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ABSTRACT

In this study, we assessed the prediction skills of climate variables in the tropical
Pacific and Indian Oceans using retrospective forecasts from the new APCC in—house
seasonal forecast model, the Seamless Coupled Prediction System (SCoPS). In the
retrospective forecasts, a 7-month integration was made for each of the 12 calendar
months over a period of 33 years, from 1982 to 2014. The prediction skills from
SCoPS are compared with those from the existing APCC in—house model, CCSM3.
Firstly, SCoPS has better overall skill for prediction of global 2m air temperature
and precipitation. Particularly, SCoPS has significant skill in predicting precipitation
at 6-month lead time over the tropical Pacific Ocean, whereas the CCSM3 has
no skill at all. However, precipitation and air temperatures over the land regions
beyond the Tropics fail to be predicted in both models, even with an early lead
forecast time.

Next, we evaluated the prediction skills for El Nifio-Southern Oscillation (ENSO).
With SCoPS, there is improvement in predicting all of the ENSO related indices
from 1 to 6-month lead times. In terms of the prediction of the extreme 1997/98
El Nifio event, when SCoPS starts from July and September initial conditions, it
can successfully simulate the amplitude of the Nifio 3.4 index, while CCSM3 predicts
a much weaker 1997/98 El Nifio event. However, when SCoPS s initialized in March
and May, namely spring season, it cannot simulate the intensity of the observed
Nifio 3.4 index. It is speculated that the prediction error in ENSO amplitude is
partly related to the cold bias in the tropical Pacific Ocean, which peaks in the

summer season after the forecast model starts from the initial conditions in Spring.



This study also estimates the skill in predicting two types of ENSO, Eastern Pacific
(EP) and Central Pacific (CP) type. It was found that the EP type is better predicted
in SCoPS and the CP type is better predicted in CCSM3. In both models, the two
types of ENSO are not separated well, as they were in the actual observations.

When estimating skills in the Pacific Island Countries, in addition to the prediction
skill of the dominant mode in the tropical Pacific, we separated the Pacific Island
countries into four climatic regions; the Western Pacific (WP), North Western Pacific
(NWP), South Western Pacific (SWP), and Equatorial Pacific (EQP). Overall, SCoPS
has better performance when predicting 2m air temperature and precipitation over
their regions from 1 to 6-month lead times. It was found that the EQP region
has better skills than other climatic regions for both precipitation and 2m
temperatures. In terms of seasonal dependence of the prediction skills, SCoPS
has better capability when predicting air temperature and precipitation in the Spring
or Winter seasons.

We also evaluated the skills for the Indian Ocean Dipole (IOD) and Indian Ocean
basin-wide (IOBW) mode related SST anomalies, and found that SCoPS significantly
improves prediction capability for the 10D and IOBW modes when compared with
CCSM3. We also verified the prediction skill for ENSO and 10D impact on local
precipitation change, and identified that there is increased teleconnection error
with forecast lead times.

Lastly, the SCoPS prediction skills were compared with those in the nine APEC
Climate Center (APCC) Multi Model Ensemble (MME) system seasonal forecast
models in terms of ENSO, 10D, I0BW mode, and precipitation over the globe, South
Asia, East Asia, and the five climatic regions of the Pacific island countries. Overall,
we found that SCoPS has comparable prediction skills to the APCC MME models.
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APEC 7]3AlE (APEC Climate Center, ©]5t APCC= APEC 3= 7]% Alg
SEHH Ad & AuE AT ®ob APCC ot BF IAE (Multi-Model
ensemble, ©]3} MME; Jeong et al. 2012) A|AEIS 29, 671¥7HA] AE 9= F

= kel 3lot. okz# APCC #HA| Al oS 2l APCC CCSM3E @Y +

FJato] JA| AE dE HEE APASI 9low, APCC MME A o] 7]osal

Atk Iy @A @Y &9kl 3= APCC in-house Ed2 20041¥°] =]=r2]
National Oceanic and Atmospheric Administration (°]5} NCAR)OIA 570 7]
T A% 2P CCSM3 (Collins et al. 2006)8 AU} g Ao, AFs] T<gt =
715} T4 (d: @<= YA HIRL Rosati et al. 1997; Kleenside et al. 2005; Luo et
al. 2005)°l 9siA 27Igke] Bit=H, Hittiut di7]-siF 23 =7t 1384
=4 gk 23A APCCeE Al & | &< m=9] steto] digtuet 419 FE
2713} BokS 2k, wai el tf7]-si - A H-ol M 2P SCoPS (Seamless
Coupled Prediction System)& It Sl A& A& BYoA 7% S »
A di7]-sig-A -5 e oSyt s di719] 27] WkElE=RE ARt
(Wang et al. 2009). 239 AE & S oA & o St 1y 5% S8
SR 27 24 32 A= 530 $84L2 old AFENA (Ji et al. 1998; Jin
et al. 2008; Fu et al. 2009, 2011; Hudson et al. 2010; Kim et al. 2015) &%
E3 o, wehi] /fEE APCC SCoPSOlA s, th7] 2713k 7|42 ol APCC
CCMS30lA Hot & 4 dl54d2 71t 4= Aot 19, SCoPse] ¥ &-&
= fleiME, B4R BA oS AmE #SH Hlaste] 2Yo] ANl oS de=
B7HsfoF ettt ol AAl @Y Al dS9 calibrations 314 F25HH, H7HE
S At dl& HPo] AA dd=S FshA 8RS 25| HsiM 835
oh 29t 22 B7HE AIsiA 1982004 201497HA] wifd 127KEollA v A1%ks
= 71 IA A5 AmE Akt

2 AFolA= Ed A= o HEGONA S Bl 8= T @
o B2 28014 79 F712 9 phase (& AYk)9t &2] phase EHHHA]
£ AEst, B Aol A7t 7P A ol2= di7]-sig A A 7%
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TEQl AYk-FH2E (Bl Nino-Southern Oscillation, ©]s} ENSO)°] &Af|sk=
AlFoltt. ENSO= 4% HjEgolA dieH 2%k (sea surface temperature, ©J3k
SST) w3k} A A9k, A1 SST HEte HEY EA=ES o= 24
o] A= A&t ofyet W A F% A9 5ol FdT= UE VT (& =
g 7HE BE AYSH stod, ARl BAIARL HsiE 2 4 A (Philander
1983; McPhaden 1999; McPhaden et al. 2006; Power et al. 2013; Cai et al.
2014). 193 4ts ¥ish @4}, ¥R ohdfrio] EA] HSS Z2 SIS AEACNE 4
It FIFS vHt gHA At (McPhaden et al. 2006; Chavez et al. 2003).
a8EE EF Y 71 9 A AR A7t %2 ENSO 952 S8l 715 Jt
1ol 7ol HashH, A dl& EPolA ENSO 9% 4d% v:’ﬁ,% 2o
g Sltt. ity He 2ol ENSO AlS e A A Ad &5 9F=
o]k 24 A-Eo] ok (o Kim et al. 20125 Peng et al. 2009; Jia et al. 2015).

19| ENSO iS4 o BgsHA Ttee A2 22 A7-=°1 25 ENSO+= &
A% ey FolA SST of=de]7} Hadh= ARHHRl conventional ENSO (Rasmusson
and Carpenter 1982) &Jo] & SST ¥ action center’} 8% EjH ol X
Sk= non-conventional ENSO F7HA] BiQjo] EAgtetal 22 1097t o8 4=
oA BTt (Larkin and Harrison 2005; Yeh et al. 2009; Kao and Yu 2009;
Ashok et al. 2007; Kug et al. 2009; Ren and Jin 2013; Capotondi et al. 2015). gt
H non-conventional BF} ENSOO] ths}o] ofz] dAF50|4 tE &ol5 &, Central
Pacific (o]t CP, Kao and Yu 2009) @Yk, date line ¥Yk (Larkin and
Harrision 2005), @YX Modoki (Ashok et al. 2007), 18]l warm pool @Yk (Kug
et al. 2009y A%t sISirk & AtollAl= Kao and Yu (2009)7F AR CP ENSO 2t
£ 8015 AR5, conventional ENSOO| tsie] A 1 AoflA] ARKSE Eastern
Pacific (°]5} EP) ENSO 2k= 801& AR8sISith

CP B¢ dYkr+= 1990¢ tf o|¢=E EP BIYET B HIHsHA EAgstiorn, A
A 71%0f ux]E= FgFo] 2ty BTt (Kao and Yu 2009: Yeh et al.
2009; Xiang et al. 2013; Zhang et al. 2014). ThA| LafiA, CP EFJT} EP EFY
AUkt H#HAE SST W5kA] action center’t h2Y, J8jE2 Ay EFY3} T
% deep convection®] YA|= ¥5l7] WiZoll, SHEEL] HZA Aol HE & ot

Kl
st
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(Yeh at al. 2009). H AT Yu et al. (2012)2 5 ENSO BJ9] Hl= ALH 7]
20| gt FFol tE= HAth = EP B Ay =2 Great Lakes, @& %
HA A9 ALE 7|20 ARt TS vIRH, ¥ CP B Yk FE &
A B EE A9 720 FE FFE HRE B sorrfotAE CP Ayt
e o P Yot FEd gz T ofFd ol ¥ A% IS vIAY, Ay
7} 2=J5h= o580l EP BHY AU 7} ForAote] et & T At JUBAE A
=t (Yuan and Yang 2012). Zhang et al. (2014)2 Z+ d =9 7 71 &
7kl ¥l I Wi FE CP Ay} o] Urha H itk fA4He] Zpo] o]
Qo= Ay ERQlo] 7RZHol| EFA HE ol TAsks At AYF (Tropical
Cyclone, °Js} TC) Ak &2 o4& &%= o] Y& & 3tk = CP 5§ 94
Wb g o o ARt TCEC] TAY 71/l EP B Ay LS miEth o
=01 (Zhang et al. 2015), CP WY} IET of, Fopr[otoflA= P&l St
T gito g ol TCEC] UE RIdsHA AT 4= ot (Zhang et al. 2012). &
ofH| g7} oA W= FF sfiRtt A=H|q £O = landfallst= TCEC| B BokAA
Hoh (Kim et al. 2009). 12E= ot AE oS EPo4 ENSO th/dell tigt o

4 452 20 g & At

A=Fo] SST= doRrof Emitdt oy}, & ofAo} ojF o= et 9F
ookl EEA Utk (@) Xie et al. 2009; Annamalai and Murtugudde 2004).
] Edl A=FS Yk peak °]F & AUk T o|F T3 3 oF 7HA] EA
=9 basinO4 downwelling 3% ZAH] 35 2 (Xie et al. 2002)3} heat flux
s (& Y 52 FE HolE QU3 solar radiation ®H3E Klein et al. 1999)&2
skl SST7F A5dh=dl, o= Qlsto] BA BjggollA 17]et o B4, FoFAlot
olF Aut 5t A 571 5 otAlof ofF] A9 7]%of JFe HRT (Xie et al.
2009). 183 JAE=FoANE ElEHYFAHH 10D (Indian Ocean Dipole; Saji et
al.1999)2} sh= t7|-siF 2 AH 719 RErF EAg. 49 10D+ '@5<l
Lo AHp-gutEe} sfiQto] 39] SST ofdz|e} AQliedfol o] SST obxde| 9]
E4E 7, 9] I0DY o wifo] SST o] EEE Htk 279 phase
oM L A= JArgolr F3Ht 55 A= ST 11 10D oMESS 4

7 oA5dol #EA TSt 7hEol peako] E=ESHL, tteE A= &

A o
ol

L e
[
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| M22 APCC 29 0f
7120tk (Ashok et al. 2004; Annamalai and Murtugudde
]

24w
FH, ofZe]7}, JofAlol, FofAlol 13l THE remote A|FoAQ] 7]
2004; Behara et al. 2005; Cai et al. 2011). 2#E=E HA Qlxfo|A SST

5} ojgke
et 22 APCCO

o] gt IF2
A& B7F B 10D it F77E & AtolA 3 =AUk
BB ST JArgollA SST a4yt dAH IS4 H7HETE o
A 712 dlE JE Al 2 282 A I AY = F HBY EASEE £30] H
v, ol Aol g 712 D el dalel a3y AR SeAc A% 22
o7E= AZZHoR TE WFo=r WESl= Intertropical Convergence Zone
(ITCZ) EAshH, Ak BZo Y& U= BT =X =7H=9] AF 5 wiEo]
I mAY, AL F&EO LA I7H=2 South Pacific Convergence Zone
(SPC2)Y] & Aol wet o] Ad WHapt 2449 4 Ao 12E= gEd
A2 Hste s 9t ok &
|i= B335, ol HHY A=A

A=) 7] 9 ol digt 2y o549 A
A T 4719 971 o ol54ds M
SCoPS 71% A& A= &&= FlsiA BRI JHA AlmHrh
A0 2y e, 2 IAGS A7 A B v giste] Ee| AlA3
: , 5%, ENSO thF/gdol digt d154g
B a7} tRRojR| 1L, Al 40

T
45
=

ofAE ejEga} Aw=FofA SSTHEA, 7]
HS 9 7|29 APCC 915 1P CCSM3L} o=
A= APCC MME A& By 53} ol&4d HluE o-Fch
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A & AR AFS A, SST 92 optimum interpolation SST version 2
(OISSTv2; Reynolds et al. 2007)] SST Zt=e} v E YTt F5F oS0 dist
2SS 954 Global Precipitation Climatology Project (GPCP; Adler et al. 2003)9]
I 73 A=7F ARSEIQEE 20lH 7120 tieled National Centers for Environmental
Prediction (°16} NCEP) A4 (Kalnay et al. 1996) A=s ARE- St AREH A4
Az0] 7172 TA diE A= 7|17 FUet 7171 1982|004 2014E7F4] otk

2.2 1A G5 Xiz St
221 28 HQ

SCoPS= o], 3, A9, s AR HFE= %0l St ti712%82 European
Centre Hamburg Model (ECHAM, v5.3; Roeckner et al. 2003)°]H 43 A==
T1590|aL Ao & 3152 Ze=th 1 % e 2F 0.75° % 0.757 =] 7H¢-
ARt ARl AfgRtth. AH 2P FFE bucket B HAO| SIS G HF>
POP ¥4 2.0.1 (Smith et al. 1992)°IH, 1°x 0.5°9] £ st AZ R 405
S ZF=t} 3H] 2EL2 Los Alamos Sea Ice Model (CICE, v4.1)°]H a1 =1}
22 1°x 0.5°9 44 =S 2=t} (Hunke and Lipscomb 2010). L th7]-3}%-
H-gH] HdE H2PES Ocean-Atmosphere-Sea Ice-Soil (OASIS, v3.0)-Model
Coupling Toolkit (Valcke et al. 2012)°]2}= coupler®] oA AZ=H, sFF 7H4
Oo% AZ LAt WpES nEsHA =
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222 1] Gx &

67hE A ClE A== 1982WHFH 201497H4] wid 1270 Lol v 143t 5
ol z7] 7oz HE AZsto] 7714E 5 AES ST EN BibETh 193
59 ZzF 5714 & 107119 = | ClS "E0] w3 Eo] Wig 10719 =

A& A=7F A Eioh. 7] 2SS 3-D ti7] 2718k} Ensemble Adjustment
Kalman Filter 3i¢ 27|35 desoh= 23 ti7]-si 2718} b2 AMgsto] o
Aok 7] 2718E YAl NCEP Climate Forecast System Reanalysis (°]3}k
CFSR, Saha et al. 2010) AAIRE AR A=7F AMGEICH s 2713HE f1siA
XBT, ARGO®} 22 3% profile A&7} AFRE|QIth. Figure 12 A% th7]-s% %
718k Il ofliA ABAkE SSTF S+ SST XH-EJ‘-:]' A&, & OISST 9+ CFSR#| 7
AREEANA AL ARE A A S HojEry WA OISSTS Hlud o
(Fig. la) 2323 3f|, F=3f <A, Hﬂ]”éook AR A, et Y& FA] sfiQtoflA
Alfstal Ao REe BBEF AoA 0.9 ol dBATE d=th A=Y=

o] AWATE THIH, & A=Y (40°S ol E=FHDAA ABAFTE
0.7 olst= FAAagttt. diAgolA= FokHll7h siet A, diASF o4 0.7 olste]
BERATE Z=th o] ATe 53] ItolA AREE AR 3 B4 ofd
QFEol EA & 7]~—H°ﬂ s w77t Ak 4= A 13y, A= 59 I3
H AE A (o k2=4 5, ZHE
.

ATE 7}79-3 9——}‘_] o
s, of2d ol ¥S Z2
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Figure 1 Spatial patterns of temporal correlation coefficients between observations and initial
conditions. Observations correspond to sea surface temperatures taken from (a) OISST and (b) CFSR.

9 A2 474 Hgon, ATHE A=A A5 4 A7 2 AL FRL A
Asto g2 of-dy] RtgEo] AYAF F9ich

23 =8 5

Ao A= ¢ HHYA F8 7|F BFE (F SST, 712, A5F 59 A543
7= o] AR A% AR (anomaly Temporal Correlation Coefficient, ©fs} TCO),
ARE B of)7] (Root Mean Square Error, ©Js} RMSE) 448 Sslo] $34= itk

TS Ao FQ 7]F R0l 0D} Q=Y basin-wide (°]5} IOBW) &
£ YA F8 EEQl ENSOO| tiste] SCoPS9l &85 H7Istart
IODE A U= (o]3F WIO, 50°E-70°E, 10°S-10°N)olA A9 HH SST of=
9} 5 A=Y (o]5F EIO, 90E-110E, 10°S-0°)olA A B SSTopHe] 9
Zo] (Saji et al.1999)2A] A9 E|3itt. IOBW HEof T OJ % SST9] ¥sh=

Ao A=F AAAY (o]3} TIO, 40°E-100°E, 20°S-20°N)olA B SST ofx
UE2A] HAEILE G A=UO] subsectionsR] & Q=S (of]sF NIO, 40°E-100°F,
0°-20°N)#} EA] QI=F (o]5} SWIO, 50°E-80°F, 15°S-5°S)llA] SST of=e]o)
stol gt S8 Bt AEolA dFFERe] olE A SSTE ZHoks &
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A, o5k fQlEo] t2EE, o5 A4 A& HS5s Sl 2o EAES
A7 mlokst &= QS 7o g AlgHErE ENSO= NINO3.4 (170°W-120°W, 5°S-5"N)#]
FEA Aolglon, tE ENSO AERl NINO4 (160°E-150°W, 5°S-5°N), NINO3
(150°W-90°W, 5°S-5°N), NINO1+2 (90°W-80°"W, 10°S-0°)A|4==0] thotolx o=
d B7ME 9 S
Z18%F ENSO A=5ol tigt IS4 B7tel F7Fstod, ENSO B &2 flavors
] “Hﬂ &g H7E=E AT ENSO EFJQ] classification®ol] thste] & 10W7t
AsolA oy BHEC] A9t [9, Kug et al. 2009; Ren and Jin 2013, Kao
and Yu 2009, Ashok et al., 2004; 12]al 71 HHE0] thigh reviews= Capotondi et al. (2015
A2 & A =H9oH, 2 Aolk= Kao and Yu (200904 AREH  combined
regression-Empirical Orthogonal Function (EOF) W& ARESIch EP & E SST
e WA NINO4 A=} 3lAd Ao B SST oleTEE AFA o= A|ARt
%, 11 residual SST ob=Zo] EOFE 7“-9—5}04 dojFct. Hl7t WHoR
NINO1+2 A=<} 3]lAH SST obedE &S AAT &, 1 residual SST of=EE o]
EOFE Z&sto] CP ¥ SST dfglo] qu_ 047%1 NINO4 ¢} NINO1+2 A&
< Z+ZF CP ENSO%} EP ENSOE &I 7HYstict. Aty o s Aojzxl EPet
CP ENSO ## leading EOF REES Edf] e SST of=LE]=°] projectiondt
S &4 EPZ CP ENSO B9 Al Bxs AWshe A5 (5 2 leading EOF
=9] Principal Component, PC) E°] AJ%tt Figure 2+= combined regression-EOF
S OISST = A= 218310] dojzl P2t CP ENSO B H leading EOF
3 A$E9 AAEES EoJEt} EP ENSOE | ofg]7} sietollA 5% A=
HoFo g SST o7t &A= EAS zF1 9Jo, CP ENSO= £% A&
BFolA S4lol = vl= Ao} §Qt WRFo g st SST ofrTe]o] I
g Holck 183 T A|50] AA|GoflA= tHEAR] EP B Ayl 1982/83 °]
HIES} 1997/98 oHIE T18]3 CP BHY dYkxQl 2009/10 oHIEO] tisto] Ath2]
0% £2 Aegs Holil Ut
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Figure 2 EQF patterns for (a) EP and (b) CP ENSO type from OISST, and time series of (c) EP
and (d) CP indices represented by the principal components of each leading EOF pattern.

SCoPSOIA| ENSO EiYl clI5/ds A5 TS BOF #ieel 1 7idelM 6 iz
o= A AJZtoAe] SST of=#E]EL projection 3] Aol A4ES H=T
H|wsto] 3] = Act

£ AolA 3 st sk AGA ASH ASE T ol HET TA
7t 712, B5EF dlEA BAL SCoPS2| B A= wiio] ZH2e] egof =
AZ7pEE BAjo] ojfjQu g 47]19] 7|5ekd XY (Murphy et al. 2014; Fig. 3
€ Table 1)olA TCC &S st dIS4 HSol olFolRth 4719 7|54
AGES & HEE, Foppr|y, S22 ofdWH=E EZAske A HEG A
(120° E—160°E, 12°S-2°N, olst WP), Zehs-, uja2Y|Alo}, upik ofd;M =S 23}
St= ddf B4 HlEYF A9 (130°E-180°, 5°N-13°N, oJst NWP), U=, 7]2jHt
B, FURE Zebohe A= HBF A% (165°E-155°W, 10°S-5°N, o3} EQP), HF
FolE, ;A AtEoL Ul B7h = oldWEE EFel: FA HEY A
(165°E-155°W, 22°S-10°N, ©J3} SWP)EZ A"t
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Figure 3 Approximate areas of four climatic regions (Murphy et al. 2014) to isolate the 15 Pacific

Island Countries and East Timor; WP stands for Western Pacific region, NWP for North Western Pacific
region, EQP for Equatorial Pacific region, and SWP for Southwestern Pacific region. The countries are
marked in Alphabet based on location of stations listed in Table 1.

Table 1 Lists of Pacific Island Countries.
Country Station Lon Lat

A East Timor Dili 125.57°E 8.67°S
B Papua New Guinea Kavieng 150.82°E 2.57°S
C Solomon Islands Honiara 159.97°E 9.42°S
D Vanuatu Port Vila 168.32°E 17.74°S
E Fiji Nadi 177.45°E 17.75°S
F Samoa Apia 171.78°"W 13.80°S
G Niue Hanan 169.93°W 19.08°S
H Tonga Nuku-alofa 175.18°"W 21.13°S
| Cook lslands Rarotonga (south) 159.80:W 21.20:8
Penrhyn (north) 158.05°W 9.03°S

J Tuvalu Funafuti 179.22°E 8.62°S
K Nauru Nauru 166.92°E 0.52°S
L Kirioat Kiritmatg—?[?r\:éa Islands) 1157724?82&/ lggm
M Palau Koror 134.48°E 7.33°N
N Federated States of Yap (yvest) 138.08°E 9.48°N
Micronesia Pohnpei (east) 158.22°E 6.97°N

o| e | Geemn | eme [ em
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2 AFolA SCoPS9 dlgids 452 F= 7I€ APCC A &9 =¥
CCSM39JlA] SCoPSet -2 717k (1982-2014)9] 6718 IA A& Xz E43 v
S =3Itk APCC CCSM3+ ul=9] National Centers for Atmospheric Research
(NCAR)OIM TE= df7]-sfid-Ad-al8] Hgwd ofct. di7l= Community Atmosphere
Model Version 3 (CAMBR, Collins et al. 2004)°1H, 1.4°%x1.4°9] 48 IO AFS5k=
T859} X o7 265 zhH=rt AW BFL Community Land Surface Model 3 (CLM3,
Oleson et al. 2004)°11L 3R X% Community Sea Ice Model 5 (CSIMB, Briegleb et al.
2004)oltt. ¥ 2L Parallel Ocean Program version 1.4.3 (POP)°]™H 1.0°x1.0°
(A= ZAIA 1/3°) 8=t AX0R 4052 25Tt

El

71402 APCC MME o] ZEE (Table 2) = YH 7|5 QAE, = ENSO,
IOD, IOBW HEo] tisto] oS4 H|1w7t o|FolFal, BB TAi=9 4709 71
8H8 A QoA gl tigt dlS A3 At 3710l W TCC score WSHE H]ws}
dot 283 A A (0°-360°, 60°S-60°N) ©F B4 A9 & BokAler (90°E-120°E,
20°N-50°N)2} HopAlol (60°E-130°E, 10°S-30°N)AH i g9 o562 Bl
Sttt A A7t B4 AFEAA A5 AS2 1 AFolA BHE TCCY HluE
BolA 49 =]dch. 2™ MME o] B85} SCoPSet #HA ol Am9] 7[zte] A=
202 Z57IE S 19849 E 20054004 670Y dEAtEe] hete] £4 =9l

Table 2 Lists of 8 APCC MME Seasonal Forecast Models including APCC CCSM3 indicated by
alphabet letters from B to |.

Models Institute
A SCoPS APCC, Korea
B POAMA Bureau of Meteorology, Australia
C NASA NASA, USA
D NCEP NCEP/NOAA/CPC, USA
E PNU Pusan National University, Korea
F CMCC Euro—Mediteranean Center on Climate Change
G MSC-CANCM3 , ,

Meteorological Service of Canada

H MAS-CANCMI4
| CCSM3 APCC, Korea
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3. APCC in-house B&=2| 0= M= Hlu
31 M X7 7120 & 4

Figure 49} 5= 1704, 3714, 671 oIS APAIONA 2u[EoflA 7|3 4
of gt TCC EZE HoET F figuregollAl HREHOZ SCoPSoA 7|&9]
CCSM30lA Hot A & A3 AgtolA dlS Adsol T HAS= U 4= Sl
HA Figure 4914 HojA]= AAH SCoPSAA 7| & d50l 4433l = U
SCoPS= 1711 & Ad Azt 1=, BB, ALY o W2 AHA TCC

o149 A&EAFE Zt=tt. 181 SCoPSoA= A A& AF AIRtoA s4=
B, 1281 & AxF AHY 72 IS0 diste] AutAog =4 F
URAGE, A QoA o&/d a7t Hit

71 oS0l Blusi e oS EEEolM Hols= AA™ (o Saha et al. 2006
Jia et al. 2015) F 95 EFSoME A A oS (Fig. 42 < © olzhe AAE
H]lok ™ok Es1al A Al ofl oA 1711 ABARIOIA A=) (53] EA]
4 Zo]Lok) AAHL EHHOJ maritime continente= ZEgok= T 2 A YojA
TCC 0.3°132] A% 452 SCoPSOIA HojFal glom, gofr2|7ke] A% sfet
<A (NINO1+2 A 01)01 A AGT dEsAde 270d S AJAZE 7R FAISskAL
Ut 1AL o7 dIS APARIONIA Ak gl SCoPS+= TCC 4tol 0.4 °]
29 95 5= 7K, ole ZZ S AF AlZtollA ol gt S A9
Holz] ¢k= 712 APCC CCSM3olA Htt 35| A&/ ol olFolfe=
Hoj&r}, E9], deuS EPck= Y7 maritime continents A|GolA 67049 A&
ARYAIINA Zg=of tiste] SCoPSOIAM IS4 /= Hol7]l WEel APCColM 1
= AGof| gt 71F ol& AE|A AFolA SCoPSe] 7% A& Am &80l 7T
ZAog Holt}

ﬂl

P

SAY FHE Aol 712 Bt ofyet eF oS0 °1°1A1 SCoPS= 011431
7R A& A8 A7t RIFE (TCC grollA ektel
P HolFA Eoha ok 9% AoA] W2 &5 E}% o= E‘%IOME
Ueht= sfidsloFdt ojel ZHIA| oft}. AHoA 9] W d&/d2 AH 7|5}
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APCC in-house T¥S9| K= Ms

O ol HZ FEE 5 k= A AFE=o] A5 (i Koster and
Suarez, 2003), SCoPS &3 TS oA 5o 2 7fAAEfA ef=]ooF

¥ R0z Amg
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Figure 4 Spatial distribution of TCCs between 2m air temperatures predicted at 1-(upper panels),

3~(middle), and 6-(lower) month lead times in (a) CCSM3 and (b) SCOPS, and observations. The
observations correspond to 2m air temperatures taken from NCEP reanalsysis data. TCCs that are greater
than 0.4 are contoured in gray.
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Figure 5 Same as Fig.4 except for total precipitation. For observations, GPCP data is used.
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Figure 6= SCoPSoA d&H o] ENSO A|=of tist 174 67§L71R] o
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APCC CCSM39J|A| &3} persistence %S A
E3t vlRE A )& A% A7kl AA SCoPSTH H & TCC 714 ke
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AgPA|ZtolA TCC2H RMSES Hoj&th o] figureolA SCoPS9l 9=
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(ENSO A49] auto correlation)
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RMSE #=& 7HleS EoEth 2 E° 9 ENSO HH4 (5 EP®} CP EY
ENSOYE #8T 4= lolA ENSO Ak A& F2 AREE= NINO3.4 A4 95
izt 1709 olE A A)ZkolA TCCE SCoPSOllA 0.93, APCC CCSM3°llA4 0.89
oj9loH, 67iY dE A AlZtolAE 22t 0.67, 0.59 oISt FEHYolA SSTS]
HEAS BUE 37| oA ARREE NINO4 At d& BP0 579 & A
P AR St olE 5S Holi, 67HY A& APAIRIOIA SCoPS7t B Y
TCC score (SCoPSel] “416}04 0.68, CCSM3°] Histe] 0.61)5 HAtt. #Ao] Ut
©F ENSO HUEE 9 AF&HE NINO3 (FH1HY ENSOE #¥s7] fIsiA
F2 AFEAS &2 SCoPSelA 4719 o]% d& MPAITHEANA CCSM3ET
2 U2 oSS Btk oA deliA 57 olS APAIZE oA SCoPS+= TCC7H
0.7, CCSM3+= 0.58 181l 67HEIA 242} 0.68, 0.52 ©|3lth. & o ¥ SEHHY
= gotag|7t A% sfijk K)ol SST HeA ZUES 98] AR8dh= NINO1+2
Ag &2 oE ApsEHtt F& 2YPolA dE5HS HojAARE  SCoPSOA]
persistence I&Et TCC #&2 T oW, o]d ®FsiA CCSM3+ L persistence
diEHct 574 dIS A A7 TCCHe] Attt 5% elE oA SeEgez
252 CCSM39| SST o] o34 7haE Figure 49A%E & HojZal Qi

Figure 72 & target ¥EZ ENSO A= (&, NINO3.4 R|4)9Q] o= Ad) A|7F
5710l w2t SCoPS9 A&/ WskE HolEth WA S04 persistence 952 5
HolA 11¥€7H4]2] NINO3.4 A& targetS = & o A& 3704 oS AY

AIZE o]F TCC7t 43| fAasted], E9] =2 #olA o529 (5 5994 8%)
NINO3.4 A5 dSo] diste] 27] dl& A AR 22 TCC7F 0.6 ©IUaL 2
N al& A3 AlZtollAl TCCPF 0.35%2 AAdIth 1 S-S 114994 29 A%
St A& o =A FFo] AUHA ENSO A9 &Aool §435] AadE ou|st=t
o] ENSO 9=9] spring barrier (Webster and Yang 1992) 2t1l &¢&#A Ut} 6
HoflA 9 AlFtst= ENSO A% AR AZE ENSO Al5=0f thgh persistence aj]
ZolA= 0.7 ol ABASE FAITE HoEth (Fig. 7a). 2= ol #5004
71 A& A% Azt = ENSO 37l SST ofge]of tisto] Adet Oﬂf*ég_ A
SHA sh= Sl MRS A Qnlsh=t], ol=et Wi Yo EPEolA 6714
o]d9] A& Y AFtNE A5 =2 TCCE ZA "ot (Fig. 7b, ¢). SCoPS
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L CCSM39)4+= ENSO A= &) SlofAl spring barrier?] 9aFE Wil 91014
5¥lA 7€ ENSO A& aflSolA 170 dlE A3 AlRtellA 0.8 o2l TCCPt 27114
A& APARIolA 0.6 olstE F43] HAasiqltt A&E ENSO Aol tigh al&/de
SCoPSellA B Uk, o5 ENSO A5+ di&olldt= CCSM30iA thas TCC7t B &%
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Figure 6 (Left) TCCs and (Right) RMSEs for (a) NINO3.4, (b) NINO4, (c) NINO3, and (d) NINO1+2
index between forecasts from 1-to 6-month lead times and OISST. Blue bars are for SCoPS prediction,
gray bars for CCSM3, and red bars for persistence prediction.
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Figure 7 (left) auto correlations of NINO3.4 index (persistence forecast) and TCCs between model

[(middle) CCSM3 and (right) SCoPS] forecasts and observations as a function of lead time and target
month. Contours indicate 95% significance level for positive correlations according to two-sided
student’s t-tests.

B A= ot =2l ENSO oHIEEo] &A%ttt £9] extreme Yk
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th. S5, SCoPSOIA 3%t 5U 27124 olF A% S B} A NINO3.4
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Figure 8 Time series of NINO3.4 index from observations (black solid line) over the period of

April 1997 to April 1998 and from model forecasts stating from March (blue lines), May (red lines),
July (green lines), and September (brown). Dashed color lines are for CCSM3 forecasts and solid
color lines for SCoPS.

ol ¥ 7HA 7heRt olEA EFPA HARShs AUk e 2P Ax
Bl dollA cold bias?t ¥H0] Urk= AE0] A=Hl (9, Kim et al. 2014), F&=
Bl gollA 2ol & AP Atto] S7HEE cold biasE 2= 2Y 7|15 CR
s A3l Y= 23 driftet o] A2 4+ Atk Figure 9= EFo] o=
A Alzto] F7redoll Wt bias?t A@ZA o= F7ksk= Zo] otz Kol A

AIZFSIEA] Y 71949 cold bias7t sl 57 Aol EARKE Holerh 74
o] Fof| AJ&et &A= 7Y ©1F cold bias7t E7F517] Al&kete], 9¥&ol= -3°C
ol TSI Aol7t Yy, o]F cold bias7t Hadhe AdE E & AASH]
bias7} S7Fsk= Al717F 7¥€0lH, ol& 393 59 2714 S85ks 44k 95
ol NINO3.4 A7} HESHA] Hoh= Al719F LRSI 7€ =2 52l 35 A
o€l 4% Bi¥Y cold bias7t U= F7ISHAL olF Aashke FIdel A=,
Figure 8014 7€ <& dlSo] Higt NINO3.4 A= 2= 4
Al S7Fohe BdE ERlth o] Al7]oA= bias S77F A&
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biasE F5Y Az 22 di7]-3F 2ol S&o°] A Ao= AlmHn. 9¥
29 52 3, 5, 7¥ Y Hrh= A6HAT cold biasoll Higt F peakso] YERY
=8 she 1193 £ o2 shts= 3¥70lch 9¢ &9l A% 1 5+ 70 cold
bias peak=©°| 129 ©]% ENSOA|9] F243% 74 7]of5lS AR HRlth £4
A 2Y bias?t Ak A&/l tigt #A= F o £40] sk, A7} JAvhH
Bt extreme FYEE A&5H7] 913 AP 7HA 3o 7IeldAE Aled
T AE Ao=E AR
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Figure 9 Model climate drift (bias) of SSTs averaged along the equatorial Pacific (2°S-2°N) for
forecast from initial conditions of (a) March, (b) May, (c) July, and (d) October. The bias is difference
between forecasts and monthly OISST.

elolbd, A ejgFe] FdolM W 5E7HA SST Bla/d= dlSsh=t] oA,
CCSM3 Hrt} APCC M2& EFQ SCoPSolA © y2 d&4de How, E3
extreme AUk OJHIEC] gt ojZof QlojAl FATE o] AAT= Aol ERIE
Ak I8EE %35 SCoPSQ &3} o] APCC MME A|AEI9] ENSO d&4 3F
Ao &2 71oE T ZAoF Helrh
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3.2.2 ENSO Ci¥d 0I5

A 2004 AT 3 AAE, F2H4 o] it ENSO ek = CP <} EP B
ENSO 954 HE5S 94l T50lA F 744 Efdel gt leading EOF BE0] o
S5 I Eﬂﬁgo(}q]/q SST olwE3ES projectionFC 24 Aojx CPL} EP
ENSO A+E #TZoNA A$LERL A AF AP AFtelA TCCE Attt
Figure 10 A 9I& A% AIRtA #53 ASH = 7HA] B ENSO A|4= Aol 2]
TCC ¥3}E HojE). EP ENSO &) QlefA SCoPS7k CCSM3 Huh A oS A%
AlZHIA TrA E9JTE o= T=o A AP AR EP EFY2 SST WSke] action center
7t ¥ SATHBEY] Y=l QlojA, TEHBEUYLE AL4E SST A5/485°
SCoPSETH JtHH o= CCSM37} T AolAl= 94 AxE 1Echd, st 43t
olt} (Fig. 6). 1&/H| CP E}?J ENSO dj&0] QlojA+ CCSM37F A A of|= Azt
oA T ¢ &2 TCCEE HAth CP EFY ENSOS F SST ®¥HEA A9
NINO4 &2 NIN03.4 Z]%oﬂﬁ SCoPS7} &5 °] B =2 dS 1Eod, tha
=2k Aolth 3 7HA] 7hs3t olf&EA] Figure 11-13914 A & Zoltt.

(a) EP Type, 10 (b) CP Type,

e I Yoo T -SCQPS_ S omcCsM3L lSCoPS_

1 2 3 4 5 6 1 2 3 4 5 6
Lead Month Lead Month

Figure 10 TCCs for (a) EP index and (b) CP index between forecasts from 1-to 6-month lead times
and OISST. Blue bars are for SCoPS prediction, and gray bars for CCSM3.

Figure 112 53 CCSM3%}F SCoPSOllA 17§83} 371 A& AZPAI7olA] Bt
T AL BoE (129914 29 B EP9F CP ENSO A529] scatter plotEg K
ot} 4 IS = BYE warm I cold OHIE Afo]o] o] diste] thAA
o] 22 HojEth SAAR skewness #42 EP 9 CP EFJol thsto] 22+ 1.867}
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-0.3401%0t}. ol AHiFoRE et Ay oJHIE= EP BFYRI Aol AL, o]

Ll ”qVq—E 3% UV o[HIE= CP BFYRl Aol U= oultet. 1=tt
ER] ¥ E% ENSO phase©] skewed®= 432 A A= (Kao and Yu 2009; Yu
et al. 2011)01 A& ERIEATE SCoPSOAl skewnesst= EP 2 CP ENSO®]| tfs}od
171 oIS AgAztol| 242t 1.13 I} -0.19 o|qleh. #SHTR= 11 glo] 29t o= A%
ZdEof|A Hol= Bt SCoPSollA & 2ofstal Qla= omleitt. 12u 3774
& A3 AJZroA EPo| tiste] skewnessgE7t 0.792 T4AsHEOH, CP+
0.128 F7RI3tE CCSM3olk= oiE A ARRte] 37185 cold OMIE Ao
skewed¥l= =7t S7I5hs B2 Holetl, 171 ol& APAIE] skewness g
EPS} CP ENSOO| tfste] Zk 0.313F -0.19%2H, 370E & AP0l 42t
0.14 €+ -0.69%k
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Figure 11 Scatter plots of December-January-February (DJF) season averaged EP vs CP index
from (a) observations and (b, ¢) 1T-month and (d, €) 6-month lead forecasts of (b, d) SCoPS, and (c,
e) CCSM3.
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ftfo

T3} Figure 112 =04 EP 9 CP ENSO A47t S99 A zh=ti= 4
UetH=tl, ol= 5 ENSO B Ale]9] #=0jA] separation &2 AZAZ29] =
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Figure 12 DJF-season averaged SST anomalies along the equator for (a) 1997/98 El Nino event
and (b) 2009/2010 El Nino event.
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Figure 13 Difference of climatological DJF season averaged SST between forecasts of (left
panels) CCSM3 and (right panels) SCoPS at (upper) 1-month and (lower) 3-month lead times and
observations.
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TCCs area—averaged over the four climatic regions (see Fig. 2) from 1-to 6-month lead

times. Left panels are for 2m air temperature and right panels for precipitation. Blue bars show TCCs
between SCoPS forecasts and observations, and gray bars are for CCSM3 forecasts. Observations are
taken from NCEP reanalysis and GPCP.
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Figure 15 Area—averaged TCCs between SCoPS forecasted and observed 2m air temperatures in
four climatic regions, (a) NWP, (b) WP, (c) EQP, and (d) SWP, as a function of lead times and target
months. Climatological seasonal cycles of 2m air temperature area—averaged over the climatic regions
are also shown in black bars.
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Figure 17 TCCs for (a) 10D, (b) EIO, and (c) WIO between forecasts from 1-to 6-month lead times
and OISST. Blue bars are for SCoPS prediction, gray bars for CCSM3, and red bars for persistence
prediction. For detail definition, see main text.
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Figure 18 Same as Fig. 7 except for IOD index.
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Figure 19 Same as Fig. 17 except for (a) TIO, (b) NIO, and (c) SWIO.
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Figure 20 Spatial distribution of correlation coefficients between December-January-February (DJF)
season-averaged precipitation and NINO3.4 index from observations (shade) and forecasts (red contour)
at 1-month lead (starting from November initial condition) from the SCoPS and CCSM3 Values (0.37)
that are significant at 95% level (according to student’s t-test) are only contoured and shaded. Solid
(dashed) lines and blue (brown) shade indicate wetness (dryness).
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Figure 21 Same as Fig. 20 except for June-July-August (JJA) season-averaged precipitation and
NINO3.4 index.
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Figure 22 Same as Fig. 20 except for September-October-November (SON) season-averaged
precipitation and 10D index.



| M22 APCC 29| OI5d B/ S0 B Q= 1 Qe LIZtS

4. APCC MME AAE] DST} GIEY

o] MAMoA= ENSO, IOD, IOBW Rt I8|3 7gko] 2452 APCC
MME A& 2¥=3} v B4 sttt HA Figure 23914 EojF5%0], ENSO
A 559 171904 671 AdPAI7to| A 8712] APCC MME AlE dl& ZEE (B-))

T} SCoPS (A9 tiste] TCCES ALt A= E2 gutg oz NINOI1+2
A5 AdEoA HE AgE dSHEY A5 450l E*OWE'% P& 7o wapr 2
AS AT 4= it} o]of HhsfA] NINO3.4 X|<=0f tisto] HFZHe] &4 Alol+=

T2 ENSO A|40] 8] Az oz tha &} SCoPSe] NINO4SH NINO3.4 A4
9] dZof|A ThE d& RFPEHT} d&AJofA Tﬁé Hoj3x] okorom, NINO3<t
NINO1+2 A4 d&oAe Z7F Lo & 588 z= 7oz BAgr)

Ol

Figure 24+ 10D A9} IOBW 2E¢} T X550 st APCC MMERE Y
19| &5 HIE HolEth AdLgolA SST ®H3tet e A4E9 011~°1W
A9 08 ENSO A= A& Hrhz BYPE 719 o535 Aol7t B am, AFH o
& dI54o] 2t} 10D A& Aol oA dlE A Alte] W& TCCY #A4a &
E3H ENSO AsHTH: &R 30, RE d& RyEo] 6/iYE A& A A7tofA
TCC %ol 0.3 olstz 7*@%}0%}. 19 [OBW R0 AL & mFEo] &
o U2 A& 52 Elon, ALY (5 NIO) SST oh=de] W/l tigt 4
24450l AERJAEYF (SWIO)OlA SST ohcde] MEAS d% st AET thh o
gttt SCoPSE 10D A5+ ¥ IOBW EE dZ04 APCC 9& BFE 5 A9d9
AE5S Bt IBEE, SCoPSE A=A SST HEAS d&se= 9 o
Al APCC MME 9|5 5 el St 7o & & SIS A= Helrh

rﬂ

o?‘:

mAEte R, 54 A9s &, HEG =AT9] 419 71 AGE (Fig. 253, &
A, FotAlot, 2|al FotAlot (Fig. 26)1M A+ cl54d5E vasiitt. |
A HBG =ATE 715 AGolM e AiSAel diste] wlawshd, EQP
QoA T2 AFE Eot 7% S EFS°] H U2 dlS5ES BRI, 2
o] 95 s Aol7F k. NWPLF SWP 715 Ao & A Hrt o540
WA, BYE 9] A5 Aot Aoz Attt ARk o= 4719 7
Ao Al SCoPSE APCC MME 9|5 &Y & Fof 31t ol 43| 2 A548<

g
N



4. APCC MME AAR DS OIS Hlw | 41

Bk ol HEY EAZ] AF % FRE AFSH= oI, APCC MME
2 N2dle] e 7IE 4 9 Aol

a8, A A, dobilo, delm BopAlolold 4wl diste] BE APCC
MME 2S04 o4 ofF Agkom, B3] FobalololAl of&4o] 71 vkt
SCoPSAIHE T2 AR o5 BHEHY 1 AGECIN 34 oI5 tfste] I
o250 QIith. APCC MME Al299] o2 A% F4, B3] 1 AGSolA] 35
o That oI% A WS YIS SCoPSe] Ylofs 1A B 9k Aow Abmsih

TCC

0.6 1

TCC

0.4 1

0.2 1

0.0

{2 3 4 5 61 2 3 4 5 6
Lead Month Lead Month
Figure 23 TCCs for (a) NINO4, (b) NINO3.4, (c) NINO1+2, and (d) NINO3 between observations
and forecasts from 1-to-6 month lead times. Alphabets indicate the seasonal foreacst models listed

in Table 2. Black lines are for the SCoPS.



A2 | M22 APCC ZHO| 05N Wk Iy EfEmt QI 7 QRYSt L)

i

TCC

Lead Month Lead Month
(o ELSWO, @NO_, , ,, |
0.8
0.6 1-
O
O
s

0.2 1

0.0

0.4 1

A
— B
—C
— D

N
— G

2 3 4 5 61 2 3 4 5 6
Lead Month Lead Month
Figure 24 Same as Fig. 23 except for (a) 10D, (b) TIO, (c), NIO, and (d) SWIO indices.
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Figure 25 TCCs area-averaged over the four climatic regions (see Fig. 2), namely (a) NWP, (o) EQP,

(c) WP, and (d) SWP, TCCs between observations and models’ forecasts from 1-to 6-month lead times
are computed at each grid.
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