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Abstract: Based on ERAS and NOAA reanalysis data from 1979 to 2020, this study
investigates the interannual variability of the summertime quasi-biweekly (QBW) East
Asia-Pacific (EAP) teleconnection and the modulation effect of mid-latitude Eurasian
wave trains. We found that the year-to-year variation in the activity of QBW EAP events
primarily stems from differences in intensity rather than frequency. The QBW EAP
events in strong and weak years exhibit different magnitudes of the western North
Pacific (WNP) dipole anomaly and display distinct upstream patterns over the Eurasian
mid-latitudes. We extracted the leading modes of the upper-level meridional winds over
the Eurasian mid-latitudes using EOF analysis. The first mode shows a single wave
train structure, which is significantly correlated with circulation anomalies during the
development phase of QBW EAP events in weak years. In contrast, the second mode
exhibits a dual wave train structure, significantly correlated with circulation anomalies
during the development phase of QBW EAP events in strong years. In strong years,
during the development and mature phases of QBW EAP events, the upstream dual
wave train in upper troposphere disperses energy to the WNP and couples closely with
the lower-level circulation, fueling the QBW EAP events. Conversely, in weak years,
the upper-level single wave train has barely influence on the lower levels and decays
before the maturation of QBW EAP events, thus playing a minor role. Moreover, the
dual wave train in strong years promotes more WNP convection via wave-breaking
processes than the single wave train in weak years. Thus, the dual wave train in strong
years leads to stronger QBW EAP events through phase superposition and wave-
breaking processes.

Key words: Teleconnections, East Asia-Pacific teleconnection, Subseasonal
variability, Interannual variations
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1 55
RAE AN R XA R B S AR A RIS, X DX A P Rl 2 40
MRS B A EEY . (NI E TR BEREME R —, RI-K
~FHiEAL (East Asia-Pacific, EAP), 7RFRK-F3H-HAREM KL (Pacific-Japan,
P)), BEFRIVRKTINTENH T FEESZ —, MR KT EAEE
PEAER  (Lau and Kim, 2006; #5854, 2016; Wu et al., 2020; Sun et al., 2024) .
EAP 1EHHZCA PY 2554075 Huangand Li (1987) 1 Nitta (1987) E ki,
H BRI SRR S H AR I H XA 3mSRV » P AT b
FIAE 5, B AEA TS A R = 4 AL Rk HY Rossby 51
USRI 2 W 5e 45 H , EAP BEMISCA 2 RUSRHIE, fE2T N RJE ERIY

RZETT (30-60 2K) RUSEMIHEXUA (10-20 2K) RUZEMFMIINIRG B, SIREE
LSRR TN A A 2L (545, 2013; Li et al., 2016; Wang et
al., 2016; Li et al., 2020) . HH, EAP 1B CAEMERE RE EHA R 23 (7] 45
1, EMFEEEE RN KA R R, BB NERI e RHE A SR 26
FEIEEN N “IE-fHE#A 45497 (Zhu et al., 2020; Sun et al., 2021) . BRI
SIHTERIT, MEXUE EAP wEAH K RER K IEIE IR 0, B AR AR S
SREEM SR &4, T 2020 AERGTH R "B SRR 2021 AEYTRS

“7 217 WA, HAORZ R EAP @AHCH STk SRS8 E, HERUE
EAP &t N AES | AT VETR I AT e 2L 3 F% WY (Chen and Zhai, 2014; Li et al.,
2016; Chen et al., 2017), AR RES | A& H Sl BURAPY AL AV PE i HOR =

(Noh et al., 2021, 2023) . LA, EAP JEMHICE S ARV 2 2= K ASAE{H
W EE R T2 —

Liuetal. (2024b) FUBFFEHRH , 2R M FF /KA A AT Rl it o = 2T 5 2
FNNIRGE S, A REAETHRAT IS BN EAP 351, A 22
P AR R T IITNRE 1o AT, HEXUR BAP ISl Wit 5 5 B &
SR RDIMDS, 3 EAP SRR Rt B T35 F4F (Wuetal,, 2020) . X3
WAAEVENUE EAP REAH IR FLB AR K 2, HOW AR R U BAT s 7
YriE. AL, XFEZEENE EAP 38 55 8 Br A A6 K HAR S RO bt
AMLRENIGONT B2 28 MR S S AL A MU OB, I m] oAt — AR M AR I
PR AN E 1 S2 Rl 2%

HEXUE EAP JEAHOCHY 58 32 BIWOI R 2B B IS i . LMERT ISR, &
2 WD Pl H 45 A A LA DE ISR, N 2 BEAERFAIL 1 A9 Bl A SIS AN AR E
RN NAERFHLHI A B SR I T (TR GRS, 2024) R 2L Ry
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2982 i fHR (Silk Road Pattern, SRP), sifr A¥AERIEFF (Enomoto and
Hoskins, 2003; Ding and Wang, 2005; Zhou et al., 2019) , HAE4: 3= Tk 55 RSN HB
FR 2k B0 e RE AR 7K VR T8 S b s B Y S A /E A (Enomoto and Hoskins,
2003; Ding and Wang, 2005; Yasui and Watanabe, 2010; Ding et al., 2011) . &2
AR AOBA S B W S B [ - DU/ R0 e R 12 A S0 R - S8 T
M EJREEMSC (British-Okhotsk Corridor, BOC), ‘EAI 1252 KA #BARZAN: 5h
IR, Hrp BOC @M S SRP SIS A B G (Xu et al, 2022;
FARFIR TR, 2024) o JXLEAFEREHY R 26 51 5 L 1AL REH) EAP 2 [Alf£4E
TULR, IR E K (Wang and Wang, 2018; SREEFIAI £ 1A,
2023; Chen et al., 2024; Liu et al., 2024a) . KRV A4 5 35 51 (1415 S 3 7T EAP
WeFNEE, R EL N EAP i [T SRR SRR (A A €55, 2008; it T 5%,
2008, 2009; Zhu et al., 2024 ),

2 LTk, MR EAP SEHCR A E MK R E R T, 50
Y] EAP 38 81X 3 A s (LA R IRt — 4R B 7R T 2 K A 1
RIS LIS C RS EAP B AC A HLEAL , B ABSE T K
TR WA LRI . SRTTT, FIRTSCHEMEAUR EAP SB ARG SR b AL
WRGEeb, BRI W5 A P R R TR, ARSI FE S b
WL EAP R 47 AR AL A b, RS o BRI 2 i 0 915 e 50
EAP W SRS EIF AR, HHRIRL b W LE L R BT
W WSRO EUE EAP 5355 F bR A B

2 AL T

2.1 FRAR

ASCAE R - (1) BRYNHP R A F 4 H0 (European Center for Medium-
Range Weather Forecast, ECMWF) FJ ERAS i& H 5% H FF 9%k (Hersbach et
al., 2023) , GFENHE S ACE R IR SR B S B, KRR
grex1e, FEEJT R _EM1~1000 hPa, 3£ 37 . (2) EEEZKUEHEERR

(National Oceanic and Atmospheric Administration, NOAA) HY [A] 4N 3% %5 5t

(Outgoing Longwave Radiation, OLR) # H*%#} (Liebmann and Smith, 1996) ,
Ko RN 2.5°%2.5% LA EGERMFFE I B 1979~2020 4, B 2558 LN 6-8 o
ZH (H) AfeasieZaEbd () mEErEE, 20 (H) BREfREEY
H CH) MR ERZS 2 B OF) B URAS O3 H S (HR H] 10-20 K Butterworth
U PR A BOHERUE RUEAE 5 8 H SRR ER 9 4F 5 i PRt B 2546t (FFT)
PP b R (S5 o
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SO A CRR IR N EAMEARSG S R & e i St e v i
Jrike T USHRHUCE R R P A A B ARSC R R, RN EEEA B R o i,
N T PRERE R A ZE T R PRI (E, AR SCR ] Brethertonetal. (1999) & SLAYATRL
HHEN, ARIT:

1-r;7)

N'=N——2 2.1
1+}"17‘2 ( )

Horp, NERORBWREAR S, r M BIZRR A IR PR 8 e oA 1 RS H AR SR -
22 TENA

(1) HEXLE EAP FREUE L ETZHi#E N5 (Wakabayashi and
Kawamura, 2004; Kawamura and Ogasawara, 2006; Zhu et al., 2020) , ¥ #EX & EAP
FaHOE R H AR AR IEHE S SR AR AL DI 2408 H AL S R 2
ZEHIERE 430, B TRR AL AL B -

eapi= (i (50 goee) ~ 2 (g 30l D

(2) #EXUE EAP RYAEFRSEEIREUE L HHRAFEZE HENE EAP 15
BHIDRHEZS , 193 42 FH FIAVREZ P 51lo FEX IR AGARUEZE P P EAT O 4F S
PSRRI 8, eI s AL, 13200 P8 N Rt [ Te 4. B
SRIFTREGEOR, RN E FAMENE EAP EAHSCTE SRk ; AR RO
/1N, AR B ZE X EAP JEAH TR SIS o

(3) U EAP IE (1) FAERYIRNI: (a) BHIEXHEXUE BEAP f0dfT i
06, e A 4XTERT 0.5 I (BME) 1EUHERUE BAP IE (f1) s
AFAHFREE X EER RN — R E ONIEEH ; (b) ZRETE LRI H A LA
AU S AERT 7 RAE R, DAHERRA B i MO U (o) Atk
Fega R sz, MHLERIIE () 2 RIFEHEEED 10 K, S5IERIEEHE
XTACSF ISR AERF TR BE N, L3R 189 /N IEHAAT 183 AN fazk . IE
TR e PRI 2 223 K, ORI 10U B R o 2RO e B (B R 22
(0.7 B 1.0) ARERATSCRF 8 25 57 A SE BTS2 ), AH 23/ INPR 3 A A5
VAN S B 5 B

(4) WU R LB BRI IR A 4 2R B (20°~60°N, 0°~150°E)
im1)= 200 hPa Z= 7 P14 i) XU i 42 U EOF i M, HAS[E G an Al 1

(a) M1 1 (c) Fine BIRATP RS EILR A, (B H A5 A
RSN, B RS RO, DA 58 s 38 A0 WO XY
KA A EE SN (Ding and Wang, 2005; Hsu and Lin, 2007; Iwao and Takahashi,
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2008; Deng et al., 2018; Xu et al., 2022; Na and Lu, 2023) . 4[5 X k9 2 2% H
200 hPa 2 [f] XIHERLE 555 5 70 B R BIX S 2 A, PR e e R
B3 E LN PCL AT PC2,

(5) WeREREFEET:  H T PYAER PR AR M 2 1 DX AR e = X 22
EAP iZ R &K AT K A EE S (Takemura and Mukougawa, 2020a, 2020b,
2023) . AW £:# Takemura and Mukougawa (2020b) [ TAE, B4oB5 Em LAY
PLFIREARE RN &SR =, B 5 350 K ST (15~30°N, 150~170°E) 5
(30~45°N, 150~170°E) i DX 35 P-4 Ar 3008 J 22 S DY AL A PRI B AE 4L IR B
TREON IESRN AR T et RIALR A AR

 JGJEOF 1 NORTH=True 26.7% (0)PC 1
> 4.0
A
| 20
f 0.0
2.0
(2 -4.0
- T — — — T
0 30E 60E 90E 120E 150 1gg9 1990 2000 2010 2020

NORTH=True d)PC 2

- a . H
0 30E 60E 90E 120E 150E 1980 1990 2000 2010 2020
I I I 1 I =
-0.03  -0.02  -0.01 0 001  0.02 003  0.04

B 1 WA 26 B 215 P24 200 hPa 22 [0 XU A0 IESC R B i« (a) 25— S (c)
5B RS AR IS, K 10-20 K RE 200 hPa 48[ KU X 0 A 45 52 251 (b) PCI
1 (d) PC2,

Fig.1 Spatial distributions of the (a) first and (¢) second modes of the EOF of the summer-mean 200
hPa meridional wind anomalies over the mid-latitudes of Eurasia, and the projected coefficients of
the 10-20-day bass-pass filtered 200 hPa meridional wind anomalies onto (b) the first mode (PC1)
and (d) the second mode (PC2).

3 YEXUE EAP @AHSC G B AR AL AFAE

BT AERRIR S, EEERECRT 1.0 94EM (1990, 1996, 1997, 2012,
2015) HENE EAP iEAHEVE SRR | F85U/NT-1.0 [O4EAY (19841 1989, 1994,
1995, 1998. 2010, 2017) SAEZhI54F. HBIRTE. FIFHIHERE EAP Ik figff
TS (A IEFE 25 . U 24 45 594F 0 IESFR% 29 1),
AR R, JF 95% K B PR SE o SR SR (B s A R for
A 175, AMUETIFHFR 1.26, £ 2855 F f st F I (E R 1.74, jXLe
SERFRWY, WEAUE EAP BEAHICAEM. J5E 1) 2255 F BRI SR n A T AR 4
AR o BN Al pkase B AE 3 (B SR 0.8 B8] 1.2, X — E MR S5 AR IR IEAT o

Bl 2 BN T J9FEENUE EAP I S0k SR - T B S IR
IRTRFIRE EAECRAE , SUF AN EBAESCREE (EIIE) o FeTHEXUE EAP FRH
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e T RIRUE, WBEFIEEE (55 0°K) KUET. & 3 KoM A AT B
Bo fEEY, SR S5FERNUR BAP AR R G158 B e 1 S B R
AT AL PR, (ESRFRME R T EF (18] 2d-e).

AT RN, ¥ S9EMAUE EAP IERERER, Lo AH#
SR SRR KRBT B (18] 2a), BRIV K[ B AR B PRI 5 454
FEVIN b2 22 PO - R AT, S B S SAE AR B2 B PR 70 A S 1e) o
PRI S A RELE 18] N IR, AE P A AP B S o T IR AR
JEARIERIAEM o sGAB B, BB EHRI N — 32 b 1rs1, HAE Rt H
AU AR RS, SIRETSERETODES, POl R 4k2Lm
JEEAEL (I 2d) o 3EY BES &M BU AR IUERF AR 50 (1 2g) , TR
—IRANAR A R A

(a)day -3

active years

inactive years
(b)day -3

60N @.‘W;”?vﬁ" =)

40N 72
20N {7

60N
40N 7S
20N {i:

60N
40N £33

60E 90E 120E 150E 180 150W120W 60E 90E 120E 150E 180 150W120W

|
' ,

.[5

PR B

60E 90E 120E 150E 180 150W120W

I I T I I I T I

T ]
40 -32 -24 -16 -8 0 8 16 24 32 40

K2 HEXUE EAP IEFRERT (f). 3894 () MBHERY (F) 1 10-20 KRUE 850
hPa 71 200 hPa {7 Fm=  54 LLK 200 hPa Jd sl i & i, 7 nIxthy (a-c) WE(ERT 3 K
(day-3) M1 (d-f) UEfHH (day0) LA (g-i) WE(E)S 3 K (day+3). HHF 7R 200 hPa
P s (B0 gpm). SREZEEIR 850 hPa (3 5w ([HJFR o 8 gpm, M8 gpm
gzl BOMA O RIFIRIE. AR, THELEEN) . KEF LER 200 hPa Jih5)
Wi (A m?s?) o TR SREZAIR TR AT 90% ) BAF /T X
Fig.2 Composite maps of the 10-20-day bass-pass filtered geopotential height anomalies at 850 hPa
and 200 hPa and wave activity fluxes at 200 hPa for QBW EAP positive events during active years
(left), inactive years (middle), and their differences (right), corresponding to (a-c) 3 days before the
peak day (day -3), (d-f) the peak day (day 0), and (g-i) 3 days after the peak day (day +3). The
shaded represents 200 hPa geopotential height anomalies (unit: gpm), the contour represents 850
hPa geopotential height anomalies (with an interval of 8 gpm, starting from +8 gpm; blue and red
lines indicate positive and negative anomalies, respectively, with zero contour omitted), and the

vectors represent 200 hPa wave activity fluxes (unit: m? s). The stippling, contour and vectors
indicate anomalies that are significant at the 90% confidence level.

HSREMEE, SSFHENE EAP SRR RSN R w s . A JRHEL,
A SRR SR SR RS B (18] 2b) , HESHg RN B 2R BT A
PR (8 1a)o A, FEPEAAMIL M DA — SCeh BB S A, (B e
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EAP 91 (7R T BB B O , AN B MERUE EAP B ASEA0 % R
Bl (B 2b) . ZRIEE, WeAIAE R AR AR T K, Bt
AUAREERM SEESEROES (F 2).

S SSEEMERUR EAP Jiff A e B, B BRI A5 BRI P 26 27 A1 Y

EAP itk el B B 510 255 BROIE H 245 JBE 3 51 58 A0 A1 B 1) = [ A
KALGEE] 049, SHHMEIE EAP fF & el Bt Ll e &5 WO 26 B
B 26— SRS BB B 23 [ AH SR R EURF) 0.45, BIikF) 95% K AR BEK-F-. HHEE
ZF, BN EAP Y BRI A S WO AR EE R 55— 1A B A
R 2RISR AR BN N-0.35, S54EHERNUE EAP S4h A e B Ll s R 45 K
WP EE A 26 AR AL R 23 ARG R EUON-0.2, BE— RS A EAP
L TSI AN ARG, TSRS BRSPS SR &
4 BEPLSERFISE. FHEENF EAP BHHIEKR

=TT T HERUE EAP JEAH K YRR AR, AT R s AT WO
DX H 2 RV 8 1 PR I 23 VAR RRAIE , P SRR EAP SRR 5548
[F2EEk. i PCL 1 PC2 MRS RUAFE] 485 10-20 KAk g i fr s 5
S RS Bl s B I A AR AT AT, XTSRS (8 3 28, fERJRALAH
I, 5 7R LU DRIEE S AT DIt R BB G5, AT SR 26 (R A 1 1
5, WRAE KRR Z WY i B2 S o A B 2h 1R A o ARG B (55 0 K,
WIS RO RV E- AR AR, RILT SRP 5. #EAZRYBG,
P RE LB MR SFEFEAIEL, dERPUFEHI “IE-1-1F" BRI = 7, fa
HIEAH SR

FEXE ISR (3 55)), -4 K& FIBSI 2R, B
WA R AL 60°NAFAE L M B 25 25-2 K, BRI AR IE i B0, I i
I, —F 5 R R T R G Se Rk, 71— B M4ERr s A ek, |y
B “AR-IE-f-1E7 BT S — B A SR i AR B, B BIAE R
TRV 454, P SZ AR IR B (E . X — RS RHIES Xuetal. (2022) #2
Hi BOC-SRP #i & WL A3 1247 ERMRCUE, 53N RS RHEAER

(Iwao and Takahashi, 2008) o FZJRITEL, & 5o HHOB TGS , I & AP

BE—2AL 48R, WO it R AR S
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EOF1_Z200

day -4 EOF2_Z200

60N {

30N {

"day -2 EOF2_Z200

180 150W 0 30E 60E 90E 120E 150E 180 150W
I [ [ [ [ [ .
40 -32 24 -16 -8 0 8 16 24 32 40

K3 p5ET PCL (f2) MIPC2 (f7) R = [FIHRYT 10-20 K RUE 200 hPa {7 5455 )3 ey
(FA%, HAf7: gpm) MIPHEsEE (KA, A m?s?), (LT 90%EF R K H
X, Hrfr, day 0 3755 PC1 A1 PC2 [R]I ALY AL L o

Fig.3 Lead-lag regression analysis based on the PC1 (left) and PC2 (right), showing regressed 10-
20-day bass-pass filtered 200 hPa geopotential height anomalies (shaded, unit: gpm) and wave
activity flux (vectors, unit: m? s2). Only anomalies significant at the 90% confidence level are
plotted. Here, day O represents the variable anomalies that change simultaneously with PC1 and
PC2.

0 30E 60E 90E 120E 150E

R Ao AT LARE— 2D 4R 58 S5 4E A B IIRAS Z RIFER AR o £E58
F (E 4a), 4 PC2 GOGHERUE EAP f5%0 4 KT, PEMSCIELRIGE(E, 1g(H
R RN 041, TKH 95%HYEAF Ko Bl JF IR RBGHGHE R, FFAEE(E H
NP MHEEZT, BRI SHENE EAP E A BER. 59
FENAFAE (& 4b), £ PCL GUCHENE EAP 154 3 RINPIEHREOR, &
BTG PC2 5 EAP MHK, (HASEILE] 95%HY EAS EK-T-o BEJE ML
55, FEAES 0 KATEH N UK. S9FMERNUE EAP 5 PC2 AU R REIGZA
2o LAESRRHIAE PRSI XS5 559 ENE EAP 4 n] REAL 2 AN
AU SIER, TR e v RERY P B R AP o
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(a) active years b) inactive years

0A5(

05
] — PC1&EAP 1 — PC18EAP
0.3 — PC2&EAP 0.3 — PC28EAP
0.14 0.1 -
-0.14 -0.1 1
) L
-0.3 1 -0.3 1
-0.5 O5+—T—TrrrrrrrrrrT
8 6 4 2 0 +2 +4 +6 +8 8 6 -4 2 0 +2 +4 +6 +8
PCs Lead PCs Lag PCs Lead PCs Lag

& 4 HEWE EAP 5405 PCL /I PC2 7£ (a) SRAFEL (b) SSAFEMTHRTH A G REGHEE . H
R R FRIRIE S 95% R BRI/ RIMHR R AL, day -2 3578 PCs RTHEXUR EAP
R 2 K, day +2 WIZFRHEXUE EAP F5XGERT PCs 2 Ko

Fig.4 The lead-lag correlation evolution between the QBW EAP index and the PCs in (a) active and
(b) inactive years. Bold marklines indicate correlations significant at the 95% confidence level. A
lag of day -2 denotes that PCs precede the QBW EAP index by 2 days, while a lag of day +2 denotes
that the QBW EAP index precedes PCs by 2 days.

5 WA 26 B F R HIVENUR EAP S4F R AT RENLAH]
5.1 WHIAEALBINHITE A

DRI FR 26 J3E 3 A0 e et 1) i R SO R B A AAOL &n,  REIRIAI EAP 34
I (M AIgRE4E, 2008; i T° 45, 2008, 2009; Sun et al., 2021; Zhu et al., 2024) , &
5 N A TR 2 R A S 2 A m [ R (L) MR AL
HEERE (B8 rTLVER], FE30°NLULR s g X, BSZ AN
SR EARE AL B e i A AR — 8, R IE AR . it PC2 IGHAIAAS (&
5HI) ME, ARG BL (0K), HAMEIAFAERNREALSEESE "It
ERT AEAREELE H50 A, Ha SHERUR EAP FIIARZE D —8. )5S
VTR H A LUK A9 A3 5 BE IR S 1B it , SEAR RS IR o tH I e A e
T, AR RIS PHENE EAP JAIRY - 1IE-10-1E"454, SR4ER R
LIRSS o XIS AT AR (L B A RUIN58 1 EAP HER)
PEACA PR a8l

FOML PCL AR A Z84E , BIRAE S A B, H A AR e I 67 3 B2 1
SHE Y EAP JWHIMRZIEAUOAXS Y, EEEE I, RN & IR
RIS, AF T AR AR D HIE . BRI E
REM AR AL B IN(E BHENUE EAP ZARHY HARMHLIE SO & R, (B8,
17 HL 2 AR HE AL U AR s DRI & g o R, DGR SRS HE B SR A B
ARITHENE EAP BEMRRYA S, 1XI2 MR HENE EAP H4F B R RN Z .
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Fig.6 Regression of potential vorticity anomalies on the 350 K isentropic surface based on mid-
latitude wave train indices PC1 (left) and PC2 (right) lagged by 0~4 days (shaded, unit: K m? kg!
s1). The contour represents the summer climatological potential vorticity on the 350 K isentropic

surface. The stippling indicates anomalies that are significant at the 90% confidence level. The blue
and red rectangles indicate the two regions defined in the wave-breaking index.
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Fig. 8 Summer mean composite maps of (a-c) 200 hPa potential vorticity (PV) anomalies (shaded;

unit: PVU, where 1 PVU = 10 K m? kg! s7) and climatology (contour; unit: PVU, interval of 1

PVU), (d-f) 200 hPa meridional gradient of PV anomalies (shaded; unit: 10° PVU) and climatology

(contour; unit: 10 PVU, interval of 0.5 X 10 PVU), and (g-i) 200 hPa wave number K (shaded;

unit: m") for active years (left), inactive years (middle), and their differences (right). In (a-f), the
stippling indicates regions where anomalies are significant at the 90% confidence level.
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