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The Impact of Madden-Julian Oscillation on Pacific Blocking
Frequency during Two Types of EI Nifp

Gao Mingxiang®, Yang Shuangyan™?", Wang Qiang®, Li Tim"®

1 Key Laboratory of Meteorological Disaster, Ministry of Education (KLME)/Joint International Research
Laboratory of Climate and Environmental Change (ILCEC)/Collaborative Innovation Center on Forecast and
Evaluation of Meteorological Disasters (CIC-FEMD), Nanjing University of Information Science and
Technology, Nanjing 210044

2 State Key Laboratory of Tropical Oceanography (South China Sea Institute of Oceanology Chinese Academy

of Sciences), Guangzhou 510301
3 Department of Atmospheric Sciences, International Pacific Research Center, University of Hawaii at Manoa,

Honolulu, Hawaii 96822

Abstract Based on ERA-interim reanalysis daily data during 1979-2019, the impact of
Madden-Julian Oscillation (MJO) on Pacific blocking frequency during two types of EI Nifb
(Eastern and Central EI Nifd) is examined using a two-dimensional blocking index in winter.
Phase 3 and 7 with the higher frequency and the stronger amplitude are selected in this study. It is
found that the locations of MJO teleconnections are similar in MJO phase 3 during the Eastern and
Central El Nifp years (EP3 and CP3), corresponding to a positive (negative) geopotential height
anomaly in the polar region (the Bering Sea). Thus, there are positive blocking frequency
anomalies in the high-latitude Pacific sector during the EP3 and CP3. The blocking frequency
anomalies over the mid-high-latitudinal Pacific are significantly positive in MJO Phase 7 during
the Eastern EI Nifp years (EP7), but are not largely significant in MJO Phase 7 during the Central
El Nifb years (CP7). Because the MJO-related anomalous Rossby wave source locates in the
northwestern of the subtropical jet core area during the EP7, the MJO teleconnection locates in the
north of 50N. This teleconnection corresponds to the geopotential height anomalies, which
increase the Pacific blocking frequency, in the Pacific sector. However, the MJO-related
anomalous Rossby wave source locates in the subtropical jet core area during the CP7. The
corresponding teleconnection propagates in the subtropical jet stream, resulting in weak influence
to geopotential height in the Pacific region. So, there are not largely significant blocking
frequency anomalies over the Pacific region in the CP7. Finally, the ECHAM4.6 model is used to
verify the above conclusions.

Keywords Pacific blocking frequency, MJO, Eastern El Nifp, Central EI Nifo
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1 35

BH ZE 2 K AEAE H e A X PG KB R RBEFR R 35 S m b 48 m) 2 <A B
Wy AR PG 4 ) BRI 45 SR (Rex, 19500, BHZE 13 3h % % A1 Bl 25 PR B 1) K7l
FElAEE, R skREIZUN RS A4 (Masato et al., 2012; XINIZE, 2019). &Z[H
FENGEN 5 51 KIEH], AR ARIR R s T R R P R S o R iR AR R R
SURRHI TR (FHEMIMER, 2003; UM T I, 2004; ZEEAHTL,
2010; RV RAMESRFE, 2019). HFHZE R W G pri sk im R =<, K-S 80™
H A BEAUR AIAL 2 5O, R AN [R] S T) ROBE B0 KRR Gonf B ZE TR B S — HL
ZB|E N AMEE R 2 5E (Doleetal., 2011; Pook etal., 2013; Buehler etal.,
2016). MRIFEHETN BT AT AN, BHEEIESh A 2 SR EEAS R, 1 HZ 32
T PR R BR R R S 5.2 52 (Scherrer et al., 20065 Henderson et al., 2016,
2018; Gollan and Greatbatch, 2017),

P KA ZETTAYRY (Madden-Julian Oscillation, MJO) & i i [X K52
THRE FREZENFERRARR L —, HRIW I IRE R H R IRAES)
A= A2 30-60 & (Madden and Julian, 1971). S MFFLE, H MJO
R BN R IR 8 Rossby-Kelvin 5 m] LA i A i 26 3 (X f6) 7 38 5 B 4y
A, TR RS RS ATRIES (Gill, 1980; Horel and Wallace, 1981; Hoskins
and Karoly, 1981). Hendersonetal. (2016) fgi, MJO % 1-5 A AHAFIF
2 ST R DX ) BE ZE AR BRI, 1T 26 6-8 A AH MU ) b e 4 AT b X ) B %
PZNN ., JE/RJEVE-Fd )50 (El Nifp-Southern Oscillation, ENSO) 2 771 A
S X S EAE T R R E LR, R R bR R E AR R ) AR AR 3
(Kugetal., 2009). 7E#H AR L, JO/RBHE IR (BLBH AR
S A R T R A K P X 0 BH ZE Vg B A g (92D (Gollan and
Greatbatch, 2017). U4k, ENSO 5 MJIO i nJ LA [F] 520 AP35 b X BEL %€ 1) %
Agie, (EJE/RIETVET 5T MIO 55 7 A, RSP Hh X A7 76 B X2 1) 1 FHL 28
AR S AR TE L JEGRIAIR], PP X 3% AT B B B ZE 4% 5% (Gollan and
Greatbatch, 2017; Hendersonetal., 2018).

MK, FHAEPIRARBE/REEILER, Hrh—22 R W iR+ oh T
TRIE RS B, BERROAHEREL (CP)Y JE/RJBHE, 79— 282 R BRI O r

3
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FIRERK T L, BN REBE (EP) JE/RJE#E (Kug et al., 2009; Yu and Kao,
2009). KEMFFTIRL, AFEKE/RE W 23 EURE X RO HE S R A
I, 3BT 51 AN [F] i RS 3@ M B (Weng et al., 2009; Feng and Chen, 2011; Zhang
et al., 2012). PISRJE/RJEVE A B PR RSB S 25 51 A Ab 26 . R AL AR X AN
5] (SR S AN /K S (Feng and Chen, 2011; Zhangetal., 2012; R#EZE,
2012, 2014). HEERZ, EAFRKL/REERS T, MIO AL FIRHIE A7 /£
WEMZER . 18 EP JE/RBHIAIN, MJIO FIXHAF 45 % 120W, T7E CP JE/R
JE i SIE], MJO XA e AR A% 22 H SRR, IF HARLL T EP Je /R JEé I TH] ,
MJO 7E CP J./R J& if 8] A= 4% 5 3% 42 (Pohl and Matthews, 2007; Chen et al., 2016;
Pangetal., 2016).

SRIMAE AR AR BRI 5, MIO AT RS A% AT b X P 235 3 72 A=
AR, H H AT SO FCIE AR B o BRI, ASCHE T 4EH e fe 5, PR
£ EP 1 CP JE/RJEWT 5T, MIO X R T [X B ZE AR (50 . I HLE %
HEAFEE/RJEEE 5, FHIE MIO ALARXS A T 1 X [ S 45158 1 52 1) e ] R
JEIR o AT IR 245 AR R X MJIO 5 T3 b X BH ZE 47 2 (A1 B R IR,
AT 1 AP R DX ) BH 28 775 3 1 S A 4T

2 BREHE
2.1 B

RSB TR AR (1) BRI HR S TR 0 (ECMWE $2 4L
1979-2019 4 ERA-interim & H {73 #r ##i (Dee etal., 2011), GIEHERH IR

(Sea surface temperature, SST). [%7K& . 500hPa il 300hPa I @ E . il
R FZ R (v, KPR HEERY 1552 SR )5 FIFHIZE ) W\ 28 1) K 4
APV S AR (& MREL Cy ). (2) SREESHERMASE

R (NOAA) $24E[y 1979-2019 3% H [m] #M& P48 41 (Outgoing longwave

radiation, OLR) 4 #7#4k (Liebmann and Smith, 1996), 7K F43#5% A 1.5°<1.5%,
(W ARFE ARG S5 W b HE 4L 1 MJIO F8 %k Chttp://www.bom.gov.au/climate/mjo/ ),
ZFEBUE A SR ) 2 A5 B8 5 RMM1 Fil RMM?2 #J5% (Wheeler and Hendon,

4
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2004). FFH RMM1 A1 RMM2 A] LUK MIO HIEEMESE FE BA7r i 8 AMvAH . A

HEH MIO RV RMML +RMM2? > 1 (S HEAT 4007 . A 13RI (S 5,
B SR SR IA R 2 R A AR RT3 AN, SRS Lanczos iV 5%

(Duchon, 1979) HEAT 30-60 KIHEIER:, FHXHIER G FI T RHE 5 Rigsh-F
KDL LRSS . BEHEEL 1979-2019 EHIIAI A BT NS B . AL A
T SCAAAE 12 A BIREE 2 H o Behh, ASSCHTIA SERIT/R R AR 5 MIO &
AR i B ZE A% 57 R AR % 1S 5 R MO 3% AF FT BEL 28 451 % 0k 22 A % 76
MIO BHZAFRY 5t F R MBS . oy T B Ml X 30 R 110 398 1 7 B e
A HLX T2 1~2 i (Matthewset et al., 2004), [FIH7EA RS MJIO FH I
S IR EL T AR AT A AT AL A 6-13 KPR HEAT A Ao

2.2 TR
ARICE SR A ZRIFIREE P ELE 3 AN & T+0.5T MibaiE, PAKSEREE K
AU TR R CNOAA CPCH A [ 3 /N A I8 2 T B9 1Y Nifp3.4 15 4k
Chttp://lwww.cpc.ncep.noaa.gov/data/indices) 1E N WEMIFE4L, e H7E 1979-2019
R, R T 14 RIERJEESEA . RIE, FHERZPUE AR LR Nifp3 (N3
I Nifo4 1650 (N4), FHHE4E Kugetal. (2009) 75t B /R Je i 4E3E T 7024
EP JE/RJ2if: N3>N4, N3> % STD

CPJi/KJEi#i: N4>N3, N4> % STD;

TG, 55 EP JE/RJEIA4EA . 1982/83. 1991/92. 1997/98. 2015/16;
CP JE/RJBIE4EA: 1994/95. 2002/03. 2004/05. 2009/10. 2014/15. 2018/19.

AR Masato et al. (2013) & SCH —4EPHIESREL, FFE UK TFHEHLIX A
(120E-140W, 40=75N). H 5 KifF 51141 500hPa fir # e 37 TR E
IR DX N B S 1 By, BAR AT

S L z05- 2" zi0g (1)
Ag Ag oo

Hord o SRS T FTAEA S, Z /250 i 4% 55 5 R8P 500hPa fir 34 = &
Ag=30° & 0L By KT 0 B, BIONIbAE s kA T RS BHZE, FRid T ik

Bi
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W BT RIAE B R By A, AT AN H R A ki B ZE A A B . BT ORORUEE
() PH ZE B4 58 HA X E M (Masato et al., 2013; Henderson et al., 2016), FfrlL
A FEW TR R ER B ZE F A . KRR FE R BEZE A BAR R R R (1
TP X N AER By ) Rt e KR, 05 B Jeg e KB R I T S5 67
TN IX L Joj dh fe RAE AP ZE P s (20 RIS n RIS AAAE et i KB, JF A
55 n+1 R R RBEZE LR n R 1 e s R (B 9 0K 279X 36 TR AR TG H
W TRE ST 56 n ORI SR e KB I TR] S5 A7 B s 2R 50 n+2 ORI Jay b e K AEATS
TELLEE n+l KRR B RAE A F 0 27X 36 FHIFERIEH N, NHESE R 28 n+l
Ry B AR I ) 5067 B, DA anSRiEse 5 R KB B3 ReIc = Rt
BORAR, X 6 Jy b e RAB 2 B — R R PR ZE AR BH ZE s (3D a3k T
55 RH 2 RO AHE S I IR A B R S AL E, IR SE R T — IR R ERH ZE 4
FI A A ARG SR, I 5 1 sk I TR] A7 B AT B A% s A diid e 1, HeRid
N0; (4) BRI (2), (), A 4L FELAFEP A MR REHESEE; (5
W EAR AL [V 4ER A, FBR T S RE, RIATSRAG AR UK AR R RS FHLZE SR

K27 Takaya and Nakamura (2001) #7573, 8T &N H1F 300hPa
) 4epEshis (W), HTAEIE MIO SAAH NI Rossby FIAEHRERRIE, HAk
Tt AR T

W LU N =Y ) (2)

20Ul U, —v W ) v

PO =V 4V BRIEAR AT (12 AEREE 2 1), R
Y, W2 30-60 KA [EREE, u Fl v 43 5l 4ifn) WA 2 ) R, U ARER AR &,
w AR AL, x Ay THR 7 AR AE S A 22 0] E 1SR I 5

ASCIE K Sardeshmukh and Hoskins(1988) ) 54+ %5% T 200hPa ] Rossby
IR (RWS), T B MIO REA QU AL FEHLHI, FARITHE AT

RHS = =Vo(V &) = =V V& = (Vo (3
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Horpy RRAFBER, ¢RREXWE. N TRIEFETHES, & RWS

f§i [l Lanczos 7B EN #% (Duchon, 1979) #E4T 30-60 KA IEN:, IF4txt
1979-2019 4 H1A) % Z=EAT 70 Mo

ASCATE B # e A 2 i [ 5 SR A 7T B (Max Plank Institute for
Meteorology) & J& 158 PUAR AR R SRR 6.0 itA (ECHAM4A.6), it
J&F 5 KA, A5 K ECHAMA.6 KSR A PR 41443 7] 2% Roeckner et
al. (1996) [T AF. ASCEEEL ECHAMA.6 ARuERRA, K5 1] 40 PG B 42 3
=AW (TA2), A0 242 i J5 30 AN ) T [ b 79 st TR 1) ) B 7R A2 240 2.8,
T 7 MG 19 2 (L19) Sigma-P A4 4R, #EUr) K2 THEE] 10hPa. 1R
# Zhuetal. (2014) 1 Zhuand Li (2016) () TAERI AN, ZAs AT LS oh S Bl
S S RS IR AR, DR AR S G AR S AT R 2R SG . AR
Hh Az G S BRI 12 AT 16 4, RS EHR)E 10 SER-T A5 Rt AT 2
FLAAR G 77 R G 304 o B 50 25 SR 1) U 56 285 Tk 2 s ik 00 45
IS TNy IPNGOE S EN VS N} -2

2.3 Rt

ARICKRE EP A1 CP JE/RJE Wi AR R IR JZ 7% (Sea surface temperature
anomaly, SSTA) &, SSTA M@t %k 2 - FISEESRSE. B la NEPJE
IR JE VAR A2 1 1] iR KPR X SSTA /K43 A [, € 1b T CP JE/R JE 1 4F
A=W . & la, b AR RIBRHER A% (+SSTA) 22 HlZ A EP JE/R
JEVEAT CP JE/RJE T 5 T 4% il i B AU R 36 [+ SSTA. B4 B E EP
A CP JE/RJEvh N HI+SSTA, HEARJEHI7 )2 (170E-80W, 16<S-10N) A
(160 E-80W, 16S-10N) . ACiLffiH HadISST #dls 5L 7 EP A1 CP JE/R
Je i B TR o 2R OR P E L X ) SSTA . JE ik % b 20 £ 4 i &5 R mT 0, B
ERA-interim F3 7 Hr¥icda & 1) SSTA 1E58 5 HadISST Hl 745 — & % 7
B E [ EP A1 CP JE/R JE Wi ALK PR IX ) SSTA FE45 7] 73 Al AT BA
—3E (B . ERNRZETEBEE, MoK 3 Bl i B R as Aok s
KA. Y& Panetal. (2021) BIBEFEITIERT AL, KA AT DR P K 7
R AR IEAY, AR AR T
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pre- L,
= (4
Q p-C,-H

H Q & KA, pre £RFKFH, L, =2.5x10° J kg A R EL,
C,=1004 J kg™ K™ AL, p=1.2kgm 2 K% E, &5 H=8000 m j&

KAEDRF . B—751H, OLR S MG FH NI, B AASSCIRYE OLR 54 ik
5550 I (B K S, RETMTAAE S MIO SHRAR SRR A INHER, FR6 AR
ARIE I BUR RS . AT IR R I RN AR £E 300hPa, [ |3 100hPa F ]
"N#) 950hPa ¥ Lk ki . Kk, EP3 A1 CP3 i IMUSR G i KA Has 45 i 2
5K 1c, d 2B IX kA 57 OLR 5 AHx RIS MAE . e BRI
A IS MIO AHIGI RSN, PN i 4 DX 3l 1) LA Bl 4 ol 2
(60=-90F, 205-10N) Al (50280F, 155-15N). A EP7 Hl CP7 i fiifk
JBARIG ARSI R S5 Le, A ERRLEXIRA 7 OLR S& AN B KA
M . EA15 MR EPT FI CP7 B 1S MIO AHORHIR A I n#h. B4
210 R 4 DX FLARTE 40 il 2 (110 E-170W, 155-10N) 1 (1202170,
20B-20N). FIAE A7 AR 1 Fros.

N (a) SSTA EP EINino winters 30°N (b) SSTA CP EINlno winters
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210 K1 (a) EP EREWFES (b) CP JE/REBWFEATUHERMIRERY (AL KD &l
211 (o) EP Ju/REWHS (d) CPJE/RIEWHAZHT MJO 2 3 {4l 6-13 K OLR S+ &
212 Hs (&) — (P AMIF (o) — (d), {HAy#RT MJO & 7 ff 6-13 K, #ifz: Wm?

213 Fig.1 Composites of wintertime sea surface temperature anomalies (unit: K) during (a) EP EI Nino
214 and (b) CP El Nino; Composites of OLR anomalies (unit: W m™) with 6-13-day lead for MJO
215  phase 3 during (c) EP El Nino and (d) CP EI Nino; (e) and (f) As in (c) and (d), respectively, but
216  for MJO phase 7

217

218 R 1 PAZEHEHR S NASRRRK TR

219  Table1l Description of two control experiments and four sensitivity experiments

RN HAAT5 %

EP JE/RRIEME (ML (DIF) IERABA, MAS EP JE/RR A HRR

Wi (EP_C) MR % (170E-80W, 16B-10N, [ la LX), Hfib
(R G AS IR SST,  FLLERE A A I AR A Ui

CPJE/R BRI {ERIRINAT (DIF) WHASUIRA, IIAL CP KB HAR KA

Wi (CP.C)  MHESH (160E-80W, 16S-10N, [ 1b LX), HihH
(RSB AHR I SST,  FLEEMLA AR I A K ok

EP3 AR UL R IER(E S EP_C M, FFMMAERT EP3 B # 6-13 K5 MJO %}

(EP3_S) TR R RSN (60290, 20B-10N, K 1c ZrfafELkX
o))
CP3 Wil URls IR AIERIES CP_C A, JFInAKERT CP3 I 1] 6-13 K5 MJO Xf
(CP3_S) TR B RSN (0280, 15B-15N, & 1d 4R LR X i)
EP7 WIIAIF BRGSO E S EP_C MR, JRIMAGERT EP7 1] 6-13 K5 MJO ¥
(EP7_S) PR LI R ASNAE (110E-170W, 15B-10N, [ le £t Lk
X 45k
CP7 AR B Ee MBI AIAES CP_C M, FFINART CP7 i i 6-13 K5 MJO Xt
(CP7_S) TARXS B KA (1202170, 205-20N, K 1f 4L X
)

220
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3 FRJERBIEERT MIO XA H X BH 2 K5

Henderson et al. (2016) #&H, 7E MJO1-5 fAH, A X BH ZE FH 44 B0
A, TAE 6-8 ArAH, RK-FE X FH 28 S5 A4 H A g 22 2 JEeoR 1
1979-2019 FF4Z=HRED MIO AZAH SR FAF I H AR ST 4R, P A AR ) 2
AR, HRFE MIO S AHRFEAT I R HIERTET, 7256 3 fiAd, srgft
BT 325 K, A& HTJLAAR A B KR 2 BIALAH, TIAESE 7 f0AH, sRgEft i
W T 420 Kk, RJEJUVNMAEP ISR Z WA IR B, BB 7 AL AR R AP
PiRigscom, 56 3 AR Z . B, SCAIEEL MIO SrAH 3 AAIAH 7 18y = 2t
FAF R

AL (PR FeALHH
4 ] | | ! ] ]

! Il L I 1 1 1

|
N | s
N s
N | /
N 420K | 336K e
E N - R O - B =
_ N ! / | &
g 27 sk . | 208K L5
N 1.74 N | e 1.73 ®
~
* &
™ X
% 5
~ 176 K ; | N 298K =
E o] 1. 61 // : \\\ L LS
<
= i /s | AN
§® e 256K | 325K AN #®
/ 1. 65 | 1.78 N
T // l \\
/ | \
'4 T T T l T T T I T T T l 1 T T
-4 -2 0 2 4

SR2ALM (EPBER SR3ALA
2t MJO 5% (RMM1 5 RMM2) 5E X1 MIO 23 B (R AH PA b 2567 A 5 2 AR 1) HH BN
(B R HRFIIRIE
Fig.2 Phase space diagram defined by the MJO index (RMM1 and RMM?2), and the frequency

(unit: day) and average amplitude for the strong event corresponding to each MJO phase
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K 3a /& EP JE/RJE WA ZE AT P X FHZE AR 10 — 4 oA ] o H B mT
7E EP JE/RJE U A AIRD KPR X P 2E 2 A T (1 Ak BT, d K P ZESIR A
57%. [l 3b /& CP Ju/R JE #5442 R i tth X BEL ZE AR 1) — 4k 4347 P& o by F&I w4,
£ CP JE/K J& W 4 J 1E] BH ZEATUR T~ 5028 U ifg LAL, s KBHZEAZ Ik 47%. & 3¢
JELE EP JE/R BT 5N MJIO 55 3 A7AH (EP3) HHIRI A -3 1 X [ FEATI 36 1) — 4
S AT, IR A ISk BRI ) PEL 28 R AR AR 1T A 80%, R LLEEAS EP JE/R B i
SEIIA) P 3a) i) e AR AR i o [ 3d 2 AE CP JE /R JE 1S 5t R MJO 45 3 A7 AH(CP3)
S IR) AP Hh X PHZE AT 0 4 o0 A 1R o 62PN, S0 VR it AL ARSI 9 K
i L BHZE () R AE AR AT I 67%, HLEEAS CP JE/R BT (& 30) IR MR .
& 3e, f 40l EP3 I CP3 JIAI AP M [X S5 B ZE AR 1) — 4k oy A Bl X
A A S 8 AR 43 ) EP3 B 3R CP3 I 3 K S 3 s X PH ZE 47 (8] 3¢, d)
PR T A N AT PR X P ZE AT (B 38, b). %5 % PHEESR KL EP
5 CP JE/R BT 5t F MJIO S AT 1 X PH FEATR AR 5 E A . il 3e w40,
EP3 ] e 28 B b X A7 AE KV BB (M E 5, FLIR K OE 5% 3R (E 1A +30%
EIRAE T 2 P XA E 5710 i BEL AR, (HLR B 43 U i O Al i 35 VA
5. HULUCHE, 78 EP3 JUHIA] K3 1 X BH ZE A3 28 32 BRI A R Bl I IE 5
H Pl 3 W, CP3 M IH] o 26 P 1 X B A7 AE KV B 2 & () IE S . BLORAE EP3 I
CP3 i 11 5 245 J5 1t DX 3547 7 R Bl 2 (9 1E S, (ELR IE S b R BRI A AN
[F], EP3 B HHIE S vl HILTE (1 A et [X, T CP3 B A I 57 rpo O T 4R
PUAA R i A, FE ELBRENS 55T EP3 Y. EMETRHARE, BARGIH 3 547
Fi 4 R0 5 HSFEATAOR 38 5 22 SIS K, (0 = ANREHE 0 57 5 B SEATR (KT 0 A7 AE 3
REH (EmE, JE R Rk SR
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(a) Pacific blocking frequency max: 57% (b) Pacific blocking frequency max: 47%
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(e) Pacific blocking frequency anomalies max: 30% (f) Pacific blocking frequency anomalies max: 27%
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T T | 40°N— T f
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I I T ! T
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-15-12 -9 -6 -3 0 3 6 9 12 15 18 21 24 27 30 %

K3 (a) EPJE/RJEWH. (b) CPJE/REIRE. () EP3IEIA (d) CP3 HiiF4&Z K1
PR DX BHIE R — 20 (o) — (F) 735l (o) — (d), (HIAR P X 7t 1 BH ZE A4
) kA AT RIXIIETE 0.06 &M B (@) — (d) _EJ7 T max AR R 1Py
BONIBHZES AR 18] (e) — (f) _EJ7HT max ARSI B 9P e i) e KB R %
Fig.3 Horizontal distribution of Pacific blocking frequency (unit: %) during (a) EP EI Nino, (b) CP
El Nino, (c) EP3 and (d) CP3 during winter time; (e) and (f) As in (c) and (d), respectively, but for
horizontal distribution of Pacific blocking frequency anomalies. Dotted area indicates the
anomalies exceeding 0.05 significance level. The “max” in the top of (a) — (d) indicates the
maximum blocking frequency. The “max” in the top of (e) and (f) indicates the maximum

blocking frequency anomalies

Kl 4a J21E EP JL/RJETEE 5t MIO 55 7 Al (EP7) JH[A) RS- b [X BH %€
AR Aoy AT B o AN S ORT-E Hb XRH 28 22 i AR A2 S8 IR it AL 3 R R DA S 1 4
VU [X 35, d K BE ZE AT IE 87%. ] 4b A& CP JL/RJE i 5 5 MJO 28 7 A #H(CP7)
S 1A) P BH ZE AR A — 2 73 A7 1] o 2N 3 P9 B 28 22 R A AR SR I e DAL R I KBl
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AR EE EPT JIA) KPR B 28 A A AR B 2 el o 18] 4c 2 EPT RIS i X
PRZESR S (K da kLB 3> M —4inAild. HERR, it XFEX
VO B AR e, R O L TSR o g DAL RSN KR B, BK IR R
WA 15+30%. ] 4d Jy CP7 IR KTV X FHZETR 2 (18] 4b 82 &l 3b)
) 2 S A Pl o ERARTEAZEINT 31 PAY o 88 P88 S [X A7 7 K BBl 1 67 S, AR o 7
H O T S ARG, [ IR LR R B FR R S R AL MY X BN 3 1 IE

%

Mo

EP EI Nino

(a) Pacific blocking frequency

CP EI Nino
(b) Pacific blocking frequency
70°N

Phase7

max: 87% max: 47%

60°N—

40°N / ,‘9’ : 40°N

50°N 50°N
T T T T T T T T T T T T T T T
120°E  140°E  160°E 180° 160°W  140°W 120°E  140°E  160°E 180° 160°W  140°W
LT T T T T
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(d) Pacific blocking frequency anomalies max: 13%
T i . ,;g,'- N

{

c) Pacific blocking frequency anomalies  max: 30%

— o -

70°N

70°N e — e
60°N 60°N:":
50°N | 50°N]
40°N ! e e L I 40°N . 7
120°E 140°E 160°E 180° 160°W 140°W 120°E 140°E 160°E 180° 160°W 140°W
|

-15-12 9 6 -3 0 3 6 9 12 15 18 21 24 27 30 %
K4 (a) — () HEE3 () — (F), {H MIO % 7 fitH

Fig.4 (a) — (d) As in Fig.2 (c) — (), respectively, but for MJO phase 7

g LT, FERRE/RETR T, MIO 4 3 RLATHAIN A T PEbIX 17 1
R BB 35 1 TR PHZE AR S, AHE S A I EHBIXOAN[F] . £E EP JB/RJBTH T
5N, MJIO 28 3 A IR IE 7 8 Ao T B Ak i, TifE CP JE/R B IATH 5t
N, ZAAHIERE O A T ARVE RN . (£ EP JE/RBHEE =T, MJO
S5 7 ST AH B TR RS- i XA A7 A ORI ] 3 25 1 T BH ZE AR e, S TR
SR G AL KRS b, 17E CP BRI 52 N, AL AR b i
XAV /NEEHE R H . Henderson et al. (2016, 2018) &, 5 MJO #Hx<H)
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500hPa KR S35 B AL A 3 AV s X PH ZE AT R S 1) R R R, I PAR
M & B B 500hPa KA IR IE #4 J H A

4 MRRSHARES

Kl 5 iy B SR XA ARER K P X (120 E-140W, 40=275N) , 41t
SFEG s XA R 7 THZEATZR K T+16% 1 X 48 Gl 0.05 & MEK).
&l 5a, b 7372 EP3 F1 CP3 I 1] 5 K i 517221 500hPa {o % i &£ 7 5 5 LA
HiPE 5a I %A, 7E EP3 I MM X A7 76 I S B 5, FLYE 60N PR ¥ (1 41
M XAFAE U B o XM “RIE TR R0 e R S R AR P A A R T o T XA
FERRRERSS, HILRH R, AR TFHZERE . (Henderson et al., 2016,
2018). [Fk, &l 5a H Ik e PHZE S A A XCA7 A I 2R RS 8 . 1] Bb AT R,
fE CP3 I M [ AWl X A2 AE — AN BN B 78, b K AFE— A
BRI E e, T A B B S KA, AR TS e A X )
PESA BB, A TON PRI AP X A5 B AR XS 3, HEiT A T B 28
BRI IG I DRItk £E EP3 N1 CP3 1A, a4l B 1 X 4147 ££ RV ] 1 1Y) FH 28 47
K. BT EP3 B HAGUR B (O AT H AR DRI (A X, 1
CP3 IN {4 i i e () b0 AL T H R AR B B 2 b, AT EP3 IS IERH
FERF S WO AL T B HIRB T, AE CP3 I 1E St ) O o T K A
ML . &l 5e a2 EP7 W] 5 KIFI-F 1411 500hPa o7 3 i 7 i 5 A«
PP, AR A6 X AN G S8 V8 AR AE 1 P 5, T AE SR8 I i e RSP
b DX AEAE 7 e P S, TP I 7 v B e W TR 43T, A4 v v 2 AT L X L LR
ARG, AR Tz X I 23 e H . 8] 5d 42 CP7 I 4] 500hPa 13 %
o P S i e I o AEZIN I, RSP IX 52 55 1 A P e i s, R EOZHLIX
37 34 i FE AR BE R AR A A/, DRI R P 3t DX AN A7 1 K BB 38 R AR S
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(a) 500hPa geopotential height anomalies Phase3 (b) 500hPa geopotential height anomalies Phase3
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(c) 500hPa geopotential height anomalies Phase7 (d) 500hPa geopotential height anomalies Phase7

N o

0
60°E

[ [ 48
-44-40-36-32-28-24-20-16-12 -8 -4 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 gpM

K5 (a) EP3. (b) CP3. (¢c) EP7 Al (d) CP7 ] 500hPa fii % fF 8 Ak (BSY; #
fi: gpm); BB SLR XIACER AT VEHIX (120 E-140W, 40275N); KEFFLACEN N
i} 1] 500hPa 2 [A X3 Al CHRAZ: mos™); L0 LR o LI U157 3 B AT R S5 16%(14
AL T AXIEFRRE 0.05 1R E K

U L L UL LA | T T

R 4 T T T T T T 1T 77 T ] w
60°E  90°E 120°E 150°E 180° 150°W 120°W 90°W 60°W 90°E  120°E 150°E  180° 150°W 120°W 90°W 60°W

Fig.5 Composites of geopotential height anomalies at the 500hPa (shading; unit: gpm) during (a)
EP3, (b) CP3, (c) EP7 and (d) CP7. The black box indicates Pacific sector (120 E-140<W,
40=75N). Vectors indicate composites of zonal wind anomalies at the 500hPa in the
corresponding period (unit: m s™). The red contour denotes the Pacific blocking frequency
anomalies equal to 16% in the corresponding period. Dotted area indicates the anomalies

exceeding 0.05 significance level

Hh R A 1L DX PR A7 3 v B SR 52 BT MO UK [ 7R TE Rossby-Kelvin 3% 5
i (Gill, 1980; Ferrantietal., 1990; Matthewset etal., 2004; Henderson etal.,
2016, 2018), T #Avir £ 485 W i M X IR AU 35 75 40 1~2 J I 1]

(Matthewset et al., 2004). BEUL& R 1 &R R ECRH . BasshiEE K
HERT 4 HT AL A 6-13 R OLR 7% (& 6).

Xt A I SIAN [R] JZ K 5 5 A eR B AT 20 A CEII ) mI g, 25 I A P s 4
HIX KSR 2 HEIE KA. Moon et al. (2011) 1 Wang et al. (2018) i 300hPa
StH A BOKAE 7R MIO R AR OGS IR AL, DI AR SC BB L 300hPa St 3 it b 4K
5 Y B R AR FE AN RN 3 MIO 3B A S A R-AE . &l 6a, b 732 EP3 Al
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CP3 It} 141 300hPa =1 [ I 5 17 (1) & il 8] R4k 300hPa v B _F it R 5 BL A s
AR S 1 A n] LA AE EP3 INIART CP3 IS AN B 1) MJIO B AH S 41 (K
OSRZPUR), H5ETANRIBE RS RAHEL (Moon et al., 2011; Yoo et al., 2015;
Henderson et al., 2016, 2017, 2018). Hi[&l 6a, b FJ1, EP3 Al CP3 P Xt i)
MJO XA T ENEE v L, {H EP3 TR L CP3 Al R i A< o AR
IS ST 2 FRD 38 A D38 1 PR 4 A T UKCEI, 72 60N BT I 11 41 [X 3547 7E Ul
VSR, R T v DX BE ZE AT I 0 . v A bt IX RS v R A
500hPa & 5 _E A7 /RS B B S . I L, EP3 Al CP3 I HH, MJO JEAH<)
FIIREALZE 60N UL (A HFH X, B w47 “ JbIE R 7 10 v P
S EOR T Hb X BH ZE SR A7 AE K B B3 IR 5% . SR (E EP7 5 CP7 Wil
A, SER R 2 500hPa i fE S A AE B I ZE R, X AN A R T
PEPHZEAR T8 AR AR R SCE S EP7 5 CP7 I HH i i v B 5
FRIRERT, LB 196 BT 34 v S 22 S PR R

K 6¢c 4 7 EP7 ] 300hPa it bk % PG shid & LA & OLR 5% . 4 fr
7, EP7 JAIA] MJO Xt 2407 T 105 By PR b, A DA AR AE SCUbe 1
Fu, FOALEAE (30N, 165F), THLH ARV LA MR, 50N
BT A AL 36 7 52 52 B I A Ube i S 15 . Henderson et al. (2018) /i, 5 MJO
S A I R 1 b R HR 0% 22 51 S ARG SO DX IR B R R filUR. Rossby Y
. [Ftk EP7 KA 300hPa itk (Kl 6¢) LK 500hPa 1o 35y FE i (4]
5¢) )5 Rossby ¥ e &= FANECE 5¢. Bz B 300hPa I id sl & nl A1, fEE
L% VPE R 2R AL 4, MT7E 30N HHK-F-: b, 300hPa UK 5t & HH L5
AL S, WART MIO BEA A ) AR ALy MR 3% . [FE, 7E EPT I
MJO REAH G £ R I ] R ACAL TR RRRAE, A2 KTV F iR dbn] BLFK 50N
BRI, AT S0 v 2 DX 7 5 v B, T R 1 AT e X ) BHL 2 V5 30

6d A Bk T CP7 6] 300hPa JitpR %L WiGshiE & L& OLR 54 . HE
w0, ZEH ARG MIO SR AL T 1102170, 205-20N. A LLT EP7 i
#, CP7 WA BRI ()N, A7 B ABAIXH W P o HH 02 S Tk R S0 43 A vl
MJIO X i AAG IR P8 AT b A e S Ui e e i, AL A T 30N Bk, 1%
JAENE SR AR AR ARt R, T 40250 N Z A o R A VE EARAE RS
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B ARG, X5 EP7 B ARML. HR2AE 30N FTd A F# ., 300hPa
PEANIEE FEON AR R, X RBUZ I MIO BEAH GBI LA 7] 43 A1
AE. AT, 1E CP7 B i MIO REAH UL FIAL T e BELIX, %o i 2 FE b IX (¥ v
5 S s M L/ )s , ERIIG A B T35 b X 9 RS B i 3 TR B ZE A e

X (a) EP El Nino Phase3 300hPa
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(c) EP El Nino Phase? 300hPa (d) CP EINino Phase? 300hPa
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24 20 16 12 -8 -4 4 8 12 16 20 Wm?
K6 (a) EP3 15 (b) CP3 Mili] 300hPa [ BT (S5HLk: kG 8>10% iz ms?)
RIPE SR (i Hhr: m?s?), LLRGHIRTN BER ] 6-13 KA OLR S# & (B
B Wm?; (o) — (d) 45 (@ — (b), {H53510 EP7 1 CP7 Jilal; £LEasEL N iE
TRECRH, W ORA NIRRT, 0 S LA, BOEshBRENA H KT 1m?s? R
Hy ERhERE A7 M CC” A pARER IR AUREIE IR R S A AU IR R Ly SRt
SRR AR A IS HIREAH G B 1
Fig.6 Composites of 300hPa streamfunction (contours; interval: 8>10° unit: m s) and wave
activity flux anomalies (vectors; unit: m* s%) during (a) EP3 and (b) CP3, and OLR anomalies
(shading; unit: W m™) with 6-13-day leading for the corresponding period; (c) and (d) As in (a)
and (b), respectively, but for EP7 and CP7. Solid contours are positive values, dashed contours are

negative values and the zero line is omitted. Vectors with a wave activity flux magnitude
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anticyclonic and cyclonic anomalies. Green contour indicates teleconnection pattern

CAWFRY, MIO REAHRBIIHIAL E AL R IEY) 32 i 2P it i 1 1%
(Hoskin and Ambrizzi, 1993; Karoly, 1983; Simmonsetal., 1983; Seo and Lee,
2017), 1M HALIE T 185 MIO R ORI 5 H Rossby AR X T SR Z AL E
AEY)RA (Lietal.,, 2006) . 2 Henderson etal. (2018) [IRF7T, ACit5
T £ I 3 200hPa ) 7 Rossby ¥, WKl 7a—d Bis. B 7 RO EL X BN
T PSR IX, R R 2R X IOy &% X . I 7a, b AIA1, 7E EP3 A1 CP3
JIE], TR H A X A AR VS A S % Rossby 5, 1Ml HL H A [X
1 7 5 R 70 S ok IR S S X B e BB BT . AR Lietal. (2006) [T
FOAT R, 3K P AN ST RE AR OB B 1 2 [ i A [ AR AR HE, BT LAEIE] 6a, b o MJO
A P SR BN M R AL TT A3k . EPT B 5% Rossby I R K1 /K43 A7
Kl 7c B, A8 H AR X AR R VG L 9 1 1 5 B s, FLAr B T Sz X i
PEAEHE. BRI EP7 JWIIENA MJIO BEAR S AIIRE A AR AL T A% 4%, ani&l 6c i
o HHE 7d AI%0, CP7 B HI MJIO BUK I IE 7% Rossby A7 T H A LAZR IR
e b I HAZBAE IR T CPT N I Sui % X A . AR i B (Hoskin
and Ambrizzi, 1993), CP7 [) MJO EAH G FRG = 4 BR AL S A4 . Rk
CP7 IS} MJO BEAR IR ANAL TR A BEHLIX,  JF B46 A 70 A IR AE (1 6d)D.
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Fig.7 Horizontal distribution of anomalous Rossby wave source at 200hPa (shading; unit: 10° s2)

during (a) EP3 and (b) CP3; (c) and (d) As in (a) and (b), respectively, but for EP7 and CP7. The

red (gray) dashed contour denotes the 200hPa-zonal wind equal to 45 ms™ (65 m s™)

25 EPrid, EP3 5 CP3 ) # MJO Uk 11 J2 7 & Rossby S IRAL T i i X
Frpa AL/ ALES, AEHAN BT MJIO REAH UL FIS REAL 28 1 Wb X, AT 51K
X (HAMHIXD 1E () SRR, i BRI X A7 AR IR PHL 28
B ST SR 1T EP7 &5 CP7 I HIf¥) Rossby I YA T SUA% X AL B 2 F i k.
£ EP7 I MJO ¥k i 2 5 Rossby IR A T 2% X AL s, (i
HH MO REAH UL FIAE R B Ial ARALTT L%, JFAE % 50N Ftiz, M5l ke
o v 8 1t XA R T BH R AR 8 n ) v B R ) 3 AT . CP7 IR MJO UK I
51 H Rossby R IELFAL T SURRZ X S, A1 A MJO S AH I F A T rh 4
JEHBIX, DTN i 20 1 XA 35 i BESE M/, BT RAFE CP7 I S P X e
R PRl N2 3 ) BH AT e

5 ECHAMA4.6 R IRK LR

H EP3 AR R (KRG Tl A1, BUAT LE I 300hPa i | MJO
EAICPS, B 500nPa - Ak Hh X ) I R S5 AR A v X[ £ 7 3
S, HEmEE T B 5a RIS R . CP3 AL B (EImE D) T A,
BAR MG R A R DS MIO JEAR S, (HRFE b X A
R BEL AT 18 0 (17 34 w5 P i, HEATSR IR 1P b AR . HLERE T AE
EP3 Fil CP3 I WA Pt X )4 A7 7E IE PR ZESME 8 (WA 3e, ).

K 8a fE A EP7 KHIIMIMNAY 300hPa {734 S, B SR HE X 5k
(110E-120W, 15280N) S Ua G W45 L = mi Qe X 3, M52 0 ]
Le H 77 HEIX S5k Y 1) £t OLR 5% - €] 8b & CP7 IR HAXLINI ) 300hPa {7 3 =i FE 545
B s 2R AE Xk (120 E-110W, 15260 N) A5 3 4 S 5 W 0 25 1L 2 v
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Fig.8 Composites of 300hPa-geopotential height anomalies (contours; unit: gpm) from the
observed result during (a) EP7 and (b) CP7. The shading in (a) and (b) respectively indicate
negative OLR anomalies (unit: W m) in the box of Fig.7 (c) and (d). (c) and (d) As in (a) and (b),
respectively, but for 300hPa-geopotential height anomalies (contours) from the ECHAM4.6 model
result and atmospheric heating rate of joining in sensitivity experiments (shading; unit: mm). The
boxes indicate the key area in corresponding time. The letters “A” and “C” respectively indicate

the centers of anticyclonic and cyclonic anomalies
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