo @37/)ooooooooo.

level Y
0 w'o=0 br
1 Y. Us pr+Ap/2
5 w'" or+Ap
3 Ya Us pr+3Ap/2
4 w0 P-=pr+2Ap

0498 2000000000
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( kX v V) (V20" + 8) = fag =0 (1.9.62)

(;443 vy v)aw %w—O (4.9.63)
2000000000000, (4.962)0 (4.963) 0000000000000, 0
000000000000000000000000000 200000000
000000.000000,00000000000000000000000

D00 (4.9.62)0 (4963)000000000,00000000000000
v =-U(p)y + ¢ (z,p,t)
w=w (z,p,t)

000,000000000U(p)0y0000000000D000O0O0OO. (4.9.64)
0 (4.9.62)0 (49.63) 000000,

(4.9.64)

d Py O 3w_
Q%+Ua) +O5Y ~ oo (4.9.65)
(a*Uax) op apor Y Y (4.9.66)

000.00000000000000 (4964)000000000000000
00,v0+ 000000000000000000000000000.

O0p=p,000000p=p,0000000000000 =0000.
p=p,000000000000000,00000000000000000
000000000000,000000000

oo0o, (49650000 1,30000000,00000000000000
gogboobooogoon

0 o2 0

(8t +Ura ) ¢1 5—E1-¢m (4.9.67)

0 %3 03 W

(8t+U%%) 62~+B——~+ﬁ =0 (4.9.68)
(4.9.69)

O000.00,0000000 4966)00002000000000. 0000
gooooboobooboo,obbo20y0vvbobou 130y uvobon

0oo,
0 U +Us\ 0
o (P -
_ (Ul — U3) (0% N a%) B (Apaz) w0 (4.970)
2 ox ox fo 2
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000. (4.9.67), (4.9.68), (4.9.70)0,3000000 vy, ¢3, w, 0000000
oooooo.

gbbooboobbodg,uggbboobouogbbodboobobuogoboo
000000, (49.67)0 —y, (4968)0 —s 000000 20000,2000
gogboooadg,

Wé(¢1 — 13) (4.9.711)

dt 2 Ap

gbob.oggbboobboooboboobbooobboob.buoobobo
Oo0opoooooooooOo, (497000 My, —v) 0000,z0000000
gogboboooggbood.

d [Mr—3)’] A W, Ot
%l___z__ﬂZahC@(¢un%iE?€j;5;) (4.9.72)
+ A—;w;(@bl )
oo,
N 2/ Ao) (4.9.73)

obobo. ¢y, —¢s 0, 000000000000 0DLO0ODO0OOOOODOOOOOO
00%. (49.72)0000,000000000000000000000. O1.11

*gpoOo0o0000O00DOOOoOoDO,

9  RT

dp p
000.000,9000000000000.
®=%(p)+% (z,p,t) 0000000000 O0OOOOOD,I000000000O0OOO0O

o nr
dp P
DDD.D,¢,:f0¢DDDDDDDDDDDDDDD.DDDDDDD 100000 30000
ooo,
/ Y1 — Y3
Ty = fott— "3
2 fORlﬂ(p?,/m)

000.000,0002000000007,0000100003000000000000
ooooo.
S (T/p) dp
2 [Pdup

ooooo,yw—vys 0,000 10000300000000000000000O T:;DD[I
oo.

(4.9.74)
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D0000000,0000000000000000000000000000
O0000D000D00000D00. (49.71)000000, (49.72)0000 20
D0000000D00000D0,000000000000000000000
D0000000000000000. 0000,00020000000000
O (W —s3>0000 (wy<0)0,00000 (1 —2b3 <0)000 (wy > 0)
O00000D00. 000000000000000000000000000
O00,00000000000000000000. 00000000 U, —Us
0000,000000000000000000000000. (49.72)000
0100,000000000000000 (U,-0s00000000)0000
D00000000000000000000000. 0000,000 2000
0000000 ((0¢1/0x +0s/02)/2>0)0000000000 (¢ — b3 > 0),
0000000 ((0¢y/0x + 03/0x)/2<0)0 000000000 (¢, — bz < 0)
O00,0000.0000000000000,00000000000000
00U, -Us000000000.

g,0bogggbbobuoooobbobuooooboboooon.

Py = ‘1’16 (w=ct)
g = Wyeikl@et) (4.9.75)
Wy = (Apfo )Weik(:r—ct)

0000000 (4.9.67), (4.9.68), (4.9.70) 000000,

k[B — k*(Uy — ¢)]¥, +iW =0 (4.9.76a)
k[B — k*(Us — ¢)]¥3 —iW =0 (4.9.76b)
k[Us — c]¥; — k[U; — c]¥3 +i2W/A =0 (4.9.76c¢)

goo.oovw, v, wibhdoboobooobgoobo,boobuoobuoobon
gobodbboobboobboobooob.oobboobbuodob ebd
gg20000000.

2k (K% + N\ + [28(2k* + X) — 2k (K* + \) (U, + Us)]c
+26% — B(2k* + \)(Uy + Us) + 2k* U Us + E*AN(UE + U2) = 0

gg20000d cuogooboon,

- B2k +))
C—<U1+U3)/2—m -
+ [/\QBQ _ ]{;4()\2 _ k4)(U1 . U3)2]1/2 ( 9. )
2k2(k2 + \)

oo0. (4977 0000000000000 cO0D0O0ODOOO,0000000
0.000000000,K0MN00000000(0,-0;)?000000000
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00000.000000.0000000000,00000000.00 (k7Y
00000 (U, -0,)000000000000000000,00000000
00000000000000000000000000.0000000000
oooooo.
>\252

kA2 — Y
A0 BO0D00D0O0D,0000000,04990000000000000n=0
OD000D000OD. 000000,00000000000000000000
00.

(Uy — Us)? (4.9.78)

k= A2 = Apos? /(o) V2) (4.9.79)

251

20

15

0499 A=5883x102m™2 B=167x10""'m 3100000000 200
000000000 n=k¢0000.n0U0,-0Us0 k000000000,
00,k LU, —-Us,n00000000 10°m, ms™!, 107°s7000.
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00,k <« 000000000, 0000 (49.78)00000000000.
|Uy — Us| = B/k? (4.9.80)

00,00000000000000 (49.78)000000. (49.78)0 k00
00000000000000, Ak t=2Y4\"Y20000,U0,-0s0000

Apz 09
3

O00000000O. OO0ODO0O0O0ODOOOD 20000 (two level model) O O
googobog,bgobgoobooboobobobobobo,bboobboob 200
0000000 20000 (two layer model)(Phillips, 1951) 000000000
goo.

(4979)00000000000000,000000000000. OO, O
000000, (4980000000000 0OOOOO0O0DOOOOOOD,
goooooobobooobo.oboobobooboobobooo,pboobobO
gogoboobo. obboobo,goooobbobboooo,obboobogad
ooooooo.od,p=00000000000000D0ODOO

K> Aoy /(foV2) UL # Us (4.9.82)
00000000D.00000,Eady00000000000000000
k' >T/(fo24) S=dU/dZ #0 (4.9.83)

O000O0oDoOoO.0DooO0o000,0000boobo0ogoooooooOgg. p#£o0
000000000 0000,200000000000000000 (O 4.9.9)
O,Charney 000000000000 O0OODOCOODO (D487)0000COOO
gbogbodobob.gobobooboboob,booboboobobon
gogo,bbobougooobbooboug. bbboog,gobboobodad
gboboobbgoboboobboobboobbuoo. oobooobooo
gbo,uogdgbboooobboboogobobd. gobbuooobbuooobboo
gbog,bodbooboobo4870000000000DO0ODLOODOO0
000000.00000,0499002000000000000 (49.79)00
gogobooobo. boogg,2b0bbdgoooboobobooooobobood
gobobooobb.ogobboodg,buogobbuooobbuooobboo
gogd 4000 OO0 5000 km O OO
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410 2000000000000

000002000000000000000000.0000,000000
00 (4.9.71)0 (49.72)000000000000000. (49.77)0 20000
0000000,000000000000000000¢Y, ¢ 00000000.
02600000,0000000000000,0000000(@00)000
0000000000000000000000.2000000000000,

11 = Re [a*@feik(z_0+t) - a_\Ifl_eik(x_cft)_ (4.10.84a)
13 = Re [a*‘llgreik(x’ﬁt) - a’@geik(“’c_”- (4.10.84b)
Wy = ApfiIRe [a+W+e““<w—C“> 4 a W eike=e)] (4.10.84¢)

O0000.000,Re0000000000. 0000000 =1¥e?000
0000000g, (4.1084)0000000000000O00O0OO

i

e’ =cosx +isinx (4.10.85)

0000000000, w,0,0000000000¢,0¢;000000000
00000, (410.84)00000000. ¢t000 ¢ 00000000000,
(4.9.76)00000000000. 00 (4.9.76a) 0 (4.9.76b) 00000,

¢ — (Us — 5/k2)
ct — (U — B/k?)

00000.0000000000,.976h)0000000ODODODOOOO.

U = — s (4.10.86)

W = —ik®[cF — (Us — B/K*)|V5 (4.10.87)

00,04 0000000000000000, at0 o O (4.10.84a) O
(4.1084b) 00000000000 OOOODOOOOOOOOOOODO.

goooobogogd

049900000000000000000000000O0, 00000
O,¢ct>c¢c 0000.0000,(4.108)0000000000000000O0O,
\IfliD \I/::,)EDDDDDDDD woubooogoboogobooooo.booboon,
(4.1087) 00000000, 000000000D0O0O0DO09OCOOOOO. OO
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00000000000, (49.71)0 (4972)0000000000000O0O0OO
0,00000000000000000007™. (4.1084) 0000200000
ggbbobuooobobbog,bbbboooobbboooobbbuooobn.

0000000000000, (4970 3/00000000000000
O0.00000000, (4.9.77)0

s _UitUs 1R =2 2

v o 2

000.00000000, (4.10.86)00
UH/UE > 1, U705 <1 (4.10.89)

0000000.00000,00000000,00000000000000
0000000000. W=|W|e®@O00000000)000,¥;>0000
000000, (4.10.87)0 (4.1088)00 = #/2000000000. 0000
0,00000000000 (w<0)0000,000000000 (w>0)00
0000000000.0000000,04800 Eady 0000000000
00000.0000000000000000,00000000000000
0oo0o0o0o0o0o0ooo.

o000 U, -0s00000000, (49.77)0

¢t = (Uy+Us)/2=B/(k* + )

¢ = (Uy+ U2 — 3K (41090

000.c 000, (4.1086)0 (4.1087)00 W- =00 ¥ =¥; 00000, 0
0000000000 ((4.2100000). 00, ¢t000, (4.10.86) 0 (4.10.87) O
OW-#00Vf =-—0;00000,0000000000. 0000000,
(U, —-U;)?000000000,000000000000

guoouobooooon

g49900000buooboo,bobooobuoobuooboooboon.

ct=c, £in/k

Yo (0000 v, 0V9;)00000000 1800000000000,V 0 ¥, (00
0O0Vv, 09 0000000000000000000000000. 00000, 9],¥f0
W—(0DOO0OD ¥,,¥; 0 WHOD009000000000000. (41084)0000 200
0000000000000000,00000000000000.
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ooo,
cr = (Up 4 Us) /2 — B(2K* + \) /[2K*(E* + \)] (4.10.01)
n =K\ = k) (U = Us)* = N7 2/ [2k(K? + )]
0D00,n0000000.000000,
P13 = Re [aﬂlli?)eik(z_”t)em + a_\I/;3eik($_CTt)e_"t] (4.10.92)

O00000.«"=00000000000,000000000000,0000
gbgbooboboob.oboobobgo,bobooboboobobon
goooo.

c000000000, (4.1086)0 (4.1087)000000000000000,
00000000000000000000000000000. (4.1091)00
00, (4.10.86)0 (4.1087) 000000000000,

{e, = [(Uy + Us) /2 = B/K*]}* = (Uy = Us)?/4 4+ n? /K> F in(U, — Us) /k

s e — (O~ B/ =28 N
(4.10.93)
W+ =k {+n/k —i[c,(Us — B/k*)]|} V5 (4.10.94)

(4.1093)0 0000000000000 O0OO0OOCOOOO,00000D0000O
gobooboboooboobobooboo.oob 20boobo,00bon
0000000000000ooooOr’s,

Ty = fo(¥1 —¥3)/[R In(ps/p1))] (4.10.95)

gobobog,bbbogoobbboooobbbuoooobboboogd.

fo=10"*s"", B=167x10"" m*s7!, 27/k = 4000 km,
A=588x10""2m 2 p,=1000bPa, Ap = 400hPa,
Uy—Us=20ms™", a =0, a"¥l=10ms""/k

00,0000000000000300000000000000O000O. (4.10.93)
0000ooooOoooooono, (4.1092) 009y, 0900000000000

guo.
Y1 = (14.2 ms )k cos[k(z — ¢,t) + 64°] ™

_ t (4.10.96)
3 = (10 ms™ )k~ coslk(x — ¢, t)] e
00,00000, (4.10.84c), (4.1094)00000000000.
wy = —1.36 x 107 hPa s~ ! cos[k(z — ¢,t) + 116°] ™ (4.10.97)
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D00000000,0000004, %000 (4.10.9)00000000000,
T, = (4.24 K) cos[k(z — ¢,t) + 108°] e (4.10.98)

gooob.obooboboo,bobybobb0ob0okO0bOobbOobOn
ggboobouoooobobod.

(4.10.96), (4.10.97), (4.10.98) 00000000000, 041010000000

200

400

600

800

1000

0 4.10.10: (4.10.96), (4.10.97), (4.10.98) 0000000000000 000OO.
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O.00000boooobooboywdysOoo, TOODOD, RODOOOOO
O00. 0000000000000 000000000O00O. 00O, (4.10.96)
gbbougbbuoobblgobooobooobbodobob,0obboooboo
000000000 00000000000,000000 W0 COoO000
gd. obo,bbboooooobbobbooooooobbobobog,od
gobobuooobbuoogobbuooobbooobobooob.bbooon, o
ggboboobouogobbbooad.

gbogboobooboboob,200b0bgoobobooboboobo
goooo.ooobgoobobooboboobobooboboo,oboon
gbogoboooobooboob. bbb, obooboo,boobbobbon
googooobooboooboboobo. 0410100000, 00b00b0bDOO
gbobobgobobooboobobogboooob,boboboboobon
gooobuoobgooog.

(4.9.71)0 (4.9.72)0 00000000000, 0 4.10.10000 (4.10.96), (4.10.97),
(4.1098)0000000000. 000,000000000,00000000
0000,00000000000000000000000000000000
00000000. 000000000000000000000000000
000,000000000000000.0000000,000000000
00000000000000000000000. 000000000000
000000000000000000,000000000000000000
oo.

Oort(1964) 0, 0 0000000000000 OODOOOOOOOOOOOO
0. 000000004.1011000. 00000000000000O000, K
00000000000000, POOOOOOOOOOOOOOOODOOOOO
000. 00, K 0000000000000 (00000)0000000a0,
POO0O0O00OO000OOU00OD0OO0ODOOOOOUOOODOD. DO000OO0OO
00000000,00000000000000000000. 0000000
{P-P},{P-K}0000000000O, (49.72), (49.71) 000000000
000D00DD0D0D0D. 00,{K -K}0ODODODOD (4321)0000000000
00000.0000000{P-KO -0T000,0000000000000
000.04.10110,000000000000 Q0000000 POOOODO
0,00 PO0O0O0 K OOOODOOODOOOOODOOOD.D000000O0o0Q
0000000000000000000000000D,00000. 00,0
00000000000,000000000000000000000,000
000000000000000000000000000. KOO KOoOooOo

*g=0000,(4.1093) 00000000000 1000.
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ll

5.7
e 2.1 ﬂ

ZO.S 1,B‘§ ,

€

{(F- Q)

0 4.10.11: Oort(1964) 000000000 0OO0OOOOOOOO. DOODOO
gotood, oo ooooouooooo. ooo
10°Jm2000.00,000000000000000000000 Wm—200O
0. (Oort, A.H., 1964: On Estimates of the Atmospheric Energy Cycle., American
Meteorological Society 000 0O)
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O0000,0460000000000000000000.00P-KOODO
gobbuooobbogdg. bbooobb,g0obbuooobbuooobobod
gbbogobodgbogbboobdooboobb.o0oboobobooabbo
gbbodbbodg,uggoobobooobuoobobuoobbuoobbooboo
gobbuoo.gbbuoogdgbbooobboa,bbbooobbuooobbod
gbobogbbobbooboooboooboooboob,gbbogboo
gogob. oo, gbobbbobuoooa,obbbbbouooobobbobodao
gogbooogoaon.

gbobobuoob,obobuoobbuogbbogboobbuoobbuoobobo
oooooo. (4962)0000,00000000000 (D00DO0OODOOO,
0000000oooooD)00don (ow/op>0)00000000,0000
gbgboobobooboboob.oboobo,goboboobobon
gob.booobbuoogobbooobbooob,uooobbuooobboo
O000000D000. Eady O Charney 000D O0O00O0OODOO,0000000
gobbobuoodgbboboooobobuooobn.

Gall(1976), Simmons and Hoskins(1977) 0, 00000000000 OOOO
gjdjddddddddddddUdUuUuUuUuUuug. bbb ,ooooo
goooooo 200kmd0d0o0go0o0ooo0. DOhOoOoO,0000b0oOon
goooooboooooo,4000km OO00OD0O0O. ODOO0OODODOODODOOO
0,0000000000000000000. Staley and Gall(1977) 0, 00O
goboboodooooboboooouobobob oo boboooooo
O00000. Gall, etal(1979)0, 00 0000000000000 0OOOOOO
goddddogoo. oo, ouoooboooooon
goooobooobbobbn.

main.tex 2011/08/13(00 OO)



gbboboogobbodood 114

411 O0O0OO0OO0OOOOOO0O

gdoooooogsioooooooooou,ooooooooo
goobobooobbooo.bbooobbooobobooo,booobboo
gobobuooobbuooobbuoodob,goobbooobbooobb. oo
000000 (2411)0,00000 p~Y200000000000000000
gbbodbooobuogobboobo,bbooboooboobbuoobobo
ggobobobod. bobodg,ggobobobbooooob,bbobogd
gogbbobuoooobboooooon.

gbbog,gubboobbuoobboobuoobbodboobbooboo
gbboogobuoboobudgboob. bogbuoobooobooboobobo
ggbb,goobbbodoogbbboooobbboooooobon.

gobbobbbooooobbbooooobbbbooooobboooooo
O, Eliassen and Palm(1960), Charney and Drazin(1961) 000 0000000O.
i cobddodoooooooooooooo,bbbbbbbbbboo
0 (4.7.43)0,

9*y  OoU
9r0Z  dx 97
oo0d.0o0, bbb ydbdc00oooooooog,

9y 9y
Ooxr 07

000.¢0¢&0000000,0000000000000D0D0D0DOOODOOO
oooooo.o0,oy/ozroy/oZ0000000O0OOOOOOO. (4.11.100) O
gog,bogbbooboobooboboo,ggboobobboboobon
googoboo obgbooobooooboobob.bobbobboobobooboo
gbobobobobobgobooooo,gbobobobobobobooon
0o0o0oooooooon. U(Zz)bodooo,0ooooo0gooooood
gbogobgoboobbooboobgoobgn.

(U —¢) +frZ=0 (4.11.99)

W7 = foI U =) (4.11.100)

00000000, Charney and Drazin(1961) 0000, 0000000000
00000 (4740)00000000000000.000U00y0000000
000, =¥(Z)cosay e*e=H 0 (4.740)0 00000,

-z _
(U —¢) {ezaiz (fo%g—;) — (k* + oﬂ)\If] + g—Z\IJ =0 (4.11.101)
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0DOoD. o000,
dq , 0 [ fie 70U
oy ¢ a_Z( r a_z)
ooo. oo,
Q = fole ?/T)V2¥ (4.11.102)

ooooooooooooo, @.a10)ooogoooooooooooo. ™
o000, 4.11.10)00000000.

dQ
Q= 0. (4.11.103)
ood,
T &P, e I'0g/ 9y
n? — _F(kQ +a?) - F1/2€Z/2@<6 2/2p-1/2) 4 AU =3 (4.11.104)
0 0

000. (4.11.103)0, 000 n(Z2) 0000000000000 OODOOOOOO
ggbboboog.obbboogob,uogooboboooooobn.

n?>0:Q(Z)0 Z0OODODO0OOO,0000000000000000.

n’<0:Q(Z)0 Z0000000000000,00000000000000
gobooogd.

odoooooo,voroooooooodoooog,boooooooog.
o000, (4.11.104) O,
I f; B
2 2 2 0
=—— |k =0 _
n f(? + o +4F (U—c)

(4.11.105)

000,000000.22000000. 0000, (411.103)000 ™20 ¢4
00000000.00000-,000000,000000000000000
000,0000000064200000000 ((411.102)000). 00000
0-.0000000,00e"M0eMM00000000.0000000000
0000000000000000000000,00000000000000
00,00000000000000 (e 000000000000

Charney and Drazin(1961) 0, 0000 00000000000000000
00000, (411.105)00000. (4111050000 ¢c=0000000,00
00000000000000 (n?>0)0,

B

0<Uc<
k24 a? + fg/4T

(4.11.106)
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