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Abstract This study evaluates the subseasonal-to-seasonal (S2S) prediction skill of Madden—
Julian Oscillation (MJO) and its East Asian teleconnections using the Korea Meteorological
Administration’s Global Seasonal Forecasting System version 6 (GloSea6) hindcasts. The MJO
prediction skill of the GloSea6 model, in terms of the bivariate correlation of the Real-time Mul-
tivariate MJO (RMM) index, is about three weeks in winter, extending to four weeks for MJO
phases 2-3. However, the prediction skill of MJO teleconnections to East Asia is limited to
about two weeks. This discrepancy arises from prediction errors in MJO spatial structure and
magnitude, which drastically increase after forecast week two. In particular, the centers of diver-
gence and convergence become latitudinally biased with weaker magnitudes. These errors are
attenuated by latitudinal averaging when computing the RMM index. The bivariate correlation
metric also underrepresents magnitude errors. Together, they lead to an overestimation of MJO
prediction skills. These results highlight the importance of considering the detailed structure and
magnitude of MJO circulation and convection when assessing the prediction skills of MJO and
its teleconnections.

Key words: Madden-Julian Oscillation (MJO), East Asia teleconnections, Subseasonal-to-sea-
sonal (S2S) prediction, GloSea6 model

= 23} AA o Z0] 27 AR &t} T o
o] %7] ZZ(initial condition)oll ZA| &JE3}A] o
4ol &REN, A Zo] AA 27 (boundary
forcmg)91 FTE T3 Y 2 dFHE Rele
A3 e, $28 A F2 FEE oS4 YHe] B
ste] FH o dFA4o] AstE = Al7|E Hridn

1. M

IN- (V<3

AW -AE of| Z(Subseasonal-to-Seasonal, S2S =)
o oF oA Y TR &L vy, T

~

*Corresponding Author: Chang-Hyun Park, School of Earth and

Environmental Sciences, Seoul National University, 1 Gwanak-ro,
Gwanak-gu, Seoul 08826, Korea.

Phone: +82-2-880-8152, Fax: +82-2-883-4972

E-mail: sweetweather@snu.ac.kr

© 2026 Korean Meteorological Society

13

(Vitart et al., 2017). o]ol| w2} AAZ|SAFZZ 13
(WCRP)#} A A A AFZ 2 23 (WWRPYS 4] S28

ZRAES F5t0] oS5 AHstaL ol5 A



14 GloSea6 232 S2S ol & A5 H7} MJO ¥ oM of 47 gt

7171 18k Tt o5 QA WISt WMO, 2013).

NEAHQ o Z Az T shes vWiE-ETL W
(Madden-Julian Oscillation, MJO)©] TH(Vitart et al.,
2014; Meehl et al., 2021). MJOE Gt A9 AA
Y HEA F F8 RERA, AEMIO 94 2-3)
oA A Ao FES ol MFAAFMIO
Ad 4-55 AA AHEFMIO 97 6-1)F SEIH
FMIO 97 8-1y7HA] FREE oF 30~60€2] F7]
o] H% YA olti(Madden and Julian, 1971, 1972).
MJOo| FHtEl= EY dlF8E Wsle duiRy 4
Foll GgFs vA W ool iR e vwdE 7t
dof| &t Gill-EtY W2 T3l Folrlol B H]
Fg g #9715 Y WA (Gill, 1980; Wang
and Rui, 1990), == % Z2:H](Rossby)s=3t &S of
719AGBE B3 AAT 71T F A7 S
23 ¥slE 4o gIti(Zhang, 2013; Stan et al., 2017;
Lin, 2022). Ao 2= B ALH 45 7] &
sk AFY WEAe oF 36%7F MIOZ AHE &
ATH= B 7F Atk (Matthews et al., 2004). A 2 o
# ATES MIOE H3Ho= oS3he Ao it
T S2S o5 FHO=E oloj F UHE HAF
TH(Dias and Kiladis, 2019; Kim et al., 2023).

£3] Folrlol= MIO "ol 7 st =
FAEHAEGE 27E A9 A 91218t MIO
o] JFE sl W= A F YR, MIO 9749
w2} o) 7] 3R ohue} 7|3} Zhe] 37k d'o]
Eglo] 2Elzlti(Jeong et al., 2005, 2008; Kim et al.,
2020). & =01, MJO tF&Fo] Am=Folr e
A= TAlel Eu MElE G AHolM = JAE=
MJO 914 2-3 Al7]ell= Shib=g X33 FolA|ofo|
9] A7) o7 vERH, R $17HMIO0
A 6-nd = &l A7 ol 7t yERd
Th(Jeong et al., 2005). WeEtA] MIOSF 2 LA g2

2 &8 HslE A gs] odSste A ALH Fot
Ao} 2123717 o & w9~ Fa3ltt

ddl S2S & A="HS Hrigk AF4Ee wEH
d|&Ao] 714 =& ECMWF 28-S A9)3 giis
o] BFoA MJIO &AL <F 3+ A== gHA U
TH(Vitart et al., 2017; Kim et al, 2018; Lim et al.,
2018). T3, RFEELS MJOQ] HHHY AJo 9]
AAGHE BAA0E AP Srh(Stan et al,
2022). e & S2S dESEFES] MIO Y473
el gk fFojmgh 542 257 A A =
Th(Stan et al., 2022; Kim et al., 2023). &3+ o= 2
T o|F 9AMH ofEle] ATVF A HARE]
He B4 A48 o2 JeRba 90w (Vitart et al.,
2017; Stan et al., 2022), 53] Folrole] 7S¢ o8
gk 73 3ol o] Fsisttial BarE ub 9ltk(Garfinkel et

[e2

o

=714 7] A36d 15 (2026)

al., 2022; Kim et al., 2023). W2br] HAl S2S of A
Z"S 7IHke 2 MJIO Aol T Hlwd 45gl 4
543} FoMrlol AT digk A 54 7+
o BEYX] S By AdstA Hrke Havt

2 A= 7P S8 A 9 5
ol ARG 713 ZA] 28l (Global Seasonal Forecasting
System version 6, GloSea6)2] Z A1 H % (GloSea6-
GC32y% g3t ALH(11~49) 71ZF 5 MIO
| SAT} Folrlol YA dSAHS THPHC=E
7Fstdth. & =i AL o 2 A2l A
= Aol ARE-S Ahs el WS AvfEkaL, A3%e]
MJO B solr|ol 97l thi GloSea6b =

2. Xt5 2 g

2.1 Xz

MJO ¥ Folr|o} AAHS £41317] 2I8l] ERAS
A E-2A) 2} 5 (Hersbach et al., 2020)2] FA1vlEHU), A
AE(2Z), 71(T), A7I2(SADE AHE3IHRoH,
A EAHOLR)E NOAA CPCe| AEE A3}
2 tH(Liebmann and Smith, 1996). A} B =804
= T AR A5E AFo=2 Wit oS4 o
71E 8] Y3 WSS GloSea6-GC3.2 R¥ 9] 3}
717)%-) 2 (hindcast)elH = 23130t} GloSea6-GC3.2
hindcaste= 2437+(1993~2016'3) vl 1Y, 9, 17,
250l Z713}E 0] 255U HEE = FE A
Bo|tkKim et al., 2021). & AT E MIO &F]
gk ALHE(11~3€; NDIFM)Y| =713} #5767
o Z2tF e sl PFE HaAETS £ &3}
Atk OLR ¥ X478 dHF AEE ARSI,
g2 HE$EL 0000 UTC =7 AEE 2839
MJIO A Aake ALe BE B4 #= Y
GloSea6 hindcast AF5.2] o= FAH| #Z9]
2419(1993~2016) 717+ s<te] @9 71E 719%d
wozHEHe o2 Attt thEl, GloSeab
hindcast®] 73-$-oll&= E2o] AF8-¥ hindcast AA| =}
o disll 2F 9 AAH HFars dS5YE- Azt
HE Aoste] F7t= BASGY. 71 =171
39 GloSea6-GC3.2 E oA AYke= ER)4
Z(forecast)} HA7|FH S dS271203 HFE
T T Zol7} Qo 1 2] AL FU3IT
GloSea6-GC3.29] hindcastol] ™3k A F-A13HS Table 1
o st

2.2 MJO X|%=
MJO EA4 o+ Realtime Multivariate MJO A
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Table 1. Description of GloSea6-GC3.2 hindcast system utilized in this study.
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System GloSea6 (Global Seasonal
M forecasting system version 6)
UM 11.5
Atmosphere Global Atmosphere 7.2
Ocean NEMO 3.6
Global Ocean 6.0
Component
Sea CICE 5.1.2
calee Global Sea Ice 8.1
JULES 5.6
Land Global Land 8.0
Atmosphere ERA-Interim
Initial conditions
Ocean/Sea Ice KMA GODAPS2
Land initialization JULES/ERAS
Others
Ozone CMIP6 historical
Analysis period 1993~2016
Lead times 61 days
Initialization dates 1,9,17,25
Number of ensemble members 3
Analysis season November-April (NDJFMA)
(RMM; Wheeler and Hendon, 2004)Z A}-&3}3it}. W o2 A2y, AR DEHE 98] =77
RMM A= G(15°S-15°N) A =3 a F & A5 4571 2d 4% B39 ghg oloj2o A}
Z39 200-hPa SA1HFEHU200), 850-hPa S v}t £33tk ohAS A}% o}~ RMM A|2] 7% 4]

(U850), &3 OLR oh=2elo] thgh 2% g 5 ok=dele] ®Estel

o) Arda FFUAE

z?:sz‘(combined empirical orthogonal function, CEOF) ARgsklT. = Al E’_—‘C" FAE AE Al 29 A
BAOA Qe AL 2 LR f Fgect,  HEE ohedHE B4 i) Fasel A1
o, o] T HALe ¥ ol

PC2)C2 TAHT. RMM A5E thi® JHE AlE <
stomm 2710l te) P Qo Ay 4o =8 Z7I7E AT A5

EAT 5 Qol, U PPAE} FAE JE 9 B

4 7129 olAlsl 1209 BT i WHo2 AT
BEDS AADE B AT BY 2718 9

2.3 GI&M T}
MIO <&A Hrtes

0 FEFAA} o] B¢ MIO A= A9
skt ®=3k 2713} Aol MIO gl thE o= BCOR(?) =

TG A2 8= v 299
= 3

o] A= A} 4~ (Bivariate

correlation coefficient, BCOR)E A-8-31%1th. BCOR=
g 7Fom B50) RMM 4 271(JPCI’ + P2’y AA5E FAwak A5 FAE 2ke] 3RS e
o o, A& 7ol Fojdr.

J = ro = :
g Hh}e} uEl OMJ}O %%Oa }47H£ J‘L?o}ﬂi@%, £ [PCLyG DPCLo(G D) + P2y, DPC2(i, D) 0
AR AV 4. A} 6o PASE-3 5 T = = SN >

MIO HY 23, %9 45, A% 67, A% &1 # £ [PCIG, DPC2iE 91 5 IPCTG, 0PC24G, 1

Tt = 1§} AAze] Nee 247t 89, 82, 76, 85

Meltt. #3= RMM A|4~= Bureau of Meteorology 714 #= dlZ AlZH(lead time)S, N& ALE 27

(https.//www.bom.gov.au/cllmate/mjo/graphlcs/rmm. 3} 3153 (hindcast 1S VERH, = 7F 27138 A

74toRealtime.txt)ol| 4] i‘rEJ]- 7Vs3hc}. o ekt Mak 0= 2+ GloSea6 B8 o =7
vy RMM Z|5 B39 7159893 w8 % 3o} olo] 433 RS o) webd 24

FOAE AAR o}iw g /Mo B33 FUT £ o33 u3e) TR AAY 2ol olbF TR
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Fr7rsl7] g Eo s I XY MFEe)
J"rﬁl—r(Anomaly Pattern Correlation, APC)

3lAth APCE Gl (15°S-15°N, 30°E-150°W)
AtE, 2 (2)eh o] Aot

Q
g
::I,
L
o,
z HT

= i off L
o FT o o Iy
3_1 oo =

r‘l‘l o, W

1 N, . . 2
2 (@i, D2 (i, Deos’g,)
I, cos g,

APC(i,7) = =& )

J_NJ___ZQS(ZL(i, r)0052 4o
I fcosd,
«/mN L5272, Dicos )

I fcosd,
o714 APCe oh=E] dd FaAFE oJvlsiH,
g= 7+ A= Z]@, Ny= G Holl EAlste A 4
2} —’F, ¢= 2 A= X]qu] s oujgitt &, #
e AE 7HEAE X BRY I B350 ol
Z’E—*}* ojmatal, FE= 7H7he] gAox e BF
HAR BEAE Z&3lshe S 9njdith. APC =
g AT EA, dSE o= e HEle] #59
ohredy] siEld AT wf Hohiel 18 YERH,
“guire] el o9k -‘f—i)‘” o A1 12 YERJT}.

ole} FAFsHA, 21(2)¢] -v—7\}°ﬂ Aol FEAS
#5o FAo R #FEstske A, 37 Y 397
“*(Anomaly Pattern Regression, APR)% dE F U
ol FF K ohxdrt #S59| of=E| tiH
7HE A715 A e d54 A o R S

7REA Ol S8-E

lo_YH-W

ol

24 7|2 W XY

2 A= MIO oS4 ¥ ofyz MJO ¥4
’dtol|l W Folrlol 7] Wste] o FAE st
o} ol 712 o= ox}o] Al ] flE 7
2 ofxee s 71 A FAEMS FE5
om, A2 thE3} o] Aot

or

S =~ (VD) +(S,0) + O+ Res ©)

— [

u:

=714 7] A36d 15 (2026)
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3.1 MJO X|== oSN
Figure 1> 723 RMM X]4=2] BCOR <=4
T(Week)tﬂi UrEM Zlolt, AgH z7]st€
€ dEAEE 92 BCOR d&4< fxéé A
o, 71 Fhe l‘l‘ XM 099X 58 352744 0
Aoz AT}, 452 oA 0357} Eh:}(Flg la)
, GloSea62] A2 MIO &4S BCOR = 0.5 7]
2 ek 33 Axolth MIO Aol wWE MIO
% A5k JJr(Figs. 1b-¢), GloSea6 =&
5 = MIO 1% 2-3
El; 2 67)4 %oﬂb 47 HE9
MIO d&48& L‘rE‘rlH—t— wh | 9)ak 4-59F 914 8-19
Qo) ﬂ—%oﬂﬁu MJO ¢l&Ao] 35
XJEE *Jﬂl’ﬂ A vebdTh i A4
E% g w(Kim et al., 2023), MJO°I
Aako] AleA oﬂzﬂo 45 o)A+
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Fig. 1. Weekly BCOR prediction skill of the RMM index for
a) boreal winter (November-April), and b-e) each MJO-
phase initialization group. The dotted line denotes the
threshold of practical prediction skill of BCOR = 0.5.
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3.2 MJO-SOIA|oF dZ{akat ol&sM

Al Aol MIO i oh=E]o] W diFd A
3% ke ofdu) Ao 2au|gE fidt
o=zZH FH= A 71del= FFS v X THZhang,
2005). 53] t2 MJO 97l 3] MIO UFE%
ol 7} A=A el S ws MIO 94 233 6-
790 7S TU= 944 JFo] o] st Aew o
24 21t(Seo and Lee, 2017; Tseng et al., 2019). 5
ofrJofe] Ag-ol= MJOZ} 914 2-301 AU 94 6-7
A wf A7) Zol gk Jgko] S TStk
(Jeong et al.,, 2005, 2008; Kim et al., 2020). webA]
MIO7F & o&dE u] Folrlol A 71 A%
=5 202 7T 5 A} FoMrlol LAHAFE o
A B2317] Qs MIO 94 2-33 6-791 %713}

|Z2t50 thall 29259 A7) 9] o =58 (1-4
) XA FAEE ST A7 B F=e v
3} THFigs. 2, 3).

Figure 2= WA MJO 917 23 A § 79259} A
g71 ol dEAE S vlwst Zlolth
FZo|A MIO 918 2-3 A 15310 Folrlo} &
el A7, 2ela HesE g Aol 2719443 st
3 &% o=t YeRdthFig. 2a). ol AES
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Fig. 2. MJO Phase 2-3 composite of (a, b) 925 hPa geopotential height and (c, d) surface air temperature anomalies in (a, c) the
reanalysis and (b, d) GloSea6 hindcasts. From the top are weekly mean composites for the dates corresponding to forecast week
1 to 4. Hatch indicates statistically significant value at 90% confidence level. The boxes in the uppermost panels of (c) and (d)
indicate the domain for East Asia and Korean Peninsula defined in this study.
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Fig. 3. Same as Fig. 2 but for MJO Phase 6-7.
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W3] A 3o|thGill, 1980). MJIO 914 2-3 A &
25310, Aol Al MJO 73] o]t u}
=& ok=REE A gk el Helth
MJO 9174 2-3 A & 3~4F 7} XA 914 2-3
o] JaFe oFslEH, 453lo & t-E] ARl A Bk
tH MIO 7ol Fuksel mt 15:3ke] &8t ohet
go} v 359 #3uiEe] yepdtt

GloSea6 B3 o|elgt dH o] 3 M35 o= 2
TAA BHH R A ETHFig. 2b). L} B
MIO 9174 23 A § 3~4Fzfel] ASol|A LrE}
T3] Fe9HE dFaA K, Al 25
zte] o=ty siElat fARSE ohedE] vt T A
oA ofstet= o] et ol g 8 o 54
o] Aahe A7 A5 AR olojA= A
H HAthFigs. 2¢, d). AZoA = 944 23 2 &
23 7} e 2 233 Zolxo} tE 99 &9 ;q
471 ol 7t Yl (Jeong et al., 2005), =%
o=y o] XA H FASHA 3~4FALE 7FEA
71& o7t Qri}ﬂu# ohrg]e] H&E xo]
Jojitt}. GloSeab ZH 2 oS 3FANEH £ }
g}l old wE 7(]/\]-713 olx-tz]e] ok W B
AxE & AdsA Eahd, thal oS 25319 Oh

I

o
[e3

rlo N

¢

=714 7] A36d 15 (2026)

22| 7F A7k wet okslele 1o R Bl A
o2, MIO 9174 2-390] Tt FolA|o} PA TS
2F AT AZ7HFRIA AAFH o7 o=FHr} ol=

F9E MJO 94 2-39] MJO A o249 Ayl =
ol E3}sic),

AF 6-72 %% 2-39] Wi RS9 F2E 77
o] FolAlol ¥A g ek vk R Jehd
ThFigs. 3a, ¢). WEHA #AZoA MJIO £ 6-7 24
5 27 B Fobro thF otdt) A el YA
35 &% ol mE|e} EEE Y A A7 st
% o8 ol v} wdElar, 1o wE =g ¥
et Folrlol tIF A Holl= Fe] AR ofmd
27F vebdth MJIO 913 67 Wg 3FAH 7S
ohrZE| 7} oFslE| I, 47 Al = F5 o] dojd
t}. GloSea6 =82 MIO 74 2-39] A$-Et} MIO
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