M HZE A ]2 58 38 & 5 2 )] Applied Mathematics and Mechanics
2017 2 H 15 H W Vol.38,No.2,Feb.15,2017

XEHS :1000-0887(2017)02-0216-08 © BSR40 %45 ISSN 1000-0887

FEXRSENX T XA F
B 1k #Y Rossby i

K@, XaeL?, B

(1. NZEd Tl ks B2, PEFIARF 010051 ;
2. WEE R BBl f e, WERNE R 010021)

WE. EERRAEET NS AR B &, %5 B TR il g 45 5 A6 T 51 S48 X
Rossby I AL [R4E R, W FH 1E 2S5 A5 B 7E Hh i 246 B ELAS KHBTE  Froude $X L S5 6 H Rosshy
WARBEAS 4087 B A84E T K HIE A Froude ZUX) Rossby I A2 B 1452 M, & B K HLIE | Froude
BORNZH0 6 XF Rossby I I F 5 AR H.

X % i@: Rosshyli; %6, KM, Froude

FESHES: 0351; P433 XERPRERAD: A doi; 10.21656/1000-0887.370135

C1—

bl DR ERE N Gip N YW s NN B A B o 2 N B A T S f P O NG
FIEE P 7= e — ZR B A S 38 7R RS 7= e R AL RS 2ot i R Z N Y 7
KPS Rossby PIEA8 A= fm AR (44548 EA LU FTE —BUN KRR AR Z), &5
RABAA KA FEP S Rossby #1128 3 F M5 ) 2% — HZ BIRZ 4 X 20 X =X
IR TR A AR LM A B R ORI IR U R S A A AL R R [ A %
g A8 T Rossby WRBIFIE KSR T BHLIETE 0 32 ZEHE 78 7= A JE LM Rossby I 1Y
W2 R EH, BRI B 5N X Rossby I B8 A8 Y945 5. 3 4 . Charney 1 Straus*! 3 T i $th
BLIARE DT AR 1 T —A> B - THIE I rh 25 T A 4 BB BE $5 14 1E AU X T A
FEI T KRR LA AL 3h 128 BB FE Hart ) 20 M T 1 R VR 55 00 78 1L L B9 45 200 53
Grose H1 Hoskins'® 7 BA Mo I FSE- 441 26 6] 1 49 1F R AR R R T AR X 5 2 S &)
(P EX 0 2 A — B Davey " 43 I AE RS E 1Y) B - THIE I8 1 B VTR A MELR PR BRI 58 T
HOTE X e & A A FH . Gottwald 5 Grimshaw'®! SR FH 85 AR LR P A D U5 5 sk S T2
AR i s TS 000 Yo A BELZE T I L 2 7 R AR OV IR T 3 e b T b A b AR P R
SESLIATE Y520 Wingate , Embid R = M Wb Al YT i | =Sk NG O] Boussinesq Ji
T2, AT Froude B O(1) SIS, 7r ik fig i W] J5 2318 A 2L 19 K RUEE Taylor-Proud-

« WIFEBEHEI: 2016-05-03; EITHH#: 2016-07-02
EEWH: EFARRFAES(11362012;11562014 ;41465002)
fEE®Y:  REE(1970—) 5 Bl , it (E-mail ; songjian@ imut.edu.cn) ;
XA (1978—) , 5 B2z, 4 GAHAEE . E-mail: smslqs@ imu.edu.cn).
216



xE X & A4 o B 5 217

man JE AR REEENI 25 WURIZE 42 SR P 35 A2 T B, 45 1 B A1 Ekman JBEFEIE R 7 F R
FESETE IE . Rossby I AL PRI 22 W40 R, R 3K B8 7 FE 0BT T 28 M1 Rossby 1A 13 %
FEAE AL B 5 F SR AT MR s i, S T ARG 5 kIR R, SR HE Y
1EJE Rossby IRS7. 3 3 HHRIE /£ Korteweg-de Vries( KAV) e, s HHIE & Rossby IR 312
S B N 2GE ARG % T B AR Y Rossby U, 47T T Rossby I8 4 HH 8B S H:
T B A (W) L, % it O R SE T B B AR AL Rossby IIRS7 I 5 KM T FHLZE, 45 i B 78
A AT BE AR 5 S o e 2 b DA AR BHLZE A PR 3R 22— B X Se i 58 AN 5 1 B 72 Al A2 b B X)
Rosshy BRI, 1A [R5 JEHIE F B AR AL XT Rossby I A8 520 A SCHR B FH AT 16 7 s 4%
Wi T RITE ALY Rossby S8 H: Froude ZUXT Rossby 3 BUVEF , AF5Y 11X 6 A 2 X Ross-
by WERIAHBEE | FE5E MR,

[
1 B LR HEIE L S AT MOV IR RO P (3 15

A AT ) fooaw e B
(c’)t+8x<9y ayaxj[vdf""(ﬁo 80y)y] ga Cgf(h,llf)—(), (1)

Horr, ¢ (o, y,0) RIFEFRELGB, = (200/a) cos @y ,8, = (20/a”) sinp, KW BHELE L ; 0, 2

iR Q RHER QSR KN f, J& Coriolis ZH; h(x,y) BMIEEE ;) = gH; V4

IKF Laplace BF, H{E N
, 09

=2t (2)
0x dy
ol ot FEE B A
(e) =L(x" ") g =LUS" 1=t h =D, (3)

Horfr U, L 70 D 3 52 R SOKPRAAE R A8 RORE R e ELRAAE R 4 7 BB O o
A3 RATTRE () BEAT LRI G = 7153

0 0 d
2wy s (o0 o (g V) - MIG) =0, (4)
t ox Jat
/\¢]
I} L}
B = Fﬁo ’ 5 = U 50 ’
Sl 12 , s e "
Fr=—=— R S, BT 2 Froude X ( i FK Froude %%) |
Co 0
DfL D 1
M= ngL et
& U HR,

EWIEEWSEG R, = U/(f,L) J2& Rossby $%, L, = ¢,/f, /& Rossby ZETE 4% s i PREL o (w,y,1)
y\j[lﬂ

Wyt == [a()ds + 9 (xy,0), (5)
bt = (y) AT oy at) ISR N T R, BR = (1) ™ 4558(5) A



218

IEFER AT KHIE A1 B ZE K[ Rossby U

TFE(4) I HBE LALLM J (', Vi), 13RI Sl i sRA R 2R 7 7
(a

B I N ANYE ARy A
8t+uaxjv¢ +@ 8 e M¢Jax Fr—-=0. (6)
é\
i ‘i dh
B_B_5y_72’ 0 B_F,P_MIy’ (7)
Horr B J& B B4 B AT P SEA S R4 X i BE R 28 [ B6 R, W 2 (6) il Ak R
d ~ 0 2.1 ad[’ _ ad[’ -
(Bt-l-uaxjvw +(B+P) o Fr Py = 0. (8)

2.1
IO FH IR ST 3

' (x,y,t) = W(y)explik(x —ct) ],

)

Hor ke J2 o J5 10 BIRL, ¢ iz 05 1 BRI E A3 (9) AATTRE(8), Hu - ¢ # 0 I, 47
4

ijza
c

2 [BO + P + Fre
- +

u

dy2

&

-c u

lZ

B, + P + Frc

M52 (10) 1Tk Ky
R4
dy?

R M B4 AR
Y(y,)=¥(y,) =0.

+ (P - ay)¥=0.

&= - ayy, WAL Bessel JifE .
d*y

&’¢
Fi fe Ay

2 2
v(¢) :@|:61J1/3(3a§3/2j C2Y1/3(3a§3/2j :| ,

H e, ¢, MEBERET, 5, Y, 000 173 Brigsi—28
(12) 1%

+a, V=0,

+

2
VZZ ~ o),y |:Cl~]1/3(3(lz - “09’1)3/2) +0,Y,,
Qg

&
[

Y, r- Qo> |:01J1/3 (32“2 - a0y2)3/2j +0,Y,,
IR1S) AAEFM 554

2 HJE Froude US4k 8 X Rossby I Y5

TRE(IL) RAEFIRAF(12) T Stokes J7FE, T HIRIZ 5 FE AU A (E(E 7] &L

K5

B 5

i(lz —

2
37< - QpYs ) 3/2]
0

b #Z . Froude #0241 5 /£ THY Rossby i 18 i &

(9)

(10)

(11)

(12)

(13)
(14)
2% Bessel PREL. il A A1
oo
(15)
}: 0.



xE X & A4 o B 5 219

2

Jis (3(12 - aoy1>3/2j Y.,
Qg

=0. (16)

2
J1/3(3 UZ - aoy2)3/2j Y.,
a

0

TESZPR RS Bessel pRECAT # UL R IF '

2 v 2 . 12 1§
J, ~ [—cosjx ——~-—1|,Y, ~ |—sin|lx —— - —|, x— o, (17)
X 2 4 ™ 2 4

Hofr v 2 Bessel BRECRYBY AL, MAE KT 0, = (2/3a,) (P = ayy,)”*,m, = (2/3a,) (" -
agy,)? AEF R I (16) W RN

o)l - o
e cos| My ~ 1o |sin| M, — 5 cos| M, ~ 5 |sin|m — | | =0,
2

sin(n, —1,) =0, (19)
iy

n, - n, =nm (n=1,2,-+). (20)

FH 5 2 (20) 5 Rossby I YA EE ¢ AYVTARE #2

E(u-c) + (371;5} ([L -¢)” = (B, + P+ Frc -8y,)=0. (21)
WS RE(21) A% I Sl 3N, vl 20056 =115

P N (22)

k3
JiRE(22) VA LLIT Rossby I AUAHIEE ¢ J& 2B 2406 ™ Az, T H KUK, Rossby 5 5
ksl PR 3K Al B i 43 Bl DX 288 R AR e AN 1 B BEER R AE B @ = 0, U7

(1) 1R
Y rw=o, (23)
y

BURS 102y TR P = (B, + P + Fre)/(a — ¢) — k>, 13 Rossby I OFH L .
. By tP+Fru o4
Ak oy (24)

Hop K, Bk EREiE K = + P30 (24) 3B Rossby 3 1933 A5 Froude $0E %,
1M H 5 HIE A R BYRAN o A H B AT [EHIEA R,
c:a_B+FrL_L[m.
K; + Fr
WERTTRE (21) 205 56 — T4
B, + P + Fru - 0y,

B k* + Fr )

2 (25) £ B Rl AL T AL  HIE A Froude O3[R 4E FI 7= 25 1 Rossby A, X &
SCHER15 ) B9HE) G Ol 45 6 = 0, HEEARFAIHIE Ky 3 &, [/ I A% & Froude 0, BB LN
Rosshy 2y

c=u

(25)



220 IEREKAER T KHIE A B ALY Rossby 15

B
=
2.2 bfZ Froude #Fn15 %) 6 X+ Rossby iR aE BRI &M

c=u -

TE2.1 /NI IIFIRT @ — ¢ # 0, Kuo " 47 I7E B PV L T Rossby I8 14 1E AR SE 5 1§
By TE(y,,y,) 25 HBIESHS  WE Froude $UI, & — c # 0 E XAy, ,y, ] AT 0,

ERARE RN B + P ARDREAHMUEE G5 I A2 1E AR RO AR )
u=u, *sy,

Hop s Fom w g m Ul H s # 1, WMIr#(8) fLh

oy’ o'
o

— = 0.
ox Jat

Jd d
[at+<%+wy>mjvwﬂ+<ﬁ—6y+P>
$38(9) fLA Lk fe

'
(uy = c +sy) 1 +[B+P+cFr-k(u,—c) - (8+ks)y]¥=0.
Y

X(28) BEA—NIEMEF Ry, =— (@, — ¢)/s M—PAEIENEH A o 1Y Laplace BT 2,

n l_LO_C

2.k +68/s $

ww:m{-/y+fd¢wx

H 7 (29) R AT (28) 154

) dd
n—-n--aP=0,
dn dn

Hrp

az_[,3+cFr+k§(uo -¢) +Pj , k§=£, p:Mdl_
2s. /K> + k2 § § dn
JrFE(30) 52 Kummer 7712, B P ZME TG AR
{Q(n) =nF(a +1,2,m),
®,(n)=nG(a +1,2,m),

)
iy

_ c (a),
Far = 2o,
AR —ZE RS — 2K Kummer PREL, (a), N Gauss 175
SCHL 15 1K1 0 + 1 == n(n = 0,1,2, ) I, JrFE(30) MMM EL R, B

+cFr+k(u, -c P
b (0= Pl (=002,

25k + kp $

xk, G(a”y7x> = F(a’y’x>lnx + o

(26)

(27)

(28)

é\

(29)

(30)

(31)

(32)

WRn + 1 =1, Bl XEE DR UE R #8551 Rossby I HIANTEAE , 1M 8,6 DL IE

F Froude EUE 2 %€ WIAE H.
WA [EHIE F Froude BUHIVEH, A2 (32) 1L



xE X 4 4 kg BR 221

el

B+ ki(u, - c)

2s./k* + ké
X5 3CER] 15 ] 945 RAH— 2L

3 4 § 7

Rossby {82 BRI 1A R RUEE 32 2l 1) F= 229 3, A SO HE L 3 165 D7 Bt R BIEFE T B Bl 445
FEAL T BTG S50 8 . HIJEFI Froude $I0XF Rossby IAHHRE | FoUE PRSI, H 24518
W

1) 2406 FEAEP S EREN, Bt 2 HA 24808 51 Rossby 3 ; 240 6. #HIEH
Froude 3L [/ HI AT LA Rossby i 5 %) i 1E 5% ) PH AR | BT 2L [H R X Rossby 8 AH 2 B2 B 1
6] 2R 8% Sl A7 S35 B BE N , X T B R A v 0 B Ml X 2

2) Rossby ZEUBHA AL T 51 E2 50 6 . I A Froude £0 52X Rossby I IEEANFRE 1Y
WA B + PAE(y,,y,) WEBURIET S 24 6 5 H Rt rrEH].

Bt fEH RO N SE FIA KR SRR R H (NJZY16096) Rl 534 Tl ok
SRR H (ZD201411) Y %EH).

£ % ik ( References) ;

=n+1 (n=0,1,2,---),

(1] X0, 227 R, BERE. —ISMEIEL M Schrodinger J5 211 Painlevé PR | P #s M K HR <
FIPEFAI [T, B A 4%, 2010, 31(11); 1308-1329. (LIU Ping, LI Zi-liang, LOU
Sen-yue. A class of coupled nonlinear Schrodinger equation: Painlevé property, exact solu-
tions and application to atmospheric gravity waves| J |. Applied Mathematics and Mechanics ,
2010, 31(11); 1308-1329.(in Chinese) )

(2] xR, x=ik. KRS ML deat: JEstsa i iat, 2008 462-475. (LIU Shi-kuo, LIU
Shi-da. Atmospheric Dynamics[ M ]. Beijing: Peking University Press, 2008 462-475.(in Chi-
nese) )

[3] 28l RPN B IGL THIE SR ZEIMR [ M]. Jbat: TR M, 1999. (LUO De-hai.
Envelope Rossby Solitons in the Large-Scale Atmosphere and Blocking Circulations[ M ]. Bei-
jing. China Meteorological Press, 1999.(in Chinese)

[4] Charney J G, Straus D M. From-drag instability multiple equilibria and propagating planetary
waves in baroclinic, orographically forced, planetary wave systems|[J |. Journal of the At-
mospheric Sciences, 1980, 37(6) : 1157-1176.

[5] Hart J E. Barotropic quasi-geostrophic flow over anisotropic mountains| J . Journal of the At-
mospheric Sciences, 1979, 36(9) . 1736-1746.

[6] Grose W L, Hoskins B J. On the influence of orography on large-scale atmospheric flow[ J].
Journal of the Atmospheric Sciences, 1979, 36(2) . 223-234.

[7] Davey M K. A quasi-linear theory for rotating flow over topography—part 1. steady S-plane
channel[ J]. Journal of Fluid Mechanics, 1980, 99(2) . 267-292.

[8] Davey M K. A quasi-linear theory for rotating flow over topography—part 2. beta-plane annu-
lus[ J]. Journal of Fluid Mechanics, 1981,103. 297-320.

[9] Gottwald G, Grimshaw R. The effect of topography on the dynamics of interacting solitary

waves in the context of atmospheric blocking [ J |. Journal of the Atmospheric Sciences,



222

IEFER AT KHIE A1 B ZE K[ Rossby U

[10]

[11]

[13]

[14]

[15]

[16]

1999, 56(21) ; 3663-3678.

TR, N, SREOR, S5 05 R A RO A SUIE R 14 S P I AR R RO DN B e o
Fr[J]. N BRI I2%, 2009, 30(10) ; 1189-1201. (LI Zi-liang, FU Gang, GUO Jing-tian, et
al. Topographic effects on polar low and tropical cyclone development in a simple theoretical
model[ J]. Applied Mathematics and Mechanics, 2009, 30(10) . 1189-1201.(in Chinese) )
Wingate B A, Embid P, Holmes-Cerfon M, et al. Low Rossby limiting dynamics for stably
stratified flow with finite Froude number [ J ]. Journal of Fluid Mechanics, 2011, 676(69) :
546-571.

AEEENL, Sy, 2489, HIE X IE RS Rossby W AEZe A BAE FH B2 [ ], B A 2%,
1994, 15(6) : 555-563.( XIONG Jian-gang, YI Fan, LI Jun. The influence of topography on the
nonlinear interaction of Rossby waves in the barotropic atmosphere[ J]. Applied Mathematics
and Mechanics, 1994, 15(6) ; 555-563.(in Chinese) )

B Al RbIE 5 IEJE Rossby IRSL [ J]. K E 244k, 1987, 45(3): 267-273. (LU Ke-li. The
effects of orography on the solitary Rossby waves in a barotropic atmosphere[ J]. Acta Meteo-
rologica Sinica, 1987, 45(3) : 267-273.(in Chinese) )

H A KIIE S IE TR Rossby IS #—55 "R UIEFEAR R [ T]. TRk, 1988, 46(4) :
412-420. ( LU Ke-li. Large orography and barotropic solitary Rossby waves—weak quadric
shearing basic flow[ J]. Acta Meteorologica Sinica, 1988, 46(4) ; 412-420.(in Chinese) )
i, BAE. % & B 251k T 4 Rossby B[ J]. W FHELSA A 1%, 1992, 13(1) ; 35-44.(LIU
Shi-kuo, TAN Ben-kui. Rossby waves with the change of 8 [J]. Applied Mathematics and
Mechawics, 1992, 13(1) ; 35-44.(in Chinese) )

BEMF. %8 B BEL B Z LT 1Y Rossby IRz 5 7RLZE[ I . WHRR AR, 1995, 6(2) :
220-227.(LUO De-hai. Solitary Rossby waves with the beta parameter and dipole blocking[ J ].
Quarterly Journal of Applied Meteorology, 1995, 6(2) : 220-227.(in Chinese) )

Pedlosky J. Geophysical Fluid Dynamics| M]. New York: Springer-Verlag New York Inc,
1987, 108-109.

Kuo H L. Dynamic instability of two-dimensional nondivergent flow in a barotropic atmos-
phere[ J]. Journal of the Atmospheric Sciences, 1949, 6(2) . 105-122.



xE X & A4 o B 5 223

Rossby Waves Excited by Large Topography and
Beta Change in Barotropic Atmosphere

SONG Jian', LIU Quan-sheng’, YANG Lian-gui’
(1. College of Sciences, Inner Mongolia University of Technology,
Hohhot 010051, P.R.China;

2. School of Mathematical Sciences, Inner Mongolia University,
Hohhot 010021, P.R.China)

Abstract: Based on the potential vorticity equation, the large topography and the change of
Rossby wave parameter 8 with the latitude were considered and parameter 6 was introduced.
With the normal mode method, the Rossby wave phase velocity formula was obtained in the
high latitude regions with the large topography, the Froude number and parameter 6. The re-
search points out that the large topography and the Froude number under the change of 8 influ-
ence the stability of Rossby waves, and these factors usually play a stabilizing part in the Ross-
by waves.
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