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Abstract As one of basic researches in the mesoscale system, it is necessary to make clear the waves and their char-
acteristics in the mesoscale system. But, what are characteristics of the vortex wave and the inertia-gravitational
wave? Do they have separability? All these are the new problems which need to be solved urgently. So in this paper
the authors try to answer the questions. The spectrum and spectral function of the mesoscale wave are studied by u-
sing non-geostatic quasi-two-dimensional Boussinesq equations. It is supposed that basic flow is only the function of
2. The equations are linearized under definite conditions, and then initial-boundary value problem is changed into ei-
genvalue problem of generalized matrix after assuming normal mode solution. The characteristics of spectrum and
spectral function can be realized. In this paper, the problem on overlapping of the continuous wave spectrums and
the instance on appearance of the critical layer are studied in atmosphere with the shear of basic flow. The results
can be concluded as follows. There are three waves in the equations: a couple of internal inertial-gravitational wave
and a vortex wave. These three waves all have continuous spectrum and critical layers. When the shear increases
and the wavelength decreases, it is found that the continuous spectrum region of a branch of vortex wave is close to

the region of a couple of internal inertial-gravitational wave, they shall overlap each other finally. Here fast wave

WRSEER 2006 - 03 - 27, 2006 - 07 - 18 UL
RHmME EFEARPFEEEEYIHE 40575023
TEEEN kG, B, 19454 M4, HEz, AR, BRI . RGN IFMEUETR . E-mail: gq068@jlonline. com



P 31 &

920 Chinese Journal of Atmospheric Sciences

Vol. 31

cannot be distinguished from slow wave. The overlapping condition is determined by the scales of critical wavelength

and perturbation wavelength. When the disturbance wavelength is less than the critical wavelength and greater than

half of that, there exists the overlapping section of an internal inertial-gravitational wave and a vortex wave. And

when the disturbance wavelength is less than the half of critical wavelength, there exists the overlapping section of

three waves. Here, there is not pure continuous spectrum section of the vortex wave. The critical wavelength can be

considered as the criterion of dividing scale of atmosphere motion. When the scale of motion is greater than the criti-

cal wavelength, it is large scale. Here the continuous spectrum regions of the vortex wave and the internal inertial-

gravitational wave do not overlap, and the vortex wave is quasi-geostrophic. When the scale of motion is less than

the critical wavelength, it is mesoscale. Here the overlapping of the continuous spectrum regions occurs. The stand-

ard is identical with accustomed standard in magnitude.

Key words wave in atmosphere, basic flow, continuous spectrum, critical layer

1 3|87

SCERLL IR 2 48 T 08 5 R /000 3 I8 3% A i b
1% Boussinesq J7 F2 4L S A R 103 5t 55 . X
T FE A IR RS, K ) ()
AR —A 5T D7 R R AR ] A3, 2% 1) R
AR I AT Ak A AR R (Y T SCRRAEAE A1 R8T, A g 2t
FIEER A . AEAB ELITIE T JC i FLBUh s S 4k
JESEZHOR R KA B Ol I AT SR A
PETEFE R AT . TERLIEOLR » A Y
LA — R E B . LS A I T
RSy s LR R U P S A 4615 808,
RFIE B B 8 O B HGE . A R AT,

MAFTETE YV SEG - BAr e IR BT IR B 1
AL, AR RN SO W R O R i
FAHWBER: . Rz B P A7 = sl . —X)
I PBE N BRI — SR . TERRUEE, FEIEER
S EI BRI (PR X, T RD Bl
KT ATEN , BATHE AR Z AR . 1) & WFRZ A
189, B R RE W B X 0. FERHE KRR
W, P PR B, AT MR K T Ie
TR e BRI RTE RAE A . 5 H R
R R MBS B X 5. Mt RE RS+,
MILATTETE EL VAR . 3 2 0 sl 19 451 1 [l T
RAEFEED . RN I A ) S T R
Pz Boussinesq LU R, 3#r 1T E AR
T AL T RS AR SO, I B
LA B RGEAFAE kDI AS R, R Fa e
A AT RE IR A B E Rossby H I A, T
FEREA I 5 0 AU AEAE L P D) AR 1) A g P 4
BT E MR B AR . (Al TR

BRI Ky /N, FESEBR R, ) 2 e
2. RIS RER RS, RYISTE % A R/
B TS 2 B OO T 7 e R )
AP T 5 LA RT3 2

o EAE AT &5 B | AT &F J A A7) L %
Zhang Fil Zeng'®) WE F 5 35 ) T % g 7
HEE S NS ORI R R R (0 A%, FEiHE
TS R IR TP AR .l Sk 1] Rl
HE R YA S S BGOSR A IR
JSURAEAE . JF A LR I B, B TR EL L AR
SRS R AR AR T U2 B B
ASCHE NSO LTRSS T fi K5 6 T 1) 725 3
RS B S VRS . T B R A
HEFFAMT . FRE T E IR ARG .
2 KiES

HSCHRC LT AT 0, ZERR I B B0 25 K AN
(OB & T ) A 8 T B9 5 %07 T — 3 {1
f10. HARSTE v RSN . WATA LR %F
TR W I R

2
G&*dﬂ%‘ﬁyfﬁ]ig+%f.

[ fu.+i(ak —o)o. ] %’—/«{(a& —05) .

[(@k — )2k + @k —o)u. —ENE ]+

if[ 2k 0. — (b — )0 |} W —

kCiak — ) gN§G() W (z) = 0, (D
XH, o R a. v BRI 2.y F 5
i, WHONESE . AIREL, a.. 0., ae s 0 U535
XS = —B R B R s S R SR W
ARG NG RIBESSE WIHAUR = REG = WK



54 SRERRE - RS Y A R R —— e FL V) A3 P 1 B S i

No. 5

ZHANG Ming et al. Spectrum and Spectral Function of Wave in Atmosphere

Wave Spectrum . . . 921

MR ZT R . Z RN
V|, =W, uy=0, (2
XHE 2 =0 AR Hbifl . == H X2,
(D) M FEAE () WS T & W o e aE
MR, Z B AR AR i, — R RTE %
TR o BAEL M B B gk, BHl
TERA ATFRREE, X B 5, 5 3CHkRC10J4H
], s A Jo) . TR AR I Y PR

R 0 i85 W (20) WK,
T (D) B85 Ho e o SO W R 80 %
X% R AT AT . B a FEX R0, H] |
AREE HEKMEN s T/DMEH i s

Unmin~ U~ kA BN SRC 27 B0 CRAIEED RO
B o R TIIAERZ—:
ﬁmink < o < amﬂxk ’ (3)

Umink — [ <6 <tk — [ 4D
Unink + <o <tk + f» (5)
WIXZ o 1) =A>F 4, WO 2 A ER (3~
(5) AN 01+ 02 05 FLMSRIE LT %K

o = ulz)k, (6)
o, = ulz)k— f, 7
o3 = ulzs)k+ f. €))

XIE PRI I w0 (=) J& = Y 7 2 A A0 ek B0 %
e TE 21 2oy s A= DT 014 024 03 E‘J%%v
%/ﬁ\:gﬁ%}i%ﬁﬂ’ Jﬂﬂfﬁ{%ﬂ Il X2 236[07 H]o
AR AT AR SO ARG FES IR AN #7
Jite (1 By Bl A R KO 0. W AT HY B
wp e ELTE ek AT B T O SCRRD S B
LB o1 ovs oy RS TS R KA 8] 7 Ak
W AZ BB =1 =0y = RIHAR N I U2 19 £
FUTE P o S SRR R AN I AN 4 X
(3)~(5) B, WIJ5RE (1) i B SR 0 R AN
0. HOMBHOE s 47 il o AR . W BRI
(1) de e BT BCR J0 1) R B A 0 O B HIGE
TEVA_EAFREAE IRV rp 3 230 R B B A A n] BEAT
1o LAR 23 =R U0 B 2235 X 0 A 2R T e

(1) =30k g i 2135 X 58 A EZ AL
W =0, PUEA @ — e =0 BOLFFTE I FHEL
ko = [/ (i — i) » TS PLBNPLEL bk B, WA
AT AN A U

umax_umin<f//€. 9

Hitt. A

Unink — < tmaxk — f < timink < Uk <<
Tink + [ <tk + f. 10)
HEINES 6. os T EAFEL 3)~5), X
M <k, B, A
Unink — [ <02 < tmaxk — f < thmink <01 <
Uik < Uik + [ <03 <tk + . (11)
i AT, 2 e<lk, B, AN QD o7, =%
WSS XA B AT S, HMEA
o2 < o1 < o03. (12)
DA XX = S S W sh M B A T e . R
WIEH I a N HEE 0=0 BIELL, 2R 15

=R R AT .
o = uk, (13)
7
V& mm 1 p2N?
S <H>2 cm=1,2, -
CIRE
QrY)

XL, k=2n/L KRG LR, m HEH
W, H Wiz s (SO 2R . Mz
BOCZR AT L. B 3275 B A0 35 A7 WU SCE T B Y
B EATT I RE RS FE AR 206 1) G ) 24+ 15 AR
I3 o0 Moy HIY N BHE £ 24 m—>ocomf. N
AR ov =uk T f XRHIEANTHEHOE S R
ML ak T f 5 BEANEA —DAHXS TR LA
WrHALS , AR N 61

HEERAFEYIER . RATEES]. A% wn—
> =const, [A|H}f m—oco, M (13). (14) =X
L, WA o1 —>uk, o0 s—uk T f 5 W EIZARBRE
Bk (6)~(8) Ko ditbal . AN TR 005 1
IR PR AL A% 47 1) R AR PN 9B 9 e
T3k PRI B A AE DDA » DU DA F) b e S i B AR 25
PLC AT BE . BRI T 5 o W2 e i
MELEE

DRl R 2 3 pR R AT TR O P B R 2
BEEETE BN o AT BEBRI NP AL . X HUAH N
TIELENG o1 BT eR BB 0 J2 108 e B i B+ T A
Tooy o BYIN 3 008 305, A% A 0 g A8 14 PN D i
3o BOHT, PATEI R AN | IS H 5 P iR Y O
FRHMB ) o WL 2) K, BENEERIR L
%Eﬁﬁﬂgﬁﬂ/ﬂ’ El]ﬁ‘m |<‘02 |%u|m ‘<‘63 ‘ ’ lS_C.
R TENE AT IR 2 R 18 e, B B N B W AT FR 2
IHH&UJO



P 31 &

922 Chinese Journal of Atmospheric Sciences

Vol. 31

(2) WSk shi i X EERE M. B shik
K REEGR SN /N (R BEHO s Bl k=>ko s WIS
R Wax — tloin > /b T s BEHHE

amink < amaxk 7 f" (15)
FrX IR b2k, WX FIXFER) b £
Ijmax}\)if‘< szink+f- (16)

XKE 2 ko<<k<2ko I}, NIH
Unink — f < Unink < Uk — [ < tink + [ <<

Umnaxk < Uk 1 f. an

R E LGS o U5 2 AEK D~ B
Unink — [ < 02\0o1 << thrink <01 () 02 < Uhinax *

k— f<<o1\o2\os << thmink + [ <1

03 < Unack < 03\01 < Unark + f (18
ﬁ%a 0‘2\0‘1 f,l::fg‘ 02 ﬂEﬂ o1 E‘J%%v 03\01 %TE’ 03 *ﬂ
o1 E/‘J%%v 61\62\03 7%*5 o1 flozs o EI’J%%% (Xj‘a:
FESRIVRCFE S0 A7 A T B AR JEAR . AT &
TABEANET B WITRMEHE—1E, i A
*HB H‘J%%’ 16#7 A\B)o o1 ﬂo‘z &@a o1 ﬂo'a %@o
(11 SRR, M HE Sl i C A RE 40 2 A A
HAEM 3 B, ML T 5 B O aiiife )y
B B LTS X s @ 30045 5 A5 P9 D 0k
T T I I i ) H e X s ) i JE D 1) 3
TIX s @ AL T A P i i - i e I 5 £k
B EEX © AL E e N B g X
*Hﬂj?ui 5 Et}s ,ﬁ\/ﬂi%%%ﬂ%\%'ﬁﬂ 52\61 N 01 ﬂ
o2~ a1\o2\os+ o1 Nos M os\or o LA, X EHATIAE
TE AL T3 BERIE g 5 N A 223 X

(3) =3 PSS X EENEL. HKFER

JEWE—22 N DI k=2 o WBEIA

Uk — [ => Unink £ [+ (19
WAETE
Unink — [ < thmink < thmink + [ <tk — f <<
Umnaxk < Wraxk 1 f. (20)

[ B, A RIA
Unink — [ < 02\o1 < tlmink < 01\035 < ik + [ <
o1 Nox N os <<tk — f<o1\o2 <<
Uk < 03\01 < Uk + f 5 2D
ﬁ%ﬁ o1 ﬂo'z ﬂo‘3 EE 0, H 0'1\0‘3g0'2 ’ O‘l\O‘ng'so
o 21 . B P sh P nl 23 A LT 5 Be: @
AL E I N R S X © WAL B
PEABOELEE 5 iR e BOE L EE X © Witk
B NS | i e 4 2 1 R E ) 15

PENPOELE A =P B X @ AL T e
PRGN E SR E R X © 2iifeH
JIMBPE N PR ELSERE X . AT L E 5 BL. Hapk
%%ﬂﬂﬁ%’]jﬂ o:\o1~ 01\os 02 01 (o2 (o5 01\0o2
Cos %H 63\61 . (2D ﬁ%%ﬁlﬁﬁﬁ@%ﬁﬁé/ﬁﬂ@i@ﬁ
WX SR NBESE X R A T ES, H
TCH BRI ESGE X WA TEE . HB
TSP SR X R AR ARSI, TEIZE LT
ANFAE AL B A S X

B YA R ELY)VERS . BEE V)RR R
AP B BB/ = S5 Bl 14 3 231 IX A 5
o woJa R EER EXROABE B =S0sie A
REDCr . ELASBE A B B ok X 73 D PReipl . 18 3.
PELE X BETS 5 B (Y SCHEAE T R B &0 593D
PR e BRI RN, Bk T U S8 R 0

300
250 (@)
200
150
100

50
0
—50

—100

—150

—200

6110735

10 20 30 40 50 60 70 80 90 100 110
50 (b)

10 20 30 40 50 60 70 80 90 100 110
20 ©

6/107%s!
o

10 20 30 40 50 60 70 80 90 100 110
Eigenvalue’s sequence number

Bl 1 =FAES MBS AR (a) L=100 km; (b) L=
500 km; (¢) L=2000 km

Fig. 1  Spectrum distributions for three kinds of wavelength:

(a) 100 km; (b) 500 km; (¢) 2000 km



54 SRERRE - RS Y A R R —— e FL V) A3 P 1 B S i

No. 5

ZHANG Ming et al. Spectrum and Spectral Function of Wave in Atmosphere

Wave Spectrum . . . 923

BEYVE AR B B B K ROEE . DAZ R (s
Ui FHZEBA) s PUBHPA T BB, I3 Fh
REIE ™, K140 7 IR E D AR SR
B, SR SCERLL TP BB 3R A5 R i DL =F i
LRSS AT TR EE 2408 H=10000 m,
S=1X107 sy thin =0, @l =10 m/s, Fff 6=
0. W& la 2 =ANA] S B 135 53 A (6] LB
7K L R 100 kmy, [ 1b Ry PR AN AT 43 Bf ()
TS oA, AR R K Lok 500 km, [
Le Ry AT o3 I B 3% i 23 A L, AR A K-
L 5 2000 km,

3 IGFERS

TR 52 2k, i B R e R R
LMD, BRI a () =u) taz, XH
o e HHEBHB >0, KR thin = o s U =
wytu.H, L4501, 00s o3 AE S5, WA H TR
(6)~(8) ME—fRHES =1\ 22\ 250 VLN =Fh
MO TIE

(1) =W shi#E il K A E SN
BT (3) ~ (8) N = S s 4 A i R A AE
FLFEE R N0, 2% 5 2l 5723 1) e B2 8 8k
s KRS S AU — AN IR Z B

(2) WisZ i shiE St X B & (S . 7EX A
LR R4 5 BOl i or M ie . EEILEA b <<k<<
2ko . DZAEYAL T I B N S 2 i i 2 it
W (3)~(8) A1 (18) 2., L BEE X AUH —4>
IS 2, ARSI T)Z, OWfEE 1 hi
PN IR 3 B 5 R D i i o S X i )2 X
AMANIGEFZEE, BXWD A ERAHES, B
WAL RS RS E I BE N B IG 2, TTER
ST )2 BTN R U A I 2 . AR e I 3% 22
FIIG P2 X B — AR BER I 2 B,
MAERAHZ . OIMAL 75 N % 205 5 TR e
BESEMIGAZ : X EA PGSR Z R, B
HAMEZ, AR A L2 1002 8 e 5 14 i 57
2 MAERAT )2 00 2 5 750 N I i s )2 .
© LALLM N % 2 IR I 2 e
tHA AR S, HB e RS EE.

(3) =X ahE st X H & M. 7EX A
LR 4 5 BO g o e . RS A A 2>
2ko o DAL T I ST I A S X (I L2 -

i (3~ 8 X (21 A, BEBHAUAE — il A
2, HHBTRITZ. QWi 3B ik Lk
TSR SIS S X IG R XA I
FZBI, HXPANERZAHES, BT RS
2R E BN ERIERZ, BT RATNE
B D)2 TR U B I A2 . O = I i & X 1 Ife
B2 XBE =AM AZ H . PIASEE e N
I AZAMEE, M 1/3<k /k<1/2 B} X =4~
ISR E AT S BT R )Z 2R ERE
ISt FERA )2 I 30 4 51 7 1M Y s i 3
2, FERATZ B RN A% 5 750 N I i IG 2)22 5
H2Y b KENE ko /b<<1/3 W, 0 BIHE Bl I K AR 4
BF s DU T TR 1 i 5L 2 91 T 5 i g I v P s P i
EEE kA EE, WARELERE K. @ hifkE
T N I % 20 5 0 e I % 20 T S XY i
2 XA AR E, AHEAHES, H
AR LJZ MR INER G RYZ . I RA T
JZNEE SN ENIERZE . © SifLE )
P N LS X A I 2 A — Il 5
2, KT R E)Z,

RS AN 3 L < i - B s pu s g eh] R
WA F X (0, H) i,
4 IFREKSEIHIREHTE
4.1 IEFREK

PLERT I, h<Zko\ ko<<k<2ko. k>>2k, &=
WANECAEHAES ., FAEM I HES ., = H
AR X Hm PR ke = [/ e — i)+ #5
G A Lo =2n/ko HKeFon, WA : L>Lo, =3¢
WA HEATES; Ly>L>L,/2, WMZHEHHES; L<
Lo/2, = WshdEE, WK, WKHRE NP shH &k
AW S L R S E AN REME R .
WIRRT UL, 5 f K (R ) s o — i /]
OXRYIAZ BRIV o Il SR AR ko WIEBRA T I S 4
Lo Bk, Boih A AR 5 0 sh A2 kAR IS 1Y
H R TR ASE;, W by =co, BUEA k<
kos WUBS =SB HATE S, HRESE, il
HyE B AES.,
4.2 BEHREFE

MW A BN E AN A R <<k, ARG
X (9 WAL A U=t thin » HFIAIRBIK T
£ L=2x/k J50] 15



P 31 &

924 Chinese Journal of Atmospheric Sciences Vol. 31
~ o S A e 2 S RE T ST A = S YT
RO = g — Unmax Umin ﬁ < i = (. 159 << 1’ mﬁﬂ::l:‘@’lj(/m\ijo ﬁ#ﬂﬁdﬁf&*ﬁﬁﬁZﬁ{ﬁ:F

fL f e T
(22)
XH Ro Je— M RRAE, —i U S Eg
A2, BOZTC i MU & Rossby £, XA LA EH
P PR SO T T M. BERT. IS Ro<<1, i
WA TE B MEHL A 1Y, /2 Rossby 3.
T, WHAATEP S I B AR A IE L. B A
Wi ko <<k<2k, . [FJFHAITE
0.159 << Ro << 0. 318. (23)
I EABEN A Ro<<l T 3XFEBL T i ENE 1Y
ALV, HEHALRE C A E T At TS
A Ro® <1, e~V 5 55 70 F B i e i a2 &
[yl
M= SCPEE AR, HAME £>2k, AT
Ro > 0. 318. (24)
XA Ro 5 1 [l &g, I E Ak iR e 1,
12 Bl AR AP
1o 4 BE () R R BE A 5 /2 Rossby U A 244
TRBL, FL BB R SR R T R B s =
Rossby it it ok s 155, Hus 1 B R B s
M Z BT AR fig, ka7 2 35 7 1500k P I R Tié
IO S Y N D w77 7 = s B ety 5 ¢
SLiE BN E S AR, Ay eha] gy, H AT H
TEAR AR AR 53 Ay 18 B AP . W ERE (Rossby i)
SEAG I BN BRI . X BRI A ] 4y
Gb AT HE B PR Bk X 51 DRI i 5 2 v b A
(1, BT R FZ R R st 8 s o . ik, AT
75154 Rossby %1 Ro JEJF (A Ro<<1), FHH(—
G AL, AL AT B 1 IR e L
TEZAECH AL T HERBES (1) iR i — Rossby
P THESPHBE N BN IE L T o BT I =5
Sl 4y . WOEN G IR IEN (Rossby ) AR5 A
M REE . HZE AR/
U A R R, A Ro<<1, HE
Ik Ro<<1; b, BARIE L LA Al ¥s I s # 4 /N2
£ Ro J& It (HH— 0T U5 22 K K S it AT B
TR (BT Ro®=0. 0253~0. 101<<1), iXFERE
FRBVEEF A R o DRI I AT SR A A 40 i e 1) i
TG I, WRORHIZ DX T T TR A U U S LA Y
FRPEATREAS LAPR S X B M AN K s AR RN i
HE I 19 b 2 (s 22 8 B S (L G0 T 3 R < 47 W)

MR TR O, JHE P b A 8 P MG 2y
—%, HEREFG 2, HnzE b O P lie s
S A8 G 3R RSP 0 R s i FR 3

M =P S FHE LR, W Ro AHY T 1 1Y
. M E AR E TR Ro BIT, S92 1, HE
TCARE AT LB X T, iz gl AR o i e
i

PLEATIL, i SRR ko B AL Lo JEH
B, HRU/NGE Tisshgvem. ik, AR T
ko W MUAYAE e 55 AR N P A Lo o U S (3t
RIE 10 s 1y I e — i [ BLBU(EL D 10 m/s
CHRGH I RUEEAR 25D o W] ko =107 m, 5 HAR D 1)
Lo=27/ky=628 km,

o BRI, AR AR B S K R R T
628 km iy, BIHARBIRE L>1L, i, W =309 5
A3, WBER R ML 1. X AR, IR AP Lo 7R
REIZ BT BAT B R

55 2ko FHRLHIKFEA Ly =n/ko =0. 5L &)
—HE R AGE; XH L N 314 km, 4R
BEL<<L, W}, Ri/NTF 314 km B, WA =38 %2205
XA EE,

TESEPR KA Wi A7 7E 3 1Y) I % i )
Fo AR ] =S s Y S K oE R E SN
5y KB S RE W& AR, M8 sh RERTF
Lo B @82 KRR, B, =S A
B WATER L MERDIL 1Y JF P P o b 5 A5 0K i e
Perd ik, Mizsh REE/NT Ly WRT Ly B, ¥
INHIBENIE o HREER . BUI AR T ZGE S X
MY TS INGE . SRS SRS 18 e 5 AN 8
POESAE AL . TEIZNEOUT » BRI Y 193 e i
HH e 2255 W 0. ABAT R - 1 o AT ) v
P ORI k. Mz R
FE/NT Ly i WRIACH B 8l p o RBERY, A7
TE=WESE X E S, NS -2 Ttk
DX A3 R RS I8, S L TG 0K 14 358 T U8 3 220 X
X INE B AR A AR SRR FRATH
TED) A8 MAEZ EBIG X H, PLahpy Pk e & 13
PE—IRIEIR Gl . F R TN, B SRR iz 3
ANREAH FHUE AR . SR A DA 0 i) 43 i) RUBE B o
BAUENNEY I, B S w0 R s
HETE R EA—3



54 SRERRE - RS Y A R R —— e FL V) A3 P 1 B S i

No. 5

ZHANG Ming et al. Spectrum and Spectral Function of Wave in Atmosphere

Wave Spectrum . . . 925

5 #5iF

ASCFEE T A HU LB IR Sl S Y
HA PG AZ HIATE I, 152U 2458
(D fEHA T HY)VZFEG R Boussinesq 7 fE4H
HAFAE =30 W8l . — X 5 7 15 PN R — S e
P o X = SCP I ATA E L IR I PYZ
(2) FFAE t M SRR 1) 3 5 U0 A8 P E 1Y
I PR s SR/ Tl A KR H—2f
I s 7R B P IR R o T 2 5 IX. 1) 7P ¢
BIER . BV T lm F P A —2FmF WA
TETE 5 P A 10 ke i 22 31 DX A = T S B
B I IO B i e LG X
(3) AHRL TSI IX . WA I A2 AFTE . 1E5E
T B RAMEREOL T . — BN T4 S sh
BELRER IR FZTEE AR S . HSEhR /N T
IR S P B =73 Z— I DU e P ) e 9= 5 T
JIEPE N I SR ] R AR
(4 M B AT AR Dy Jl o3z 3l RUOBE RO ARIE, 24
B R R Tl AP AT . JE R iz R
JE/NTF I SRR s A R RUBE R 5 >R %7
T30 3 B RUBE Ao v 50 Y RO PR AR HE 2 A — 3
S Z3CHk (References)
1] gk, Zevdh. v ROBE RSP 3l i e Al sl B — Hes i oy
A I, KR, 2007, 31 (4): 666~674
Zhang Ming. An Jie. Spectrum and spectral function analysis
of mesoscale wave — Mathematic model and numerical calcu-
lation method. Chinese J. Atmos. Sci. (in Chinese), 2007,
31 (4): 666~674
2] x5GE, Xk RS CERD. JEat: JbatRE R
k. 1991, 1~269
Liu Shikuo, Liu Shida. Atmospheric Dynamics. Beijing: Bei-
jing University Press, 1991. 1~269
[3] BGIRAF. ZRM. ke, % ERERSBREBEIE T MWL
FRRE R B EIRABeAMR. 1991, 12 (2), 1~7
Zeng Qingcun, Li Rongfeng, Zhang Ming, et al. Spectrum
and characteristic function in barotropic atmosphere of ultra
high speed. Journal of the Air Force Institute of Meteorolo-
gy, 1991, 12 (2), 1~7
L41 W5, Biast, sk, 5. B RERWRGE KL L RN —
Tl GE 4 FLALH] L 35 Rossby P miAH B E. KRR,
2005, 29 (5): 727~733
Shen Xinyong, Ni Yungi, Zhang Ming, et. al. A possible
mechanism of the genesis and development of meso-8 rain-
storm system Part I. Phase velocity of vortex Rossby waves.
Chinese J. Atmos. Sci. (in Chinese), 2005, 29 (5): 727~733
[51 WBros. Biast, RMsn, 45 B N2 RS AL LR

[6]

[7]

[8]

L9]

[10]

[11]

[12]

[13]

—Fhar ey FEALE 1L ¥ E Rossby B M9IE . KB,
2005, 29 (6): 854~863

Shen Xinyong, Ni Yungi, Shen Tongli, et. al. A possible
mechanism of the genesis and development of meso-§ rain-
storm system Part II. Formation of vortex Rossby waves.
Chinese J. Atmos. Sci. (in Chinese), 2005, 29 (6). 854~863
WA LA, RUE RSP ESHE S 1 Mk s A 1L 3%
LS S e. hER2E M), 1995, 25 (11); 1210~1218
Zeng Qingcun, Ren Shuzhan. Dynamic theory and application
of continuous spectra in baroclinic atmosphere. 1. Dynamic
theory of continuous spectra. Science in China (Ser. B) (in
Chinese), 1995, 25 (11): 1210~1218

FEET I, WA, LG D) J1F 0 v A 1L R AF
1 7 S BT B, RN (B), 1995, 25 (12): 1229~1338
Ren Shuzhan, Zeng Qingcun. Dynamic theory and application
of continuous spectra. II. Discrete and continuous spectra in
atmospheric circumfluence. Science in China (Ser. B) (in
Chinese), 1995, 25 (12): 1229~1338

Zhang Minghua, Zeng Qingcun. Discrete and continuous
spectra of the barotropic quasigeostrophic vorticity model.
Part L. J. Atmos. Sci., 1997, 54. 1910~1922

SRR TRER. RHE USSR A SRR R g 1. 3
ST RG], 1999, 57 (5): 571~580

Zhang Lifeng, Zhang Ming. Characteristic wave of transver-
sal disturbance at baroclinic shear flow. Part I. Spectrum a-
nalysis. Acta Meteorologica Sinica (in Chinese), 1999, 57
(5): 571~580

W RAF. BUE R BRI BC= Y B G —4). dbat: #
2 MRAL . 1979, 98~99, 75~113, 263~ 264

Zeng Qingcun. Mathematical and Physical Basis of Numer-
ical Weather Forecasting (Vol. | ). Beijing: Science Press.
1979. 98~99, 75~113, 263~264

W RAE s 255 IR, BER. TS — 2k v] 46 I 3l 1 % ARRAIE bR
Bl PR, KABE, 1990, 14 (2): 129~142
Zeng Qingcun, Li Rongfeng, Zhang Ming. The spectra and
spectral functions in rotating two-dimensional compressive
motion. Part I. Distribution of spectra. Chinese J. Atmos.
Sci. (Scientia Atmospherica Sinica) (in Chinese), 1990, 14
(2): 129~142

W RAT s ZEoR IR, SKER. el 4] R4 i sl i 3 R REAIE pR AL
IL SR R B I 28T, AR, 1991, 15 (D 1~5
Zeng Qingcun, Li Rongfeng. Zhang Ming. Spectra and spec-
tral functions in rotating two-dimensional compressive mo-
tion. Part II. Structure of spectral functions and further dis-
cussion on spectra, Chinese J. Atmos. Sci. (Scientia Atmo-
spherica Sinica) (in Chinese), 1991, 15 (1): 1~5

gL B, TRER. T YR R v AR A IR A
FasE. KRAFRHE, 2001, 25 (3): 391~400

Zhang Lifeng. Wang Ligiong, Zhang Ming. A study of insta-
bility of ageostrophic vortex wave on the condition of vertical
shearing basic flow. Chinese J. Atmos. Sci. (in Chinese),

2001, 25 (3): 391~400



