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Abstract This study explores the 6-month lead prediction skill of several climate indices that
influence on East Asian climate in the GloSea5 hindcast experiment. Such indices include
Nino3.4, Indian Ocean Diploe (IOD), Arctic Oscillation (AO), various summer and winter
Asian monsoon indices. The model’s prediction skill of these indices is evaluated by comput-
ing the anomaly correlation coefficient (ACC) and mean squared skill score (MSSS) for
ensemble mean values over the period of 1996~2009. In general, climate indices that have low
seasonal variability are predicted well. For example, in terms of ACC, Nino3.4 index is pre-
dicted well at least 6 months in advance. The IOD index is also well predicted in late summer
and autumn. This contrasts with the prediction skill of AO index which shows essentially no
skill beyond a few months except in February and August. Both summer and winter Asian
monsoon indices are also poorly predicted. An exception is the Western North Pacific Mon-
soon (WNPM) index that exhibits a prediction skill up to 4- to 6-month lead time. However,
when MSSS is considered, most climate indices, except Nino3.4 index, show a negligible pre-
diction skill, indicating that conditional bias is significant in the model. These results are only
weakly sensitive to the number of ensemble members.
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Y Aol Mo dZo] sFseirty HuHAG 9 MwE Fi) AYHYCH FAYOE /) FA2H
(Lee et al,, 2011; Li et al., 2012). o] AR WEAL molels o £83F AT sl
AGFRY 7T WS FE A2 AGe) HH /1 FUEAFE Heste] 1 ) 34e At ¢

HoR JEFE 7AAT AFfol wEA e 44 g
< T AgH LR Ayt A FoE 7R o
< HE F U dEE, Y287 E(E-Nino
Southern Oscillation, ENSO)2 &t ¥ o}dt] A

® ohye} 9% A A WSl T 1
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= Y, FE8, oyA ok T o7 Eopd
B 2 4= 9Jth(Sarachick and Cane, 2010).
F8Ao 7 93] ENSOQ <3AL o
< T ] AFEo] g HA 2d

2de ENSOZ 6~971¢¥ ol
o2 BuEt(Jin et al., 2008; Wang
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et al., 2009).

FSA A2 A S gt A7t &ds] o] Fof
A3 1 FoA0 F5 B e d AN =l
NME A-ASAI=H L] M E 7% Qo] A
gk &S 9¢ ks =868 7|8l Ytk 1 Y
2o 2 st 71 FH71 S TEe Ad 7R
Al Y FF 7IFAESAEEE AFSI YR
o] &-3}7] sl F= 71%FH (UK. Met office) €Y
3 ok L Ax, 2010958 9= 7133 9] AA T
7] s A= (HadGEM3)S 7|Hte = gt
A ¢ & A" Global Seasonal Forecasting System
version 4 (GloSead)E =3kl +=3ITh.

Ao W2 GloSea42] ENSO <1342 671
4 o]ifo]tiKang et al., 2011; Maclachlan et al.,
2014). 18|32 o&4do] B&e) 7+43k= ‘ENSO spring
predictability barrier’7} WEPATE BE3F AMEE SO R
Zol== ENSO ot=e|7} o] Rejs= A
(Maclachlan et al., 2014)2 Hol=d ol A-HS
Alzgo|y Ajtrdoa dutgoz yehus 23}
o g s)xe] & adth(Luo et al., 2005; Guilyardi
et al, 2009). GloSead= 7 Wl GloSea3el H|3|
SUEE Y sFH 224 7 7| A5 SellA A
Aoz JiME AFE RAFAY AgHo=r &
g U2 &S 8 BRI S Rl A3 S
TE Eole 5 JlAe] Heagk Aew HAFHUG
(Alberto et al.,, 2011).

7174742 3dE AE ARE 3 2014 shH]
FE Y FsA-AESAI A GloSeadollA] Bl &
B FHEN TS A FAE 7FEI
GloSea5 (GloSea version 5)& #ol =dsIch 2
ATE A2 75H GloSeass] 6719 #A7]%F 29
A5 E ol &3l HA AALSA -] /LTt 7%

A=7)gets 7] A1259 2% (2015)

[e)
A A7)0 dEAE AFE F FolAo} 7] F
2 - 7HEA o7 93-S m|X|= ENSO$} Indian Ocean
Dipole (IOD) & T3 £ x| 4=9] d=4S 7}

2.X B

2 d7olA AHEE EYAEE HadGEM3E 713t
o7 3 Ao Al="Rl GloSease] #A 71§ &
ojzkg o]t} HadGEM3+ Met Office Unified Model
(UM)9] th7122 3} Nucleus for European Modeling
of the Ocean (NEMO)Q] af|F=d 2 Los Alamos sea
ice model (CICE)®] W =4, 22|37 Met Office
Surface Exchange Scheme (MOSES)S] A =g 2
7l S8 28-S 913 OASIS AZEHE 74
Ht}. GloSeasd] +HAA} == 9% 0.56°9 4
% 0.83%]H 857H¢] AAFS zh=th 1996'd 29
B 20099 1297k ¥ 149 Bt vl 1Y, 9%, 17
o, 2599 2714E ol&ste el FF HEH
hindcast®] 9%+ #ES ol&siith. 27147 2¥
el B3-S aEste] 1-3719] e W E o]
gaton, P Htol AHEE AsE F= 71
o] B4 (Maclachlan et al., 2014)S 7]HFES.2 17
dS ALt 25, 1, 999 YFE Hno|n. dE=
Table 12 29& 7|02 4E WY 74 HHE
RojEt = aldde] AsE 19 259,29 149, 2
2|3 29 9 x7|stE Ry AHRE ol &3t

GloSea5e] d&4S H7islkr] fl3l vladde=z
AEA A E S} ASARE o] &t €% ERA-
Interim (Dee et al., 2009)& ©]-83}AR 3L J|FH7]
HEA5+= 984 Extended Reconstructed Sea Surface
Temperature Version3 (ERSSTv3b; Smith et al., 2008)
£ o] &3t} A4S 93T Global Precipitation
Climatology Project (GPCP; Adler et al., 2003)E ©]
L3515t B4 AMgE RE AFEES(EYH AR
A 2 A=Ag) =S Y5 98 A% 2.5°
2 ¥ Wateisl

Table 2= & Aol AHE F8 7% AFEe
A olo} WS Yepdnh, A Eh7]-2 = (Surface Air
Temperature, SAT)E ©]-83l] AXFHF A x0)7]
£ (Global mean SAT; ©]3} GMSAT)2} FolA]o} %]
Jol A HAH A F7] L= (East Asia SAT; ©]3}
EASAT)®] o5& H7Fstdtt. 3k ool 7%
HEo] B IS vA= F8 7][FEESQ ENSO
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Table 1. An example of ensemble mean construction for February prediction.

Lead time 0 I 2 3 4 5 NO.ENS
Date
01/25 Feb Mar Apr May Jun Jul 1-3
02/01 Feb Mar Apr May Jun Jul 1-3
02/09 Mar Apr May Jun Jul 1-3
02 Feb Mar Apr May Jun Jul 3-9

Table 2. Climate indices used in this study.

Climate index Data Definition

GMSAT ERA-Interim SAT [60°S-70°N, 0°-360°E]

EASAT ERA-Interim SAT [104.5°-140.5°E, 20°-47°N]

Nino3.4 index ERSSTv3b TS [5°S-5°N, 170°-120°W]

10D index ERSSTv3b TS [10°S-10°N, 50°-70°E] - TS [10°S-0°, 90°-110°E]

AQ index ERA-Interim zonal mean SLP [35°N] - SLP [65°N]

Summer monsoon index 1 ERA-Interim U850 [5°-15°N, 100°-130°E] - U850 [20°-30°N, 110°-140°E]
Summer monsoon index 2 ERA-Interim (U850 + V850%)' [32.5°-37.5°N, 127.5°-147.5°E]

Winter monsoon index 1 ERA-Interim SLP [40°-70°N, 80°-120°E]

Winter monsoon index 2 ERA-Interim U200 [110°-170°E, 27.5°-37.5°N] - U200 [80°-140°E, 50°-60°N]

AFETF FAH L E Nino3.4 AF)eh A= B2}
A 4*(Indian Ocean Dipole; ©]3} 10D A4 Saji et al.,
1999)2 =& 9] Skin temperature (TS)S ©] &3}
Table 29} o] FoJtAit). AF-ASEH FolAo &
T % SIS 3 e Ao dEzl B
Z& A 4(Arctic Oscillation index; ©]3} AO A<= Li
and Wang., 2003), 252 FolrolA Y 9] s&5a3He
giEsleE EUAY E< A4 (Western North Pacific
Monsoon index; ©|3} JE#1 A5, Wang et al.,
2001)9} BolAlo} <& A4 (East Asian Monsoon
index; ©|3} o]E%<%2 X< Ha et al.,, 2005), A=
A FoMr ol EEATE dEste AlWEol 7%
A 4~(Siberian High index; ©]s} ALET1 A&
Panagiotopoulos et al., 2005)2} FolA]o} ALES |
Z*(East Asian Winter Monsoon Index; ©]3} A2&2
2157 Thun et al., 2004) 5= Table 29} Fo] “g2]s}
o] GloSease] 454 AFE Agt F8 7$AF=E
AH8-3131

3. 0I5 Tt 4y

GloSea59] 6714 o|&4 ¥
(25, 1, 99)9] 271 o= ZFo| A
5 YHE Had T ARESIAY 4 IR HE )

F7H R Fyste] A8 % EQolA =9
Table 12 2¢€ol Z#o] A|ZE = hindcast]
HBg Fobe ol 2220 A5 H4S e
. Lead time(0~5)2 ol & A Q32 2713} AR
A 2o (8 E9)EA Lead time 02 slE¥
71%8& ol &3 22 2ol 9 He #Eg A5
, Lead time 5= /0¥ A 27142 o]&3td
A= YebAY. = Lead timeo] 591 7€2
S 19 25¢, 29 149, 2¢¥ 9¥9] mU|Ho =
AZFe Qe JIHEG A 9l)E o] &3t
B o g2 = ATt

A AT AlZro] T7HErEE 2Y Yo &
climate drift (715 2dE¢] 7] 2&olA 2|
i 73A|E (external forcing) §lo1%= UERE ZA;
Gupta et al,, 2012)7} Yeht=t] ol #53e] 0%
£ do7le F8% adlojtt. dFA HIHAFE &
A7) Ao, ol gk Rdlo] FxA atE A|As]
A8l 7 AR BF A8E o]&ste] B FUL
™ ZpA|gE 22 ol e} Zth(Meehl et al., 2014).
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Fig. 1. Time series of GMSAT for February and August prediction before (blue and red) and after (sky blue and orange) bias

correction.
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Skill Score; MSSS)S o|-&3l| H7lstd ). zF HF7}
A= T3 7ol gejwch

1on = —=
;lzj=l[lij'r - HT][Ojt - O‘c]

1 — 21 — 2
[t -7 210, - 0

7} 713.9] onle kA 7Ed 2lox] A st
E} ACCE #Z3 mdlo] 7k AF daaA| ol
b5 A RS 1o TS #5e ¥
F—%«] o5 ol 2 ot USS oW g

SE HoAlF 22K Mean Squared Error; MSE)
%"H T 4 Utk

ACC(x) =

oX FO“ N
tlo >

o ot 532 2

¢4
E

MSE (1) = Z [[H;, - H] - [0, - O:]]

]

MSE.A(x) = %z [0, O
/=1
MSE,(v)
MSSS(t) = 1 — oD
MSE(7)

s19] A2 Aejshw ofls} o] HET F AUt

MSSS(t) = ACC(t)’ — (ACC(t) — (s(1)/5(t) )

2 _ 1 = 2
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Fig. 2. The ACC and MSSS of (a) GMSAT and (b) EASAT prediction. Initialized month is indicated by the first circle in each
month. Filled (open) circle indicates the values that are statistically significant at the 95% (90%) confidence level.
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3L, A7 FEES s&ste] e BES B
MSSSE US CLIVAR Decadal predictability Working 2= ﬁE—Hf‘&B}. o] FES o83 ACC F+= MSSS
GroupS ZHE thd A|7tRe] €354 3r7ke sl g Aol o] FHE 1,0008 W
A orel Kk <=0 ™ (Goddard et al, 2013), Choi et al. E3Hh A c-°v} MSSS+= aJri 2do] MFEEE
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e
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(2015)°14 11d o)ate] AA FR 24 H7E 93] Nodste] = AEo] ARAS masls Adolnz
AHEE Bl Stk 919] AAF MSSSE ACC ¥ oS o34 Hrlelxe o] 3t 1 frefmsit. o] Al

I #AZ] AR (splso)ell B3 bl & 2l So| Lo] 7HS ZheThE AL wuo] B0 WEA
ok A &3 A50] EA4F HEo] AEE BT Qo 4 S wE mositls Zloly, ol= mule] o] Hk
(ACC(T) — (s(V)p/s(1)0)y& Z7AF- @ *H(Conditional bias) ~ WZ =3 Y-S =3t} wlebr Uz_]r.r] 2 Axm
g} gt} =, MSSSE ACCSF 2% i}(cOnditional 1,0007¢] 7} FEA Lo 4 7ol }ox 34m)s

bias)<] %kol THEE o4 7<1D‘rtﬂ ot} 2AF < ]/}}O]-.L, m/1,000= p-valueZ ARE-3Hc) o] p-value
A W 23H(mean biasy ol THE MEoR #5 9] gro] alth 2 ), (1-o) x 100% A% FEel
7 o|Z¢] Hito] At Az mE A 2 A fresitta & 4 Ut

717 vE W =4 & 5 3tk ol= 71 ACCT #

Sk 29 7o) At Alol& A Roke wHle 4. X| & CH7| 2=(SAT)2| oiEd
Hetg o glon o] Tples 2El 041"*401
e % 58ttt o] el 9le] MSSS+ ACCHEY ¥ 2 HoME SATS] d&4s Hrhehr] S8 A
A AFA S W7 At @ 5 9l T ﬁé&aﬂr Foprlol WS T AT AAT Bt
ot 22 W oE Frkd A5 Adiae 4 d AEWIRE(GMSAT)S FobroF e A
< F2 el FA ol tig B7PE v =(EASAT)S] 9 ACCSH MSSSE Fig. 29 YER
=4 Faslth B Ao|HE Goddard et al (2013) ok Z Dol sgehs AU A e =4 2
o] AT bootstrap7|¥He] WS ARE-ste] ACCSE  WHSTE FAH 95% (90%) frolFEelM AHT
MSSS7} ‘0’ ol*&éﬂ e 2o zheAe Wi B4 A vtk WA Hepd AA2 74zt 1Y

Atmosphere, Vol. 25, No. 2. (2015)



328

GloSeas 282 67112 A7) 7|5 o =A]

SAT ACC

SAT ACC

lead time 4

0

i.'" = ) ‘gg

1 | |
0 0.1 0.2

A, DSy L pav =aby, e
120E 180 120W 6OW 60E 120E 180 120W 60W
| I [
05 06 07 08 09 1

0.4

Fig. 3. Spatial pattern of ACC for surface air temperature (SAT) at each season and lead time. A squared indicates geographical
domain used to define East Asia. Gray lines indicate values that are statistically significant at the 95% confidence level.
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MSSSZ ¥ 7Fe GMSATS] &4 ACC7t =4 |
B 7FET SAIF R folslt) &, GMSATS
AAA dEF2 o7llEe Az FRAA T 27
FooxE aEd B AFEA o F2 2371l
Eie =

Folro} 29L& AT E EASATS ACCE 4% A
Aok oF Y A= oZ0] 75 ¥ lead time 02
Aelstas FAFLE Fo3A &t ACCET 4
245 WA Hrksle MSSSAME 94 23k 54
| O F=8AA dehdt}. Folrole & AdHSE
AL A7) o] SAT T3k 2 AFHEAS 7A
A 7rel WE |7} At o E B4 wj&o) ot
gt 715 RYox FolAlol= dEAo] "oiR=
Aoz LEA UTHWang et al, 2009; Lee et al.,
2010). GloSea5 %3+ EASATY & AZHZAS =
2oEA] Eae, A Add] Ax SAo] Fe A
o2 HrE

AAE SATE lead timed] WE ACCY F{HEXE
£ Fig. 391 YeRNAth 4 A& 95% 21F 50
A BAHSE Fost AYge] AAE on|gtt. $-
lead time®] 78S WA ACC7F HASHA| T
Ao w2 zpo|7F EATE B F Aok H2 A
P2 A3 B4ES flst Bos Folrol A Hs
UeRATE FoprlotE X3 fekrlol &9 SAT
g2Ae Aurm A AdA lead time 02 A<
st BAIALE FoshA] &2 Ae AT = 3
th ACCE Ul Ee] Eu A S AL giiie
oM A deg e ubd s e =4 Y
Epdt) ek A AN FARE &S
Holy glom, Me|H SR+ el SolA =4
Ebdth. SEH Y SATE AL 71 =2 o34
< Holy BAFOZ {ofgt o EFAo| lead time 5
7HA] EA g, Qe ko] SAT 53t ALd 3} B
lead time 57FA <& 7Fssith. tix g &8
lead time 25-E A& A S AQslie o4
o] ol HA #Aask=d ©]&= APCC/CIiPAS 2dS
o A de] Aol daido] Arh(Wang et al,
2009). A& WEH CMIP5 oM = F2hA]
of & Ayt HF diFe] HEds & Bl
EaRed olv EdoX WAd I9E A o
AUze] t7] el & A=A ol At Ao
2 HItH(Outten et al., 2013). =3k oo Al&-5&=
Aeret el 2713k B=o] Aoz <l
dlFe] 27IE @ g Ao7] wjFol sl H
3 9= SA oA WA 2] oAt & Ao
2= Holth

AdHoz Aurd ALH ACCE HE AAH
of vl Mo g W AGA] w2 ks HolH,

[

o2 Kl

[e)
A5

1 - 7} 329

AT FH X d] SATY &AL 712H| 7}
= JEhdT AR A AE A9 AR
e A% Ao gEY ¢ & HFoR Jd.
wr2bx] GMSAT®] d|EA4do] 7Hdol #A vehd 43
(Fig. 2)2 o] AENA A= gEgFe] oS4 =3 =
RX7] wiEoletal & = 9ot

5. dlH 2= (SST)9| oM

s 25 o3 tiEe] ZAd WE ENSO
¢ 10D A& o]8-ste] A E T ENSO= 4=
229 #%z ]y AsFgor <l dojue
71% 74d AsHoE APF oz AHEH g 7]
o} vkt 9 o] S o EulA Y] UiR-E
%< HEAZItH(Horel and Wallace, 1981). A= 4
Azof =eEA] o, BA 7|17 S AT
718 wolr YA 7, B AR, BHE F
A ] ®is) AR e] Ve 5 Ed E o)
Aol 7|FA 2o H3lE dozith Edk ¢
S 3 AYHLE AUt U U= AY
(Boprlel B shite Ty A sfedx S v
A= Aoz dHA Jor ghiwe] w9} 7F o}
Egloe YEs Frhe dIATEC] UtHKang,
1998; Cha et al., 1999). WA ENSO9] ¢&42 &
oo} 715 dl&d 3 WS Ado] Qi)

ENSO¢] |42 Nino3.4 AX|4+E o] &&te] gk}
%t} Figure 4+= lead timeoll W2 GloSea52] hindcast
(W7 AL Zh A7l sdete #E AR (A
Al A ERSSTv3)S] AlAIGolth dApg 71 & o
Yxd 1997/982] 7% 2E lead timeol A 2+ 29
=, lead time?] F71ETE FHE 5= 73]
At vlE opSafol Sk 1998/999F 1999/002] 2F
Uke & mojgit). 20009 ©]F @AE tha 2
2719 AURELS lead time 27HA] #HE=3 v$ &
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Fig. 4. Time series of Nino3.4 index at each lead time from GloSea5 (red) and observation (black).
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Fig. 6. Same as Fig. 2 but only for the ACC of (a) AO, (b,c) summer monsoon and (d,e) winter monsoon indices. Months show
the given index is not much physically meaningful are shaded in gray.
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