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Characteristics of the East Asian subtropical westerly jet's zonal

oscillation during the Mei-yu period

ZHENG Qidan' ZHANG Yaocun'

1 School of Atmospheric Sciences, Nanjing University, Nanjing 210023, China

Abstract

Based on the EARS daily reanalysis data and observational precipitation data at
2437 stations in China from 1979 to 2020, this study analyzes the zonal oscillation
characteristics of the East Asian subtropical westerly jet and its relationship with the
East Asian atmospheric circulation and precipitation during the Mei-yu period. The
results reveal that there are two intensity and position variation types for the East
Asian subtropical westerly jet during Mei-yu period by comparing the 200 hPa
regional mean zonal wind anomalies in a large value area of standard deviation
(37°-47°N, 100°-120°E) with the two jet stream centers over the Western Pacific
(37°-47°N, 140°-160°E) and the Tibetan Plateau (37°-47°N, 80°-100°E). For the first
type, the jet stream center is situated over the western Pacific Ocean in the early stage,
then the intensity of the jet stream over the western Pacific weakens, and an enhanced
jet stream center appears on the western side of the jet stream. The maximum zonal
wind shows a rapid westward migration feature, which is called the rapid westward
migration type. For the second type, the jet stream center is located over the Tibetan
plateau in the early stage, then steadily strengthens and moves eastward. The
maximum zonal wind exhibits a gradual eastward migration feature, which is referred
to as the gradual eastward migration type. The analyses of circulation and
precipitation corresponding to the two jet stream oscillation types indicate that, with
the rapid westward migration of the jet stream, the east ridge point of the South Asian
High is located to the east, and the western Pacific Subtropical High’s intensity is
increased and moved to the west, and the circulation pattern in the middle and high
latitudes is characterized as "two troughs and one ridge". Furthermore, as the

meridional increase of 200 hPa divergence and the 700 hPa water vapor transport
2
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rises to the north, the position of the rain belt shifts from south to north.
Corresponding to the gradual eastward migration type, the east ridge point of the
South Asian High is located to the west, and the western Pacific Subtropical High’s
intensity is decreased and contracted to the east, the circulation pattern in the middle
and high latitudes is featured as "two ridges and one trough," and the blocking highs
occur more frequently over the Okhotsk Sea region. Meanwhile, the upper-level
divergence in the lower reaches of the Yangtze River weakens, while the upper-level
divergence and lower-level water vapor transport strengthen in the upper reaches of
the Yangtze River, thus forming an antiphase change in precipitation intensity
between the upper and lower reaches of the Yangtze River.

Key words East Asian subtropical jet, zonal oscillation, circulation evolution,

precipitation distribution
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L35
ZREREIFCHT 15 XS0 (The East Asian Subtropical Westerly Jet, EASJ) j& &

BT ARG L —, FEABERI KA B R Y)AR, -5 w2 B XA B
(Palmen and Newton, 1948; Cressman, 1981; &i~F = MIHFE, 1991; iKBAFSE,
2008; FRIKZ=EE, 2018). BT IR 2 KA PR E, 2R
588 B AN B AR A 0o 2 XU R A R ER V2 R R ASSM S  0 JE R ) (I TR 4%
1958; FiF =45, 1958; Lau et al., 1988; Hoskins and Ambrizzi, 1993; Yang et al.,
2002; Ha etal., 2012). BFFERM, f£RRAMABNE W HEHSES, RIS
TAE 5 AR 6 A1 9o J S AR MK i b2 2 s 28 T 7 v . 2 1 Ak, 43 ) x
IS T R 2R R R RIME R T4 (2 54REE, 2004). Bbab, SURTE 7 HRARW
KB R AAAAE — R B2 LB R, FLR I 2 AL 4 g JX 3 AN S
25 ) XS VR 55 P AN B A BBk 77 X (Lin and Lu, 2008; #hAik, 2011). fEFE
& R SR E D rE B R AL, UL R RO R HH I 2 Bk (O S VA
SKFEAE, 2006; HSFUNZE, 2013; Wang et al., 2019). 475 3 & #r SUR R AE
(30°N~37.5°N, 110°~130°E) Vo[ N7 WaEn, KILREENRS, SRE
PRI (SRS, 2012). HUILFTIL, SURANALEB SR RKSHS
1B 25 VIAH 5

=5, AT IR T B ey SO O FE ) B A AE PR A 2R 1] 7
fhr B2, It HS5HM IR KR A%V R . Zhang etal. (2006) F|FHiZ H A
BARGRIITRIL, 16 6~7 H2URALEMN 140°E ML REFIFEE 90°E, Hrh
1E 35~39 1 PE R i i35 o FLAREE (2008) MR FEHE— D4R A I B Z5 W0 @ A
B i (1 A i NG S B S 1Y 3 i 2 5 =R 8 B N | AV ll s B
FRALYERRIVRFE, JF B SRR AR TP RSP RS, 7RI NI X Fl &
T8 KRN E = I SRS B TR U R ZAR & L THE s, AR THEKIL e
JREE TR SR B K o AN, FEAZE R AR SUR W AETE L 1067 B AR AK (Jaffe et al,
2011; Griffin and Martin, 2017; Wu and Sun, 2017; Yao et al., 2018), Jaffe et al.
(2011) RINAZFETZRAFAEY IR 2h ik, JEGtit i 1979~2007 R[] K
BT 19 TR SR AE F AT, HEEMRTE R A R AL L P
AU B2 THUSE 3 B2 A5 A7 AE SRR E . Xie etal. (2015) WFFTR A
[F 2571 1) R T RS S ot v 6] 4R 500 9 o £ 67, 28 5 B2 A A = AR A TR PR B
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Wi, JEHGRTE 6~7 HMRIIN, 2t b B ARSI A AL E — e e,
e S e Yl e B T BN o o 5 B A D e R RS A AR G A = R R s T
A BAEZEYIBER (Du et al., 2022). PAFERE 7 A ZE 5P 44 i 1 240 £ 1 #87
TR BN HG SIRTE A H YIRS A B AL, JRHAE 6~7 H 2O PR
e LAY 14098 AT gt i) pU A% ) 22 75 6k s R 90°E i, {ERf bRk v #% i
FE ) BRI IR B = 408 54T, 76 90°~140°E T [l P 2t 0o 75 HH BA5: B
PUHE ZRIB R E )AL B IR AR FR 2 AR 2 BRI 6] AR K S R
R A B K 5 A RE A 23X IE R AR ST B — A T i I . (R, A SR
1979~2020 4 ERAS 38 H F- 73 # GORVII 1 [H 2437 3638 H FEK BORE, 3 H it 9 31H
RV EIAHT SR I ARG R AL, FEERTT AN IR 28 5 AR WK S Bk &
ST e 7K 2 18] 43 AT B RE I, IR AR R 353 2 S 1) Aty o8 XU It 403 1) AR A RFALE R A
Ho
2. BRI

AR SRR (D BHAR K Zm R A5 m ERKIR I BRIE
TR IR SR G (ECMWED 23 #E5y 0.25°% 0.25° (155 TARK B /N
TR (ERAS), BRI BOAN 1979~2020 4, 3L 42 4 (Hersbach et al., 2018);
(2) HHESG )RR A E 2437 A GuE HFEK TR, Rl Cressman J7
AR E] 19% 1° M 5L E (Cressman, 1959).

T4 6~7 H—MIEAL T HERIBT B, 7 i R 3 24 2 sl vy Ut IR 26 Al 3 3
FHIE, Z M Liand Zhang (2014) JrfifisE MRS FIMR I, NET 082
Mg 4R R, BTG 10 %, 840 6 H 10 H~7 H 20 HAENHF
B BCEHER A, 3% 41 Ko tbdh, HERIS0E HARRIZ, I SO &
FHOFHRBIASSE, BN 2000 Pa £ 1A KEFEAT 5 KIFEITF1Y.

375 YR FCH 7 US4 TR IR RRAIE

3.1 ZRIVEHH 78 RS R R RHIE

B 1 J9k R 200 hPa 4 [ X7 1)U A b HARHEZ2 0 A1 B s N2 52735 200
hPa 4 [ MURIZKP 3 AR (B Ta), AR 1RSI Bl A4y 7 XU A8 A KGR
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F 30 m s AR, 2 BIAT 130°~170°E FITE K F-EEA1 80°~108°E T i
JFE B2, RIREIINTE 40°N M. BRI 37°~47°N P340 ] KU B [ -2
FEARAR CIE 10D AT, S A 2R S0 Bl A S RO PR RSP BB A2 22 95°E
B, B AARRIAIE KT E2s SR e B e Hlm B S e g R
RIFAE, 31X 50T A 45 350 (Zhang et al., 2006; #4145, 2008). 4k, 200
hPa 2 [ AAFTER KT 14 mo s IARAEZE KAEIX, — MO0 T P8R B2 2
e, H—Mr TR EDIEIX B2, duG AT 110°E, 42°N fiL, HA e Rr
R ARG K T E A X B (B 1), PRSP XA R RS
He b SO R U 55 L2 R A ZE T AR AR A %, T DAL X b 2= 2 )
R HE 72 KAB X B2 8 7E 100°~120°E Yu R (& 1b), 1% IX 38 H BRI 4 1) K
AN HE S QR A ARG A O, X IE R AR SO H A B 1o 451 100°~120°E
-2 24 1m) KR IS [B] -6 FE AR 4K, RIAAE 6 10 HZ 7 15 HIIA] 200 hPa 4ifa) X
KT 11 m s [FRAEZ IR GEAE 37°-47°N SEF N, Bl FriEZE KT 11 ms™ (138
FE K2 30°~54°N, (HAEARE 26 [m) MR E 22 K AE X ATIEE 37°~47°N [

FET T2 1) B T 22 B 3 H AT 00, 200 hiPa 45 i) XUk o 22 76 T 5 DL Bt
DX BRI HH B — A AR X3, AT 400 52 8 2R ST Ry 7 XU i DR A R 1) P 5 )
SR, AR SCEL 37°~47°NL 100°~120°E Ay RN A %= 0 gl #viis it A8 1k
RIOGEE X IR, W la SRETTHEFT/R. e T RN RO IX — S X IR ) KU
(IR AR AE , H87 7R 0 G A SO Hh 7 2 1 0 A R 2R P R 3 5 S [X 46 g
ROE R IT LI R R
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Kl 1 HERTY] 2000Pa 2 A TS (RF(EZR, A7 msD AbRfEZRE CGHE, B0 msh:
(a) ZIE-LHERRAE: (b) 37°~47°N M -2 B E: (¢) 100°~120°E T3
AR TR)-Z6 B AR o SRHER R SR AL SRR IX. (37°~47°N, 100°~120°E), Mtk 4k 70 il R
100°~120°E F1 37°~47°N (¥4 & A1 45 5 i [l
Figure 1. The 200hPa zonal wind climate state(contour, unit: m s*') and standard deviation(shaded,
units: m s!) during Mei-yu period: (a) longitude-latitude spatial distribution.; (b) longitude-time
distribution averaged between 37°N and 47°N; (c) latitude-time distribution averaged between
100°E and120°E. Green solid box indicates the key area of jet stream variation (37°-47°N,
100°-120°E). The blue dashed lines indicate the latitude and longitude ranges of 100° to 120°E and
37° to 47°N, respectively

B 2 25 T DR IX P2 4 1 KGR 1932 H S [) 5 4] B FL AR A0 B AR o0 AT o 20 AT
Bl 2a KL, BP9 26 ) KGE AR 20 B 2 IR A —IRARRAE, 1722 R
R B X 45 1) KUAE N 24.36 m s, HorhAT 490 R XI-F- 1 26 ) XU I 30 m
sTo BEAARE, 7£20 el 90 FANZAT, KBEX LM HAFIIEU EEZE, 1E
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AR AARAE, IR X 2 [ KGR T 0.5 0 B HARIEZE, YONILmGR, RN
55, 1722 KR 556 RKXGEmEA 570 KXGEMTS, St o8 X i X
A e B 55 BN RE R KA AT o A, Al 2b FoR,  RUERESTE 1~3 KIS
G4, RGEMmIRN L 1~6 KA, FEIE 10 RELE. ok, ROk ERS R e
3 REIUEST 83 W, LA IREL 65.4%, MIRFEMESIE 3 R LL EIET 77
o EIREL 57.9%, AHXSTmES, JCBE DX XU i BE 4 FF K p ). JE I B
RAOHTATRT,  SCHE X 26 ) AR W S R 5570 0k, R BLAT FRAl I 5 RRAE

0 LA OCHE DX A 1) RGBS AL, It L R X s ) R SR AREAE ,
SrHT OB IX A ) A SR S SR T k. ARIBATREAFTEIIER R, R PR H oG
BRI 2 ) U5 2R o P A O g PO (R P AR A DG 2R, TR R i A
T8, RBEX AR PEPA S o O X 43 3 B 37°~47°N . 140°~160°E Al
37°~47°N. 80°~100°E, S| la tb K VA1 E il 5 b2 A S o A UgE S
A7 B ARXT L, FH AT R OGERE X L AR O A O R G U I 0 % 1 XA Y
] KGR B PAE, FRREAT X EE, T B R (2 4 1) R BE PRk 2% (0 0o I8 H AU A
Ao MO DX R EE T 2 BT AR 7 00 S O GH B P, F AR 3
RICA L, M —A e B I s . A EFAFIRET 1 3 2 K, &M
DR S P KT S e DX XU P P[] B X X X3k B P~ KT B 5 e ) RGek E
BT, WK RE G SR SR T 459 5 AR S R B AR A A % MR, BTESEAF
AT 1 2 2 K, AN XU AR K T DB X XUTH PRSP, (3] ey O X Rk B P
A K T B 2R 00 IR PR~ (AR HT , DDA IR 1 5 A U1 45 0 5 {0 It i
WA K. —ILRTIH 65 AN KGRI RF(F, Hrb 18 N5 R MR AR A K,
31 /NS 2R R AR A O, & T FAE Y 75.4%.

B 2¢ 25 H T 28 KU 58 A RR SR B AT AT 72 5 AR SR SR AR
WA RN, FFERE 3 26 RoyE, itkAET 13 (HEE 72.2%),
Hrp RS 5 RIGEMEBONFE L, RAET 4k, F43 K. 4 KA6 RFHFZ K
BT 3 wmKREET 19 Ko FES TR AR A M FA T, FRLk S5 2
7RISR Z, i RA 16 0 (EEE 51.6%), Hb#rs: s RWEMFRZ, &
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Figure 2. The variation characteristics of zonal wind speed in the key area and of the two types of
wind speed enhancement events during Mei-yu period: (a) time series of regional average wind
speed in the key area; (b) the frequency distribution of the duration for the strong(the purple
column) and weak wind speed(the green column) in the key area; (c) the frequency distribution of
the duration of the two types of wind speed enhancement events; (d) the date of occurrence of the

two types of wind speed enhancement events. The blue and pink columns represent the type of
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—K, BIHEMFFEH, MAAGEHE n K. J5n KOHFE RN day -n 1 day n. M
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N — B 5 AR R ] L 3a) . I 5 P A e B A A A O 1 D B DX XU AR
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KB 3e); 15 P20 R B AR A SRS, FE SR U Al s K2 1] Rl
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253 Figure 3. Time evolutions of the zonal wind anomalies averaged between 37°N and 47°N(a and b,
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256 related to the eastern jet stream’s intensity variation, while the right represents the type of related
257 to the western jet stream’s intensity variation
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Figure 9. Composite distributions of the 200 hPa wind divergence field with time and its
difference (shaded, unit: 10 s7): (a) and (e) are 2 days before day0; (b) and (f) are day0; (c) and
(g) are 2 days after dayO0; (d) and (h) are difference between day0 and day-2. The left column is
the rapid westward migration type, while the right represents the gradual eastward migration type.
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