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Waveguide Teleconnections in Boreal Summer: Progress and Perspective

WANG Lin and XU Peiqiang
Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract Waveguide teleconnections are quasi-stationary planetary waves propagating along the jet stream waveguide. They play an
essential role in the maintenance and evolution of atmospheric circulation, and their abnormal activities are often associated with
extreme weather and climate events. Studying the variation and mechanism of waveguide teleconnections at different timescales can
not only deepen our understanding of the dynamics of atmospheric circulation but also serve as a scientific basis for weather
forecasting, climate prediction, and even climate projection at corresponding timescales. According to the dynamical property of the jet
stream waveguide, the atmospheric waveguide can be divided into the subtropical jet waveguide, which is maintained essentially by
the barotropic effect, and the polar front jet waveguide, which is primarily maintained by the baroclinic effect. This paper focuses on
the waveguide teleconnections in the boreal summer over the Eurasian region, when and where waveguide teleconnections are the
most active. It first reviews the history and theory of waveguide teleconnection and then summarizes some recent advances in
waveguide teleconnections along the subtropical jet and polar front jet, including their formation conditions, dynamic mechanisms,
climate impacts, and future changes. Finally, it discusses some possible issues that deserve future investigation.

Keywords Jet stream, Atmospheric waveguide, Atmospheric teleconnection, Planetary wave, Wave-mean flow interaction
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# (Ambaum 1997; Branstator 2002; Ding and Wang 2005; White et al. 2022). 5 FyE-JL 32 AH ALK
PO B RE L 7 B R SEEA AR, SURRE AR G 1 B T KRR AL B 7 L 3%, DRItk &e )
JREE/AN dilmRER, AR EEREAMER— ] GEAJEAIESC 2014; Branstator and Teng 2017). MAERR
FEF, SUREAHXAE I K RBEARRERN SRR, GRS BEFEKE R R R A K
GiEZ P)EhE. REMEELHR, PEORAHRE KB (IS 2008; TKIEFS 2008; 1T
T 8% 2010; Hoskins and Woollings 2015; Wirth et al. 2018); MIXIRREHR, LB KAESI K —RIIUS
2 fel 7 n) HEZ 1 e S AR R A HEU K BEE T, AN TR 215 M) v v 26 FEAN [R] 1 X R =R = i
(Schubert et al. 2011; Trenberth and Fasullo 2012; Palmer et al. 2013; Wolf et al. 2018), HFill & FEAHE I

T B AR 1t DX [ B HS B g R RS S5 (Screen and Simmonds 2014; FHPFFIFK A 2014; Huang et al.
2015, 2017; Rodrigues and Woollings 2017; Lin and Yuan 2022). AHE T AN KA IR G4, SURBER L
FEAN [F) 3 X [R] 5 5| % BR) 22 > B o = A1 A AT 2 0 B B Dy ™ BE AN B 2R I AL 2 B2 (Zscheischler et al. 2018;
Raymond et al. 20200, i1, =425 A X [R] I8 52 48 0 R SR SR I 2 7™ B U R BRI B 7 5, B2
5| A=K TE AR & fE HL( Tigehelaar et al. 2018; Gaupp et al. 2020; Kornhuber et al. 2020; Raymond et al. 2020;
Rogers et al. 2022); 11l 2 ™[RI A A AR I R AU S AT 30 25 365 P P OR IS A T VR DREAST S8 0, S v 7 ) <
KBS AL A% BRI FIL X AT L. (Swiss Re 2019a, 2019b; Raymond et al. 2020). Ik, ITFEFRFT 25k
TEAH SR AN R0 RIS 7852 B 4L 2 & I ORI E

HZx, WE AR B X IR 22 A8 /0N, s 40 B R AU AT I 78 RO, B o ol e Ui
NG SR SZ (Lee and Kim 2003; Kuang and Zhang 2005; Huang et al. 2014). XS 1) XS0 25 4
S5 TR AH O () BN AE B 2Rk B AR o, 6 s A SR I 52 185K (Lin 2014; Wang et al. 2014;
McKinnon et al. 2016; Coumou et al. 2018; Rousi et al. 2022). %11, 2010 FE 2, g 2RFARE 20K
ERRAREAR SR S IR, AERRIV KRS b2 I m AL SCRI A [ B B 45k (18] 1a) . HItAHAERE, R
U, Sl FRE AR PO AD R XL [ 8 52 B R s S AR 2E (B 1dD), K S v
AR A R O E, PR 55000 NSETS, MEETFERIEDIL 30%, HEEZLTFHIL 150 143%00; R E
FE M A KR S, 3304 2000 TN K, BHERA TR 430 123570 (Barriopedro et al. 2011;
Trenberth and Fasullo 2012; Teng and Branstator 2019; Xu etal. 2021a). 2019 441 2020 £ E 7, MBI RS
RAL I (B 1b-1c), BRI R Bl 22 150 2508 52t R 428 (B Te-10), & ™ H N R T
itk 22 W P45 2% (Sousa et al. 20200, FJ W, IR A/~ B Z= SURE AN Q1A LB R A EEm, PR
T 4 RSN I AR A AR R W i R0 A 1 T T 3 A R R A i SR E S R (A

H NSRBI S5 H LR, CARZHFHMI 1 Rl SUR _EEH OCH A8 S LA SR .
R, BEAERESRBSERGERINR, BN M E I SR AT TR, IS T2
BRI R o A SO R ALK E 2R AR R Rl L [X, 87 222 [B] BT 4 SF O T Bl 4wy RN B S AR AH JC AR
S HLER AN S A 5200 7 TH) 3 F2

2 DRMBEFEREKR

KAW T IS 0] PUE W2 20 42 60 424X . Charney and Drazin(1961)#/1 Eliassen and Palm(1961)
FERE FUAT BBV EE BT IR () RE AL FR IS N EEIR B4R HY, o WAT B I A RefE A 1 B 007 5 A A& %
Dickinson (1968) Fll Matusno (19700 & ILHEE § AT B AL WX Z A% 22 P02 1 A i e i m) - m) i 2
HIRR i At dE, JRRE T “ATEBBS” KM, DARERAT B A B b A% Al R A it ) 1 1) SR
F XU KA AR IR E . BlJE, AR FATG IS M S 1] 247 B IR B~ 1 B — 4EBR T A% 46 7] @
/1 (Longuest-Higgins 1964, 1965; Hoskins et al.1977; Hoskins and Karoly 1981), 4%/ & Branstator (1983)
FET AR E RS 1 FAT B A SR ML AR R E, RIS BT i E AT B I RE R I
dEVE Hoskins and Karoly (1981) $2H KK [FEREIRALHE, 1 &IE SUAEL: B J7 A&k, M IXERL
LG T 2T LAMEN Rossby U FHIE R 20 e 80 AR KAMEAH M 73 K IR, {HEL
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Wallace and Gutzler (1981) AR ZEAT— HEA EMM Tk R B2 S HSHENE, XTaES Y
I PRI 7 32 A R ORI 2 T 2 R A 3 v S AT TG 9T 2 ) ROBE B /N ) SR A DG 06 . ELE 20 TH4T 90
X, Hsuand Lin (1992) XM 250hPa it bR 207 tH R I — /M1 B S B RV B SR, &4 2 ROE
Kt B EB I H A, 25 1 T SR REAH AL DULIEYE . BEJS, Hoskins and Ambrizzi (1993) M
W AR TR AT BRSO B IN REE, AITTBE R T 2B A S I E R

5659 Snell & 25181, Rossby BAE A —FAE IR A4S 07 Hh A% 398 0035 3 22 R AE 31 5 i BRI X 3
f£3% (Platzman 1968; Rhines 1979; Held 1983; ##A%% 2015; Y. Lietal 2021), 7EAEHELITLT, Rossby

RO SHERTRR K = L — £ (Andrews etal. 1987), Jihe = fZ/N2, g JfEs6RLIR, HvR Ths
9

4H?

w, U AL R, fo NRHRSH, NOWIE IS0 . Hoskins and Ambrizzi (1993) #4-1% v f & fb y 1E &K
%,%ﬁﬁ%%ﬁ@ﬁ%%%ﬁ%ﬁ%%ﬁ%ﬁm=ﬁ—%§}wwﬁﬂﬁﬁﬁ%%ﬁﬁwomigmﬁ

TAR I MR, FRERIFT ST MOCE, X RFREIHA S0 Rossby AL REIIA R -
DRI, AR 2 I AT R DA B AT AL ol PR AU A SR I 2 N W R 5 R AR R, AT s 2 e B X e
WS R HGHE SURE 4 0E 7 4% 9%  (Chang and Yu 1999; Lee and Feldstein 1996; Martius et al. 2010), IAf4T

E&ﬂﬁ@%%%uﬁﬁ§@=a+%E*%%%#%%o*ﬁﬁ,ﬁ%%%%%ﬁ%ﬁ%@%ﬁﬁ%ﬁ

e TR T EEASREEE; 59— 7, T2 20 S, e HAT B2 ) fg Ao R,
Rl AT B Y% ] AR AR T 5 e #E R AR m i X 3, EAZFE 2 DI HER—E (Manola et al. 2013). K5
DA 2 SR R AR LR MEAE L AR 20, FLAHE S A2 H 20 WKB R B AE R A HAS P4 B ar, R
BRI IR R EIRIE S E G — MIRES 2 WL H E e SUR T Rossby B HERAEH o« dn i — 3
FEARKNERN, FIR TR SERTIANAL, REATREBE BN AN B R EARNAE AR, H
ARG K &2 — 2 IRIE 5 2 R AE B (Naoe and Matsuda 1998, 2002), {HXHAS ML 2R ST A
W22 ) Fe EARE R FE T, ATHIESE | 20 AR SR RGP E&E A 1% (Drischel and Mclntyre 2008;
Methven and Barrisford 2015 ).

Ambrizzi et al. (1995) £ Hoskins and Ambrizzi (1993) Z Jailt—S0 7t 7 AL LERE BN, RIE
Z= ) SRR SRAFAE B T RO, S I T (R 5t AR S 2 ZRAT Pl 35 BLi 3 IO B AT 1) e 6 B O #8 Bl. AARHIAR
FEEERp A (K 2a) ATLIE R, BZRIPGE SURMHEA B MM KM, X E5AFRHERELL, KHEFA
SRR B ZE R — SRR ES, JFAT DU rh gl vy SO B BB AR OIS 3 (8] 1a-1c). AT,
B W 2RME I AFER M KA X (B 2a), EIH 214 WG ER RS 3h B TG 22800 S0 2 AH
KL RPBOIRE R (B la-1c), F W Hoskins and Ambrizzi (1993) F1 Ambrizzi etal. (1995) $&Hi 12tk
FHIRAIATEE . Iwao and Takahashi (2008) 731 1 _FIAFE S 5 WMV EC A AR, #8 H X & B T30 A BT
A5 FH B 1E K AUBE BB T R SR G S F AN I Tk . Xu et al. (2022a) #E—B 000 7 B =BT
MR SRIBCSEN, @ 7 ArR& Mg, TR ALK 450 (B 2b), JFAE S 1A 45 R 20K
PR i b X P Bl 4 It A — SO TR iy SR A RS

3 BIRGE S LIRS R

KT B =R PT SR PE PRI T AR RS I 2 2= AT FE M A ) (Wu 2017; Chowdary et al. 2019;
Wang et al. 20210, M 20 tH42 80 AT 4R, AT R 32 BN LR 2= RONIUAR S 52 2 X2 [0 447 5t 25 14 R AT
X 5 (Tao and Chen 1987; FEHZA T4k %5 1988), Hxf H K AT T IR A )43 # (Kripalani and Singh 1993;
Kripalani and Krlkarni 2001; Zhang 2001; Kim et al. 2002). Krishnan and Sugi (2001) &¥, HAHFR K
Ui 22 [ A A v, BRI DRty Hh 483 2 4 DX R R 2 Hh v R AR AE — SOR TP E ) ) S 8 0, Had sl b o3 Sl i 1
B, ZFHAHARMIT. Lu et al. (2002) 1 Wu (2002) MIEBIA S R, B RBIFE LT HEIRGE &
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AL IR FNGER, 8 H S RN AR T A AE IR [ A S DL BB AR I R B R B = ZKORT 2R . B = K
[IYEH - Enomoto etal. (2003) RELHT 7 ZIHIIHUL . ABFEA i, JiHamday “e gz ig” 1
AH5% (Silk Road pattern, SRP). SRP 554 7i4E 1) “IAERBEAHSC” (Ding and Wang 2005) 7ERK IV K
AR E AL, VE 2R A B ER —MOE ARG, (BRI B A 1 2 T ) R AT
T (Chowdary et al. 2019; Zhou et al. 2019). fEARSCH, AT TR ZFHMKR, 1MLk SRP
B VE IR BRIE A SCAE WO 1 XA A

SRP 1] 5E SR #ey SRt X 38 (B 2a HHIIZIAE) 200hPa 28 [ RAEBR AR LI 50 IEAC iR 4 (EOF)
A (Kosaka et al. 2009). ‘B AE/K 77 [ R AR R S L #E 1 #ERE 1L Rossby ¥, FZIEShH 0
SRIAL TR B, ST REREE Y BT (& 3a-b), FEE T S A Y IE R M, SO HRIE B IR
JETFE (B 3e-d)o ERFIPETRIZARTS, Hmim. (IREH Lm0 MR E N IRE . Bl RE, B
REER I G T R . MR T EEY, SRP fEiREY b R I IEM 1 s1450 (] 3a-b), X2EHFH
TR P 3 b v P 37 B R 8 20 1 SRP S5 BUBOK « YRR (1) L ALRE A QR A ) 548« 24 SRP AT IE A7 AR
3a-b), SH/RIL. ZRAGNEAIEDEEHL X B B 2R 15K M2 . RS, ZRER. HoEERbm., = E A H AR E 2=
Bk /b Sl (B 3e, 30 FIRIRABEK S8 5 Wl 2 =R S 5 %K AR (Enomoto 2004; Kosaka
etal. 2012; Hong and Lu 2016; Wang et al. 2021; Muetzelfeldt et al. 2023 ), <Mt T SRP X E[JEZ= X f# 7K (Ding
and Wang 2005). KJITif8 %7K (Hsu and Lin 2007; Wei et al. 2014, 2015) FIE§[EP&/K (Choi et al. 2016)
RISz, DLRAE BRI Kl B2 2R i R S /B (Lietal. 2017; Xu etal. 2022b; Na and Lu 2023).

[ B SRP HI4EFRFAILHI B AE SRP {75 (8] S5 40 F B2 5 . R 70N, SRP Fir 2 I3 21 46 7 o -
— KA AR 5 UK T € B AT R IR R P SRR E5 R (Lu et al. 2002; Enomoto et al. 2003). &
SRR IR, Bl HE R AT BRI IEA R DR SRP I4ERF, 120752 SRP T s H AT
SEBE AR R A RUNLAE (Sato and Takahashi 2006; Kosaka et al. 2009), iXiiBH SRP 17T 2 Bt = MUK
SATEMEAGE SR, Hoh R R SRP 4EFRFrh 220 /EH - Chen et al.  (2013) FIH—AMEL
HI2 1 = ERHEA AT 31T TR AT, 48 5 Held et al.(1986) 1 1&  Rossby #Mp FI#HE A Fa 2 24,
KA T 51 L IR 2 I FEBUT UK Rossby FME FIREARE, X2 SRP SRR ERE &M =27
o

S5Y4FEHLHIAE, SRP B ML T E MR =4 SRP HI#UE. 4T Rodwell and Hoskins (1996) #ZH!
() “Z=X-VEL” HLHLL BEFEIN Y SRP UK 32 21 B R 2= KR /K 4% (Enomoto et al. 2003), JF5EIEZ
KFE K Z TE A AE R R AR5k 72 (Ding and Wang 2005; Ding et al. 2007; Wang et al. 2021): —7J7[H, FIE
7= KRR KORE TR B b T AT ad e “ 2= K-V HLHINOR SRPs 3 —J7 1, 4 SRP sl Re EMBK— 4 7 F
AR R PN FEMTITIN, 2edad hom e R 2% BRI B ATk — 2 3G 9 B B2 P37k 1) 2 (Wang and Xie 1996
Xie and Wang 1996). J5 —id 2 IF4E A 1 51 4% Rossby BALAE L, T2 A7 1E 2= A ZKIBUR 1) 45 4% Rossby
PAIPEAL Rossby 3 13 [E/E H (Beverley et al. 2021) . B EJ & ZE X FE /KX SRP 130k A 2 EAE H (Beverley
et al. 20190, JE/RJEV-FIJT %2 (ENSO) G E XA EE R 1, Kk SRP th432 %] ENSO 5
i (Ding et al. 2011, JAb, BRI FF7K (Saeed et al. 2014; Lin et al. 2017 EJ E¥EF# 7K (Chen and Huang 2012).
RILE ZX %7K (Zhou etal. 2020). Jb3EIEWRE (Tengetal. 2019) PAKAEE. FREAEM . Frnl b
PLZR I FEZE #AF4 (Yasui and Watanabe 2010) 25 %) SRP FIIUKH — € /EH o IX RS A miE B 730k SRP
(PRI A — e A, # i SR A RN B B B Bl Ay S Bl i R HOX KUK () Rossby
PP nE 2 2T, AN SRP BIBUR SE HET AR SCEE PR (Sardeshmukh and Hoskins 1988).

RERZH TN N RS RIESE SRP FIBUR RS T EZER, (H— 2o TR R AR 4 1A 7T 0
I SRP 5 EFEZR K FE/K &5 RS iRiE 2 8] IF % H R HBK R (Teng et al. 2013), HZ RS RIE K 1
HBREWIK SRP 45 RAE— e FEFE EIG 7R 1 IXEedhafid PR DAA ) 5 Ph R 3R v REAE UK SRP A2 ik 21 1
REEMIMER, IXP PR =02 KRN BRI E 8RR S R A BAE S RSN Jd #2 . #ilan, DABEL
1R P g 7 iR T e R AU RE T B S5 WL b SRP JEH KB £ 34545 (Ding et al. 2011), KA HHIH
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FH 38 FIT DA A2 1) A% BT B 7 S ORI R 5 0 2 [A) R AE 4R T T i SRP (Petoukhov et al. 2013), b
KPR SR R R AT SR AL Bt mT LUK Y SRP (Hong et al. 2018). Kk, SRP A5 I & #5HEI#4
T SR R R ASUARNERSERS, 17 B B2 XU K S5 KA 58 n] B BE 22 Hb X — AR BLAS B B 4 1
PA E2CT SRP 90 35 S AR AE PRk 2= I () RUBE, 3R AR 46 OG0 SRP 7R B K [a] RUBE B [1)7A8
1t Wang et al.(2017) 5T 2 B K5 SORVIILI 5 RF R 0 SRP (1) A7 A AR IR 475 55 35 (R AE PR AR S
H AT DURRE ST Z 1) 50%. FEEARPRI AR, SRP H A5 SAERR BN AU 25 (Al 454, (HILZ
2R (A ROBETE R, 2y FE T, 3X n] Ge 5 AR BRIN [a] R | SRP 5 SR BEAH AR & A X (LA 5 1),
SRP 73 {E 20 T4 70 FARHIAN 90 FAK A 1 PRI AEACBR AT, 30 BRI K it P 52 =M A B
207 (Wang et al. 2017). %40, SRP HIALAHLE 90 AR KA T ARSI i IEFE 47, X AT DLRE R KRt
25X 29 60% 13 S AR LA 40% %K A8 E (Wang et al. 2017), 2 5 25 R HARK I Kbk 2 24 3%
JEH5 ]380 (Hong et al. 2017) FIARILIEE F=PE/KI8/D (Piao etal. 2017) B EZIRIK . SRP FARFRAZLI =
AR R AT R, — NPT REIIRE) R KPR 2 AR, XA R T — Gt 7 A EUE 358 1)
¥ ¥F (Siand Ding 2016; Hong et al. 2017; Wang et al. 2017; Stephen et al. 2019). BrI3{E 4L, SRP H=% (A4
FILE 70 FARRAN 90 FFARMR A T W35 BIFARBR R, Rt b5 AR R 00 DX =05 7 A8 1 AH L IR 52
(Wang et al. 2012; Lin et al. 2017; Liu et al. 20200, 7£ FIRFACFRAEALF, SRP ¥9%A R I H B B K
s, XU SRP PR T ZRIR TSk RGN AR, 152 A% R G A1 5l Rz LLEL/N

4 RERR _EHIRSIBMR

JOE R 2RI N B RNE R A S AR (I 2799, (AT S AH DG AR )
B 20 200 T 08 UK v i v T 90 o S0 VR v v R o T SR B K e it b T BOHE RE W R R R AR
2B i 2 R A B T RS FE A B A A R I A8 A B i 3 X B R A A, 3 7 S 7K R E S
SEKFEIT (Ninomiya and Mizuno 1985a, 1985b; Kodama 1997), [KlttH AR 52 21| H A 243 1) 5<7E . Wang

(1992) Fi H S0 EE Ik v i i s 1) A8 A A AT A 8 DI R s AL 50 ) e 147 22 REZ % 471 s Nakamura and Fuamachi
(2004) UESE T _LERE5E, FFdk— DA M H N TR K T e R S A AE B2 =T ARG, Z A H)
VR 2 22 38 R 0T JUIRRAE KBl A ) i X R0 5= 2 00 St I v e 38 DI, K i A 30 1) o4 LB AT B2 0 51 &5
(Fukutomi et al. 2003; Wakabayashi and Kawamura 2004; Iwasaki et al. 2006; Iwao and Takahashi 2008; Sun
etal. 2015; Liand Ruan 2018; Lietal. 2019). 3R 70 A DX 3000 o 100 £ B2 HE R 465 HH T BRI KBt AL v
JE HSIAFAERIEYE , (5 RVE B BB SRR X SR AL A AR, sk = AR e AR < £ 5
XFWHNEERIFINLH BN IR ik, Xuetal. (2019) MAREETURBC S AR BB I MR A, HIREX TE
T AR TR TR I T R AR ST

Xu etal. (2019) FJH] 250hPa £ [a) RAE R K Ffi 16 &S Rossby % i s i X 4 (& 2¢ HRIEHE) N
EOF1 K& SCRRIV KRl b 323 AR SURIEAR G o B ARG B A T o [ L B B3 va Pa AR AT DU
IR B DY ANE B DAL, TKF G R I IR B TR RR TR L Rossby ¢ (] 4a, 4b), TEELHE
DURAEXTRZ R ZRE P AR M B R0A0 (B] 4c, 4d). 5 SRP ZEML, iZEAHCH = . (RE A
O3 IR IR A IR . vl B SR, R BE IS s Jo T B . i TR AR SR 28— DR 5 —
ASert 3 A TS [EA DU ZRIAR A, B IUZR PR 454, PRI Xu et al. (2019) ¥ Handahy “5fH-
UUINZRAFE S (British-Baikal Corridor, BBC) EAH X,

BBC 3 AH S0 WO KR (52 2R KA LM . e TIEALAH (K 4a) I, & 5lEA T HagGsh b
B3 RN AR AR A AR AL IR /K i 22« R A AL B K b (18 4e), I8 A BRSm B K A 42 (Hong et al.
2022); [AF, BBC M KE L 5EKILRE. 5 E A H AR K (K 4e). B0, fE#HH RGM
P AN RGN ILEETR, 2020 AR E Z= KRR /K BERAE T sid sk, JFHEA LRt ol « &7 F4F (Liu
et al. 2020; Takaya et al. 20200 H R #iT R 48 32 BER WUOMEIR R 5 PTEOR 78 I8 P PEIRE SO MR
Wi, X AE A3 PEOR B s 5 78 2 MR 2 S n JbiE (Zhou et al. 2020); iy b RGN I AIEER ) BBC
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AL, XAR T FHEEHX M TASEME T, 5 dbiik fBe s SAEKILRENT I, iR
“ERIIMET BIRASE THE R R RERR R %A (Park et al. 2021).

BBC 3 AH IR RO KRG AL, Rl AR RR R PG AR R S A0 AR A R0 S DX (%) ~F- 35 =l R AR i P88 44
WA EEEW (B4 X Lietal 2021). i, 2019 4 6 HRKIMAFEE AL T — IR R IHIR, LA
HREEZEHRE |, BBC BEAH SR R E 1 = Z R (Xu et al. 2020b). HAEH—J5HAELE BBC
TEAHOC 2 51 R AL IR P AN R UCIR, AN I 30 4 F AR 38 BE =, 59— D7 AR IIAE BBC 3EAH K
S0 B AN AR S, DA RS - S P R BE n pth R EARGE B, A I RO AR R R
FEt— T, Horhsh e X R AR I ST 60% (Xu et al. 2021b). BBC 32 AH X b i il B
(RS AN A AR BT AR o i L, 1o AR B AR B (Xu et al. 2021a). 24045 BBC B ISTE Y AR B
SRR AR IS B RN, IR B TR 2 KR A 2 0 7 0 AR b I X B 2% 5 AR i P A
T 4R AH TG BN ST I, RO K il A6 350 AN 25 5 th IR AR il P TR o XM 50 R AE T 43 BT SRR [) 1 A< fi
AR 2% (Xuetal. 20212).

L SRP AfgH4lith Dl Rossby AL KRN, BBC BEAHSCIEAERR R LRt 2R A AR
HFEHITTER (Xuetal. 2019). /)2 MIBERE 50 HT R, BBC MEAHKRAEAIE LR T2 58 S K A AR
F, FFF 2 R R S S IO S BER4ERF H B 458 (Xuetal. 2019, Lietal. 20200, IEJEiTE
RTINS R4 AR 4ERF BBC 1EAH G2 M S5 M DTRRIR /N, (A1 g BBC BEAH I WAL B 1) —4
FEJAK, RAREBARS AL S E X BBC BEAHK M 4ERr i Eviik, (Bi83h /i 2%t BBC
BRI ERFRFERUER (Xuetal 2019; 2022a). iX$ELERELA, BBC EAAN LR MBS AN K—A
T s, el ol 2 7 AR TS s s I Re fE LAGERE B B S5

BBC 3% AH ¢ F 2l ALK PG 7 2 th 1 XA SR - (AR B0 - iy St 2 1) 1 22 ROBEAH BLAE R i R Ok
(Xu et al. 20190 HAL KPS H O XAEE — NIRRT, 32 5 AR YA 2@l E R AR E
iz g, BRI a2 I K B & A RS, s i R N R SR E RN
W HIBh Sama Ve B i — P s AR sh, ik BBC REAIZE (Xu et al. 2019) . X Fh 22 AR A K 5
FACRFAFE 2L KA E RS A AL E, Rk Sard e E AR /R —i, JLHEM®E T BBC
TEAH DA DATE AT )AL B BRI R R . TEAEBR AR b, R KRS KRS mIa s S
5 BBC EBAMHXZ HMIBAR LRSS, HETHAFRICRTE S IEALA A F T H 2 BBC A C R IERLAH,
XAE—EFEE BT UE R BBC JEAH SCAEBRAR AL Al TR PR IR (Xu et al. 2019) . X PR EEZE TR
(B AT R JE PG AR 5 AL K TR A BAE AR 5% (Ogi et al. 2004), {H EARY) B R R — 0t

73

Lo

FEZETNN A REE B, BBC AR =4ES5 1) SR R A 2, MWW DG A 296K
POV SR AR IR LS VIR IANEILRPE e S Bl tH T IX PR . PR RE R A T BRI R Bl S B3O i
BBC AR, LA BBC REAHRIIFME AT FE (Xu et al. 2020a), X Ffk R AEET. 3 27 JE LR M IT FE 4%
il s AU BB AR I E 3K Bl 1IE 2 51 S BBC REAH JCHY 538, T 7E 35 T2 o B i i R o 2 512 BBC
AN, X 5HEAAR RIS R (Simmons and Hoskins 1978) 15440 . H LR PAHEN, BBC
TEAHSC I 2T N AR 52 BIRA BBC 28 AH 5C AN e SR AL 0 2)) < 8] Re G PR AR I OR 5, et 1 ARG it 72 3
SRS REEEAF R EP DR REE FHidfE. 5 SRP ML, BBC BEAHSCINZETT A AR R I H B 551 JE
AR, XA RES e A X T 5SS KON T R B ARGt NG A ¢ (Luo etal. 20190 PRI FE4r
il AR HR A 26T RE YRR I A2 7E BBC REAH S EEA A oy B #G FI T BBC REAHCHE 58, Al
XT BBC REAH I R RS MEH, M HZRGEMHIER . s, S5FERRE E BBC AKX FEZET
A BB BAE I FEAS[E], BBC BEAH ICAE =TT P RUBE I8 A8 3 252 B HE 2 M I e AH ELAE T IS AR B4 1
DL BBC JEAH G ZRT AR A 20N 2 F, TR 4-5 REGFRECE T 18], F8 T A6 P03 B AN T -
JESEREAR G, XA T AR T EERE S AT -A0 38 18 A OC B B 8] RUBE 32 K86 T Rossby % IR FIVR &

(Feldstein 2002; Benedict et al. 2004; Franzke and Feldstein 2004), T1fij BBC 2% AH 25 At A 1] )X 5 22 Hb 7 3t
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TUA R AN BBC A % 5 R e A2 i 3h < M AR R E AR AR (Xu et al. 2020a).
5 BRI RUEMHR S RESRBHAXKAES

AR SRR B SR P SO [ S, (HE A TR IR KRB S AEZE T N RUE | (Iwao and
Takahashi 2008) BA L3 M1 A sRAT AT BLFIA B, JFAE R KRG B2 S IUNGES 45 (K 1a-1c), X
I 7 A B S AR A DS R B A SALIE A O Z ) ] BEAFAE AR Ao Xu etal. (2022a) XTIXFIFE AL RN
SEPE R BN BEAT TR, RIS s — RS “ S E S0 K wifgE B (British-Okhotsk
Corridor, BOC) #&FH ¢ 5 B #iy 2 L 195 — 3 BES SRP 2 [AIAFELERERT (B 2L IHE A K R . BOC #EAHXK
5 BBC AL, 2 E R B SRR R OO G, B — R e — NG B O 4 A T
FIFEEE R g i (&l 5b) s FFEXF RO R Bl AL H6 1) AN B KA 252 (K] 5d, 50 . BRI BOC 2EAH A
BBC REAH IR M)A LML, (HF FE R A C 8 & AR A PR IR (] RUBE 34 72 25715 P I TR) ROBE B 38 2 1) (R R O 1
BRI, PRI e] AR R il St AR S R fEBS 1K Rossby 3 (Xu et al. 2022a) . BOC #EAH <> 5 SRP
MEfE e, ERVRMN E 2L S ARSI ZR (B 5a). IEh, 5 BOC 3EFH AL 5 I W 2 0%
i AN R PR T BRI KRG AL, T ml w4 R 3 b 4 AR i X (& Se, Se), BROEHLIX B S (Xu
etal. 2022a) A iR H 20 (Deng et al. 2018) PR 2 E A2 BA B RH& M R . 1XEess 1Y
K, BOC 2EAH A SRP 2 [8] AR G 2 3G 5 KR Hiby [X A fige 57 5 78 HR 26 FE AT = 46 B 2 TRl B R

TELRAEBERAE ST, B A 1) 45 34 FIREAH ST UG Pl 1) A7 B 3546 7] Be 52 BOC BEAHICAH SRP 2 [A] ]
e, —RINHUEREEERY (Xuetal. 2022a), BOC REAHCHILATIR AL BT EIRFR G CHEER, A
SUZE TR A E R AR AN ST AR g 17 ALK P8 2R 50 ) 2 7= A sl il & B BUB S 2544, T WA H0U5
[ea) b O P8 VA P ST 2 DR R ) 553 91 B s R A 3R R0 B 45460, AT T o = B2V AR A S A 75 1) BOC BEAHOC
B TR, VIEEHIE B A B 52 bR TE A = AR AN IR e A GO PO S 1 XA EAE I AR

M o
6 SRR BB A R HIRH

MET, ANFESGEMAFEENCE TR it WESESERGR A M) 22N, FRE R K
AAREAAEINSEAME (IPCC 2021), HAvF 2 v s 26 1 X 1R R A I HE A SORE A SS T5 3))
(Screen et al. 2014; Xu etal. 2021a), X5 K | KT AN SUREM DGE 3 Z RIF R K R A H Al
KT AURARASE 157 S AR S M) SRR A ¢ E A P T DU AR, 55— M A SR A AL S B R AR
FEAR, RRAARAUTERIRM R LR S M, AT AT SR E A SCHRIE 0. 20 A JEAtl >k
J5T Petoukhov etal. (2013) $2H ) “HEILIRBOR” Bk, BRI ERER mcECN 6-8 1) H Ik AT LLAISZ 2]
F T8 ML B ) SR IE UK B 58 I A R AE SR, TSV SO I8 A B () M L AT B2 U AR R I (] P TRk
B IFTE B R ) SURE A G . H T AE R BRAR W I U5 TS SR T — Ll SR B S i AR 1 B B
N FINREE I AR ) T AR R L, PR TBOR I GO AAE AR 5 5 & 4 (Coumou et al. 2018).
SR, BAR O AND 235 R AL SR REL R AN W 22 B i R 11 (Coumou et al. 2014; Kornhuber et
al. 2017a, 2017b, 2019) FARZFEA KK ] HEALML (Mann et al. 2017, 2018; Coumou et al. 2018), {H
AR 2 223 T DA =07 T R PO AE LR TEOR BRI & BV LSO AR A R E . 5 —, EILIRIOR B
H BT A A5 88 20 302 5 AR I A HE S I B, v R AR B AR 1 3 S ML B B i A5 B R B 30U (Teng and
Branstator 2019); 25 =, #EILHRIBOREIS s 2= R FEA GO e SR R sz, AHAE R R EIX
Gy FEARTRAIEN o3 WA, JCHR RS IRIEIR K AIE T (Wirth and Polster 2021); 5=, #ELIRBOKIH
WA BRI T AN N BN, R I A RE AR i S P K rh B G B R 2 M FE - (Schubert et
al. 2011; Xu etal. 2020a)-

KT SN IE 1S S anAn] 5200 SRR AH DS 58 W RN, A A 25 el s A s oK <R AR
L RN PR T A FT 2B CIRIE 3G 0, X — W EERIE T Teng etal. (2019) FEH 1 - IEIRE 5
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OO SRR A GO AR o BT R R AR EUE RIS R B, R R AR R SE X 58 AR
Wi 7 | AL, T 2R A S IR A% 5 (Teng et al. 2019), T 5 A< S 1 2055 1 TH i LA S AR BE FOTE: 7 7%
BUR B3G5, 5 IR R A S b S BAE R IS AR a1 2 HIX B 598 (Teng et al. 2016), KL 2ALEAH
KIIEENAR ] BE 215 A K H R AR 4 I I 5 (1) 15 5L F 390 (Teng and Branstator 2019). 1200 sl B A H & 3
(IR ML) 73 BB RIS I S 3, BT HE—2PI0IE, IX 2 R SO0 AH 25X R0 5 140 ) S A4 3
T B AE A ARG ¥t o 91201, Koster et al. (2016) 75— N KSR AE ] T —Fh S 7555 S2Br
R AR5 RS R I, (ERE IR B Teng etal. (2019) TR SIRIBMIEMN . HhAh, HATH
A VF 2 Bl S BAR S RO T 2Rt S8 7 %, X 2 BB AL Tl AR 1R 1588
FIAH S Hh 2 FE 4t o PV A I AEAEAR KA e 1 . EAE RIS, TR AR M AL 2 R4 R0
GRS A R IE AR Sl ) L R A R I B2 134 (Screen and Simmonds 2013),
A TG 1R 1 AT I PR 3T (%) 4 B B0 R I 2 745 4 BN R M A A oK S 2 i 5 228 e U P82 A 5 )90/ T 9 55
(Teng et al. 20160, [Flbk, TS5 Ak 4 a] 522 0 SRt AH Q1) A8 40 K AL H Bl AR A i g — A,
T AL AR — IR AL

7 BES5RE

AR AR 2 2B S SO ER RO KRG HB X, [ R4 T I Aok 06 T 5 2 AU AH 5 I F
FERE . WEFCRIE, R 2RI 20U I ST I T K Rossby WAL 9% S, b arsa st S
RN 32 B P i R DI AR T A, 11 5 3 U T RN 3 B R R A AR . “ 229 2 B TEAHOE SRP A&
AL FAERR I E B RRIEM R, © REEELIER RN BN FE AR A b a4 3[R AE R 43 DA
YekE; ZRMERGN AR EEN], SRP R ERFEAFRAA, a2 RO Fifi o i B 3 X~ 3 F Ak
UK PR RIR AR AR .« TEE-DUINZRIBIE 7 (BBC) 3EASCA « 5L [H -0 2 Kk wifg & i~ (BOC)
TEAH SR VAR SR AR I B ROEM G, e B AR R AW s i s, Hadb kv
TE SV 1 DX AR SRR - s A 22 OB AR LA FH 2 3 SR ORI, TR AH O B B 5 AR A 1)
R B M A L A B ERENL . BBC A BOC 38 AH ¢ ] LA, 38 50 KKV K i v 246 58 i DX (19 7 X5 RO A ity
oK FHAE P RIRA iR E S, H BOC AR SRP ZIAfAE R AT ZI G R R, HEG
55 35 o T K i v 45 X190 B 2 S A R AR A E B, ARV 33 b 28 38 A S AR I R 1 7 B ok
TEMEG SRR . B CHIESNE AR RN T RE IR, AR R A AT 1)
AU R e 5L I R ASAT A  ER AR AR A DA R A AR A6 440 AN IR ) 5O 2 7= A SRR A ) AT R SR A

BB NN mEE RGN EERRALS, EPEEhX B R SERNES
(B T, 7 TR H5 4 OB o S H TN AU A 5% AL RHAIE L L) B s DA 8O R A AR,
(BT A7 AE 75 Bt — D W 0 B R 2% e R, DT PR i) 37 B ) RORE P F0 A TR B8 0 o 75 IR ZE T AAF PRt
ERPE E, T BIRN TR N 8 RIS A s e 2 A DG (AR ZE v, B T A A g L S
VB FE ORI RE 710 TEEARBRET B b, REHE— DI AMO SRS 4 Mol 52 0 208 A DG A 3 ik
T2, PETHEUE B AR X B KA AR 5mE DA S5 R G S RS RE 705 BhAh, B 75 ZE I AT 4 v
T 2B A AN B 2RE A S Z AR AR A IV IR S AEE R R R 8),  DLREME A R 75 R 1k
B TR SR A DG () AR o 7 E AR TRROBE b, 35 ek /N B AR A 26 AR IR R K AR A/ s %o 4 BRAR
R M . AN s P, I 70 SR AR S 7 AR B JE A I AN AR A E R N AR AR WL . (R 8RIX  e) K A
Bl T 0T A [R] B [8] ROBE b St 2 A DA AR AE R LR B R, AT A3 v 4 X 2 2 1 R AT
AT TG ZE S A AL PR AL R A . BRAL, B TR A v R I SR AR DG A, BRI K v £
DX IR AELE R B PO A% 1 1140 30-50 RAGKS SN, MRIREh AT R R 1 B A = 2R 5, b it A ok
WA — P 5T .
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Fig.1 The monthly mean 250-hPa meridional wind (shading) anomalies in (a) July 2010, (b) June 2019, and (c) June 2020, respectively. (d)-(f) are the same as
(a)-(c), but for the monthly mean of daily maximum surface temperature (Tmax, shading). Contours in (a)-(c) indicate the climatological 250-hPa zonal wind
speed that exceeds 15 m/s. Stipplings in (d)-(f) indicate the frequency of extreme high temperature events is eight times more than climatology in the specific

month. Adapted from Xu et al. (2021a).
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Fig.2 (a) The standardlized meridional gradient of the climatological-mean summer 250-hPa absolute vorticity. (b) The standardlized meridional gradient of the
climatological-mean summer 250-hPa potential vorticity. (c) The standardlized temporal standard deviation of the summer 250-hPa meridional wind. The
standardlization in (a) - (c) means the value in each grid point has been divided by the area-weighted mean from 0°-90°N at its longitude. The blue and red boxes

in (c) represent the region (20°W-150°E, 50°N-80°N) and the region (30°E-130°E, 20°N-60°N), where the waveguide teleconnections along the polar front jet and
subtropical jet are defined, respectively. Adapted from Xu et al. (2022a)
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Fig.3 (a) Summer mean 200 hPa geopotential height anomalies [black contour, contour interval (CI)=10 gpm] and the horizontal component of the wave activity
flux (arrow, unit: m? s2) associated with the SRP index, obtained via a linear regression overlaid by the climatology of the 200 hPa summer mean zonal wind, as
indicated by the 20 m s! purple contour. (c) The regression of the 30°-50°N averaged summer mean geopotential height (black contour, CI=5 gpm) and air
temperature (purple contour, CI=0.2 °C) onto the SRP index. (b) and (d) are the same as (a) and (c), but geopotential height is replaced with relative vorticity
[black contour, CI=4 (+2, £6, £10,...) x 10 5! for (b) and CI=2 (+1, £3, £5,...) x 10 s”! for (d)]. Regression of the summer mean (e) precipitation (SI=2 mm
month™), and (f) surface air temperature (SI=0.2 °C) onto the SRP index. The light and dark shading in (a)-(d) and the gray and black dots in (e)-(f) indicate the

95% and 99% confidence levels based on two-tailed Student’s t-test, respectively. Adapted from Wang et al. (2017).

18



(a) 250hPa HGT & TN flux

soN e TN s0N (b) 250hPa Vortici(y‘j&‘ TN flux Cl=4%1075s~"
=g i T o =
60N B6ON < 3
ST 7 » *“@: Rg57
40N = O - 40N 3 == = —
= o~ -—
20N +=== N S 20N 2 AN 4
oW eow 30w o 30E 60E QOE 120E 150E 180 oW eow 30E 60E 90E 120E 150E 180
(c) 55N—65N HGT & T Cl=5gpm & 0.2 °C
T 100
150 150
200 200 \
& 300 L 300
< <
500 500
700 700
1000 1000 4
90w  60W  30W [ 30E 60E 90E 120E 150E 180 90w  60W 30w [ 30E 60E 90E 120E 150E 180

9oW 60w 30W 0 30E 60E 90E 120E 150E 180 0 30E 60E 90E 120E 150E 180

[ [ [ [ mm month™' [ [ I I C

—4 -2 2 4 -0.4 -0.2 0.2 0.4

4 (a) BBC fR¥InI A E P 250-hPa fr 3wl CRESHEL, SSELMIE: 10gpm) DL KK-FEEEE (Fidk, 14 m?s?),
R E LA 250-hPa H AP0 10 I 20m 7! (5B LZE . (¢ BBC FREUHAMNE TN Ar 4wl CRESEL, SELRE: 10gpm).
WY RGN, SHHLRE: 0.3°C) MEMBE (S, 00 m?s?) 76 55°N & 65°N W T-BIM IR EHIIE. Hrh (o) digfEH BRIk
o AR A ) A AL T AT RN BOR B E A R R B SOR T 120 £, BARARR FUE, LA E . F
(a) - (o) kYR AR 2R IURE Student’s ¢ F230EIT T 95%H1 99% 115 KF. B (b) - (b 5 () - (o) M, (A AFIHRE
Witz s AG . () BBC $REUANAME Z P10k (WI2IERE: 2 mm month'). (f) BBC fEERIAIME F PRI (IZIARE: 0.2°C).
(e) - (D) PREANE O I HREXE Student’s ¢ 3T 1 95%H 99%IEEEKF- 51 EH Xuetal. (2019) JFHE L.
Fig.4 (a) Summer mean 250 hPa geopotential height anomalies [black contour, contour interval (CI)=10 gpm] and the horizontal component of the wave activity
flux (arrow, unit: m? s) associated with the BBC index, obtained via a linear regression overlaid by the climatology of the 250 hPa summer mean zonal wind, as
indicated by the 20 m s! purple contour. (c) The regression of the 55°-65°N averaged summer mean geopotential height (black contour, CI=5 gpm) and air
temperature (purple contour, CI=0.2 °C) onto the BBC index. (b) and (d) are the same as (a) and (c), but geopotential height is replaced with relative vorticity
[black contour, CI=4 (+2, £6, £10,...) x 10 5! for (b) and CI=2 (+1, £3, £5,...) x 10 s”! for (d)]. Regression of the summer mean (e) precipitation (SI=2 mm
month™), and (h) surface air temperature (SI=0.2 °C) onto the BBC index. The light and dark shading in (a)-(d) and the gray and black dots in (e)-(f) indicate the

95% and 99% confidence levels based on two-tailed Student’s t-test, respectively. Adapted from Xu et al. (2019).
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Fig.5 Summer mean Z250 anomalies (black contour, CI = S5gpm) and the horizontal component of the wave activity flux (arrow, unit: m? s2) associated with the
BOC index during (a) the HIGH- and (b) the LOW-epochs, obtained via a linear regression overlaid by the climatology of the U250, as indicated by the 18m s°!
purple contour. (c) and (d) are same as (a) and (b), but for the precipitation [shading, shading interval (SI) = 2 mm month "']. () and (f) are the same as (a) and (b),
but for the surface air temperature (shading, SI = 0.2 °C). The light and dark shading in (a)—(b) and the gray and black dots in (c)-(f) indicate the 90% and 95%

confidence levels based on the two-tailed Student's #-test, respectively. Adapted from Xu et al. (2022a).
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