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Abstract This paper provides an overview of theoretical solutions for shallow water equations and tropical wave
characteristics. Additionally, systematic methods for identifying equatorial waves from observations are presented. Recent
advancements in tropical wave observational studies have revealed several mechanisms that affect tropical wave
evolution, such as wave—flow interaction, wave—cumulus convection interaction, and moisture mode. Local large-scale
circulation and cumulus convection play a crucial role in controlling the structure, intensity, and movements of tropical
waves. This paper also reviews the impact and mechanism of tropical waves on the formations and tracks of tropical
cyclones. The multiscale variation of tropical cyclone activity can be explained by examining tropical waves. However, to
advance tropical atmospheric dynamics, further research is necessary to address scientific problems related to atmospheric
tropical waves.
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Fig. 1 Dispersion curves for equatorial waves as a function of the
nondimensional zonal wave number £* and nondimensional frequency

w*. Adapted from Wheeler (2002).
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Fig. 2 Horizontal structures of the zonally propagating wave solutions to the shallow water equations on an equatorial S plane. The units of time and

length have been dimensionless. & represents a nondimensional zonal wave number, k*=+1. The equator runs through the center of each diagram. The

colors are for convergence (blue shadings) and divergence (red shadings), with a 0.6 units interval between successive levels. Contours are

geopotential, with a contour interval of 0.5 units. Adapted from Kiladis et al. (2009).
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Fig. 3 Normalized wavenumber—frequency spectrum (color shadings) for (a) symmetric and (b) antisymmetric components of OLR (outgoing

longwave radiation) averaged between 15°S and 15°N during June—November 1979-2022.
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Fig.4 Mean annual cycles of convective intensity (solid lines, units: \'a m74) and eddy intensity (dashed lines, units: m’ sﬁz) for different tropical

waves over the Northwest Pacific (0°-20°N, 100°E-180°) during 1979-2011. Convective intensity and eddy intensity may be measured by OLR

variance and 850-hPa eddy kinetic energy, respectively. Adapted from Wu and Takahashi (2018).
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IR SCURAE AR TE BT I G5 A0 AR ST b 1m) 2R AL 3R )
W45 8 (Straub and Kiladis, 2003) . S 56 37
AT IR SO B 5P K T R — S A 7 s
PEFI7K 454 (Takayabu and Murakami, 1991; Straub
and Kiladis, 2003) . [f] I}, Yasunaga and Mapes
(2012) VER B LUARBCN £ R IF R OB A )
B FEZ PR S, AET U N 3
Rossby ¥+« MRG 1 TD ¥, EM15/KEMHEEE
o TR SCUE R AR AR S TR LA IR K
4% (Straub and Kiladis, 2002), OLR 57 % 5 #%
52 I EE S A B — 8 W RS A R
SCYIE R BL 10~20 mos [ AR A7 B AT 3000~
7000 km ] % K 7] R # 2 ( Wheeler and Kiladis,
1999; Roundy, 2008) . X A™i# f&F iz /N T ¥ 7K 77 2
R TR SCERE, X AR AT B2 XA s Al BAE
FA R R PR 1388 T 7R ST R AH R B, (H 2 H LI Ik
A AR TR
324 TD Xk

TD % X4 R R, A R AAE XTI 2 i — R a)
PEAERR I R SOREE SN, G 2 DL X PR H
AR TD PAKS BT K TR e f#E, (HE =K
SR ORTUVE, DUSRG B DA RS FEI Hh X A5 5 DL 1)
RAWBNZ— . TD BN N2 IRIE S A PE AL 3R 1
ANFE B W e, W5 Z= RN ITCZ B &
(Wang and Xie, 1996; Kiladis et al., 2009) . - H}
RIS, TD A 2500~3500 km,
MALEE N 8§ ms™, AN 3~4 K, AL
5 AE 700~850 hPa (Reed et al., 1977; Kiladis et
al., 2009). TD I ¥ 7K 1 45 K4 RGBS & R AEZE AN
[Ffidh . e XA BT, XM 2 R 5 E AR
BAEEVIRAR. MERMEESHE MRG EAHLL
(Kiladis et al., 2006; Serra et al., 2008) . 7= X\ 7E
i EENEE XY 2R e & 72 ELOEE
ReER AT, MKTFUIETIEIGEE; £ KT
FEITCZ g #O H A A HE ., TD WM&
JE BAVE R AL R A R X Ay R A=Ak (B 35 52,
5> TD P2 K e g O 45 M T s U, & =2
ARG EZERA (FW, Fuetal., 2007; Cai et
al., 2018).
32,5 MJO

MIO £ —MZEFTNIRG . 1T B i 10 i HAE
1~5 k47, FAWIAE 30~60 K2 [d. MJO F I H
T2 BRI AN 7] SRR I R/ AL, HAS R T-%F

TR A ARIE N, RUON'E R AT I B 758 AU i
LR b, KR BEIE AR AR 28 F i #k
MEAERRS T ZOEH. MIO & £ b & #0 FF
Y $48 5 R Bk 553 1 DX 3k ) AR A R, B — PP AR BRI
B, FEENFEPERR TP B OIS K. MIO 52
FIRA MO XU A F B Rossby M A
Ko MIO KT ABRIAT BEK . 28 R AR R R0 H 1B
PSS s S A EENWTEM . BT EUER
AT T LA R R, PR H AT 2 50
EBL I EA BRI L MU FI TN MJO &3

4 EEBhRIEh N FIRAE

M T ZMEIRIE BT R K B R
(Matsuno, 1966) A Dl b 5 3R FFGI 7 K= 30w i
B EEAR GRS ZNRHE, (HRBRKEIRA & LUK
TR AR L) 380 ) AT e B Y 2 SRR AE . H AT 5N
PRV RER 5 8 AR S AEAN () R 95 A X AR AE R 57
R, ffRE 3 BT I Sl ARFAE 22 7 K B Rl e LN
PPN BRI AT IT ) B PRR e — o AR A
HAT R AR FLA'E F AT fie 2 ESURR U8 ) 25 M RIS
X % (Zhang and Webster, 1989; Straub and Kiladis,
2003). XMIFEHHRATENBELZ S W7 TR
AR, MR RS RS, Rk 87
REIE 1 N F I 30 B R rh BE A SO BT IR BN IR R
TEARRE . WS & M SR AN 31 /) 2 (B4 A
HAEH, X sh—X iRt AR 0 R] BSOR tAT
Z) 1) 5 fiE ( Wheeler and Kiladis, 1999; Lindzen,
2003) . ASCAL S 1 —RAHBAE . s —
XA EAE AR OKIRAE X FURS & 5l b i A
FIHLH] .

4.1 K—RHEEER

PP EA SRR R, KPR BLA5H
IR R 2 R AR, AR SRR
REHEAS B YA, Lauand Lau (1992) i
PR BAE B RE B P 7 RS W o A 7 3R
I FE LR ERIE. BE5 R M5 (Sobel and
Maloney, 2000; Maloney and Hartmann, 2001;
Maloney and Dickinson, 2003) #&H, 7HdbKF¥#*
B E AR T RE R N R BRI A,
ZAGAF P IS AE VT ALK VG B IR ER . Wu et
al. (2012) #RHXME—IRBEER S E IR
PR XIEINR R R B VIS, B XA bR
A5 RAR RSN G- ANFy =g A= B 8] 2% )
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WA Wb R B 15 s B AE T sl T R
AR, i A3 0% B 45 M AR R &% AE 2% (Done et al.,
2011). CH#F (Webster and Chang, 1988; Webster
and Chang, 1998) & I 4% & Ui G2 18 /43 Rossby
PR A 1) BB B/ . Kuo et al. (2001)
T WIS E R 2 NI A X I Re g a5 2= K P
PSR AR ELAE FH 51 i 98 R WL T BGRT (R 4R 3 10
Jit. Wuetal. (2015a,2015b) #F—BHF 5848 H AR
JERIZE RN AANGR & 3 A SRR W 673 ER. MRG.
TD % F 7K 7 45 MU 4 A g (Il 5D XAl —
T AH BAE AR AE T AN B ROBE (8] () 8 5h 2 8], 4
Aiyyer and Molinari (2003) | F £ 4 7 7K A5 Y A5
L7 MRG 5 MIO K REEHRA BEAER, KL
X2 AE1S MRG WK 4k, ATRE 2 A et TD
Wz, FHFE— P EWIM HUESE CAiyyer and
Molinari, 2008 ).
42 EE—RABIRELER

T BN I B0 J0 G50 5 0 R B e 68 5 0 3 A
U B GRS BNRHAIE o« 3X BL UK XL Z
tH LR S TD AR B 18 i 3 — = X
TUAH AR FEX T 3 IR B AN RS E R R IR RFAE S5 4
Bl BRI —IAH AR H RE a8 fE AR KA 1 i
B TD WG ISt ReAE, (HAE RSP | TD 33h

|

1) $5¢ e B RV T Bk 45 P K B () A 44 Fiohn
AR T HEASIR (Lau and Lau, 1992; Tam and
Li, 2006). ZE424 (1985) A1 Li (1993) K ILAH
2 XTI S TR R #4548 B U AR R BT
EEF SN . Li (20060 38T Hom a6 & 90,
MR AR RS R, BMEEEASIRAEEK
FHEEYIAL, TD 358 B AT IR 22 1B W R0,
RAMNT XSRS RE, e A &K
AfaEg K, XL TR, EAE AR IE B E AR
ISERE BN, DA R = AR R AR

H AT F SR AR Ay BRI — 0 AR A (0 9 R B
CHELE R W H—3 R EMAFaE (wave-CISK)
A HE - #7  ( quasi-equilibrium) . Wave-CISK # i
INHNIA T ERRE 5] RS T i Bas i oy, 1M
BRI — B IR TR AR E N, G
€ &K J& (Hayashi, 1970; Lindzen, 1974; Li et al.,
2002; Ling et al., 2009). M 20 t£2 70 AR TF 46,
wave-CISK 5ft £ 28 8 FH oK fift B8 #4 7 8 2h i F2 0E vE
(f54n, Hayashi, 1970; Lau and Peng, 1987; Ling et
al., 2013; Liu et al., 2019). #&10, T AR CHR
1 TD RIS B IR R %2 R, B h2 BAE
1t wave-CISK B ML, A7 16 LK 1) 4 i .
%41, Tam and Li (2006) & ¥ TD i # #F H iz

B 1
® ©
Kl’)aro < K{)aro

B 5 RIS RIS AR S BUKP R i R R AR R B () RRAES AR T (b)) ZE KA )i i
SR TERT 0 S R shiE ;s (o) PRI 3h Ol a8 A 2R Ab— 14 B TR R BE 45 M 7= AR RUR JE - (43 il i 1F i B B 4 5 2 XU
YA A LA AN ZE XA R BUE R AR ). £20E Wuetal. (2015b).

Fig. 5 Schematic diagram for illustrating the development and maintenances of horizontal tilted wave by barotropic energy conversion processes in

the monsoon trough region: (a) A zonal wind anomaly along the monsoon trough; (b) the eddy and the mean anomalous eddy momentum flux of the

initial tropical waves in the sheared zonal flow of monsoon trough; (c) the mean eddy momentum flux and northeast-southwest tilting of eddy

generated and development, when the eddy interacts with the sheared zonal flow of the monsoon trough by barotropic energy conversion, which

accelerates to extract barotropic energy from the monsoon trough. Adapted from Wu et al. (2015b).
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LR ERRRBEMES, BRHE wave-
CISK 7EHHh AT ekt 7 HEMEH . Fengetal. (2016)
[FIAE R I TD ¥ 1 2 B s sh i KAE R AR 2
WA EDT, I HWBAR T EOR A — R, HE R
It v 2 ) B e R . BE 2 O IT S 590 T TD
HHAFLE wave-CISK [5t. Reed and Recker (1971)
SR 7 ORSPEE BRI BERE, R E RS
I B B 5 I TR AR A L RNCH T E IR R
Takayabu and Nitta (1993) 3 7 4 7 =2 M5 G
7E TD P AR EIVE T, {H 2 2 ) ok 2 1) 2 R 2k
A S R, AR S wave-CISK (BB .
BIEWFFT (Feng et al., 2020) 583 7 X2 HKE
AR SIE X TD JERx i Eem .

WTAER, Y4 1) AR S H2 Wi 7 iR AE FAT R
TS S BN BRI Fo b 4% 1 EEAE R (9,
Benedict and Randall, 2007; Ling et al., 2017, Wang
etal., 2018). ik A KRR IE A=
HKR K iE, MAARERE [ B, WEkhE
(moist static energy, MSE) ] 7E K S W 2,
AR 2z 0 8 BB AR E e =49 R AR ARE
( Arakawa and Schubert, 1974; Emanuel et al.,
1994). flan, e EJBIER T, KR
AR T E MSE (380, TR X R A AR ek 187 2 56
ZEJE MSE [k, BB IRXHRBE I T A
7€ i€ & (Sumi and Masunaga, 2016) . #ATM, TD
PP RS A RRE BE R AR I EA R ST R
FE TD Berf, SHIRI AR, HBJE KK MSE
PHIRAE T BB G INAPRAS , &R — 2 1
AFETE . MSE HRE— B0 3 4E 76 4 PR ok,
PR A RIS AN RS A E SR B ANAS E PEATS O
FE 4 K (Feng et al., 2020). A LAHEN, TD i
IR — 2= — a5 —12 72 2 A HAE A 45 STk
AR RTBRIARRE . Bk, FRZE%H 5] &t
S5 AR TION = — 3 55 [ A5 2 5 e #4vits J8 sh A 0
(2N .

4.3 IKHRIEH

AL EARFEBRIA 1A R AE Bty ik ) 5 )
FR ETARRIAE R, P RE B B AR 20 IR R 7 AR [ I
ZRNRZREES (AERSREt) 5KRES
IsENE, SEbr BRRE T /KIRAE /R IE WS AR 2 B 2
YEM . —L825 [E/KVRAE I R4 SRS 8 1T e
FISRARRE KV AEX A & AR B s BFE R . i,
BESRMIE L. BEAREHRREIR KRR, Gah

TRARRE TR — P EEA TS, i, BRE
A& (moist baroclinic instability) % # 5 F SR fif
FEENEEZXUIREANEMZR X (Moorthi and Arakawa,
1985; Cohen and Boos, 2016 ).

AR, “IKIRBEAE” (moisture mode) FE it
i (Takayabu, 1994; Adames and Maloney, 2021)
R TR KRETIZNH, REA% EINRZ
T 5 E SRR IE RS, AR SR K IRE
BIFEEAEH . KRR BA 5 A SR B Bl ) 4
4 5 45 R RRAE 32 2252 B R 7K IR R v 1Y,
BZEE PRZE KRR O T RKI R, Xt
AN FAN 2 2= K DI 22 8 B SCRE ) 1 %
SR (i, Khouider and Majda, 2008; Wang
and Zhang, 2015) . A KTy I AL 00 0 2 1 S 1iE B
T RAKIR RS T A U B 465 4 1) e sE 1R
(B0, Yu et al, 1998; Wang and Zhang, 2015) .
Adames (2021) F1 Mayta and Adames (2023) #2
H T E S5 B A A AL X AN U B R BN ) T A
HFATEN T, MFIL FIEH KR ZSEH ER 3
5 TD SRR 25, 8 H I o 9 R 3 () 4
PESE L KRR ML RS, 18
IR B, R T KIR—IR A TR E  (moisture-
vortex instability) SR AMEREK IR B 520 T #iy ) 3l
FASFa 52 9 K ( Adames and Ming, 2018a, 2018b;
Russell et al., 2020; Adames, 2021 ).

5 PR TS SRR E MR E
SEAPSE IR 25

ARV, R S B AR B T B & R R
WEERIEN )1 IR s R SE FE R, T
OGS I R AR i AR B B AR R IR 10 5] 5%
AR YE o BT W0 B2 kLA 58 B g R, DA
AN T R S AE RN A2 T o S AR A E T %
LT RREREFAERM, X Ty6HanA
WS SRR CRENE) B E A
FEXTER A o BARRI K REEIR Y Sk S5 4 gk
iy FACH U AR BB (it CISK ML A1 WISHE #l
155D AR LT MR AR O A PR IR e R R #a S
FEMERE, (HR TR RAMTE L T
ol 350 (WSS ARG BARRMEREHR
e AR TME AT, AR IX TGV R AR LTS
S R AS) TG U2
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Zgt, ZKARATREAR T i il 5 R RE 51 <R
AHEAE 51 B 51 SR s AR B S, A 5SAL
PRIRANG o BRI, P sh VR g #vii RSB
AU e AR AL ) R, BAR AT BEAE I AU AR
FSCAI R AR PR 25757 AR A B AR A, rh 47 B A
5.1 AEKEISNATE ShEdE A AT R EE

Per ik sh e ol R sh i B E MR, B
ReFEORAMIREE . Rak. XA X% S5 R it
B RGH RK S (Wheeler, 2002) . J& T 4 {8 7
AR 4 1) 0 2 — R E0 1 43 A 77 7% ( Wheeler and
Kiladis, 1999) &4 24 ¥ AOULII 52k A 43 8 1 b
T ERA RS, B TD . MRG ¥+ ER ¥,
MJO IR S FEMGERA b, [H B b oC T #rs
W SR RKX RN ARR T2 kE. CF
GUIT R AR B, BT BT By S I AR R B
% 52 M (Frank and Roundy, 2006; Schreck et al.,
2012). Dickinson and Molinari (2002) #&H MRG
PG BR I 18] TD P A i 28 2 30 TD I I K
s e, 2B e IR )N R A
U BN PR B A RE 8 AR B AR s = A B 4 B AR
16 (5 i ( Wu et al., 2014, 2015b) 5 Lombardo
(2004) F1 Molinari et al. (2007) &L <&
A2 RUAE ER WIS, B — B R U ST RSk T
ER P 1 1 K 2 3 S AUBE 19 42 B (Gall and
Frank, 2010; Gall et al., 2010) . i 4 f% ] MJO ¥
T REEBCR A B P YIIR s, (HE S
VG A% B Aty e Sl AH ELAE FH 3 (R 5 e B4 s Ul 2B
PRI MO P X CRpii ) AR A BE AT R 34y Ui A2 B
( Aiyyer and Molinari, 2003, 2008); F /R 3C I &
SRS B 43 By U A BH — € DTk (Schreck and
Molinari, 2011; Schreck, 2015), {H £ ¥ #ff 7T % ¥
BN VG AL R B AU AE B 2 A K (Frank
and Roundy, 2006) . 1 & 41 # W 50 ( Wu and
Takahashi, 2018) f5 i, #Hr3E 3075 ) REAE 1R 4
R U A ) 2R AR B AR AL R . 151
41, EINino 4, K82 KU N 58 2R i B I AR ELAE
FH o RS 45 85 5 S E V8 6 S 2R B R PRV Bl 1
R, PR R B R AR T . XTI, A
I BAE i Ui A O AR AR B AR, )
G- A R T IR DL AT SR A A2 i, HR I
JSG TR R i AN B

HAl, —9Sii eI ms800 TR i s)
FEC I At U AE B AR . FLIBEAE (Chang

and Webster, 1990, 1995; Webster and Chang, 1988)
R pahReE B KA R RTINS X .
i — 5 B HF 7% (Sobel and Bretherton, 1999; Sobel
and Maloney, 2000; Maloney and Hartmann, 2001)
8 H VG AL KPR B 2= KA AT [m) FAT I sl
REEFEAL, T e B ) FAT R Bl B RABUE ) TR
A GERIAE A 4ERE (Done et al., 2011), AR
TAE (Wuetal., 2014, 2015b) il SZIX Fi §E & [ #4
U Bl R A R R AR ity Ui AR ) AR PR AR A R
REV]. LR ARG HURE 1 TG AL KPP R R i
R B R AN AR IR, H R I S AT R B
R R B SR S FL = N MR R AR AR IR AL T RN T
. RANWEED, BRAHEIT 60% 1) #ar <
A AR AT BB T, AEAUE AN B 20% 1R E)
e 2R JE T AUE (Avila et al., 20000 W
MSZIGRH, IXBR T 32 KRN I Eh RE B K
FISCIRAL, 385 BT ISR A AR i 3l ATk
FEMFIBCE (Zawislak and Zipser, 2014) DL RE
ALY % (Ross et al., 2009). K, FR
G583 M FAHT I B0 R T AT A6 P ) I e 14 v AR T R
S HZETT NI PR AR, A B IR A B AR AT
AT P SR AE R e I B
5.2 AHRENFMAT SHER K AT REIE
Pt e FE Bt EE 51 R (Holland,
1983; Wu and Zhao, 2012) 1 & 7 <E A= i hr B
(Wu and Wang, 2004; Wu et al., 2012) 3 & ¥ 5 .
oG, Bk s R F R i U AR RO A B R
M At A e 842 . Wu and Wang (2004) 5,
Fts SR A BT B AR A T B SRR A 1 R i)
FHEA KR 5 SR . AT (Wu
etal., 2012) A I Ay =UE A A UL B RE B8 5 i
P SR BR AR A 5 B B PR AR R AE . ek, #A
WK BN RE 8 5] BT KA Z=T W AR R
PRz, NI R Wi By SRR I 51 32 S 3 5 R R A2
CABFFERY], AT shiG s B R AR
% (1SO) 1930~60 K (MJO) Fl 10~24 X (ER
BT MRG ) BREASHR B 3 1AL 3R i@ AR AR AL
FH R 5022 5 W) By <O I AR A % 42 (Li and
Zhou, 2013a, 2013b; Ling et al., 2016). MJO f] 7
AL & FERE R 2 #h =0e (MEXD) 753 (Maloney
and Hartmann, 2000; Camargo et al., 2008; Kim et al.,
2008), 4 MJO BT it Ar - 75 K P CEDBEVED
I P A K A A DX P (AR
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(Kim et al., 2008) . AT B 5 ( Chen et al.,
2018) K, PHIL KPP RGH S RE iR T 72 10~
24 K ISO (ER %A1 MRG ) e 5% IF i
EumulufefsEnRE aE X, H RS
WEMIRE B2 EBEE T — R B ¥ B 1 30~60 K
ISO (MJO) “UJie 7 i $2 L i A F 3 = 56k
10°~20°N XM RAFENT IR (10~60 K 1SO)
(1) 57 1 PRI 1) R 18] 4 AL I AR RV, 5
S A TN L X (Chen et al., 2017,
Wu et al., 2020b) . X LB FLAR 4F Hu AR RE T #4HT
BT B R AT NIRY (ISO) T #viy <
AR AT EERE ), (ER R [RIFR 2 1) Ry i shoxt
TR B A RE IR 1R 22 S AN By iR 3o 1 51 Ui
S ) WL R 2 P A B AR AL RR AR 3 TR TR N
W,
53 AEEINEXARESIOESIERERE
BE G AR SARARRE, I A R KA NS A5
PEAE B, e AN 7E R R AT e R IR T B AR
F o BRI Bh 2 38 B 2018 4 3% F B S e i 5h
WIS RN R 2 —, © 597 KA BAE
JEIY ey SRS 20 5 RS T B Ui Bl X
(Wu et al., 2020a). 7 2018 KA S0 [ 40,
10~24 REFiNIRH (ER A MRG ) FIRSR
FELEh (TD ¥ 1iSERFEEEFE 6~9 H, FHil
2 MEAE G0 B AR VR P i g, 5 AT Aie
2= o0 A+ WG midbAE 1 30~60 KK ZETT
Wk (MJIO) HIESNJ T 140°E LAV (1) /e it
3, AT B8 22 14D 52 1060 i U P A AT AR R B
CVA B T U6 TR B B AR S S 3, FR i
P Jb K S B4 U B A7 AE B IR ) A B AR AL R AR
( Chen and Weng, 1998; Huang and Huang, 2011;
Zhou et al., 2018), X EEZ M TJL/RJEiE—m F
%35 (ENSO) # it i 7 K S PRI K 5 M #4s U 3))
(1 R 52 B3R T 5 I AT 38 B IR AR BR AR A (W et
al., 2014, 2015b), ‘& REHE — D 5] #2 AT S )
Ui KA HEFRAE A (Wu and Takahashi, 2018). 5
R B E 20 R b AW AT 38 309 B B R 1S,
TR EFAE AR IR 7T, (E X T 35 ol sh it 4= BRAR
R M 7 (R AR SR PR

6 BERREE

AT AN ZRA T Ay B ah ARK B I . #4
WM SIS 70 B JTVE SOWINRFAE, IR 1 LA

PN BETT, SO IERT ST B T
U A O B AR I ML HEAT T R GE IR, SC
AR, ATERIHF BB AN 2 B W ST T H
wHERE, WENIVEZ BRI S, XSRS P
WA EE Z 5. DTS et T AR
W —IR XA EAER . AR S REE L)
R LI R e B S B A 22 7 IX LRI AN 2 i
W TE R B SR IA SRR i S5 L AT I Bh A R AL
SREEANN B EEEE . FN, BHRZHT
FRUE R BNR A RTRGRIRE ), S [0 B
T AR A W B T BT U A AT BR AR K2
XL RS R AR R AR Zh (L EE,
2R R B AR A e L AR Aty U
AP AT B AR S o B RAE I B B 2
DRFAE S BUEE S FCREma (it e vh B rg 1 B kR
(EEMRONA VF 2 b i R R e o, 5

(1D MM AR E . AR TR I+ AR ) K
JE O RR B 1 x T Rviiripish CREBEIE B Ry
ALE TP, (ESR H AT SRR R R EAKCT
I HRARSEHR IR IR 1 X T AL b 23
ZFERINE R (TR, FiL. FBAE. M
G580, XTI S AR AR . S5 AR AN fE
ERFIEREAT AR AN AT ) 70 AT, AR B B
HEK R, . RS R R AT
RN IR A B T4 2ty i sl (1 9 L = 52

(2) WU BRI A o Hits e 3 A WL
SERRZER R, SRS LR &G, BalfE
R AL AR, BBl TR A S B 4%
SEARTR EAE— DT TT . XL ) RO TR R A
BB T A B RE PR AS R S A A i8¢
) Z 18] A ELAE AN AL, DL AT i sh 5 3
M RER RS s R B Cnxbimdl gl
WAL SEBRRIEEACRRAEAL . R BRARIR A

(3) Bl sUrh Ao P ah AR DL . B AR AR S
CL 2 RERMERIRILL 2 BOR U, (ER e
AAFEAETCVEMERAS I IR B T H R URR 52 »
RARTTRE B 7B RIAENE . PRI
A TR BE FI N80T, YA I B s A8 A R 7
A Qb R BN E 1, 0 T B e s T {5 72
HAEER R X E B AR AR 2
AR ELAEF, RORA e J5 sl e b A 2 b X JA A
BN 12 (R AR ELAE IR B, T eSO B 20 T 4
HE R RLADL RE 0 B EOK AT 5
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(4) A i Bl 6t T 4= BRAR B ) B A Al o 4
W BIE R R E T R EZER, Fit
ToAE R AR T I B TS AR Ak 0 e 82 558 TG v 1
PRARSARASAL o JCIE MR RIS Uk BN 7% 2 I B AR AL
O T AR RAME AR TG 25 5 T 15 B A7 5E

(5) RAWMRSHE . MArsh FENRS—
NI AL RBE, BT R A TR AN = i Tt
IR B BT, AE R i 30 H AR /> i FH 2
ToRME 45 o 3K 32 B p T I AR e TR A
WG T, T H ATIE R 7 2 5h 78 A Bef
WA (Wheeler 2002) . & & AT o it #4330 (17
AR AN T 5l NG sh B A EEE X, R
% S R AT AN A A A R (ki 2 AR i

ARSI T sk sh Bt e g sh K R, I
PEAL T eI #GE R, AR BIsm,
HRRRA T, XGREE T 2%, i)
BTN T RAR e KR B A EE R L, WIGgks:
W5 B 2 W AT o I i K B i R AR S
B (TN ARHIE K 3y KA AUE AT TS
(G AR A N I ATLER AR, 3 B v R A TR A f
TR 7K - #AG A  S F A{
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