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ABSTRACT

In this study, a series of analyses was performed to verify the model performance
for predicting major climate variabilities and their spatiotemporal evolution in the
Seamless Coupled Prediction System (SCoPS), which is a current APEC Climate
Center (APCC) in-house model for seasonal forecast. The capability to predict El
Nifio-Southern Oscillation (ENSO) and the related oceanic/atmospheric responses;
the interbasin relationships among the tropical Pacific Ocean, the Indian Ocean, and
the Atlantic Ocean; and the atmospheric variability and energy structure is of specific
interest.

The SCoPS reliably predicted ENSO-induced sea surface temperature (SST)
variability, especially during boreal winter; however, the model's prediction capability
decreased during summer, which is a common feature of seasonal prediction
models. The prediction skills of the detailed equatorial SST during ENSO events
were significantly enhanced with greater amplitudes, even with long-lead forecast
times. The SCoPS also skillfully simulated the atmospheric response to ENSO over
the Northwestern Pacific and the North Atlantic Ocean. There existed, however,
slight spatial shifts and overestimation of the amplitudes of the atmospheric
responses. These biases should be considered for SCoPS-based seasonal prediction,
as both these atmospheric systems are important factors in the seasonal climates
of East Asia and countries adjacent to the Atlantic Ocean.

The prediction characteristics of the SCoPS in the Indian Ocean atmosphere-ocean
coupled modes also were investigated, such as the Indian Ocean basin—-wide

warming and Indian Ocean dipole modes. In addition to the assessment of prediction



skill of each mode, the evolution processes associated with the two modes were
analyzed. The major modes over the Indian Ocean were predicted reasonably well
by the SCoPS. Because the Indian and Pacific Oceans dynamically interact with one
other, detailed examination of this interbasin relationship can advance the APCC's
operational seasonal forecast.

Two atmospheric modes, the North Atlantic Oscillation (NAO) and West Pacific
(WP) modes, during winter also were analyzed in depth. The SCoPS better simulated
the observed pattern and temporal variation than did the Community Climate System
Model version 3 (CCSM3), which is a previous APCC in-house model. The skill
improvement was associated with the realistic representation of winter climatology
in the SCoPS, including jet stream structure, lower—tropospheric temperature, and
stationary waves. On the other hand, the SCoPS tended to overestimate the
relationship between NAO/WP activity and ENSO, and even displayed NAO/WP
index prediction skill which is highly reliant on the ENSO phases.

Lastly, the atmospheric energetics of the SCoPS were compared with the
observational reanalysis results. The global-scale atmospheric energy structure
supported the idea that the SCoPS properly presents the observed atmospheric
energy distribution and its cascading structure. It was also confirmed that the
SCoPS’s time integration was stable not only numerically, but also physically. On
the other hand, the underestimation of baroclinic energy conversion needs to be
carefully looked at, especially for the sub-seasonal scale processes that involve

baroclinic instability.
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1. INTRODUCTION

1. INTRODUCTION
T AHzRE A oS A28 Al Word APCC thg 29 = Multi-Model

APEC 7|3AIE|(APEC Climate Center, ©]3} APCC)= APEC 3]¢= 9 tjefst 7]
ensemble, ©]5} MME; http://apcc21.org/ser/outlook.do?lang=en) A|AHS &

AL

Y, ot ol AE oS HEE ATl 3t ok&® APCC AHA| Al |5 BYe

goto] A dlls HEE BAsaL loH, RS0 neg o HsRt-
& 2719} geto] AEEIAL AP

A =9
F|Zol= v=o] steto] distuet 419
g7]-afF-AH-3" "3 =& SCoPS(Seamless Coupled Prediction System)E 7H
2 5H3ATE. SCoPSe] dY 299 AerlE welstr] A A A A= Ak
Sk, olF ARES &8oto] F8 7|% HeE tigt ANt ASds B4
TSIt 1y 7|9 Bgof HisiA AAEA 52 SE4 SHoA o|FolA= I
HEAQl A& A2, 71 dE FJEe 58471 &8-Z 3 AHEAN= FESHA
ool Helt}, o& Ko BAQl &-8/d= Alarshy] s Ay 7|9of FF= vlA=
2} QR B4 55 Xtk Hoh bt SHOA 54 #4l0] ]Sttt &9
A 714/7150] G dF A= F8 71§ HE BB A F Qdx 11
R IE o] «FdE2] &4 40 o]Fo]xof Tt
IR o] dFodE A A g E 719 vgfdt 71 ME HEE, S TS
oAl Indian Ocean Basin Wide(e]s} IOBW) % Indian Ocean Dipole(°]s} IOD)
e gEgolA El Nifio-Southern Oscillation(e]d} ENSO), 1|1l thA gl A
Atlantic Equatorial Mode(°]s} AEM), 183l tf”7] 2 =21 Western Pacific(o]5}
WP) ¥4 43 2=, North Atlantic Oscillation(°]sF NAO)ol tigt &8s ¢ 1
At A=) = U
2=

S3} geld grleerd, oe nesH Asuel o o

A FEEYY s 2% (sea surface temperature, ©15F SST) HAF7} &F9] 4
7 59 o g 290A 79 7= sk, BRbet ASH A7t FalA]of o
7P a3 ti7]-sig A A 715 ME ZEQl ENSOZF A el EAgt
A A& A= A2 I A9 ZA™(S, ENSO)oll ofsl 24 =il s 35t
35| 585HHC], Peng et al.

=
7] W&ol A & oA ENSO2] A& 52 A
2009; Kim et al. 2012). ENSO= 71 283t 43, 7|9} #els Hslo] 71t 2 uhs



| IFHO| V|2 OfF EE MBS ffeF SCoPS AE 0E M= =4

2 71% HERA, A A& HYolA ENSO A& 2T 4 | Alolo] H|eR¥ o=
9] gitHAshok et al. 2007; Barnston et al. 1999; Barnston et al. 2015;
Hong et al. 2015; Kaznacheyeva and Trosnikov 2008; McCreary Jr and
Klinger 1999; Meyers et al. 2007; Picaut et al. 1996; Trenberth 1997;
Trenberth and Smith 2006; Yeh et al. 2009). B%°], ENSO+= HEY A==
Lotohs 2219 Ak ARt ofyzt | A9 SHE A 59 714/71%0] ¥
= "AH, I8 QIFk A, AAAR HiiE Ud 4 AtHMcPhaden 1999;
McPhaden et al. 2006; Cai et al. 2014, 2015). Z18J=& ENSO 3= SST ¥H-&85t
ofyzh thit =71e] 7] ®st & A4 IAY9] A1l ENSO ¥4 di7] diegt ¥t
S o7 S Higt &4 &A0] o]FoiAof gttt SST WE4 F4iol 011:]
AR A=k b AAAET HEE SE A9 7|5 JFE EEE 5 U
H(Yu et al. 2012; Yuan and Yang 2012) H5A4 F4lo] ojfof J=A& 7|Htoz
Y HBY ENSOLE SHIEY ENSO B Risto] #pAol| A+-5o] X3 =3l
(Kao and Yu 2009; Ashok et al. 2007; Kug et al. 2009; Ren and Jin 2013).
E3] #AAF52 ENSO Eflof wet sobrlor 7]2/73=ro] thE 93 mixltke &
o3t 2478 HoFAtHYuan and Yang 2012; Zhang et al. 2014). 1822
SCoPSeflA] ENSO Efi#t e @755 A9 AE dSAHE| wdshr] fisiAl Bl
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1. INTRODUCTION

D ENSO W 59 A% 71 A% 7% & ARE 83l AN T HiA
o WEAS ENSO oZo] E83l7] a4, Belel 7lato] mgolA g 2 AHsl=]
H7}sHe o] Wasitt

ENSO®} AEM ©]2]9] SST H-5/do] 23t A|H2 HAA diFEe] == A9
o =2 Ao = d=golH, JA=Fe] SST s = ENSOAH HA+ gt 2
ﬁ]xq A&5/gol YIS mIFIh. oRe A=Y sl 2w A w719 AT 7]

570 W2 JFE v|A)7] W2ol(Saji and Yamagata 2003) 1%=F9] sfi=H

= A 19 F83}t) QA=Y SSTolA Yeh= &+ 719 =8 F—EEH
O}L}t %"e of e Mol Uehh= sl =9 ASI0BW)H 7HEol| Uds
© A=Y I0D(Saji et al. 1999F & & At B A= SST9| (5, IOBWEE
o] o] B ALHo] 24710 EEdhs AUkt JTS she Zo=® 4 Utk
(Xie et al. 2009; Klein et al. 1999). ol= B4 HBFY] 17| T FF= 1A
SOFAlo}F ol 58] B2 87t = A o] 9lom(Wang et al. 2013), ol &
MY 2 Bofiol oEEH S0 JFS vHHChowdary et al
2010,2011). Xie et al. (2010) ©l2{3 A9] A2 thadt 22 ol ofs) T4
Al YE]AL Uk &, Ay YA o5 I 1= EEo 34 IA
(downwelling) 2AH|F}7} &0 2 o]F5slHA Ao A=Y HAZ SST7t A55H
Holl wet A=A o] sy BHjA A viE7de] FEH o= Qg Ea5ol oJsf A=
& FEO| 420] *Jﬁﬂﬂl &7, QTS SST 5ol Qs s Avlvks EAEHEY
SOl 17|94 82 dor|A "ot 299 F71E %= 10D ¥H SST W& ESH
FH 299 o] Aiet FFe nRITAL dHA A=HI(Saji et al. 1999), AE =
9, ALl SSTO] o] HWAE, M=ol 229 HAF EA5HA =¥, Sotze7t
o] Aol S7Fshe wH, QlmdAlol QIZoE A4S 7S 44 Hoh

Saji et al. (2006)& CMIP3(Coupled Model Intercomparison Project Phase 3)
9] 71% RS9 A= SST HE/d9] tfet S-S B7Iokied, tiiEe] 2go]
10D dfigla} Ty & HosA|g, AR RFPTto] ENSO o] 3o Uehte=
A= SST A5 Adots AR YErsttt. Weller and Cai(2013)+= 10D AE4
I S Saji et al. (2000914 47 HY 5 CMIPSO] oldh HPES tHA
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H7reti=tl, ARPH Q1 A2 WA ¢fout CMIP59] HiF-22] o] QIkEU]A|
oF Q1] SSTO| ME/dS =7 Eolet] w2t I0DS] =g o] visf st 29
Sk eRar gFs]ar Sl

JEnE B Alofx o] 8 fi7]-s1¥ A Z=91 I0BW, 10D gt
SCoPS9] dil& 5442 EAfstaLat gt} 429] @4 AAlo] et oS 45 B7HE
ofUe}, ZF @4e] wg Il oigt BAE S =|Qirt. 53], IOBW] 2ol |
F9] ENSO @73 DA #elo] slem=, ofet #edt SCoPSe| tiY 1+ 4=
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09
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Do,

S, B A= 7] 2 o 9] At A W RSl ofs) A[HE
tHBarnston and Livezey 1987; Hsu and Wallace 1985; Mo and Livezey 1986;
Thompson and Wallace 1998; Wallace and Gutzler 1981). 7L &, NAO, PNA,
183l WP sfele BHEY] Q31 e HEwA, T oY vt £ A EH o
oA IS 7|AtHArchambault et al. 2008; Baxter and Nigam 2015; Cellitti
et al. 2006; Kenyon and Hegerl 2010; Leathers et al. 1991; Linkin and Nigam
2008; Notaro et al. 2006; Scaife et al. 2008; Westby et al. 2013). °©] HFoA+=
SCoPSolA Exb 7] HEE, 11 5 53] EiiAda BAHESY] 8 2EQl
NAOSH WP mfjglo] duiit & RO =%], T3l F tj7] =S| HiBY Y 2=
?l ENSO®t ofd Ao=® Agt=of Ao dish &AstarAt Q.

TS0 EAsks SAE t7] E59 AlRE H 3304 HEo] 9igt CMIP52] A
A 2y 20715 E43 A3t w2 (Lee and Black 2013), 289] A%l H|2F4
]l gdo] o] R AT, Al 715 RYoAE o143 NAOSF PNAY 8 E4Z A
iz HOJohA] E3tttal HAuEeh st T J= 7148 FA oE AlAE
Global Seasonal forecast system version 5(GloSea5; MacLachlan et al. 2015)
oA FBASG 0.69] 9fnl U= NAOY A i A& 450l Hil FJTKScaife et
al. 2014; Smith et al. 2010). 8 7] HE RS drhyt 2Es] Rofsh=rt=
AE oHo] FFE s a3 g4h0|nR I3t 7|23 EFS s ALE
7155 dlEd ff {HI FujRGA 9] oS s el ZIHE E2 oA, otz
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1. INTRODUCTION

A0l Higt 240] o] FoiAA] ggk7lel ool Higt EAo] U= AH.

59l AZE di7] e} B+t w2 A2 DFsHA o] Ath(Franzke et
al. 2011; Lau and Boyle 1987; Luo et al. 2008; Nakamura et al. 1987). ©&}A],
7] R A A5 ML Bt w8 A2 0E Hofsks A2 RE AlXE 4
Utk 43w sijgl mojof At AR RFoA= NAO2F PNAS] Ajd /d50] dAI5|
Hoj2|= AL 22 WEo|tlLee and Black 2013). Hat g oz2HE Hd 4 &=
FA o= A== A7} 7] BEQ] AT oA ¥elH(Black and Dole 1993;
Evans and Black 2003; Frederiksen 1983; Simmons et al. 1983), o]&{3t o|A]
Agke i+t ] o8 £, S BT dig] o8 2457 w2, F5E
A 2ol di7] HE Ho] AuflE 7PH A Hot SCoPS RFoA tf7] w7t
To TAE B 9 =9 ofuA] Ago] dufut &5 fARH ROjEEA] 1 54

Astaiah ek E3L, o) B A9l ENSOZF FHbt di7] BEo] I3
Z 4 1=dl(Barnston and Livezey 1987; Horel and Wallace 1981; Ineson and
Scaife 2009; Smith et al. 2014; Smith et al. 2010), SCoPS 23 QA% ENSO
o 7| HE Ato]o] Aol UEht=A], 11 AdAel tiste] 7 7F EAlsheA], &
TA A thefet B4 Bl Be|aA; qht

peto 2 QFAl o 7HA] 715 ¥E REE0] tiekst S-S tigh dESAs 4
of thet /42 ZFXot=tl, ok SCoPSollAl HREARI |z 55 oA £
A S o 2 olfE S80I B BAF olUA= AEY fk, 1Pl S|
5ol wet AFsH o= FuljEw, of2fet o |A| 9] AlEHE Ext P2 dasts] fis)
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2. DATA AND METHODOLOGY

2. DATA AND METHODOLOGY
2.1 AE diE 2t A M Xtz

SCoPSE= th7], sli%F, AH, aiy AREFo =z /g% o] it th7]| 2 E2 European
Centre Hamburg Model(ECHAM, v5.3; Roeckner et al. 2003)°]™, 0.75° x
0.75 8%l A8dhe 7H-A1HGaussian) A2 T1599] 43 a4} 3171 59
AZ] PYEE Zh=th AW BF-S ECHAMv5.39] E3Eo] Q= F4E W3l 23
HAoloh AW 2= AW oyA] o9 WA dojRH, 5508 FHH BEY
oA A ERE ZAAsH]| Tt 737415_@% ARgEItHHagemann et al. 20006).
ECHAMv5.300A AR&E= A9 Wi7iipE2 AR 58 Aol £XE 7]5te
2 ooy ZAEAY. ST A& Eﬁg% POP ¥ 2.0.1(Smith et al. 1992)o]H,
1°x0.5°9] 4 sd=et 4052 A4 HI=E 2=t Y EF2 Los Alamos
Sea Ice Model(CICE v4.1; Hunke and Lipscomb 2010)°|™ s R} Z2
1°x0.5°9] 4% EE Z=th SCoPSY th7|-siF-AH-o" HELRF=
Ocean—Atmosphere—Sea Ice-Soil(OASIS, v3.0)-Model Coupling Toolkit(Valcke
et al. 2012)°]2k= couplerol oJsiA] AZAEH, oFF 7HAC =2 A2 "33t HS-ES
nesHA =

SCoPS9| 6711 A AA Atm= 1983 RE 2013W7HA] 7|7t tisiAl wid 1Y
7 5U9] 27| U0 =R AlFsto] 7Y B9t AR GO EH BAHEH 27
%752 NCEP Climate Forecast System Reanalysis(°|o} CFSR; Saha et al.
2010) AAZE AEY AwE YAHske 3-D W7l 2718ke} XBT(Expendable
Bathythermographs), ARGO%} 22 a|% profile At&E=0°] Ensemble Adjustment
Kalman FilterE #-85h= s 27137F 2t di7]-s1 2713 ®Rt2 ARE-Sto
dojzict. wig 193} 5] 282} 5704 - 107 GAEL] AISo] 3= 0], mid 1071
o FE dS A=rt AL =AU

B A= 7207 APCC At 2E9l SCoPS T4 A& A& 107] FAES
EA5F oL, A A ofBE ERIstr] 9I5| 7]&29] APCC 8 E3Ql CCSM3
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2.2 A= Xz

=3 EHQ-_E Al 52 2|44 - National Center for Atmospheric Research
(NCEP-NCAR &2 NNR) AE4%(Kalnay et al. 1996), NCEP/Department of
Energy Atmospheric Model Intercomparison Project II AE4ZHNCEP-DOE)
(Kanamitsu et al. 2002), Z12]3L European Centre for Medium-Range Weather
Forecasts(ECMWEF)2] ERA-Interim(ERAitrm) &% HDee et al. 2011)& ©|-85
At 2.5°x2.5°9 $£H TS /K= F Awet @] BRAitrme 1°x1°9] 43
el Aol Folshd vight), 713 Rt H3Fo F= Q1 A=A NCEP-DOE
o1, o], APCC MME A& cll& ddofA /\]'%Q% Aol 7| & sitk. A= 74
717+ SCoPS A AHd A=} 5UsHA 1983HFE 2013HOIA[qt, of|qA] &Hl &
A BEHoAE & o 71 19809RE 201499 7|7HS A&ol3ict. 7|2t HoE
fIsliA= B+ 500hPa A= HZ500), ERHE AZd Bt w84 tir|ne
of TAH AUA A 4 E4S flsiAE 12, 1, 2¢ B3 200hPa &A1 BFPY
Z1¥]3L 850hPa 712782 ol-&skint. oA #2H] ¥ EAolM= B, 712, A9
I, A Sk, 23 A/SE 7Y W] dBHEaS o8-Skt

o1 715 = ASES 954+ Optimum interpolation SST version 2(OISSTv2;
Reynolds et al. 2007)2} Global Precipitation Climatology Project(GPCP; Adler
et al. 2003)9] A4 HSAETE AREE I

2.3 7|z BSEE

2.3.1 oi¥RE F9

B 9] 8 SST W% HEQl ENSOE Nifio3.4(170°W-120°W, 5°S-5°N) A<
ol BetE SST WAtz AoJstlon, Ax thAgo42] SST ¥E HEQl AEM+=
30°W-0°, 3°S-3°N A|YgojlA BHE SST |2 Holslqitt. ¥y ntEx vy
718 vlast] oA, ols AgEol tigt ti7] <A v, i 719k
S) 3 BAT A A BAE S0kt & 1004 o= AAH, A AE
g 71ZF, & 1983 37E 201349 Ato]of] AYkx/ehuf oHIEES 77} 9714 £



2. DATA AND METHODOLOGY

Skl=tl, o] o[HIESO] Hiet 4 4 Al sk o714 AU/ of |l
E J-E2 NOAA/CPCY H9lE wetA Oceanic Nifio Index(ONID)7} 571 <40
£ +0.5°CE d= U= A5tk ok&? olF oMIEE0] Histo] BrdS FE5HA
=, FEsks e et 23 gEbd 4 7] dol(Yu et al. 2012, 2013),
Yu et al. (2012)0lAA " tho] W04 e Bjlo= 2F A58l St
O[HIE Afo]o] BFQ] FHiEo] Rkl Az o]2gt BFlo] EAIS=Alol tiet =20l
Ao Z(Kug et al. 2009), kol defil= EFUYS o614 ettt

E 1. 19830IAf 20132t Lot AL/2HLF OFMIESH Cigh 12-28 Ed ONI a5 Bl ERIEY
EfEY EI(CP)2 SEFEY EIZ(EP) Chet &

El Nifio La Nifia
ST 12-22 ONI BZ(°0) EfY ST 12-22 ONI EZ(°C)
97/98 2.1 EP 88/89 -1.6
91/92 16 CP 99/00 -1.6
09/10 1.3 CP 98/99 -14
86/87 1.1 EP 07/08 -1.4
94/95 0.9 CP 10/11 -1.3
02/03 0.9 CP 84/85 -0.9
87/88 0.8 CP 95/96 -0.9
04/05 0.7 CP 00/01 -0.7
06/07 0.7 EP 11/12 -0.7

QEFe] 9 H 9l IOD+ Saji et al. (1999)2] Dipole Mode Index(°]st DMI)
2 Aot o, DMIE AJEFB0°E-70°E, 10°S-10°N)Z+ S1EFHO0°E-110°E,
10°S-Equator) SST HHz}e] zjo]2 Lo 7t

2.3.2 7|2 o

Aok B9 F2 712 EQ] NAOLE WPE SCoPS 2d WollA] (a) 2+
O] AAIE A&, (b) BRI HA| 7] tﬂEHQEHH EEEE 32 2, I8 (o)
AME Ax 49 YollA Bes= 3HEE 522 gfsiA Hod 4 Ut

71 HE0] AAE Ape JE BE9] F7t 5l Y 500hPa A|9|aE HA}o)
25l WS E3) dojArk NAOLE WPl E A4 AZS sl AAE A
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A4 (temporal correlation coefficient, °|5} TCC)2} Bt Al 71& AF0(mean
A

square skill scores, ©]5} MSSS)29] HZSH-S Z-85ct. MSSS+=
o]

Al g3l del solt amoiza, 1- (ATEILALAR) - qgpo) o
2]0 2 FHEH(Murphy 1988; Murphy and Epstein 1989; WMO 2006) MSSS 4t
o] Z45 HSAL sh= AIAHY] Aol e AS H[Tith

SCoPS &g UlofA] &R A F=8 ti7|RE] 2+ E42 tiRd 55 A9l
HA2F ZHZ500)°] 314 =447 EAH(Rotated principal component analysis, ©]5f
RPCA)(http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml)= &

go}o] mhotst 4= Qltk(Lee and Black 2013; Westby et al. 2013). 7]% 2§ 9] v|ek
Q1 o= Etolal, A B2 AA| AldSE &HEsHA AASHA] okal, dds

—_

Ty QoA Q] nu= AA oA HEQl o2 weta|, SCoPS XgofA 3
FAE YR EoH 107] REE FolA IS NAO(WP)LE 37t siElo] 7H &
ARG REE Z7H4 AFAS(Pattern Correlation Coefficient, ©]5F PCC) £41&

£9) 7513 o|S NAOWP)-likez Holsiict.

oprjgto g FAFH o Z 2Rl NAOLF WPel I oA 43 A1 d=r(empirical
orthogonal function, °J5} EOF) FHES #8350 24 NAO/WPE Aog 4 Ut
(Fukuoka 1951; Hannachi et al. 2007; Lorenz 1956). A% JHojA A=
NAO-like®t WP-like &7t i€l 242 #IsiA + 7HA] Al A&, PCCe A==
HEFE AT deohs A8, B4 Fo== NAO-like?t WP-like HA|
NAOS} WPE & HA|SHIT}

2.4 2T/ OLX| H

r|0|-

=50| Hotdl= ouAI7F g7 =
9] oA PHolzt & 4= Ut EFoA Hi7] viFHL=RE | ofUx]7} HutE=
e #S3 Hlwshy] ffs), o|A Agk 242 L= PG S B P Ry
(Barotropic Energy Conversion, °]5} BTC)< 7| el IAH s5<50] Hat
A ZRE Fotl= oluAz i o= 9loH, 412 o (1)3 ZTHSimmons

%



2. DATA AND METHODOLOGY

et al. 1983). AYA oA H2HBaroclinic Energy Conversion, |35} B
nEot A d&o] gt AXMURAZRE Foll= AUAIR sjAT o~ o, 5
412 ofaff (2)¢F ZtHDole and Black 1990).

BTC x E, VU « [v'v' —w'w,—u'v'|- VU 1)

BCC o —u'T’- VT o — [uT'v'T'| - vT @)

2.5 2HX OLIX] =&

o] AFtof|A] o] &3t 2= ofifA] 439 7|1E /P Lorenz(1955)% 7|EO& 5}
1 9oy, 9F7te] HMES St Murakami(2011)9] =5 ARESIS 1ﬂr. Z¥z+ol 01]147“]

3 }
o) 242 271 el AR Ae] Relte, Ao, \—417194 o) 9 e

Du tang _ 1 09 F
Dt gy Lo acos @ 0l A
Dv tang |, 2]
e o + fu 23 E,
. o
dp ¢
D9_(6+U V)9—<a+ u 6+v6+ 6)9_(p0)"Q
Dt \ot ~\dt  acosqai a “’ap “\p/ C

— 1 (6_u+avcosgo) a_w=0
acos @ \da do dp
A7 At ¢, p, t= A2 A=} Ak, 71, A AUk, U= (u, v, w)= 37
Lk 0= AT 2= (p/p)' 7)., o= ARIALE, a= HIA, o= AT TAE, [
IS, F= (FA,F@O)% g, Qe Blgd
oujse, T WASL YAl G BEL) F, R 230 rﬂs}oq st
R —
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O|ZHE ARMEHT oA 2 th o] AeldH.

Py=2(2) " v@- @

2 \p,
C,/p\2¢ C
P _—”(—) 62 = Lyr?
E 2 \p, Y 2)’
" _172+v2
M= 2
X U407
ET 2

A714 X SN A Bt et g Wb y=—x/p(py/p)" (<0 /dp) "=
Az d719] BA HHEE ouiitt. Pet K 42t 7He A oy A9t &5 IHAIE,
ol HA MTt Ee Bttt AE oUAIE vttt &, 718 A ofvAle F9% 2
Aolo] whE o, iAoz medt/ A 171 719 252 +=8 5 Ao
+ A< uigttt. Eek, A9t st ol sl 25 AHA= Rl Qs 2=
Utk o|=2HE WSk 377t Adsthe I 7R A olUAI =R E *F oA
AL AgE= Ue 752 5 AU
TFAAR] AU A] w2 o 2ol EAHY, C(AB)= ol|AI7F A=FH B
FH= HEEE e HeErd

C(Py,Ky) = —oa ; C(PgKp) = —w'a’
p\* - S

C(Py,Pp) = Cp p_) y(@ —(ONV- (6'U")
o

C(Pg,P) = (pﬂ) 0'U"-V(6—(0))

— —— tan
C(Ky, K) =aV-u'U +9V-v'U - T(p (v’ — v

tan(p =T =TT

C(Kg, K) =uU"-Vu+v'U Vo + uu'v' — vu'u

o|=NE|, AR TSRt/ AV R 3717t s /aHdshe 2 7HE FA ovA]
7b & AuA 2 MEgEe Jolthe AE AT & Uk B UA=RE s
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A2 HTE= 2 AT &8 oUA|(DE o]-&ste] Eefstirt. =413} ojof &
St ZpASE AL Murakami(2011) ¥ Kim and Choi(2017)°A4 A3t it} 7]
B} AAGS At 341, Akge] Ao wiztehH, o] fAoA FAIF o R thFA] ko

2.6 Gt 432 g9

otz ZHIE Alst7] flste] Bt oUuA= dBwZ ol-&sto] F45IAL, A5
UAl= w025 "ojzl dHAE o] &5t of= tFE2] 7|& A5 (Marques
et al. 2011; Marques et al. 2009; Oort 1983; Pan et al. 2017; Peixdto and Oort
19742} AFolet S1o] o}, A= Hato] Aol A WIxsHA] gkow, A A%
13 240 723 Kim and Choi(2017)9] A2 wErt. o] WA A al& 13
Amie} 2ol Habgol BAEIR| g Aol Aok 271 glo] 48] FKsdiel, Y
oF 2 iskg 7SR o Selstc e o Aol SCoPSe] HE Tk B

sol, BRe] FAH SYS Tl o Fester,
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3. RESEARCH RESULTS

AL B FollA SST Hae gt WA A= thAFe] SST Hed B 719
SiA 10 UeRls AUkt Sk o EZH AEFE Sfjofl tholo] Ay} ek
7} Al Aok EEol|lA olEdl 4Esks B7HA] SST, aiH 7193 Hatol] digt 33 £49
< 9 SHATHIE 1). AUt ARk B8l 59 J g dolA g SST |
Z7F VAL, Al7te] AuEA M3 T o] mapt S50 R s, ERk AL
ol AU T SST WA} Hux| o] ettt J83 AYnrt RAH oz Hids
£ 89 E AejEgolA 3t 39 SST At yefbs, Ay st 2]ES 7] 2]
£E[9le}. ojet st A golis Ay HA7] o]d 7R %9 10D SST
miElo] Ho|il, tha ol ARt o R 29] SST HAp/} s, of FHo A%

BZof 7J5t Fo] SST WA} YePdthE 2] AEM). WYk A7) o]F &4 o|&

Eokoﬂ 1% AHoZ F| SST MK ¥ I0BW LE)7F e gict. Al 749

oAl Wdoh= SST WAk} 37 B FolA= #7193 WAL 9-Alska, =gt

A 7|94 BRZE SAlsktt. TEolA el disiAe A o= dY
g e Bouh v FHOR A g ol SSTL s 719k WAF ¥iEol
vt ES o) ok A gollA] ko] SST HAaF Ay vhg off Ko} o F3)

floF &2 BE0] 4T} vl usto] X%HJ—. SCoPSellx= 1704t 371 IS4
T Ejoko A SSTE} 7| HE EXS
‘:} J#EY} Ao} vl EoF 9l oky
&

e

i}
>
Sr‘
S
>
w
)
H
)
N
L
om
1o
[
N
I
S

= SHET Agton, diAgelA diH 71t 37
7} _:TEE} U 114 QME}. £35] TSolA= dAG SFollA AU/ i
Sk AFH SST WAL HAg710] EEokA|eh, dl& APAzte] wet 1 24471 &
ol AI717F tha wER AL Rk 293 AUt HEohs B9k AR ollA
2] SST HA}= SCoPSAIA & HOJotA] Zotairt.
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SSTeF T 7|42 AL()2t 2fULKORN)7 LEot= aliel 3ERH OISal 427K tﬂif

I 1004 Al A2 siFellA SST ¥s/d el 247100 #53 ol Afel7t EAE
7Fe/dS HolFH. ST AAs] dotEy] s 17 2014 HojFRo] A=A
Heohs 8 WEE2 53 BYolA 371 AYARI7HA] 2/47] AlEZ 451
o o714 ¥ RESC] 247 AlE2 44 Aeel 9 BE HAE Aoz
F7HE AT AR H o= HEo|A Hol= 54 Ao tﬂE‘éol 7V & 54= SCoPS

M= A@stal At Ty 7ol o et AZEeM 25 Ael7E =],

= SCoPSOIA 171 &2 270 A= Ao)7t EA Hébﬂi‘r ENSO2] 171+t 370
A AIZE dlSelAte BSAAMAT 140l ¥sAdol 7P I, 278 ARAIRE o=
oA 12€0] 7P A A= AHf s =R I0D= #5014 1089 HEA
o] 7P AAN, RFoM= AFARE E= 1 247] Alkte] gt Aok = 171E AR
AlZtoA 94, 27104 10, 371E AZAIEl diste] 8€f 247190 ol&H. U=
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9] IOBW RE ol B5oA 390l Wa/gdol 7P AR 171d¥} 370 E A%
AlZEoIA 1-2704d A, 2=|aL 270 A9 AlREeIAM 170 e 24g719] ol et ]
A FolM e AEME] W5/ 171E ARAIZIA B53 22 680l E/go] 7t
AR, 2-371d ARGARE diSelMe 11E =AE, 79) 247161 =gete 3=
ZH=th SCoPSOAM 2 MiE eSS 2A7]M 9 77 A 7|2, = dl5l 3
F= UE 7hsAol JLeER 4o Hasitt

o H

(¢}

e O
. o
> =
L [}
o o
n %)
e &
Q )
> =
L W
o o
n N

T2 2. BE(SM DITH)T} SCoPS| 1HETIRIAY, 27HE(EZIY, SIHB(=AM) 0= MSAZINN (2) ENSO, (b)
10D, (¢) I0BW, (d) AEM XieS0| BRHAI| AR w42 HIES S5 622 ARIOZ 510f
127420] BAIE,

J% 32 #E3 APAE E 1Y &Aooz R dojil Amg W e SSTof
tigt EOF 232 X9l AolH, Ha et al. (2017)2] Fig. 13} A3} Ax3ic}, B3
&4 % Q9F SST EOF Al 1RERE QxS A9 4d 2 ARSS HojF1
Aow, gk SSTY| EOF Al 1HERE #53} A5 BF Yk HEs Ho|x
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At} I=QF SST EOFS] A 12 E+= IOBWSF B3t &0l 92 (Du et al. 2013),
BALFO] Fo SST, AUEF] 9] SST BEE UehfE= Al 25 5= 10DLF WA
o] QUKSaji et al. 1999). Al&749] 4, A Alzte] S71etol wet Q EOJ SST
EOF A 12E9] 7]oj&7} EojE ¥ A 2R E9] Vo= F7Iste 542 HS
o}, ESH AgA|7to] S71gof wet A 12 =04 Maritime Continent 1‘5}/\1501] 29
bias”} UWEHATE. Du et al. (2013)9] BRI ZHoA = o]} FARE 7] 1t
Eibed], ol pRtERE 99 §5FE It RoJsks A o] Al 7|&skal
AUt

150W 120w oW 120E 1506 180 150W  120W 9OW  120E 150 150W 120w 90w

T 3. OIEY SST Bxt EOFS] & 1 BE(a-d), M 2 D(e-h). ERHY SST EOFS] A RE(-). 3 ¢iny
Qo 5 SST BR|, & HISE LB 52 22t UIY, Y, G Of SARIS LiE A

=2 .

WS 3 7 ZU0| MY HEAN Ot 7(0E 2t D] 9F At Bl IS

3.1.1 ENSO9| oI=4

a. ENSOZE SST 0=

O 4= AF target @EE ENSO A&, Niflo3.4 A5)2] A& A3 AZF S7F
of w} SCoPSe 01]7‘” WSS HojEth ENSO A4+ 671 dlS A8 AJtolA
64 Nifio3.4 A5 oI5 AQAstar A &, A APAZtlA 95% 'rr’] 3 TCC(=0.36)%k
Hlt 539 7-']?’“—;1 Nifio3.4 AZoA 7HY =2 TCC 4t E AL, 670 ATPA|
ZPﬂ’ﬂE 0.70149 TCCE H3ith. 1| o] AFtoflA HilH o Ad dS 23
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SoME HolFE AXP(Barnston et al. 2012), B4 I= 27|golA ESd6k= &
2 d& go| BAE AU o353 Nifio3.4 A5 dEo|Ae 4ds] diEAdo] Thast

At S =9 6¢¥ Nifio3.4 A= dl50] diste] A oS AFARNA HE & d&5=

off BlsiA TCCRol 33| Rtk & 5¢ 7@ = AARE 171€ dlS AggAIzto]
A19] TCCx= 0.76°1 1L, 57/1E APAIZHS 1€¥ 2719D0lA 0.49°2= 453 o]
23t &4 A= spring predictability barrier(Webster and Yang 1992; Duan
and Wei 2013)EA12} #=[o]lct. ENSO dl&ol4] B2 barrier &A1) Yol of
sto] B2 AqEolA tRRolFAIRE, oA S] ENSOdSAA sia=A] g FAlolt

(¢]

ENSO (N34)

- ]0.2

JE 4. Nifio3.4 Xfo| 2E, 0fS M Al 2t KIFE(TCC) Hat SAXCR(student’s t-test) 95% &
OlA Rofet 252 U5 BAIE

AF7HA = ENSO A719 et A4S A5 ottt ARl dgdiizel 4%
BIRs Oﬂ A1 ENSO SST HE/9 94 4

15 Z2FollA ENSO Hezt SAA o gt A& HS E3 85ttt WA 34
AAHE AU/ oIE B9t A e Yo A SST HA}9] FAEI gt A

o
= 11

e
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A EHE Az gzl Anlt Holx glotth. BRME SHEY Ak erelat
ZeHF AUk B B Ao SST HA 9X7E 5% HEYol N FHoz Anksi
=42 Hoirh 53] SHEY Ak BUSS BSHT} 120°We] AZe] 95T
ZEBY Al B 2] Ylold, 3L oIS AFAZOIA TSI T Ay
SST B} 150°W %] 9155k, Al Bk & He) SST W3 9Ko] e

L5 H7] ¥ tiet 7S #L F AolBz HAA|A ¥4 o= dFe v

A0 dPgEE, A A% /1% 50| ORE FUF A0 KAk e SST 1)
¥ 057 (7150 oW ORE WYAYIEA FF 2710l BASo] Bas, %
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Aot, F=Hh A 2o)H EF0] JFO R Fhtrof HAx 9 A2 FFS 72H
7FsAdo] § Hobd 4= Qltk 1|3 1093 E 1290)= BA] ggoFe] 17|Yo] #
Hop 5EZ02 & e £07 ¢ XA QlolA, ol& 7|7t &<t ehtee] 7|
B A5olA BesHA ¥ 712/74E 5T 7ol itk 18 EE Ay /2
U7t ok 59 SCoPSe A A& AEEE €83 o 9ot 22 eRES v
of & Zo& AlmHch

FlofA A A/ urt ddohs B9t ASHE 54 HE oiH 719dol of
sto] LuEAQl dl&/d5S ANtstr] flsiA 171olA 67/ E7HA] ABAIRE EE FA
Bl H(100°E-180°, 0°-40°N) A|<olA #&T} PCCE AWt sttHLd 8). 9¥} 12
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ol whet 54 BjEF 1719k Al tigt Hol7t kol At dA[jY.
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