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Abstract In this study, complex empirical orthogonal function (CEOF) analysis was applied to the 73-year stratospheric wind fields in
July of NCAR/NCEP at pressure levels of 10, 20, 30, 50, 70, and 100 hPa over the equatorial Pacific. The relationship between the
diagnostic results and the Quasi Biennial Oscillation (QBO) was discussed. The main conclusions were as follows: The variance
contributions of the first three modes were 60.9%, 24.0% and 4.4%, respectively. The cumulative variance contribution of the first two
modes was 84.9%, which could basically summarize the nature and characteristics of QBO. The obvious wind anomalies of the first
and second modes above 50hPa were dominated by the partial latitudinal winds. The difference was that the former exhibited vertically
consistent wind direction, while the latter was opposite wind direction. The time coefficients of the two modes had inter-annual
variations of 2.25 and 2.47 years, respectively. The former period had the same period as the average period of QBO, while the latter
period located within the period range of 1.75-2.5 years of QBO. The inter-decadal variations of both modes were not significant. In
terms of the intensity variation of wind anomalies, both had an inter-annual variation of about 8 years, and the decadal variations of
both were also not significant. The typical values of wind anomalies in both modes decreased rapidly below 50 hPa and were very
small at 100 hPa, which is quite consistent with the situation of QBO. The maximum anomalies of the two modes were located at 20
and 10 hPa, respectively, with the former closely matching the QBO’s peak altitude. The most obvious QBO intensity variations of the
two modes initiated from 1995 and 1990, respectively, and continued until the end of 2020. In addition, there was a linear
intensification trend in the strength of the wind field in the latter, which had accelerated since 2010. It might be related to the
significant global warming. The physical properties of the first and second modes corresponded to barotropic and baroclinic Kelvin
waves, respectively. This indicated that the Kelvin wave was crucial for the formation of QBO and was one of the important factors for
the generation of QBO. Notably, barotropic Kelvin wave contributed more prominently to the QBO.

Key words stratosphere, Quasi Biennial Oscillation, wind field anomalies, Complex Empirical Orthogonal Function analysis,

Equatorial Pacific
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PO R K S NI HER EIR % (QBO, Quasi Biennial Oscillation) Jy#is it |2 X 20 9 W 4 J& 1
(R o 2R 25 8 U2 ) I RAR A S 21-30 N H . B 1.75-2.5 AR 2 [a], T34 26-27 A~ TR 2.17-2.25
s HARMEAKE 1 BLAE /R 1E £ 30hPa AL, 15 F J7 M AL IZ IR MG IR/ A BOhPa 1] T, JiR IR /NMFR
P, PAE TP A XHZ TEFRZ R B 100hPa &b, Z4RH LA (ZES4RSE, 1990),
Reed et al (1961) f K ILARTE It 2 W7 HIX R XU S e, Angell (1988) 34 & I = B %R
JE T i B DA R B4R A 5 v P A 1 94284k . Belmont and Dartt (1969) I & 4 Ky i A 3 4F J #2484k,
Wr2Z 9 QBO . B H QBO = AL WL FIAL B AE VA 45 AT B2 Il (0 38 ELALHE, BRI AR Z KRS Y Kelvin
PAR S Rossby-H Ji B EH FAL, H5PFREMNEARASRIEL A TAEAMS R (Lindzen et al., 1968;
Holton et al., 1972). R RIS 7 X FhARLE AN AR, R R AR 0047 S0 B30 F 90 A2 B RS ] el sl
(). Garc B-Franco etal. (2023) i {8 FH 5 [H SR mia s (Hadley Centre) ()4 —#4Y, #i5t 1 QBO
X G SRR BRI R2, R EL T QBO 5 A B A FRIA I 2 8] () S e R

T AF R 2 3 R IIRTAL RS G B S5 A A A 9 4 R AR AR 0, (2R 524R5%E, 1992, 1997, 2010),
AL A A v Y 4E JE B4R 9% #X 9 TBO (Tropospheric Biennial Oscillation). 7£ TBO R, “Fiii =
QBO LA gyt (FZREIEE N #EE EEZMEM (Liu etal., 2013).

DL AT WL, QBO A& KA IAN TR B R A FE i — Pl H E B b A, & AR ERT T 48k
KR A% . RN B HT 520, &K T ENSO CEl Nifo-Southern Oscillation) )% 5815 5 (Cai
etal., 2022; Gaoetal., 2023; XI|Z& 45, 2006; BiZMESF, 2018). HAix QBO A7t FEAIRE S ENSO
MBS BT R ERE, ARi {45104 NP R 8, QBO MIMF AR MAEZ L sk b,  H N 4
FHRGT 2 — GERIESE, 2018).
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n_Efrig, BINJY QBO HITE ML 5 7R1E Kelvin AT & Rossby- 5 /i 3 B E AL VI % (H2
R 2 2Rt Ty IR B2 T = Z= M /s IF B A B AN IRE s fE 2 2= Jesa AN 7 &P o i B A3
2 EATE 5 F R IUSUERE? XL A E ST IR HIEA TR, HORS B IHERRISE K.
(] A R LA B R, AR SO 7 H iy AR T F RS TR 2 gl 7 2 EOF 2, 73 #fr 1 s 42 1)
R AR, LR ERBREN: FRT R T2 S QBO MR R, IR P X I ARl [X
RIET IR, HAZJEHEF TBO X HE RS ARA & EEFL, AR EOF 2B XU /R iE K
s M7 AR EULTES EALEAL E, A G OKB AR ER AR A B, LR E S
BRIy WIEASOR 7 A E VR FIRAER, KRR ANNEE, IR ST R -

2 § EOF 2R ¥R &

A SCHE EOF 2 T I P92 ¥k NCAR/NCEP ) 1948-2020 43t 73 4E7E 10, 20, 30. 50. 70.
100hPa 6 ANFRAEZE KT I 7 H 00 H TR I TRk 12 B0 X 35 b SRR A0 00 I 75 ek 0847 Jo 47 o A [) 4L
KRR TS, FEsEE E R KAWL (NCAR, National Center for Atmospheric Research) 135 [E S %
FREE TR F .00 (NCEP, National Centers for Environmental Prediction) & #IMERN & A o 1% %8R K 15
BURTE AR X, B (205—20N, 120°E-180°-120°W) LA MG s PIREEE A 2.5°>Q.5° .

AIAFHEIITER, ¥ ERXECFRIZER 6 AR B XS EE— N8, M2~ E XA
S B I A, RIXHZA R T2 EOF 2 (3kZRiz, 2006; 5KZARESE, 2007), JFxhH 324
B, BAEER: RECFRE L& 21 73 F78, HESESIFSMNmE (%), ¥ LR 6
E w22 R E N AR RIAT BT 8 J1 e (S 9%, 20105 3K Ame %%, 2017, 2018) , 340X
F SRS AEE 6 2 b k7 (8] 37 A 8] Z 88 261 23 B W7 7 & EOF 15 1 = 4 25 4 S LA B
EARPREN

ACKHE EOF i2Wr, B RECEEEL, B REBIR L TSI, 6 MR 2 3 i A
W& XEBTFRE 6 EMES 4, Huix 6 EAS—IN R, XFEETHEEPRETSZERREG K
Fo “FUZHH 10, 30, 70, 100hPa JZ4r el VE N PR E I sl o, AR 2 R ER . Ry
i, NICEBERHE R i AR . A SCHE EOF 40k B, AT =i 5 22 sT Rk I 60.9%,
24.0%, 4.4%, #GEIT T REMEKL (North et al, 1982). FIFIfA BFT ZTTHkIA 84.9%, MATHRIZS
FEARREIA 7 7R TE A X IRE ) e W PR BURE L. R =TT ZoTR AR, AR SO AT P RS
PICIgs 3. teah, ACHE EOF 7R S B E Hg M ZEY, WFRESZEHINS R DU AN
i, EAIREN MRS 22 “WzE” 80 “RHE” KFRIE.

3 & EOF 9ffER

K 1a. by c A d 27l4 T 7 A6 FIRZEES ARES. FPasA s, BRI RIE KA IX I 73 A1
WRIyo 2RI AT RIS, FABEE AL, 1A X7 53 5 M BEE 0 T 2038, IR I 1]
FH L. CFRERZWAES T, BEZENRIERE K, BIRRETE R, AR R LT8R K.
BEE LRI, RSB e, ARXGEREY K HaR N, £ 50hPa DL EE % His#l 10hPa, JRiE KT
AR NARNIEER], SRR RATFRENEZE 10hPa b tbAMZXIIFIER TARIEX PR, K2R 7
A B EERE 2, FHOGES AL T8 18] A e R i ANE /R L 20

ARILHE EOF FAASHI W7 57 8 B Wi 7 H R ARIER R, Bl Matsuno # % (Matsuno T,
1966) 5% L, EAIBEEM AL, HARIE IR AREE 632 1 )37 U5 Lo
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Fig.1 Average wind field over the tropical Pacific in July from 1948 to 2020, (a) 100hPa, (b) 70hPa, (c) 30hPa and (d) 10hPa, units:
m/s.
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Fig.2 Thespace field of the first mode in July from 1948 t0 2020, (a) 100hPa, (b) 70hPa, (c) 30hPa and (d) 10hPa, units: m/s.
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Fig.3 Modulus of the complex time coefficients (a) the first mode and (b) the second mode, abscissa: year, ordinate: modulus.

1200

1000 1
800 1
600
400
200

ok A

—200-'

—400 +

—600

—800 1

—1000

600
500
4001
300
200 -
1004 R

0-

—10049% ~

—-200 1

—300 1

—4001

—500 1

—600

—700 1

—800 1

T T T T T T T —900 T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020 1950 1960 1970 1980 1990 2000 2010 2020
ol PR
(a) H—HRE (b) 5 M

K4 () FHE. (b BBESHSER 25, MR 50, ALbs: REHUE.
Fig.4 Real time coefficients of (a) the first mode and (b) the second mode, abscissa: year, ordinate: coefficient value.

2.2 2.2
2 2
1.8 1.8
1.6 1.6
1.4 1.4
1.2 1.2
1 1
0.8 1 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0- 0-

02 3 6 9 2 15 18 21 24 27 30 °2 3 6 9 12 15 18 21 24 27 30

(a) H—HHE (b) 2 M

5 (a) H—HEEM (b) 5 RS S [ RBUN /N A, MR 5 RE, ARER: N

Fig.5 Wavelet full spectrum of real time coefficient (a) the first mode and (b) the second mode, abscissa: values corresponding to the

period, ordinate: wavelet full spectrum values.

E_HES



174
175
176
177
178
179
180
181
182
183
184
185
186
187

188
189

190
191

3.2.1 Z g1

K64l T8 HMARE LT Y. AR 100hPa (& 6a) L FEERM A . i & H T M 155
°E & 175°E B ROGR A /RETEILX, %A TEdL 7.5°N 2 20° N, 5 R0 I BE R 36T 1 1 4 (0 2R 3RIR 3R
o SRR E P AL R A F Y s, FE— B AELER] 20°S b 175°W & 130°W &b, 7E 150°E LAPE, A
10°S &5ER 7.5°N JEHEA I 7£ 1409V JriE i [ — SRS R E 22 ), [ P AL s %] 180°
B FRT 10° N, 73 1) i) Tl AR 1) g S M P A 000 i e e 2+ 6 7 T8 ) AR T S i 2R XY g B A, 23 ) A IR T 3
JIGEESY 4t it A (P P o

MAHES 70hPa |- B % A B 10hPa b, Y B34 I 26 ) AURP 2R L 7 IR L AR 70hPa 2 Hif 30hPa
by FRERCPEE BB RG AREA T ER, (R dbgh 10° LAAh, KUEAFTEES (LK 6b. c).
fEHEES 10hPa (B 6d), WAYKRAE T R4, BARERFHRIVHE — 8RR, fE/REA RN, £/
Jbeh 10° LAAh,  RGE A Frisss .

HE 2 FE 6 AT, —. A EA I X 32 BUABAE SR Z & 2 2 )RR 1) 40 A7 3 BB DA &
SRFERIAIE, RSO TEAR R Kb, HEERIT H S AR E R R

20N =

=z r ¢ v v ¥ N N ~ ~
KKvq,4>7wq»)/vﬂ/’/ﬂzﬂ¢wr<,ii;zﬁ?‘ﬁza»»»ﬁ‘\\\\\

15N 4.4 K“'VV/\,\»NA»ﬁqqﬂ’ﬂn«k'rR\\\R‘:Y-AAA@'?'YNFFA-,)ﬁx\‘\\\
RS T S N A N T N N N R L T T
10N 4NN A s > > A A 9N ko4 o op e < B N O N N N S N

z»[s\)‘)az/vza_)*).g,y,)§4

v
BNF—=—= o - s >"777 7 > > > - (v
—»A—>T>—>q—r9/7/7—"’—*—>ﬂ\&yw

N

PR PR A N S NS I N N N T N 2.
vy oy v vk PR N I NN N N T U O
vy Ly N N N v v o< PRPEDED A s NN NN S

EQ-? s N\

: R ‘ NN A N N N N N e Y B T 2 2 e
55——4+,_»=szﬁesk$_;apdr<x<>~?\;\% N N e N N e~
M//aw\\\\\\\\\\\\\w\\\\\\ NS sd TS o
105-‘—>->‘>——>/7/'7’ 77 s N vy D R S e GO VN N L A
>~~~ > 7 A,r,\ SMiv v vy e e e I Y e N N

A N N N T T 4 e

155-\\& USRI Y o+ I ‘ml LovoN s s \)\\\\)\M\)\\\\\\\\\\\\\\\\ NN N N s s
\\\\)\)s = a2 o kik P T —)_)_)‘)—MN\\N\\\\\\\\\\\)\)\\\\\)\"
20S e )
120E 130E 140E 150E 160E 170E 180 170W 160W 150W 140W 130W 120W
—
0.004
(a) 100hPa
20N

> k—) S>> > > > > P> PP T T T > T > > > > > 5> 5 5 5 > > > > > > —>—>—>—>—5—5—3—3 — —

15N ,7) B i B i S

AN B S T i >
C
10N ;J W B T L S
- 7
L T S S
(&S
3 === = = = = > = > = = = s s s s s
5N

— > > > = > 5 |

EQ{— _ e —
2 ST ) ~
558 +—= —— ——
7 S~
s == . Y . g
105 + Z : = (=
=%, ) f
o X . =
155 _W > —- —_———
20 T T ——r T ; T ; v T v T
120E 130E 140E 150E 160E 170E 180 170W 160W 150w 140W 130W 120W
—
0.01

(b) 70hPa



192
193

194
195

196
197

198
199

200
201
202
203
204
205
206
207
208
209

210
211
212

213
214

20N
sls > 5> 5> 5 5> 5> 5> > > > > > > > > > > > > > > > > > > > > > > > > > > 3> > 3> 3 > > >> > > > 5 =
™)
15N*(/> ;> s> > > > > > > > —> —> —> —> —> —> —> —> —> —> —> —> —> —> —> —> —>
AN
10N s
"/'\
'rm':
5N
l—— &
EQ = o g~
i —— =
55 ——
V
10S .
I~ f
155 ~ / I Ll - o S
aaaaaaaa —A->——>—‘—>——>——>—>-—>->->—>—>——>—>—>—>s,;——>——>—>—>—>——>—>——>——>—>——>—->——>—> > > > > > > > > > >
208 += g y — T ) T T T T + +
120E 130E 140E 150E 160E 170E 180 170W 160W 150W 140W 130W 120w
-
0.02
(¢) 30hPa
20N
€ € € € € € € € € <€ <€ € € € € £ & & &£ £ & &£ &£ &£ &£ & &€ € € € € € £ € <« € <« <« <« < < < < <« < < < 4
i
15N*(</-> eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
Lo RRIRRRIIRLAY 5. S
TON =241 o
A~ |
[&S
5N
L—— &
EQ L N N
[ =T N <
55 1< ——
1% o N>
F—- = —__
10S + -
o 5 ’ /
155 <—<ﬂz—\e«<—<—£j<—<— -
<{?‘<— eeeeeeeeeeeeeeeeeeeeee e e e e et e e e e e e <]
20S += T y — T T T T T T T T
120E 130E 140E 150E 160E 170E 180 170W 160W 150W 140W 130W 120w
-
0.04
(d) 10hPa

P 6 1948-2020 4 7 H 455 &= A4, (a) 100hPa. (b) 30hPa. (¢) 20hPa. (d) 10hPa, Hifi mis.
Fig. 6 Thespace field of the second mode in July from 1948 to 2020 (a) 100hPa, (b) 70hPa, (c) 30hPa and (d) 10hPa, units: m/s.

3.2.2 FIEI R

HH 2R RS SE M R EUTFI K (B 4b) FIH/ N4 iE B (B 5b) AL 55— B, 75
HHEMFERLEI, HIEE 5 AF5 20 3. 4 i/ E s, e 3 A 5% B 5 1R
5i% 2. 3. 4 AHIRIIEERRAR AL E A2 5y 2.054. 2,443, 2.905 4, HEARTIMEN 247 &, MEA TR
J= QBO [JEJH 1.75-2.5 2 [A],  HARUE 3 4bxf Bl i3 2.443 -5 QBO [1)-F 34 J i 2.25 4E -+ 4p i,
WOE RS A A IR Y, HAZ AL S — RS I A 2.25 K. A Bb BRI P NS g
H HILLERS fUF 5 18-19 J% 23-24 Kb Fi 5 AHR AR AL A A 33-39 4F, J5 3N 78-93 4 (HPAIX AN IEAH
HRARGIES HAST BT R A FEAR 73 42, WX L6 i B I AR AR R AR AL AN TS o AN EE LS /N JRy Hh Dy 28 3 W]
F QBO FIHIM 1963 F RARLELLF] 2020 4F, X EHE—HEFAHER: 5F A QBO ME & F A ik
[F], X555 AR (EIED.

M, RS ACE R A B R TT R APR R AN R, XA S B R
FEA A INECE AN, HAEBNMERTH R FEN S E RS ER.
4 ZHEA5 QBO £ AT

41 RiZEEEELS QB0 X FH

&S E A T AT T A RAEE (LE 2, 6), RS NI FH 58 L EE
B Z IR A4k . 7F 100, 704 50, 30, 20. 10hPa I, &5— DL A 58 M348 437y 0.002, 0.002, 0.005,
0.02, 0.04, 0.02 AKX 0.004, 0.01, 0.03, 0.02, 0.009, 0.04 C(EAf7:m/s), Ki%EuiE L&A 5 ) R %L
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LS IAE B2 S B KO SR B AR (BT mis), TIER —. ABLES S (] SR (1)~ 34 I 7331 oy 394
226, K 104G H T ZESVFRZESE LS H ERZBUE A R 58 R EARE (AL mk),
HTMAZZE BRI 55 B S A

R 10, 55— R 5 BAME B 20hPa 7] R/, MR 30hPa DL ZEIAR B, 7E{KES 70hPa
M 100hPa ZAE AR/, HARMAK, WX 5 Fi)E QBO k% AL M N W MIEM 7 —8: MhE
# 10hPa %% 20hPa 1% ML RUE I K T4 1 fi5, 7E 20hPa &b XUk 5% ek, X5 QBO 4k # E 7E 30hPa ik
B KAHZEAIL .

5 RS X e IR E RS — SRR, B 10hPa b, A ORI XU S, T IR D S
IR/ 20hPa 11 2.03m/s, F[A) T XT3 0, 22 7 50hPa _FIA S CKAE 6.78m/s,  MiZAb 4k 2 a) T{E X
/N, BEZJKH 100hPa F 1 0.9m/s. & ENZAA 2 (0137 i 5 30hPa 48 20hPa BL & H 7 10hPa I,
PR S8 B P RS R NG 4 PATE IRGE SORIE, WIZR XU 9 47, i sl 10hPa B EUE AT id ol
-9.04m/s; FERE] 20hPa F{E N 2.03m/s, HAEAK; T2 ARG 7 WAMEEFRZX 6 2 F 2K
RAEAL,  H UK RS AT ARy 10hPa & 50hPa 5 )2 2 IR EE RS, KZ14 9km.

R H— ZHERIE AR5 037 B Sk TR 575 R R

Table 1. Typicalanomalous wind speed values at vertical levels corresponding to the values marked by the lower-right arrow in the
spatial field maps for the first and second modes

R (hPa) 100 70 50 30 20 10
BRI 0.79 0.79 1.97 7.88 15.8 7.88 (m/fs)
A 0.90 2.26 6.78 452 2.03 9.04  (mfls)

4.2 K.3% QBO 58 FFFRFFENR PR

PLHE K37 58 B (4 PR A AR BR AR AL, IXJE T QBO B IIAR k. 4 Fi i J T HIRF FE AR 2 L, A
SCIKT et TS WA b I 3 AT, R —. RSN AR B BUE LR SR TR, BRI
P RIS EARBRAR LA, ED DL EARZS X% QBO 5 BE AR BR M AR BRAR AL, I X A AR 25 & )
) REBAE P HUE T /N b, FRERE Tas b B GH T — SRS EZBE T AN A EE 7
b, FORFEIINIRE ST T B ORAIE 18, HAHMME A 32.9 4F; RIASCHRHCEEM N 73 4F, il
AR I 1% TR B — 2P AR B AL A AN TS, AECSRH s W AR S KA s 7 5 18 s 2.
Bl 5 A2 S BB /NG A, HLan T RIS R B AR AR S i B AR R AR AR PR AR A L, Tl 7
2B T 12 A3 5 BN AR RS, TN 5 R 12 o 9 B ) A R AR AR B A8 4k

X5 IS X sR B e w, R Ta LRI SRS 10-11 A —IE(E, XA T 8.22-9.77 K AR
b, XK QBO MR R HEREAEHL 9 FHFREN . ILAMEZE g 575 18 Lk UEiafA — AN
W, L, RIA SCREA BRI B AR I, 230 R 3K 2% 5 0 O 4 AR PR AR AL A #ORN AT 45, AR
o ankmr s, QBO M 5wt B AR AN A £ 9 S HIAERRARA,  MAFEARFR LA . B 7 51 1
AN R T ZE AT R, XL 9 AEARE FRARAL I f W I B A 1995 4F 4 2020 4FE (EIEED .

X A 5 P e B A, B 3b T L, S IR R RUE T BB R AR AL, HOEAFEE— A
RIS, TE 2010 £ 2 JEZ R MEEA A FTINR; XFh QBO 5 AR b $A sl vr 5 A Bk U] B3 HE A
K (PEZRESE, 2018; Rao etal., 2023). ME 7o Erf I, 25 MSTER 7S 10 A HBUEHE & A, XM
N FZAEAS A T 5104 8.22 4R A AR AL, HUEE B QBO HINI% 74 B fE A £ 8 fEIMAERR A4k, T4
RAWA B . BZEAE 7 H /N R TR AT 5, 2 8 4R 4E BrAR Ak 3 Bl W 5 (R s B HE BHLZE 1990 4
% 2020 4 (EIHE) .

M, L TRESHEPIEAR AR I K e R A, R T SIS QBO TR AL, PRI
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Fig.7 Wavelet full spectrum of complex time coefficient mode (a) the first mode and (b) the second mode, abscissa: values
corresponding to the period, ordinate: wavelet full spectrum values.
4.3 BHLE QB0 5HREEBIMERR

PRI AR SR 7RI R TZ I 2 W, T AR g RAE ML HE AR, T QBO FI%y sift:
Bt 51Z3% R B VM. ARIE R AT Kelvin ¥ Rossby—H J17R A, Rossby ¥ LA K 1514 — /73 (Mat suno,
1966) . HH1 Kelvin ¢ Rossby—H JJiR A 73 il 7 71 2R« [ PG A% 4 5 1% ) AR P i 2 (5K 87 5%, 2006, 2008)
PURHHE X3 QBO 55— SRS miE i 5 Kelvin A1 Rossby—HL /TR AT R R o
431 B—iES

M2 — RSy ( 2) AR I TR AL fEFRUZEE 100hPa AMIRES 70hPa, ZRIE L K BTiE
L WAK I ZR AT BEE S INZE 50hPa 2 Kz b, BEASIRIE RPVE X B2 i A & ) X
AEH /N FEF TR DR A PG R F5 1, %00 XAE 20hPa ik BlEe ok, TR A% 8 RO RGE S TN o

FRIEBENT ) Kelvin P XL EA LUNRFE: 2 X3z BI3RIE SR AL T/RE X, H 57818 KR
SRR A, EATTERRE A T G S RAREBCEI, AR R NE . S — B K7 57 5 1% = )
ZRI e B & BIR Kelvin I RIZRHME; E~FUZ 50hPa |2 K&z b, H GG 5R TR A, H Kelvin
BHIRFAER PG ENEEBI MR . £ 70hPa S22 NIV 2 RAMIRHS, RIS = XU DA SCFUE QBO
FIPRIEAREL/N,  HAZ AL 3200 2 T s 2 AR A RIS IR, 02 A0 K37 57 H 0 A2 A2 1 5T 1 I R 225 B A
Ko HBEATIADY, 125 S EIPEE BN Kelvin .

432 FHETS

HI 58 RSy (B 6) AIANHA I MR, 7 FIREK 100hPa _ER)IREMN, £ T 7RiE B/ 155°
E-175°E IX[d], W28 PHAL X 7RiE BE F 2 BR, R X RANR . PRI AR S, 23 BIAFEAE 2R X
PR, FENGIE AR E AR 8] 175°W &b, A —AN KR Be L 1 0o 75 140°W 518 J LA 55— SR
TERAR R, FEZSCIR AR AR R AEPII, 73 A7 A8 XU R U e e 3R IR«

FRIB B Y Rossby—H JJTRA BB I BLIS LA LUNRHE: X375 KRR H BLE AR TE PO v, 5%
TARTE KA B ONFRORES, FHAEARE PR 43 ) 23 IR EF R, fEARE BB E N R KA M K.
B FUZ K 100hPa BRI A [A] 5 7E—ERE B B RA B3R Rossby—8 /TR & i K37 I BB RFAE

FEFIUZARHR T0hPa fe 2z b HIEEA A X, X375 2503 30 ] A b S0 28 1) FEE AR /N F) — B8008 XU 2R XL
TE7RTE e M o 7RI S . XA R 7 WA 5 BB Rossby-HJREBA W B AR, K5 Lk
Kelvin JEAVFFEISAL: A ix BRI 575 7E P il 10hPa FONZR KM ZEAKHE 70hPa 229 30 hPa k)i
G X KR IEAR Sz XA KA TR ARSI LS Kelvin SRR RBSRARE (5K545%, 2008).
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[Al 100hPa A3t 2RISR Z T0, #0122 BRI0 M CAAE R S AR SCF3 J2 R BEASIR S A . i U
AN 5 RS BRSO RHE Kelvin . 38 S S —BUSHBAF R, £ FRERNE R
BRI Z R b, SRS ) KU R ] DR — B0 A oA T8 RS IR T B R XUl AR S RRAE . E
PR S, 2B ASERE NN Kelvin P HIIE RS (TR, 2006).

Z FTLAZE ZHEASTE T0hPa Ak} 2 | Rossby—H JJIR A RFAE T 2R RN TE iZ AL 7R 18 1 K% 832, A1
AR CERPEEN, %KX Rossby 3 H_EAERE (545, 2018), Tl Rossby— 5 IR G T
EARBL, {H Kelvin yeA Al ) EALHE, #ami Rossby—HE IR AW NIRIAEEZ, EIXHRET 100hPa L, 1
Z PAURIUNFEE Kelvin 3.

zi b, 3% QBO BE—. “RISMIMIBERMER 4> BINIE. RBHUE Kelvin 3, XU Kelvin P EAEXER
JZ QBO FITE AR & B L, S 7= A QBO (1 8 5 Rl 22— JoHp [R5 — B 1) 5 22 Dk o 438 U7 22 5k 60. 9%,
B — K2, X ULHHIER Kelvin y_EALHXT QBO [ TTHR B INSE H, W4 Ja B R IN a8 12 9% X6 QBO A= il A4 AL
HIHIHT 7T o
5 4578

AN R B RIEFRZ QBO FITEFRR A, A NCAR/NCEP #2445/ 7 H 7 1948-2020 4F4E 10, 20+
30~ 50, 70, 100hPa FfH T RIZ TR, X ARIE K7 B2 HFRZ R 7 5 i 17 5 EOF 2, FEitie
TiEW4E RS QB0 KR, 1FEILLF R H 4518
1. ZEWET =S T TR N 60. 9% 24. 0% 4.4%, BIPREA 207 Z5THRA 84. 9% XKW

PR 2 AR B M 7 A X 3R 2P0 2 QBO (MR SRR A
2. HIH— TRASHE W E RS T W, 4E T0hPa 4b K DA L, BH S () X3 S 25 R [ E AR /N R 26 XL,

PR TR DX A A )RR R R 3, M I B TR IS
3. DL R RIS R L BUE TR 50hPa DL ARIE/MFIRER, % 100hPa iZ{HI R/, XL QBO [11E ML

FHY—50 AR RS ST T 200 10hPa, BT 5 QBO HIH MR AL B A 2 A% .

4. DL IR ) R By LA 2. 25, 2. 4T SEAERR ARG E B, T TS QBO (FsY A BAAE R, S
AL QBO MM (1.75-2.5 %) i), H5Fr#Edan, W AMrEREFEEHEAHE: £X%5
TR IR b, BIE WA 8 HE A A AR, AR PRAR AL H AR AN B 2

5. LLEAT. [EPIE XY QBO B LRI S B I BE 7 i A 1995, 1990 SRR 2020 FFE24%, fEI 2020
ERAFTHER TR, HAMNEERIA QB0 SREEA —NERMIER K&, 2010 Ff%EHER T
K, PLRIX BB A Rk B R 8 %

6. H—. TRIASIERMER A MINIE . 2HE Kelvin 3 X668 Kelvin PRI FA&HFRZ QBO (K%
AW EE, P4 QB0 MEERKEZ —, MIEE Kelvin B4 QBO HITTHERE AR, EEEATIT.
RIGEUAMZ, FAGEEW T, $EEETHER 7 A0 ARER PR R 5 R s A

Ji s RILZ S 5 QBO AME, JE48 i IEVRHE Kelvin 3 K3 AL QBO TR R+ 43 B 22, 5 i) & IE & Kelvin

Bo SRMITE QBO TR BN /1 WM RS B, RSO, X R22Wi i TAER RBRFTE . 18It )%

FAS 2> B AB A R SOURIE 72 U R kb DA R BRI E BB, R A4 R AR T 1)
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