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Abstract Wave and basic flow are the two primary forms of atmospheric motions, and their interaction may lead to
various weather phenomena. As a basic subject of atmospheric dynamics, studies of wave - flow interaction are of
significance in academic and scientific senses. The wave — flow interaction theory includes two aspects: (1) the
“wave-activity” (conservation) equation which describes the effect of basic flow on wave; (2) the E-P flux and wave
transformation and propagation theories that represent the feedback of wave to basic flow. Not only many important
advancements had been made in the theoretical researches, such as the proposal of E-P flux, introduction of residual
circulation, appearance of extended E-P flux, construction of three-dimension E-P flux, and progresses of “wave-ac-

tivity” conservation equation, abrupt change of wave, wave — flow steady structure, wave transforming and its great
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circle route and remote correlation of low-frequency waves, etc. , but also a lot of achievements had been accom-
plished in the applications of these theories, including the scientific explanations to the quasi-biennial oscillation
(QBO) of stratospheric zonal wind in the equator, the stratospheric sudden warming over the polar region, the
maintaining effect of transient wave on blocking high, the acceleration of upper level jet stream and the remote corre-
lation of low-frequency waves. Especially, these researches of wave — flow interaction provide the theoretical founda-
tions and scientific methods for the forecast of planetary wave propagation, the investigations of storm track and the
diagnosis of convergence and divergence of wave energy in real atmosphere. From small-amplitude and finite-ampli-
tude aspects, the research progresses of wave - flow interaction and wave propagation theories in China and overseas
countries are reviewed in this paper. Focusing on the investigations of wave — flow interaction and wave-propagation
modes in large-scale circulation, the authors bring forward the mechanism and theoretical mode for multi-scale wave
- flow interaction under various dynamic and thermal backgrounds, and reveal the nonlinear atmospheric dynamic ab-
rupt change and its steady structure theories. Compared with the above investigations, the stability study of compli-
cated wave — flow interaction caused by heating source and topography forcings is unsubstantial. Especially, the
effects of atmospheric water cycle and topography of the Tibetan Plateau on wave - flow interaction of synoptic sys-

tems with various scales are not clearly known. It would become an important branch for wave - flow interaction re-

search in the future.

Key words

1 5|§

TERSBEABIEH . HH  2ZHE— I By
i A S GRS AL > . — M
TEOUT o+ AT o)y A B (] P-4 L 5 o - 2
SO HIE B ARATREA S . JEY R A Z ]
W 221NN AS . X AR A7 i i AT I SE R R
B[R AR TR 7 68+ (EL[R] I oy 2 1 4n o]
B R AL BEREA 25 55 40 Bl 45 22 1) 5% AR 1) 4% il )
Lbr by — D RARG B A 23 AR R T RS
FA ST 4 B K LA AT Z 18] AR A
.

YU A ANIEAZS 22 6] (8 A LA AT AR D it
FHEAERT, B 37 48 192 Y B i sl 45,
W AR R R AR . AT, A
1R ACY B B2 25 (26 ) - 24 B[R] 42
PERIEADS . WO B UF . AR BAT AR 15
i 5 - 24 AL A I8 B0 A1 2 S0 = [ A A A A
AT AR EL A P B ) DL i e — 2 i 2R B
G, Biln, MR S0 AR DR BE R LR RS
VIZAR PG RAEPTAER G s AT R AL S
FUZ BRG] LU R A MR 5 R X
AR E-P 1 i M Al DU R 2 T =S &
T s A TR R I, KAk
B AR — B E NI S IR LR,

wave-flow interaction, wave-propagation modes, E-P flux, wave-activity equation

BRI R RIS AR 52

PR EAE I ROE R F AP TN, —
5 TAI 2 AT LA 34 B A 00 08 Bl R e AR
7 (SpHED T RERIBEGE . 53— J7 T v] LAk sl
X HEA A S E T ) E-P 3 DL AGRIE S |« 15 4%
FHIB I

Shepherd"® Fl Haynes ™ %} “IAE " 8% L&
XFE): “PAER” —H (P Pisha, /M
R AR B P SR i i =k 5 B =k Oy LA
wave activity may be defined to be a conserved dis-
turbance quantity that is quadratic (or of higher

order) in the disturbance fields in the small-ampli-

tude limit ], P AF A 5 2 Q0 R Ry Mo i e 5 e
%+V-F:& D)

Horp, AR AR R F AR SR E R, S
AR ey i 0 R 48 ) I 4 BRI R S5 500 30 PR A4 J Y
PACI ., WA (1) AT AR Y P AE E F A4
AR EOT LA DB % A (FERERR R IE T
AL RS —Fh R DD 1 R B T AR HL, I
SEGRASI 1 R b K R R 0 . XTI 1k
A TA I HAE BB A& R Ge. Pt
JESFIE . Bl

%MAmwwza

Eliassen 1 Palm™ % 4% T Eliassen-Palm



6 34 TRAEEAE PO AR S B s AR s

No. 6

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes 1239

AR E-P i) IS, ERIEIL s 4 3h
IS A A ) g ik o AL PSR AT
AR A i ) - X AT R e T LA O

W roe =L glipe, 2)
92‘ ‘Oo

Horpr, =7 ARG w12 . 0" FRO 28 ) A3 PR 53
i,
Fep:*p() ;’;’j +I]\% Hk

PRl E-Piit, WA (2) aJLAFEH . E-P il EHL
JECY o F ) e T P8 shx 26 1) 24 50 0 S i/
s M ARG T , dEE E-P 3
SN LR PE PR, AR E-P a2 55 4
XU XL, E-P 3d s B 5 /IR e i i AE B AR
A IREER T H2Z —, 7 Rossby I fEH#E . K
SIS LA SO 298 R 1 1 R 45 Ty 1 ISR
RENTIZ N . E-P 3 s 40 00 6 Pk S B 1%
BRI R, HAMREHEM, i, X F
B IS ) AR T /MR IR U 8, E-P il iR
AR SFED Jr R r /R A s X T2
A AR R BT, 7E Wentzel-Kramers-
Brillouin (WKB) JE@IF, E-P @R E F M5
PR Iy o AT, AR RE B AL 4G 7 )5 7R
HEHD AR RUT , E-P 3 o iR 5 o b A 457 3400 B 1)
28 ) 38 i E L

BAERTRE (D Mg mp P28 g b i fe (2
RABRN . XTSRS m 3 i
PRl 72 WKB TR, Al Ry A il il &
F ME-Pig i F * 2 AHF A, &R R E ()X
Z. Bp

Fo=F = Ac,. (3)
PNIIER
du__ . __19JA
E fo" = o 4

AT SWHBZ M EIE IR, B
Ve f R Btk . it (4 AT, X H AR A
T A Sh i B IR R, R R Y I Bl
(DA/It=>0) ¥4 H] 55 2 ) F- 4 FEA I (du/9t<<
0) s P B ICE 1) -3 LA A RE s TEUR G
8l (0A/9t=20) W3R ILASI (du/9:=>0), 5
() BE R e ¥ ol 2 1) P B AR I R . PRI,
T RE AL . BN 2 ] V-3 B AR S A e b A
YER, M E e TSRS A & AR

TEWFFE SRR AR BLAE S R Rl AT
¥ BOCH ) 1A IRIRTEIEL M B A BAEH . 73X
TR T — RN

Energy-Casimir J7 48 20 tHh4d 80 44 LA KT
SR SAR KRR E TR I EZ —, ERAE
IR £ 2 Arnold™ 1y 60 4R TAESEREZ 1
RIEFERN . Arnold 4877 I L5 Se g flhiih (dupR
S BUMETE” ) IrEES ARk, WF5E T 4. ToR
AT 4 AR R AR PR E PR (R, ST 1 A
et e I . B Arnol'd 45— FLAIEE —
B bR AR TR Arnol'd J5 ik, LR
& “Energy-Casimir” J5 g 10, P &N A
Arnold J7 ik () LAt b & T —Fh T AR 43 5
X RGN rh A R REARIA Q5 R e 5%
B R LG T RS fE TIRA RGN
5T, HEAL T — RAVIEL MR e AR . Mu 20
WAL S A T Energy-Casimir Jrik. @7 “4EIE/k
HEH AR 5 5 22 J2 1 e A A L R A 1 P = 4
LRSS HEH S 12 SRS E TR . e T sk
RIBR AT S A R

Energy-Casimir J5 58—~ 26 2587 0%
VYERI 7 #2. Meintyre 251 ) | Energy-Casimir J7
P SE T HEH AL DL T AR SR 4 B A Eule-
rian JE A BRI HAE ISP HE 5 2 AT 4E
L HE Arnol'd Jy gk BUE 24K 1 Casimir pR
BN, 2 508 WA Z RFE— & 2R
KZ AL B BRI 05 480 B8 12 i/ FH ~F 1E 07 F
XA R IR — R IR R DA s . B
SPPEE S BEAS S B I RO FR PR DG, BRI
HIEEEPETC K o

Haynes™ i — &7 T Mcintyre 250 4 #
. TEERTAAR R P, R AT “46 ¢ Momentum-Ca-
simir” Fl “#i & Energy-Casimir” ¥, 4% Ham-
iltonian 3l J] 2= 1 25, 51 iE Casimir pf A A8
T H R 1R PRBEAS S AN 2 ) X PR A
i SR AREUE AT R FRIR R M ROy R, HCi
A P %85 R A T 3 R T RRRL A8 1 R R o 1%
VEFA 7 AT R 5 A A G 220K RS A ERAT:

Scinocca &M ZRGE M Hb A T 4nfal A < Mo-
mentum-Casimir” F “Energy-Casimir” J5 % #E S
WAER 7, #4E Noether £ F, Hamiltonian 3jj



P 31 &

1240 Chinese Journal of Atmospheric Sciences Vol. 31
12 R AR N RE s R AIRIEIR S, AR A8 AR 7 R
U — gOH 5y BITOT SRR SR . A2

ou SR KT R I 2 AR TSR A . A AR Sk 14]

U, —— 1% , 6)  MENELEE, M T 5 Long M (KA T

Hp, U Mg ke, H 2RGE AR
8¢ Hamiltonian iK%, M 2 RGdha, J EHER
T AR 7 R “a” 3 i 2R B ) S ) ) R
¥, 7€ Hamiltonian RZeHr, QIARBEAN U R EH
1), A4zl (5) AL W A=HWU)—HWU) +
EWUO—EW) (Hv, URNU WAL, E f Ca-
simir BRECRNE ) 768 W AL U 41— 28 4

%, Rl
oAl _oH ok _
8U U=U o BU U=U 6U U=U O. (7)

XRE, A FPAUGRER T s A 1 F Jr R B iR Yy B
DI BT, A BRo IR R /E % (g
A R A . X A SR a5 8 k]
PIAREIE AN (1) 200 $0RE & i VE <P E 7 fE . [H]
B QUREEAR U TR, A5 285X
(6) Al ¥ J=MWU)—MU)+EWU)—E)
A B FRIEADS U A — M As 4y 2, R

ol _ oM oE _
U oo oUlpw Ulwe & @

[FIAE T HAORER T PRS2 11 J7 20 8 = Yk 7 S
DI RARSRET, J AR sl s AR S (53)
HAKPAE R o X T R R S8, k]
DA B h 5 P AE S fE 7 2. iX 82 “Momen-
tum-Casimir” fl “Energy-Casimir” J5 % i 3L 2 JE
A, Scinocca S AR L R 41 E R Ham-
iltonian i J12E RGE ML, A (7 F1 (8) =k
T A BRYRIE AL RE AN B e AR S E T AR, T
Ferfr & TR ] Eulerian A8 8327819, JFUER] 24K
PRI a0 I 7 WKB LR » B4 T i
FEW R F=Ac, KR . X PFEAE FH ST 18 J7 B2 X 1
(I IEA SRR $PLRE 5t I A P <748 7 R X g
FE T AL AT LA S 1) X PR Y .
o AT DU ER [a] AERTPRIP) 5 8L 2l i ipe A/ <318 7 2
X I P AR AU A2 2 ) X AR B AT DA R Y
W n] D2 dRE Wi

Scinocca Fil Peltier ™ 1] F 4 ] 3F % FR 3k 4 <,
i A BRI IR UL RE S A TSP E B2 W o TR
W WER 1) R A R AR s A 45 SRR W IEACHOAN

PIAERR S JR A FEAS ) A I/ IR R F0 A BR 4
WA FRIR 23 8] 43 A3 NS TRIE AR RFAET) . Ren ™ FI|
Arnold Jy eSS 1 2 M Ve /K 452 X A BIR 4% i I8
YERAAE &, IFHE TR SR 1 451 . Bru-
net S5 SFI A KR 2 A B 4R e D VR (L8l
) JT AR TR ER B R XS Rossby 1)
R RS B R 2R B A T MR 26 J32 s X [
Hh 2 L X U

BAE R FERR 1 AT T2 W i sl 5 A
A EAER s AT F T BT R e Ui ]
2SRRI SN 0 i B AT A AL 46 FlE A2 . Bru-
net "] FHR /KR AL (1) $01 3 5 400 A 5 I VE FH 2%
Tk, @V T AR IEZRIE (Empirical Nor-
mal Modes, ENMs), Hi 285 1F A2 BB i8Rk H 1
P 2255 5 450 1E 38 s 8 (Empirical Orthogo-
nal Functions, EOFs) W7 ZHEAN, A
220 IEAC PR e TR IE . XA IE A HE (Normal
Mode) B2y MR, PRI Z S0 IE A B EIS S 1T
PR FE AR, TEEANIZ R T — B
Gk, Zadra S50V F M Bh ) 2 FR G0 00 A P <P
DR T RN Tl o a1 s N i o 1 D
NCEP f43 Hrget 3 1 IE ACHEAS M AL R R Pk
Charron 88" SR 450 IEASHE B 5T T RS
R T BV BRI L ROV A S U S b X
BIP=re . A4 . & B R BE B8 1 ] 8, Chen 265 F|
MAREASKITIEZ W BT T MMS AU RE X
RN . A E-P i g R HHLRE A0 1 R X b i
JiE Rossby I 7= £ AL .

B A BAE 5 B IR A s e in]
PLBHIE] 19 40 Rayleigh™ 3¢ 7 i i #F 58 1T
Y A PS4 i 7 A 322 A R B Y
FERGE U . 2R, P2 ENIMIR LR EH
P AR BAE R RIREAEAT T 7 2 IR AR BFSE, B
137 PR, ALAIFRBCRE 2 D55 .

2 RimHEEEHR

1939 4F, Rossby ™ B 2e1HE T 4i 1 F 34 5
W Z MR . 48 AR5 4 ) A . 2ok



6 34 TRAEEAE PO AR S B s AR s

No. 6

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes 1241

ANERT B I T m PR 5l R ZIR4K . Rossby
LG Y T S WA A G FE B 3 . Char-
ney %S SRR SR ZARZAT B EE M 2l ) 2 )2 A%
FEmF, 42 T F AR R R

E-P i@ & He i O0 S e T e 87 B R P 3h 3k
IO [ 5 o] - X AR S 43 T B AR B B 3l i
et AP Sl A A T X 4 ] P S B A R AR A Y
9838 . fF Eliassen 1 Palm™ 89 T35l -, An-
drews il Mclntyre™™ & X o & 74 (o F
w" ), GRS A 5 | A LR 17 1 AR T Mchr
JEEH . EUHET T E-P Gl RIS, AR AR ST
SEUSIPRAN T IR 25 T 35 28 T RCRL 5 AR rh R AR ER
T ELE L A TR AR PR 58 4 B AR A AR i
PE, FrITEIE LT . E-P ol R EE S
B R LR 10 P EEA A I S G . A2 S
BORIAR T AE M s AT SS T ZEXHRZ N E-
P i 512 Wi 1] - SRR A S i 1) 25 1 e
190/9p | HeEER, HUETCH B AR ga Sk, i
Ja AR E AL P BT . AR . s £ B b IX 5
e S S Y 200 hPa 8 Hs T /2 3% =A%, X
WAt I 2 A W58 & B 200 hPa S5 K TH F E-P i@
AR R G B T 1S = 25 2 A 6 1 P2 R
M 2 hE 5983 . Andrews Fil Mclntyre® 3% Ff]
TLAS B HAFE 07, tk—0 40 E-P ol e )
B R4 W P 2. JF B2 A BRI i A o
MeclntyreP 5846 H T~ SCRLRS B3 H OF- 35 38 v 1)
BeAE R MR A S B A S, h T ATr
FER I GER B B A A BB 7R 52 B i
AIRKIHAE

Plumb"™ WF5E T #E #3305 b1 & i 7 2 3 A
SRR 2 B SRS, @5 A—ATC
R E, HES T AR V- 24 0 )R b A R O
T,

A,
at

He, AL MRS R F X R B E RS, Fo o =4k
WAE R, Hlt— IR T AR ARSI, 76
ST, Fo BST F AR, AT TR
ZHIS AL R R, & 2L Pk Rossby 41
T R SR A bR SR A AT PE ARG L JERE
FERTPG A A 2 Ao HA L B SRS 5 1R sh i
AHEAE A . e FERE ., Plumb™ g — 2 4f

+VeF =G,

FE T I E] -4 1) = HE A 5 /MR i A i 3 114
FHEAE 5 e 18] - 2 A =5 1) A2 A AR
TN AT I )P ) = AR T R
IM
a

TEFIBGR AT » PR E & My AT TREETE
Kuroda™* M4 Matsuno™" ) K 1 i i 5% 395, %
SR KRR o, BIFOE T 2 o I =4k
E-P s FIA/E R 7 fe s iR, 5 B % XU
B E-P il #5305 Plumb 73 2 1 45 505
HAIE], X UEHIX AT R R EEZ 8, b KA R
Sy, Plumb 7521 E-P i & FE AR H 7 #2 A A
SR .

Lau I Holopainen"™ & J& Tt [A] - 34 J5 7 14
SEARAR T, G T sl o i s P s A
WMENEMN; 5 EPEE2Eia . XFhrk
R Bk A5 Bk 2D AR R RRAE 1Y fF B, Young I
Rhines™" -0 1000 B R # 80, HES: T ARl
RESFAE AR, (H X A R 7E S b KA AN idE .
Hoskins 257 @ X TR & E, fEHEFVIEMIT, &
SRR, HAPT TR, 5§ EPMaERs
A, B S Z A PR C R,

Pleffer™ FI| & Gt Bk i 7 R AR TE KB 5 A 1)
W T X AP ILURARZ 1B s 5 i 1n) P R AR
T B AH AR BIF5E R B 3l AR B 3l 1 %o 44 o)
I EEARR S AR, PBh Bl iR
Xof YL J2 v S Tt 2 AR 8 ) P X AR A A sk
Sk . ASTERGL R & AL G A R ], E-P
Ko 5 26 ) P A R B AR S Y
H ARG S IEAE DG s SRR IR A G AR HL IR ) 3
SE-Pi#li it (%) 3 B i S UAH G, Pleffer XFULiE4T
TR MZES BT/ E-P ol R T E
SRR AW N ; )28 S8 5 KAt E-P
I IR | RS 1) - R AU A 3 0
e,

Tung"™* FI| S50 A b vh B 4G 5 BRI ST T 26 1)
PRPEARS AR TS, 45 T AR SR T
SERA R E-P R U AE L (O - ).
T E-P i U HUEE 5 46 I - 24 B AR 0 R R
I Ertel {7 il YK &R, JFTie T E-P i &
LIS EAEIAE . Yang FIl Olaguer™ FI ] Tung
e T 1) S A bR R AR Hb 3G E-P i £ OC R AR

+V'MT:SM$



P 31 &

1242 Chinese Journal of Atmospheric Sciences

Vol. 31

TR (K R R ILFE BN R 2245 19 0=
(FRR ViR
Talcaya" " FH i s e oz s B2 5 g AR
FUTATIE -2, 45 0 & e R B R AR
Hh /NI W W A U A B A L 7
IM
at

Hep, M= A+E)/2 AU mEEH SR, |
WeAlhE A MY ShAE E bt Bty s, 3 Bk F
Wi AR ARG RLT o e A W T =
AR, NULIEAE R 5 W 2127 Rossby i =
A ALK A 1 T H,

TR ESR R L R AT WA AR e
MR TV A ) T, 20 4D 40 4EAR, mHF
IEV SRS T OE B T DL ) R R AL, 2
K REmAECIE . 20 40 80 4EAX, B gAY
FIFHELANE RIS i R G ST T AR 3 10 D A B
Wy WHE T LB I A RE AL R M, Zeng ™ 7E
BRI KRR BE Y 2l 3 A8 R AR A A9 P
W FERERRAAE T . BT RERE RN . ARG P n]
PASE AW R ) i W . A 45 ) 37 i A8 IR SRR ot T
A5 AU B NI Bh R¥ . Zeng A Zhang™™ () i
FREERIRI , LS B AR BAE R A EEAE
H

GRS S E-P il R B ) B Bk
0 A AT R DR R = 4R SR U S I
FEHIT B IALREEEE . IR T BRI R T R PRI
YERSFIE DR, FF45 R 7EdC A BR OB 5 2 I 5%
TR AT R AR A S — X
B X Z T P E T B2 5 — 3
SR BEXT 2 T 2 F8 IR B 2 TR
Wu 00 E-P i it — ) 2 RA.

X 2 A s R # H  IE HE Rossby
1) 4 JB 5 A5 R T Rossby I 1) 31 1 28 [] i 3% 1%
ARSI &0 o A s BEEBE R KRS & Bk F
Rossby {8 134 B 25 ) i 158 FNBE A0 09 H 0 A .
X 2 AR GRS T RERN X Rossby 33
ARG AL s, BEEAE R R, FERRUER
hr, WA AR YESON . T8 it Rossby 3, s i 3k
T B E A R R S 2 5 I AR 5, 7E— 2/
SR AT A BBt ph S A (A 1 (A % . B
S F SR PRI (03 D R R WKB i (M %

+VeW= Dy,

S AR 57 J2 45 0 25 0] G278 BE A S Rossby
WeRERL . VE IR RE M SFIE AR . PR R4 A
T Hs 0 BE 7 ARt R BT I U =2 ) BE i B 48 19 2 1
FHGIANZ 98 7 G Sine-Gordon J5 F2 K H KT
A, WIS b 3E— 20k B IR 2 i 1) 5t 38 % BH 28 TP
P A 7 AR B AR D 2 AR TE
ORI T A IR IR A I AE I 2 R IX R AR K
SRR EOVERT, RIS R R, R i 3l S K
R KIS B R FMUKA 7 X, L5
PRUAH BRI o AERR 1 B st DX iRy 45 3 DX K
VRSP o Ik SCTE S5 40 B T VLI A B R B AR
Z= E-P il ny s AR oL . 45 R R 4R E-P il A
A0°N BT S 0B 4R B RHAE . 87 AFETE 30N BiHE 42 vk
BRHE . HIP B SRR R R B3 .

R S SO A U A B AR U T R T —
IV LAE, AU T R Bh 5 s S AR B
YERRIRER, WA TSI A DGR AR 5 A I LA
SO EAE T4 ) 5 4 E-P & B e )
RUERA, &l XRUE R E-P i, A
FHZRRE X 25 2 AT 712 W o A A 3L fige
B o 1o ST S o e A A FH IR AR
BEXS IR B VLR B AR A L $R M T A s
AT A B . RDBRAS AR B O AR N
By Ak 25 2 ) -2 A P Y S
TS, hnak T A S M T N R AR
PR BT RARZ B A X Je—Fh (RS A4S
A S AER AR e, PP AR A B W B H i
O 2 S B O T ME 5 o g S 55 4500 R AR AR
75 S R B AH AR P ST bk 4 S BEL B3R
TR INIRARFS o WA T LA R b T A 2 A1 fuf B v
SHWMEE R R, AT T i ) B A
iR S —FopE A E-P s s Z [\ C R,
Mg R R Y], 8 200 hPa £ [a] LA i 20 X
W BB E-P i i B3 25 0 4 1) BEAS R Kk Jie
SR E SN -, I HL4 1) BEAS S0 Y i 5 s
FEZ ML E-P i v 5h 3 2 0 4 ) ik
TR o T R A A B TR A
() —AN T A R, R AR Y AE McFarlane!™ 8
JIcH RSB 7 kA b, 5 T S
ol 1) Bl B 6] 5 1) - R R e SRR 2P
iE T McFarlane W ) I3 S EUE T .

Brae RO S B S e S T AE R T



6 34 TRAEEAE PO AR S B s AR s

No. 6

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes 1243

e AN 1Y E-P sl i, IEH] T i Eliassen il
Palm"*' 5: H (133 s B 56 R 5 1 Lorenz ™ 5 11
RAFERIGA RN —BNE, IR G n 4 i85k
F Y E-P i U RERMEA TR X 5 Ol . H
b 2= WA B PR A A AR AR B

BR T RRIERSE, ML RAEAEHIE S
H RUBE R G 10 & e it A8 B I AR OC . T — L FH Tk
U E-P i e 5 A B REE X R s 3h )
2RI N W A U a EZeY - B R = T R =V
AT T ARAE R B 5 s 1) BRI AR ELVE A4
A EP @ =0 AR A Y SR A
RBEPB a5 REASRATEAE A A-BIRFT 7, I
FEIC AR AR 1) A2 4 2 52 98 A8 2% R S8 i AT 1)
W 25 A AR AR 2R MRS 1 Tn) R
Tan % BT A-B IR AT R 0B 45 % g RSk
TSR JE AR L AR AL R S e . A AR |, Ran
HI Gao™ % A Momentum-Casimir . T =
AL H A A T ) P A AU Sl iR DT R
LI T AH B A PRI 58 A R ) v RUBE Sk, 1%
AR AE Tl B PO [F] Y Casimir R ECA] LA
W RS 5 A FEA R EAE .

Br T3 ez Ah, ESR R EE W R
TR TR AR B BUE AU R 2 W o b
WF5T o W SCRIEE SRR ) — i AH BR & J de Jr
PRSI 1 HE W BEAC S AT AL R LAY
s VER], DEREURED], A AR R
M ALL v 2 A [ - Y3 3 S e W AT R D ) ik
AR . TEP WA AR B LR . s i
XA LN B4R IS I AR PR S AL K KI5 . A0k il
TR T E K, BFSE T 1983/1984 Al
1986/ 1987 P22 rp 2443 J4 i IX AR AR 3L 18] PO A 22
YEFRHIE » 45 S 3 BH IR Hi DXO6) 3t 1 B 1) 25 57 X6 X
FPAIEAE A B2, fh B R e i e G
TR ZEIE F i R B RE 2 W o b e
t TEFHEEERIE AT o TP AH BEAER], (1
SRt v+ I LA B AR RSP b DRI R
PUTEH DA AN R A e Al RIE R B, BHIEIE
PAERFIA ], T AR BT, AT B R Y
WG s TE 9 I8 0TI -, o 05 o 30 e A B A R A7
TR RE ISP . ARAR IS AR L H T ) o
BEWTIE T AT R, AR 2S5 R8T AR
SR EEA S AN R £ B2 19 B AN W AT R TR A

{EHR 25 £ R
3 RRRERERFEEES

KRB B AR e T () U KA BN )2 i AR ]
Rz —, VA BAE R AR R AR e MR R R
SREMEIET A — DN EENE .. DIENEERE
PEFRIS AT SR AR ERL Iy v ) S %
EAEL ) BIR A . sk S 2R MA s PR BES (0E A T/
SEIE . TR I IE G 3, H2Z R
WANREZS 1 T 40 30 A v A8 1 5 | A 1) AR A 1Y) A
b BT AG A B AN G A A P b i s e vk
[, 5546, T ESENAATE, PRERTE
SRR R BT A RAG LS, BT DABLAR I 58 D I
Vi H RS e PR R AL, 20 A A 2 v B e
£ I

2 SRR BT PR 2R Pk B g 2R A R 5
TIHARS AR P A R NIRG AR UK
YRR, BFSESE IR R, P XUBR 20 AN Fo e A 1Y
FAUE| S i N N - S R oA N syt
MG, i B WA, X2
WHER S BRI E 8 — B, SR AET % R
KA B AR SH I 18 1) XF 2518 7 3l i
Rossby W RUBTER » #5728 1% % 5l Rossby
HRREME LR EAER R, REH
HIOC T AL MR 8 VRO 9T ) T A8 SOR A S (B
XT PR BRI K M T 58 38 7 | S 1Y) 2 4 A ik A B A
FY R RS R P ) AL ) A 5 R R R 106 B V55

1E 20 tH42 70 4%, Charney Fl Devorel ™ 3% H
1o B A U 9 BH 2 i T L . B I [ P 4
REKG A HEN KA MAEL R T T 2R
ARG o 2 IE A5 3 AT, 48R e —
ATz s RBE N RSP AR Fh oS AE 4. 1)
SHEEFNPE T S T A MO X — L]
Gy “SRARE” BT R R AT LBk g T
THIAEGRARRY FERTA G 2 B AR el 3 T
R R SR HATORSE, R TR AN H
RAR” G, M RTHES RS A R TR
FARMERA FEAELMERENE T T 6 WUR A R R
1 CISK HLHIRFIE . FRAEFES SBE5E T s
FETEZEAL « AH AR RE 8 078 B AR B T iR 1 52 Wil 1)
[, 5T Liapunov Fe PE RIS &4k 3 Sy HEE AL,
7R T YL Bl ARG S 1] 95 357 114 5 i 855007 1R ASORUBE 2R



P 31 &

1244 Chinese Journal of Atmospheric Sciences

Vol. 31

GEPL SR e PERE S S HOAH B AMRRAE . Jr B R
ZR 45 i 5~ A R B e R R R T Bl R AR TR
SCENTZBIMAHEIC R X S AH FERRIE AT DLSRAE R
4R T SCE R, A B TRAT RS AT
ER . RGER SR PG 3 B L H R e R R 4R
o BN, fERFRBIELE A —A TR RGN
LB SAH B AR ANAS T RIS A, TSR R it
JERE AT . ARL M 5 MR S5 R LA B T e
BHIRREL . SASRY IR, S TR RR I R &
WARZe 3 ) R G h AR PSS H 3 ) R 452
RAHL,

TR e — P i RS, fEad L ry it
FEHR AT HE X R IR 325 SRR B S — 4
Rossby i, B, Wallace %5 ZE R 53 IRAH% 377 1)
FIREES ] I 4 o AR IR ¥ 1 7K 25 1 gl — 4k
Rossby %1 ; Hoskins 255 F] Bk 1] Rossby A%
R IR PR A FISR A B R 2 AL R I 45 2
SRS R, RSR G AT A B R
[ri] 1283 1) B3k A B e ATl 26 P 3 o o 00 ) 1) R
] b AR A 2RI . AR 22 38 XA IR 35 1 fik
RAFMEREHLHI T R b 58 . BOURAR K i, R4S
Ut HOERGHERE N . KT B Y)AE . SRR A/ 5
& AR A5 . BRI R
15 Bl LA S PG RS v 5006 B S A2 S M (A 3 1
EAMERB I EER R, Xu Z5 X SR R 5] A%
FEARAR R IR TR . LR G EIT T PR R 32 1Y)
fil AL 5 RS 3 1) 32 2 K7 ARSI 5 )%
HRPR G IR BRI DL S ARIRR 32 5 76 XS5 Za 2 A
MR RS B TR R Z B G R 55 . TEI AL B, 1R
FEAEE SR P 5 108 2 5 BRI Rossby T ¢
RAWEIE, TEANH AT T IR PR, BEA
BIRF- L BESS T HOM A CEROK RO R AT 1) % 1
LML REIE R B SIE R &5, BFoE 4 R
WY, AR BRAR, ARAT IR B, 28 1) A5 R 1 4
fE i i 2 . Ghil ™ BT T AR AR A L, 32 H
Z i B A, XD 22 I B 4 1 R S A
FWRRASARATAE AL IR DL o 22 AR PR CR AR
P )— T AR ARSI G R AAAFAE TR
I H A T X, IR E SRS T
P B b s 5 B R B N IR A R E

Hoskins 2 p7 56 #2 HH Rossby J# K 7 #i¢ .
LT b R 1 RA IR ) AR R o) AR AERE B G . AR

TBAF 04 Hoskins 45 19 KR BRI 4T 240 & S5 bR
PO RUER AN TR A2 A v, B 1 AR I8 I8 Sh
Zk “RBEIAR” AIEH) LTS, g R
F, BARN « FEAS VY XU I TE 25 14 5% e 1 2
HALRE RS, RECRIE BRI s KHE 8a8 Bk
PSR T I ER s 20 5 2 )RR AE 5 bR 25
F i 1 KA ESE R R B UIAHOG s 27 7% JE 5L PR v
R ERL , Wt nT SRIE TR IR R . TR it
— 2 P LA 0 . HJE R ) 558 B 2
XF Z4E Rossby I 10 T 2 i 47 BRI F Y . 4K
(B2 SR W b T U e RIS i 1) 48 o] 1 4 It A S 4
PiRL s A5 — s B 2R ) R 5 1) e A% 4 R 0 15 5
IREHEAFEER, R AT AL 46 W 81 53 ST %
Ti] i IR Z L DX A4 X SIS W] DL PR 1
— “REPKAE"; 75T Pr KT 5 2 ) AP XUy
LRI ARASTRE AT B 5% I B iR 81

Wallace il Gutzler™ & B ANRFRIEF . ZRARF
BT i CnJe/RIEiE S . FE R xt X
PR TR A B MR N, RIS B AT S B DR
A KREFEACEB AT (PNA) , R ppfiagos oy
TS E AR R Ay w8 T | B A DGR,
M Z RESshES WKB i RIEF S T #0R =S 1]
SERRE S 22 ) AL R B AR A8 T8 SR R 78 22 (1]
MIDCZR » PRIMIRATUIE 1) A% 405 A% B i W i 22 (] R 3
PR R B AN A5 [A) 548 Z [R] Y AT RBEK R . ST 1 2]
PO XA 5 38 1) 2= 0 2B AR AR 1 50 o 47
RA P e S 48 S AR AT (1 Z 19 Rk . U T4k
AR SUNE R,

H i 243 32 b DX B 5 L X CBEBh R &
A8 ) R AR A B 5 1) 7 — A ELZE N %E . Char-
ney " UBIFGEF H H A E 5 i AT LA OK B s s 4
FERIRSIS, 45 I3 2 ik 26 ) 724 3k M 1% 4%
BYANE . KI5 SR B, £ P SRR A8 IR
ARG AR B HIX A L 2 a] DLEF I i s X
AGT—PERI & B X 3. Yasunari ™ 58 K 3,
W ALERAS B AR 40 K1Y 25 1 53 10T B2 1 X R
SIEELA VR0, Xm0 5 FR A [m)
J R o) AU SR S A A AR 5 R 23k 25 R Bl
FAE BRI RHE R S % UIAH ¢ . Sumathipale 1
Murakami' ™ A ko538 (A i 32 2 A2 iy b 2 BROR RS
BRI R R 2 B X 30~ 60 Kk JE i1 2
] VTR R 3 7 AR 1Y B R IR R 5 o T



6 34 TRAEEAE PO AR S B s AR s

No. 6

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes 1245

S AR 3 DR P R A AL L 3 5 6 R RO
AR PN BLA5H AR HL BRI S50 N 3K R
b AL B £ R XV e 2= T B A e e |
AL 14 215 3t DX A 5 3 00 8 R R RO D 174
IR . RAHEEES WRFE T i RS IR IR ¥
FAEI 2 55 B AL 2 3k v 26 B2 B 988 22 [ B A OG
Ph i B b DRI B ™ A 2R A AR AR LR v
DL O AT IS 98 0 2 ) 2R G PS5 AA R TE Jl )

4 AR RER T RAEN S

WA AR BB 1 2 R T B4R A
SEEE e A REIEE, I E-Paaf . f
AR GIHE, ) E-P A B, =4 E-Pad
AN BARRSHETIRR . PSR L PR E
VRSSO B R I A L ARt i 8 A G <5 B
A RS, T EL7ESE PR bt A 1 = A
Ao ARk M AR R T O GE P E AR P XU P AR IR
i~ T Z R S PSR A 0T BEL g Y 2 55
AR 23 SN LR OB A O 55 R ol DA T
AT RE ", HFFE KB F2 Wi 43 1T 52
PR BAR D RESR Hh XA A X 4R 3L 1 PR
Tl AR5

BORA AR N AT Z . 5 RBIRAE)
Jy 7 7 A AT b A [t A BR i A
HAFRBTTE R A, RELTE 4. 124 01k,
PR AR A T FEATAFAE VF 22 R A A DR i TRl L. 5
s FEAL SR PR AN AR e B, AT Td &
X T R B 1) -3, A AR A 228 1) 2 9] T A
WF9E E-P i £ 1] VB HA AT AR R i Z 7]
MIICER s R 1) - 24 el ] o 24 g 4 Ak 2 mT LA
WA RITRERI— i, R i, £
gt E-P il 5 H A8 AL R AL I 3 1 4815 J7 ) R B
J7 1) Bk . ANRERAEWEAR WS AR £ 1] T 1) LY
e, TAERFFER I Ja o R SR AR IR St
A LW W sh i 2 1) 2 4% s fAAE-P i
{1 AR 6 LB B IR Bl sl i AN I sl A A o X
2h 1) VR EAT R R BHER . ARE S M sh s
RISl A B A 128 068 A 4 18] - 2 A SO B B4R
o IR LEA RS E-P i e S2 PR ]
ARKERREE. 7350, XGRS -1, RZ
AT XRAUGEIERT o L4 17 VLT B AL
SRR RIRIFL RIS T —L805]

A R Tt — et 5635 5% .

Plumb“" Il Takaya"""' IA R (£ 4: E-P i i 1
JRBRYE, FEMEMBFE TR, BF5E 1 R I A R AR P
() = EALA% )8, £95) 7 =4k E-P i i ki
YER R . X SEBFIE TAEAEHS B AT TR B =4k
FRREFRIE Dy S TAR R IMER . [FIRHRATE 2
T AR FMEATIE 20 - Bk 058 = 2 ik i AH L AVE
FOTTREME . SR 336 26 = 24 I i AF B A ST BRI 3 12
S ST A R b A SR ARURN R T R Y, LA
ASBEAR G- i 52 e R ) M 550 AN AR 1 S
PEo FIoh, WL DL AE SEBR AR AE— 2 1 R
BRI, B, MRS A T mdi X, A
TR A X, ARG PG b IX, % i
U AT s AR 22 78 M Be sl o b % B LAl 4
Sk ) E-P A AR SRy R A 2R X
HA A5, XSS N RRAR 4 i B 5 e R I
BRI AL HE s HLUR, X2 AR B P AR R
YRS T DI Sl 18 HP AR B % AR 1 I RN
HRUEHE T 5 FJE . HEHLLBRIE AT IR HAA R, <<
1 KRB D), HR NGRS A b /R JEiZ
3.

1 AR A bR 2R T KA R AETE X L A
B, M HA T @GBS, R BRA R4 («,
) [, AR Z2E 30 55 990 R B A0 Ak A 2R F
FEAE MG ST /NI A R I 46 20 1 8 i A
VERm)E, b R BARE IR, Hth s —
S SR B, il . O R AT . SIS
S T TE TR AR RO L, R AR B2 T
Praab . /A% a8 X BT LA B0 J2 I 26 13 L (X
S T 22 A P A AR, R B TR AH B 1
TG, DI S0 AR AR 2 11 Il 27 D 3 AH B A FH 3
WEREEHATFRZE, W2 R R2AR5E

DA A FH e — Ay 2 T ST 0 1 B 2 )
B, B ERE T A EE LT E T IL T 0FE
SEWEI . EWHEITE T RS DFS IR A, AN B A
BRRE A B . 23 25 AT EE % R RS 19
RGEW AR ELAE ] B R BAS (A 5T, EXFHh R
BE RS i AH AR W BE SR A XA . fE 20 il
() 80~90 4FAR, AT 12 W 43 BT i 3L AH B A FH 1
FORLEA T2 R REEAE SOk, PR AR
A GORR O, AR BRAE . BT A 24 sk A AT 3 05
WFFE T WEHB 2 S0 AR YA 25 A T R e i A



PN

Chinese Journal of Atmospheric Sciences

1246

»y,
=

31
Vol. 31

AR SIARIAERE 3 0177 . X S i
A5 Z S B I KREEHS SRR IZ M BT K
RUEE R GE A BAE S AL R ()8, iR IRA T
TFF 5 o R 22 G0 B 95 A A S AL 4% . (H 2 3
TIBBL, A TSR B i A e o R
EB R B, R rh RUBE AR 7 P A AR (A =X
(4 MM5 ., WRF #1 ARPS 28) 7z i . TR E
TS BRI RAIRI R G o 3 | 25 MR A
JURIUE N (=30 - e T BN = g
(IR |« AR A G = e LE A R B R TR
OARIEFEN i JE N R R GE R A B 2S5
THA . R RERGEHT . ATAAT L)
FIEEAKRIE ST Re WSS A S B FIHIRE (1Y) 43 A1
S5 5 DO T RUBE R GE 1T LR RN R i A8 1R 4 7 3
WHIZW T F 9T . 1 ELS o] UEE ST A58 36 — 28
73 AR b A A5 1 A ST A 1 0 AR LA B
W RS I Fh RO AR B A A9 o B
K s WEFERTLZ N o RUBER 3 22 G (0T 10 R 4 S it
A5 St REERZh R G815 T 55 HA S W AH B
VERT s 0B A B4 EE AE SR 1 i —
Tl B i

1978 F1 1998 4Frh B2 F AR 78—k, 56
TR R R AR A . I S R R R ER
WA e G R0 15— 5 R R R
SR . B R R R R R R I, R
TR T 45 25 EBR AT R RLE R, W2
I PRATE T 78 Sk B 22 B TR R, U T
FAAIBIIE R, X 0 g A ) H K R N T
9 1 SR R BT 52 2% s T AN [ RUBE A I8 3 A B4
PRSP AL T W “HARIE” KB E KR .

KIRRRKTMIEAL R TTE, P RIERG K
Jr A S R T A . DA R A B
BT FEA X TR, B2 T IKREM.
P, FRATIN R BRI, TR 6 8 ). #4
JIFIHIE TS 5554 iR b 2 RE A B
IR A AP A BAE S — A Sy
Il .

S %3k (References)

[1] Lindzen R S, Holton J R. A theory of the quasi-biennial os-
cillatinn. J. Atmos. Sci. ., 1968, 25: 1095~1107
[27] Matsuno T. A dynamical model of the stratospheric sudden

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

warning. J. Atmos. Sci., 1971, 28 1479~1494

Gao Shouting, Tao Shiyan, Ding Yihui. The generalized E-P
{lux wave-meanfow interactions. Science in China (Series B) .
1990, 33. 704~715

Pfeffer R L. A study of eddy-induced fluctuations of the zonal-
mean wind using conventional and transformed Eulerian diag-
nostics. J. Atmos. Sci. » 1992, 49. 1036~1050

Gao Shouting, Zhang Hengde, Lu Weisong. Ageostrophic
generalized E-P {lux in baroclinic atmosphere. Chinese Phys.
Lert. , 2004, 21: 576~579

Shepherd T G. Symmetries, conservation laws, and hamilto-
nian structure in geophysical fluid dynamics. Adv. Geo-
phys. » 1990, 32, 287~338

Haynes P H. Forced, dissipative generalizations of finite-am-
plitude wave activity conservation relations for zonal and non-
zonal basic flows. J. Atmos. Sci. , 1988, 45 2352~2362
Eliassen A, Palm E. On the transfers of energy in stationary
mountain waves. Geofys. Publ. , 1961, 22. 1~23

Arnol’d V 1. Conditions for nonlinear stability of stationary
plane curvilinear flows of an ideal fluid. Dokl. Akad. Nauk.
USSR. , 1965, 162 975~ 978. English Transl. : Sowviet.
Math. , 1965, 6. 773~777

Arnol’d V1. On a priori estimate in the theory of hydrody-
namic stability. Izv. Vyssh. Uchebn. Zaved, Matematika,
1966, 54. 3~5. English Transl. : Amer. Math. Soc. Transl. ,
Series 2, 1966, 79. 267~269

BPRAE, A JE SRR LS n AR, AR,
1980, 12: 1193~1202

Zeng Qingcun, Lu Peisheng. Evolution of disturbance to a
nonuniform basic flow. Science in China (in Chinese), 1980,
12. 1193~1202

Mu Mu, Vladimirov V, Wu Yong-Hui. Energy-casimir and
energy-lagrange methods in the study of nonlinear symmetric
stability problems. J. Atmos. Sci. , 1999, 56. 400~411
McIntyre M E, Shepherd T G. An exact local conservation
theorem for finite amplitude disturbances to non-parallel
shear flows, with remarks on Hamiltonian structure and on
Arnol’d’s stability theorems. J. Fluid Mech. , 1987, 181.
527~565

Scinocca J F, Shepherd T G. Nonlinear wave-activity conser-
vation laws and Hamiltonian structure for the two-dimension-
al anelastic equations. J. Atmos. Sci. ., 1992, 49; 5~27
Scinocca J F, Peltier W R. Finite-amplitude wave-activity di-
agnostics for Long’s stationary solution. J. Atmos. Sci. .
1994, 51. 613~622

Scinocca J F, Peltier W R. The instability of Longs stationa-
ry solution and the evolution towards severe downslope wind-
storm flow. Part II. The application of finite amplitude local
wave activity flow diagnostics. J. Atmos. Sci., 1994, 51.

623~653



6 9
No.

TRAEEAE PO AR S B s AR s

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes

1247

[17]

(18]

[19]

[20]

[21]

[2z2]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Ren S. Finite-amplitude wave-activity invariants and nonlin-
ear stability theorems for shallow water semigeostrophic dy-
namics. J. Atmos. Sci. , 2000, 57. 3388~3397

Brunet G, Haynes P H. Low-latitude reflection of Rossby
wave trains. J. Atmos. Sci., 1996, 53 482~496

Brunet G. Empirical normal-mode analysis of atmospheric da-
ta. J. Atmos. Sci., 1994, 51. 932~952

Zadra A, Brunet G, Derome J, et al. Empirical normal mode
diagnostic study of the gem model”’s dynamical core. J. Atz-
mos. Sci. » 2002, 59, 2498~2510

Charron M, Brunet G. Gravity wave diagnosis using empiri-
cal normal modes. J. Atmos. Sci. , 1999, 56. 2706~2727

Chen Yongsheng, Brunet G, Yau M K. Spiral bands in a
simulated hurricane. Part II. Wave activity diagnostics. J.
Atmos. Sci. » 2003, 60: 1239~1256

Rayleigh L. Theory of Sound. Vol. II, 2nd edn. , McMillan
Co, London, 1896. 319~326

Rossby C G. Relation between variations in the intensity of
the zonal circulation of the atmosphere and displacement of
semi-permanent centers of action. J. Marine Res. , 1939, 2.
38~55

Rossby C G, Willett H C. Circulation of the upper tropo-
sphere and lower stratosphere. Science, 1948, 180. 643 ~
652

Charney ] G, Drazin P G. Propagation of planetary-scale dis-
turbances from the lower into the upper atmosphere, J. Geo-
phys. Res., 1961, 66 83~109

Andrews D G, McIntyre M E. Planetary waves in horizontal
and vertical shear: The generalized Eliassen-Palm relation
and the mean zonal acceleration. J. Atmos. Sci., 1976, 33.
2031~2048

AR, msFat. AMIRBRIE 50 AR AR 3y A R L de
A VR RAL. 2002, 57~81

Xu Xiangde, Gao Shouting. Forcings and Dynamics of
Wawve-Mean Flow Interaction (in Chinese). Beijing: China
Ocean Press, 2002. 57~81

Andrews D G, Mclntyre M E. An exact theory of nonlinear
waves on a Lagrangian-mean flow. J. Fluid Mech. ., 1978,
89. 609~646

Meclntyre M E. Introduction to the generalized Lagrangian-
mean description of wave-mean flow interaction. Pure Appl.
Geophys. » 1980, 118 152~176

Plumb R A. On the three-dimensional propagation of station-
ary waves. J. Atmos. Sci., 1985, 42; 217~229

Plumb R A. Three-dimensional propagation of transient qua-
si-geostrophic eddies and its relationship with the eddy forcing
of the time-mean flow. J. Atmos. Sci., 1986, 43. 1657 ~
1678

Kuroda Y. Quasi-geostrophic 3-dimensional E-P flux of sta-

tionary waves on a sphere. J. Meteor. Soc. Japan, 1996,

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

60. 37~65

Matsuno T. Vertical propagation of stationary planetary
waves in the winter northern hemisphere. J. Atmos. Sci. ,
1970, 27. 871~883

Lau N-Ch, Holopainen E O. Transient eddy forcing of the
time-mean flow as identified by geopotential tendencies. J.
Atmos. Sci. . 1984, 41. 313~328

Young W R. Rhines P B. Rossby wave action, enstrophy and
energy in forced mean flows. Fluid
Dyn. , 1980, 15. 39~52

Hoskins B J, James I N, White G H. The shape, propaga-
tion and mean-flow interaction of large-scale weather sys-
tems. J. Atmos. Sci., 1983, 40. 1595~1612

Tung K K. Nongeostrophic theory of zonally averaged circu-
Sci. » 1986, 43.

Geophys. Strophys.

lation, Part 1. Formulation. J. Amos.
2600~2618

Yang H T, Olaguer K K. Ageostrophic theory of zonally av-
eraged circulation, Part II: Eliassen-Palm flux divergence and
isentropic mixing coefficient. J. Atmos. Sci., 1990, 47.
215~241

Takaya K. A formulation of a wave-activity flux for stationa-
ry Rossby waves on a zonally varying basic flow. Geophysical
Research Letters, 1997, 24. 2985~2988

Takaya K, Nakanura H. A formulation of a phase-independ-
ent wave-activity flux for stationary and migratory quasi-
geostrophic eddies on a zonally varying basic flow. J. Atmos.
Sci. , 2001, 58. 608~627

Yeh T C. On the energy dispersion in the atmosphere. J.
Meteor. . 1949, 6. 1~16

W RAF. SRIB LV b Rossy A M E5 4 FIGZE. i [ R)2
1985, 4. 377~395

Zeng Qingcun. Structure and evolution of Rossby wave pack-
et on the forced basic flow. Science in China (in Chinese),
1985, 4. 377~395

Zeng Qingcun. The evolution of Rossby-wave packet in a
three-dimensional baroclinic atmosphere. J. Atmos. Sci.
1983, 40 73~84

Zeng Qingcun, Lu Peisheng, Li Rongfeng. Evolution of large
scale disturbances and their interaction with mean flow in a
rotating barotropic atmosphere—/Part 1I. Adwvances in Atmos-
pheric Sciences, 1986, 3. 172~188

Wave-mean flow interac-

Ad-

Zeng Qingcun, Zhang Minghua.
tion; The role of continuous-spectrum disturbances.
vances in Atmospheric Sciences, 2000, 17; 1~17
BEORME, AR e = R AL AR R OE AT R R B AR
KAFIF, 1983, 7. 393~402

Huang Ronghui. The role of greenland plateau in the forma-
tion of the northern hemispheric stationary planetary waves in
winter. Chinese Journal of Atmospheric Sciences (Scientia

Atmospherica Sinica) (in Chinese), 1983, 7: 393~402



1248

P

Chinese Journal of Atmospheric Sciences

31
Vol. 31

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[57]

WEORME, ORI = EE. TR ZAb R W17 2 WG4k 5 —
WSREEIE. hERE (B), 1983, 10 940~950

Huang Ronghui, Gambo K. On other wave guide in stationa-
ry planetary wave propagations in the winter Northern Hemi-
sphere. Science in China (Series B) (in Chinese), 1983, 10
940~950

Wu Guoxiong, Chen Biao.
primitive equation system. I.
flow. Adwvances in Atmospheric Sciences, 1989, 6. 1~20
EE, X KA s dbat: R Mo, 1991
292~310

Liu Shikuo, Liu Shida. Atmospheric Dynamics (in Chinese).
Beijing: Peking University Press, 1991. 292~310

X2GdE B, X, SHBOSON X ROSSby i 3l it Fi A & i
LRI, KSR, 1994, 18, 837~846

Liu Shikuo, Huang Wei, Liu Xia.

effects on momentum and heat transports by the Rossby

Non-acceleration theorem in a

Acceleration of zonal mean

Influences of dispersion

waves, Chinese Journal of Atmospheric Sciences (Scientia
Atmospherica Sinica) (in Chinese), 1994, 18. 837~846
EF0R] KA P AL IR SFAE I Rossby M RERE. WAEH S
PURESTAE. PS4 R, 1995, 11 258~268

Lu Keli. Conservation conditions of potential vorticity and
wave energy, action and enstrophy for Rossby waves. Jour-
nal of Tropical Meteorology (in Chinese). 1995, 11. 258~
268

P AR, IF F KA 1 I B A BRI B Sine-Gordon J7 2.
R4 E, 1997, 55 154~162

Tao Jianjun, On interaction between wave and flow in the
barotropic atmosphere and Sine-Gordon equation. Acta Mete-
orologica Sinica (in Chinese), 1997, 55; 154~162
D22, PRFE. R BRI AL WA S0 22 X R SR M B
FITER. S4R, 1997, 55. 532~544

Yi Lan, Tao Shiyan. Role of the standing and the transient
eddies in atmospheric water cycle in the Asian monsoon re-
gion. Acta Meteorologica Sinica (in Chinese), 1997, 55.
532~544

WESCHE . PRAEAE, A TIMER R B AR Z E-P i AR
B #r. R4, 2004, 30. 11~14

Yao Wenqging, Xu Xiangde, Ran Lingkun. Characteristics of

(&

summer Eliassen-Palm flux in drought/flood years of the
Changjiang and Huaihe valley. Meteorology (in Chinese),
2004, 30 11~14

FSFEE . RS, T —IL RAEE S WAHEERNNT X EP
A RERE (B), 1989, 7. 774~784

Gao Shouting, Tao Shiyan, Ding Yihui. Generalized E-P flux
representing wave — mean flow interactions. Science in China
(Series B) (in Chinese), 1989, 7. 774~784

SR, BREE . T FEMIIIE) s P S AR AR
MEAE. KRR, 1992, 16 718~724

Gao Shouting. Tao Shiyan, Ding Yihui. Upper wave-east A-

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

sian jet interaction during the period of cold wave outbreak.
Chinese Journal of Atmospheric Sciences (Scientia Atmo-
spherica Sinica) (in Chinese), 1992, 16: 718~724
AP FEREE. R b RUBE I A LA 3R 1 A 5T
BlEBeBe T, 2001, 16: 126~129

Gao Shouting,

I

Tao Shiyan. The study of large-scale and me-
soscale wave and flow interaction theory. Bulletin of the
Chinese Academy of Sciences (in Chinese), 2001, 16 126~
129

mAER, BTREE.
1991, 15. 11~21

A RO SRR R R,
Gao Shouting, Tao Shiyan. The lower layer frontogenesis in-
duced by the acceleration of upper jet stream. Chinese Jour-
nal of Atmospheric Sciences (Scientia Atmospherica Sinica)
(in Chinese), 1991, 15. 11~21

FISFSE, SRSCIR, BERL KRR S b (3 AR AR
(PRI HO. KL, 1998, 56: 665~679

Gao Shouting, Zhu Wenmei, Dong Min. On the wave - flow
interaction in the low frequency atmospheric variation: Bloc-
king pattern. Acta Meteorologica Sinica (in Chinese). 1998,
56: 665~679

Ran Lingkun, Gao Shouting, Lei Ting. Effect of a new Elias-
sen-Palm flux on barotropic basic flow. Chinese Phys. Lett. ,
2004, 21 (5): 980~982

Ran Lingkun, Gao Shouting. Ageostrophic theory of zonal
flow acceleration and wave-activity conservation law. Acta
Meteorologica Sinica, 2004, 18 (1) 87~94
A8, RS, HE. RE AWK AL AR
EPw MK R, RKEF, 2005, 29; 409~416

Ran Lingkun, Gao Shouting, Lei Ting. Relation between ac-

/) | B% ]

celeration of basic zonal flow and EP flux in the upper-level
jet stream region. Chinese Journal of Atmospheric Sciences
(in Chinese), 2005, 29. 409~416

Gao Shouting, Ran Lingkun. On the parameterization scheme
of gravity wave drag effect on the mean zonal flow of meso-
sphere. Chinese Science Bulletin, 2003, 48 (10); 1020 ~
1023

McFarlane N A, Effect of orographically excited gravity wave
drag on the general circulation of the lower stratosphere and
Sci., 1987, 44 1775~1800.
B, RIEME. AR RN BB AR S R R i
fEER. hER (D) GhERRED . 2005, 35: 352~360

Duan Anmin. Wu Guoxiong. Wave - flow interaction and at-

troposphere. J. Atmos.

mospheric energy cycle under the diabatic condition. Science
in China (Series D) (in Chinese), 2005, 35. 352~360
Lorenz E N. The nature and theory of the general circulation
World Meteorol Organ, Eds. Publ
218. Geneva, 1967. 1~161

TI0 WE . X FRIEsh 5 g ) SRR A AT L iR
E-P i His. KRAF, 1998, 22, 735~743

of the atmosphere. In:



6 9
No.

TRAEEAE PO AR S B s AR s

XU Xiang-De et al. Wave-Flow Interaction and Wave-Propagation Modes

1249

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Ding Yihui, Shen Xinyong. The interactions between sym-
metric disturbance and zonally basic flow. Part 1. Slant E-P
{lux theory. Chinese Journal of Atmospheric Sciences (Sci-
entia Atmospherica Sinica) (in Chinese), 1998, 22. 735~
743

Tan B, Liu S. Collision interaction of solitions in baroclinc
atmosphere. J. Atmos. Sci., 1995, 52: 1501~1512

Tan B. Collision interactions of envelope Rossby solitons in a
barocinic atmosphere. J. Atmos. Sci., 1996, 53. 1604 ~
1616

Ran Lingkun, Gao Shouting. A three-dimensional wave-ac-
tivity relation for pseudomomentum. J. Atmos. Sci. 2007,
64: 2126~2134

WRIC, BEHE. TR RAAT R AL R 1 AR bR AR L b
i M I BUE BT 1L B AR BAE g 0. KRB,
1996, 20. 703~712

Chen Wen, Huang Ronghui. A numerical study of seasonal
and interannual variabilities of ozone due to planetary wave
transport in the middle atmosphere, Part II. The case of
wave — flow interaction. Chinese Journal of Atmospheric Sci-
ences (Scientia Atmospherica Sinica) (in Chinese), 1996,
20. 703~712

AR, RN, BT XS G B 5 ARATH R AR EAE . AR
ZFR, 1995, 11 297~305

Yu Bin, Huang Ronghui. Relationships between different
tropical convective activities and low frequency wave-mean
flow interactions. Journal of Tropical Meteorology (in Chi-
nese), 1995, 11. 297~305

Bili H 5, BEAOME. OC TR Z8E 34 s i A vh B OB 112
Wb, KASBHE, 1996, 20 269~278

Lu Riyu, Huang Ronghui. Energedcs examination of the
blocking episodes in the northern Hemisphere. Chinese Jour-
nal of Atmospheric Sciences (Scientia Atmospherica Sinica)
(in Chinese), 1996, 20. 269~278

MATE, mI . B AT R Y I AL R B ) 2E RO
KA, 1994, 18: 889~901

Lin Benda, Gao Shanyue. The vertical propagation of sta-
tionary planetary waves and its dynamic effects. Chinese
Journal of Atmospheric Sciences (Scientia Atmospherica
Sinica) (in Chinese), 1994, 18: 889~901

BEM. RAKRREAKTFZEIMEE . KB, 1986,
10. 240~249

Li Chongyin. Stability of atmospheric large-scale horizontal
motions. Chinese Journal of Atmospheric Sciences (Scientia
Atmospherica Sinica) (in Chinese), 1986, 10: 240~249
PR, EOCE B AR e A ERRIETN
IRGARE MFAE . P EBSE (B), 1995, 9: 978~
985

Li Chongyin, Cao Wenzhong, Li Guilong. Effect of basic

flow on triggering the instability of atmospheric intraseasonal

(78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

oscillation in mid-high latitudes. Science in China (Series B)
(in Chinese), 1995, 9. 978~985

Charney J G, Devore J G. Multiple flow equilibria in the at-
modphere and blocking. J. Atmos. Sci. . 1979, 36 (7).
1205~1216

MR, B E . AREN. R AR RRA R R
S KR, 1958, 29 249~263

Yeh T, Dao Shihyen, Li Meitsiun. The abrupt change of cir-
culation over Northern Hemisphere during June and October.
Acta Meteorologica Sinica (in Chinese), 1958, 29. 249 ~
263

WG, PRTFE. BB A EIEBE S AR (CUSP) R,
EAElE (B, 1983, 13: 474~480

Liu Chongjian, Tao Shiyan. Sudden northward jump of the
subtropical high and CUSP sudden change. Science in China
(Series B) (in Chinese), 1983, 13. 474~480

WRIE, THOF. GXEAEIELESIPIH. & XEBOUR.
Jb5T . KA kL, 1985, 231~243

Yang Dasheng, Ding Minfang. Nonlinear dynamical mecha-
nism of typhoon formation. Typhoon Meeting Thesises (in
Chinese) , Beijing: China Meteorological Press, 1985. 231~
243

s, CISK HUE o 94 T L R 24, 1987, 45.
131~139

Wu Rongsheng. Some aspects on the theory of CISK. Acta
Meteorologica Sinica (in Chinese), 1987, 45; 131~139
TrEfs, KR RGREESS R . A IARAE A 50 30 S 3R
I [ % 957 52 0 [ R R . R4 1987, 45 140~149
Xu Xiangde. A study on the stability structure of synoptic
scale systems, the bifurcation problem of the phase path
characteristics and the influence of the time-oscillation of heat
source. Acta Meteorologica Sinica (in Chinese), 1987, 45.
140~149

AR, AR IEAE R MEIZ B P78 . A NI AL i R
TSR, KRAERE, 1991, 15; 63~72

Xu Xiangde.

destablization and catastrophe of nonlinear movement of axi-

Study on influence factors of equilibria,

symmetric vortex. Chinese Journal of Atmospheric Sciences
(Scientia Atmospherica Sinica) (in Chinese), 1991, 15.
63~72

Wallace ] M, Gutzler D S. Teleconnections in the geopoten-
tial height field during the Northern Hemisphere winter.
Mon. Wea. Rev., 1981, 109. 784~812

Hoskins B J, Karoly D. The steady linear response of a
spherical atmosphere to thermal and orographic forcing. J.
Atmos. Sci. , 1981, 38. 1179~1196

AL T R XU A R UBE S 2 5 sl CISK .
FEPBE (B), 1985, 15: 668~675

Li Chongyin. Trough and ridge of southern-Asia summer

monsoon, tropical cyclone and moving CISK wave. Science in



1250

PN

Chinese Journal of Atmospheric Sciences

»y,
=

31
Vol. 31

[88]

[89]

[90]

[91]

[92]

[93]

China (Series B) (in Chinese), 1985, 15.: 668~675

Xu Xiangde, He Jinhai, Zhu Qian’gen. A dynamical analysis
of basic factors of low-frequency oscillation in the tropical at-
mosphere. Acta Meteotologica Sinica, 1990, 4. 157~167
AR, ST RIS F . KRR, 1991,
49. 288~299

Xu Xiangde. A study on deformations of ray and its relevant
factors. Acta Meteorologica Sinica (in Chinese), 1991, 49.
288~299

Ghil M. Dynamics, statistics, and preditability of planetary
flow regimes, In: Irreversible Phenomena and Dynamical
Systems Analysis in Geosciences » Bicolis C, Nicolis G, Eds.
Dordrecht-Boston-Lancaster: D. Reidel Publ. Co., 1987.
241~283

FE. RAURBRE. dbat: TR REL, 1993, 107~116
Li Chongyin. Atmospheric Low-Frequency Oscillations (in
Chinese). Beijing: China Meteorological Press, 1993, 107~
116

REAE, 40, BMRR, 2. 5l 4k Rossby WAL HEHHE
RIBEIR K. KL, 1993, 51 111~116

Xu Xiangde, He Jinhai, Zhao Tianliang, et al. Numerical ex-
periments of propagation characters of forced two dimension
Rossby wave. Acta Meteorologica Sinica (in Chinese ),
1993, 51. 111~116

AR, RE, fi2 s, RV RS K RE 3P
BEH PR COC R BALIR A OBETE. R4, 1991,
10. 134~145

Xu Xiangde, Zhu Fucheng, LLu Manyun. Correlations be-
tween the profile characteristics of the easterlies and wester-

lies and stationary waves in equilibrium state. Plateau Mete-

[94]

[96]

[97]

(98]

[99]

[100]

orology (in Chinese), 1991, 10; 134~145

IRAEAE, REAL. AT R RS I 28 1) P B S 2 B A
RN RAE. MR, 1991, 2. 225~233

Xu Xiangde, Zhu Fucheng. Seasonal characters of ray path of
meridional wave train of planetary scale stationary wave and
its trapping zone. Quarterly Journal of Applied Meteorolo-
gy (in Chinese), 1991, 2. 225~233

Charney ] G. A further note on large-scale motions in the
tropics. J. Atmos. Sci. , 1969, 26. 182~185

Yasunari T. A quasi-stationary appearance of 30 — 40 day pe-
riod in the cloudiness fluctuations during the summer monsoon
over India. J. Meteor. Soc. Japan, 1980, 58. 225~229
Sumathipala W L., Murakami T. The role of low-level north-
erly surges upon the enhancement of 30 - 60 day equatorial
oscillations during winter. UHMET 87 - 10, Dept. of Mete-
orology, Univ. of Hawaii. 1987

IRARTE, P RSP 2 AR 1R 250 S R b~ R P 2 B2 3
FISRGBRU AR ICOC R, RAFE, 1992, 16: 147~157
Xu Xiangde. Correlations between the phase diagram struc-
tures of periodic oscillations in the tropical atmosphere and
thermal forcing from midlatitudes of the southern and north-
ern Hemispheres. Chinese Journal of Atmospheric Sciences
(Scientia Atmospherica Sinica) (in Chinese), 1992, 16:
147~157

Edmon H J, Hoskins B J, Mclntyre M E. Eliassen-Palm
cross sections for the troposphere. J. Atmos. Sci., 1980,
37. 2600~2616

Higgins R W, Schubert S D. Low-frequency synoptic-eddy
activity in the pacific storm track. J. Atmos. Sci., 1993,
50. 1672~1690



