. 23 11 (2002 11 )
Applied M athematics and Mechanics

1 1000.0887(2002) 11_1195_08

Phillips
( 1I)

® OB, W ON

(L s 2111015 2 003 s R 211101)
(R AR )
Arnol d Phillips X
Phillips : :
P433; 0351 A
Amol’ d Phillips
: e [2] : :
[2~ 9], .
Hauwrwitz Haurwitz )
L1l , Phillips
[,
Phillips .
, Phillips , [2]*
, P P (P < By, Dy Do,
B (Pedlosky1987) :
2001_11.29; 120020525
(40075014) ;
(1973—), , s .

1195



1196

OPi/0t+ O( @, P;) = 0 (i=1,2), (1)
t , @ i , P i
{Pl= AD+ Fi( - D1+ a))+ By, 2)
Pr= AD— Fr( - @)+ B,
O0(A, B) = A.B,— AB, Jacobi , Xy , A Laplace
L Fi= fOLY (gl (Pa= R)/ P D) . fo L . B
, g . a = gﬁl/gfl> 0 , gl

0D dffoa o
g y= 0’1: 0, dt_[ nay yzo’ldx =0 (3)
Qli=o= Do° (4)
(D~ (4 ()
( W(y), Qi(y))*
Y W),
Uiy e we W(Q) (= 120 ()

(Y(x,y.t), qi(x,y,t))
Q= Y+ &, Pi= Qi+ ¢

Amol” d , C1Cai,
W0,
0< cu\éd—(;w—@<czl-<+ oos (6)
K = diag(d1'"? d2"?), di= Di/D(D ), C= diag(Cyi, C2), A= T
AP+ NP = 0,
0 _ 0 _
Ox ly=01"~ 0, 0y )':O,Idx_ L

Q

- {fo(gé + g1 ) —fog_l}, M= C- (NE+ KTK) -

- [
[, Amol’ d
. (5 (6 M , ; (5) (6)
, (5) Y, (6) Cii, M ,
° , M , K],
KiZ (1) - 2[]5)\] CiZ ) <o (7)

H< 0 (7)



Phillips (1) — 1197

* 1/2+ * V2
£, (E )" X(E + X )"~ (8)
K1 J_}»
£>08&< 0 (7) :
(Z (1) 28 =7 (1) 28, (9)
Z(t)= 7"+ Z (1) 272 + &~ (10)
; (6) Cii Ca , .
2 Phillips
Phillips
Di= D), Fi= F,= F,
"IJl:— Uly, lpzz— Uzy: 07
Qi(y) = (B+ F(1+ a)Us)y, QAy) = (B- FU)y,
Ui(i=1,2) ( , U= 0), Us= Ui- U2= Ul ,
(Lbla qi)?
qi = Adq+ F(‘bz— (1+ a) ‘bl, q2= Ady+ F(‘bz— 4’1)'
101 1] 3) I°~ £ , \
o _ E 2 2,
P U= & N> 2F%
° _ _ B 2 2y 2.
2US__F(1+a) X > (2+ 2a+ a ) F;
o _ B B
3 - Fii+ a)< U F
FU> 2 U —L— y F*(2+ a) + a5 0
7 F *STF(1+ a) u-
U N(N- 4F%) + aF*(aF*- 2N ]+ (4+ o*)BF*+
2a8FU( N = aF’) > 0
Phillips ( W(y), Qi(y)) ;
E(t) = L%@ S T e Fda— b))t w»%}acz
Z(1) = I izzzdg
CJa2 i:lql
1 B+ F(1+ a) U = 0,
_ B
Us==Fi+ o) (1)
Ci= C,Co=-d¥(0Q2)/d02= 1/((2+ a)F),C . N <(2+ 2a+

(lz)Fz 5 M s M ’



1198

E(t) Z(1)
[1]
E(t)+ A(t) = E(0)+ A(0),

A(r) = L ;[Gi((?i +qi) = Gi( Q)= Gi( Q1) gi] A2,

= [wmar

Gi(1) = JZ Wi T)dT= - %n{

G2(M) = ﬂ W T)dT= - %”n{

A(t)=- (CuZi(t)+ CrZ2(t))*

d
Zi= |, Eq%d Q, (12)

E(t)— C11Z1(t)— C12Z2(t)= E(O)— CuZl(O)— CuZz(O),

C 74 oo, Zi(t)= Zy(0),  Zi(t)= Zi(0), (15)
E(t)— C12Z2(t) = E(O)— C12Z2(0),

[2]

E(0) = CnZ (0) SE™ + E (t)+ 2E V2 E (¢)"?- CcnZ (1),
Poincére E(t) KZ(1)/\ -

KZ (1) -2 E}\ VZ(Z(I))”— H <0,

K= Co- 1/ANH=E" - E(0)+ CnZ (0)*

~ 1 1
k= (2+ a)F a+ 2- a’+ 4 <0
+ 5 F
(17) , A> 0,
gi_: (E* )1/2 i(E’ + )KH)W'
KB

H< 0, £E>08&8< 0, (17)
(Z(1)"* 28 =7 (1) 28 -
7 (t) = Zl(t)+ Zz(t) >Z1(O)
) 2> Z(0)
Z(t)= 2"+ Z (1) 27" + &,
(19)
Z (1) 28- Zy0)-
(16) (21) :

E(1) = E(0)+ CiaZa(t) = Cula(0) = E(0)+ CoZaft) = Ciata(0) >
E(0)+ Co&€- CnZ (0)= E' - H+ Cn& -

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

()

(21)

(2)



Phillips (I —

1199

%) < 7,(0)
7 (1) 271(0) =Z(1) 27"+ 21(0)
E(t) = E(0) + C12Z2(t)— ClzZz(O) =
E(0)+ CuZ (t)- CuZ(0) 2

E(0) + Clzle(O)— CnZ(0)= E - H+ C12Z/1(0)'

Z(1) 27" + max(E, Z,(0)°
) 2E - H+ Cpomax(&, le(0))°
=0
Z(1) = Z,(t) H=- E(0)+ CnZ(0), &= H/K,
E(0) > Z1(0)/ A+ Cr2Z2(0)
Z(1) 2H/Ke
E(t) 2H((C/K)- 1)
C12Z(0) < E(0) < Z1(0)/ A+ C2Z2(0)
Z(t) 2 7:,(0)*
E(t) ZE(0)— CnZy0)*
2 B- Fli=0, U= B/F+

dWi(Qy) 1
40\ T (2+ o) F’

Cu= Ce=C,C

1,
H< 0 |,
{Z(t) >7" 4 max(E, Z2(0))e
E(t) 2E - H+ Cu*max(&, Z2(0)).
Ee = 0,
Z(t)= Z (1),H == E(0)+ CuZ (0), &= H/K,
E(0) > (Z2(0))/ A+ CnZi(0)

Z(t) >%

E(t) >H£K 1

CnZ(0) < E(0) S(Z20)/ A+ CnZi(0))
Z(t) 2 7Z2(0)¢
E(t) 2E(0)= CnZi(0)

3 (B+ F(l+ a)U)(B- FU)< 0, U> B/F U<-B/F(l+ a)*

U- Y - Y
Cu= B Fir a) Uy ©27 B FU
co_ Ex A E
u My My 1 R R
S\ Ma M | E M F(l+a)

(B)

(%)

(%)

(2)

(27)

(8)

()

(30)



1200

R=1 M+ KTK 1= N+ (2+ a) FA+ aF*

M :
I°Mu> 0,Mp> 0 & XN FX(2+ a)+ aF/ U > 0, (31)
MuMxn > MxMay <
Ui N( N= 4F%) + aF*(aF*= 2N ]+ (4+ o*) B F* +
2aFBU( X = aF?) > 0, (32)
: (31) (3 , v, M ,
) . Z(t)
Poincare :
E* 172 1 /
KZ (1) -2 . (7 (1))2- H <0, (17)
2
L H= E — E(0)= A(0)= DCuZi K M K< 0 (17
i=1
g (E )7 F(E + i)
K Jn
H< 0, &>0&<0  (Z)(1t))? 28=7(1) 28 12 :
H Y, Y:
2
H= E - E(0) - A(0) = D.CnZ =
i=1
E* - E(0)+ C11Z1(0)+ C1222(0) =
® Us - ! Y
E = B0+ gy s 020+ 5 r 2 (O
* US /
S=Fk - B0+ 5y o) 02
1 / 1
I'= By Fi+ o u, 20+ By 220,
H=S- W,H< 0 &Y > 8§, T :
1) T< 0 H< O0svy< S/T-
Y s H < 0O, ¥ —00,

L (= W[2B+ aFUt (2+ a)FL U] ¢ | [H
K= B+ F(1+ a) UJ(B= FU,) & JI;
H 2B~ FUJZi(0) + 2 B+ F(1+ a) U) Zi(0)

K 2B+ aFU+ (2+ a)F | Ul

_ 2(B- FUJZ\(0) + 2( B+ F(1+ a)U)Z1(O)
& = 2B+ aFU.~ (2+ a)F | U.|

/ B+ F(1+ a) Us 8
Z1(0) + B( FU?) 70, Us< - e

B- FU B (3)
B Fie g 20+ 200 U g

T< 0%&>0,
Z(t) 28 =2(1) 27 + G- (34)



Phillips (1) — 1201

2) T'>0 H<O0OsYy> S/T
¥ , H < 0, Y —+ 00
1 (= Y)[2B+ akFUs= (2+ a)F | Usl] e J’
) (B+ F(1+ a) Us)( B= FU)

2B FU)Zi(0) + 2 B+ F(1+ a) U) Zi(0),
2B+ aFU,~ (2+ a)F 1 Uil

Nm N

g b= FU) Z1(0) + 2( B+ F(1+ a) U Z2(0) _
= 2B+ aFU.- (2+ a)F 1 U,

o+ B e AN
B- FU, / / B (%)
Br F(l+ a) 0200+ 22(0),  Us<- pAn—7
T< 0 g> 0,
Z(t) 28 = 2(1) 27 + &= (36)
)2), T<O0T>0Z1) (34) (36) -
!
[ ]
(1] . Phillips [J]. , 1999, 20( 2): 133—143.
[2] , , . Phillips (I H)—
[J]. , 2002, 23(1): 73 —81.

[3] Shepherd T G. Nonlinear saturation of baroclinic instability, Part_one: the two layer modd|[ J] . J our—
nal of the Atmospheric Sciences , 1998, 45(14) : 2014 —2025.

[4] Shepherd T G. Nonlinear saturation of baroclinic instability, Part two: Continuously statified fluid[ J] .
Journal of the Atm ospheric Sciences, 1989, 46( 7): 888—907.

[5]  Shepherd T G. Nonlinear saturation of baroclinic instability, part three: bounds on the energy[J].
Journal of the Atm ospheric Sciences, 1993, 50( 16) : 2697 —2709.

[6] MU Mu. Nonlinear stability theorem of two_dimensional quasi geostrophic motions, geophys, Astroe-
phy[ J] . Fluid Dynamics, 1992, 65(1): 57—76.

[7]  Paret J, Vanneste J. Nonlinear saturation of baroclinic instability in a three_layer model[ J] . J ournal of
the Atm ospheric Sciences, 1996, 53(20) : 2905—2917.

[8] Cho HR, Shepherd T G, Vladimirov V A. Application of the direct Liapunov method to the problem
of symmetric stability in the atmosphere[J] . Journal of the Atmospheric Scien ces, 1993, 50( 6) : 822—
834

[9] MU Mu, Shepherd T G, Swanson K. On nonlinear symmetric stability and the nonlinear saturation of
symmetric instability[ J] . J ournal of the Atm ospheric Sciences , 1996, 53(20): 2918 —2923.

[10] ZENG Qing cun. Variational Principle of instability of atmosphic motions[ J]. Adv Atm os Sci , 1989, 6
(2):137—172.

[11] XIANG Jie, MU Mu. Lower bound of disturbances for the nonlinearly unstable basic flow in the



1202

phillips model[ A] . In: CHINE Wei zang, Ed. Proceeding of the Third International Conference on
Nonlin ear Mechanics [ C]. Shanghai, 1998: 548 —553.

Nonlinear Saturation of Baroclinic Instability in the
Generalized Phillips Model( [I) —The Lower Bound

on the Disturbance Energy and Potential Enstrophy
to the Nonlinearly Unstable Basic Flow

ZHANG Gui, XIANG Jie’
(1. Department of Mathem atics and Physics , Institute of Science, University of
Science and Technology , P L A, Nanjing 211101, P R China;
2. Department of Meteorology, P O Box 003,
Nanjing 211101, PR China)

Abstract: On the basis of the nonlinear stability theorem in the context of Arnof d’ s second theorem
for the generalized Phillips model, nonlinear saturation of baroclinic instability in the generalized
Phillips model is investigated. The lower bound on the disturbance energy and potential enstrophy to
the nonlinearly unstable basic flow in the generalized Phillips model is presented, which indicates that

there may exist an allocation between a nonlinearly unstable basic flow and a growing disturbance.

Key words: nonlinear saturation, baroclinic instability; generalized Phillips model; basic flow



