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ABSTRACT

In this study, a physically-based statistical model was developed to predict the
summer (June-August) precipitation in the mid-latitude East Asian region. A
Multivariate Empirical Orthogonal Function (MEOF) model was used to build the
predictand, the East Asian summer monsoon. The four leading modes were used
to define the East Asia summer monsoon and as predictands of the prediction
model. The first two modes mainly represent a teleconnection forcing of Western
North Pacific Subtropical High (WNPSH) on the mid-latitude East Asia while the
rest represent the mid-latitude processes. The reconstructed data using four modes
explains 54% of the total variance.

Predictors for each mode were selected by a stepwise forward regression method.
Predictors were selected from sea level pressure, surface air temperature, sea
surface temperature, snow cover, and sea ice fields in winter and spring seasons.
The leading correlation maps between these leading variables and MEOF principle
components (PCs) were analyzed to find suitable predictors. Predictions were
conducted through a multiple regression method using these selected predictors
for verification of prediction. Hindcast data was generated through the 3-leave-out
cross-validation method. Hindcast data and observation precipitation are compared
and the correlation coefficients of these four modes are 0.79, 0.68, 0.82, and 0.64,
respectively. The predicted PCs and spatial patterns from observation were
reconstructed to generate the prediction spatial field of precipitation and the
Temporal Correlation Coefficients (TCC) in this domain between observation and

prediction fields were averaged (0.41).



The prediction spatial fields can give information in a smaller regional scale in
the given domain. The forecast skill from TCC over South Korea indicates moderate
value (0.40). However, the ground-truth Korean station precipitation observations
is inhomogeneous with the satellite observation data, which is used to build the
statistical prediction model. Thus, the Korean station precipitation data was
optimized using predicted PCs to reproduce the Korean precipitation in this prediction
model. The correlation coefficient between Korean station observation and predicted
precipitation is 0.38, which gives a way to utilize the East Asian summer monsoon

prediction model for local prediction.
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ot AT E S5 =7 715 7] s s 8s SHsHAl

A AP ARk 352 dl&ste] AAIA olYe A=Edh] A8l REEA] 2 ’5‘}1’/}
APEC Climate Center (APCC)E H|ESE We 3¢ 7|HofA= A- &= 95}
General Circulation Model (GCM)& ©]-&35fo] AR E AYAKSIT (o: KMAD, JMA2),
IRI9, BOMY). GOMo| Wrershuis] @) ARelZAnS ofe Hopoly] Aazoz
AFEEITL 9Lt HlEfollE GOMS M1 Aol FRHoR AdZo] Uolrlof @
Hieko|th SIA|YE A& 2o Q3 W o A3Ysl= %7] XA (initial condition)
o S 02k A5 Al & EUAS oI <2 27 el o) 4ol 3
wafo] 7]thel v 214 FIIT (Fan ot al. 2000). E3F W U] w5} BHo] =
el 2 AlAe] Aol AT e A A (Lim and Kim 2006), 7
2hA] GCMO] el 410] Wolx BAIS HAsl] Slsl GoM Ane] BAY A 2lE
S BEARS AFESH] BA RS BHEo] o7t AN O o2 B A
FUEolAE GOMS o188 9ok of =3t SAZ0] Waystel waislojo} airk
sHA 3Ho)7 Qltt (Anderson et al, 1999, DelSole and Shukla 2002).

Omhlﬂ

FRRzo] el A BAGNSE AdNZS I8 FUT SroluA,
GOMo| Werst AFe A 0] g P GoMe| Ed) Ty Bs
2 A BAASE ol A7 BESHE, ol ALkl s1ef Gome
2 FE ASAS St E5He AolE Uelo] 9lu, GOMAA] A o= A
2 Ao B8 1 BAAR ool 2 HE Uelol Sick
£3] Folo} olF E&e EAdZe] Qo] AFACR, Ien WA= T
T3 gl Hofoltk, ol GOMOIA g A o] lZAo] oA 719l
o 53] @5, U8, F3e T FIE Fohlote] ofF B A9 54
7.

e

ok

dotar, st meojA o&4de HEdhe ARl A= A (tropical forcing)
b Al A1 Aol wlsf o] ofHTh, oju] W2 AtollA ARG GCM

o

_ —
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1) 3t 7)4 (Korea Meteorological Administration)
2) AE 7|14 (Japan Meteorological Administration)
3) w]at A 71554 (International Research Institute of Climate and Society)

4) 55 7144 [Australian Government Bureau of Meteorology)
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< o]&3sto] FofAlol A F Eg dISdH Al AESH oY, % A YoAe] 9
=24 TrEE 4~ g9t (Wang et al, 2015), AA|=Z APCC—-MME (Multi Model

Ensemble) 744> 1-month—lead hindcast (1983—-2005%)2} YA 7|H o2 =
= 7} A& Global Precipitation Climatology Project (GPCP) v2 2 i}+9] A|7F
}2+ A4 (Temporal Correlation Coefficient; TCC) A =& HWH, £9%= FoFA|o}f
& [100°-150° B, 15°-50° N| B+t 0,220 Estc} (Fig. 1), WepA & o &
A dlEEE 271 fIs g3t B4 &40l & B U A9= A AEE
7HA et S0l A 2] ol F T ol &of AMESAY (Lee et al. 2015, Kwon and Lee
2014) BAACR d&4o] =2 QUA}F (e.g., Western North Pacific Subtropical
High)E oS3l o5 o]-83te] Fotrlof o545 MR g oS5t WHie

AR5 3L (Wang et al, 2013),
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Figure 1 Temporal correlation coefficient (TCC) maps between precipitation observation from

satellite, GPCP data and 1-month-lead hindcast MME (1985-2003). Spatially averaged TCCs is 0.22
in the mid-latitude East Asian region.
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= sk GolA IS5 e A tidol == 53t

AGE AAsHs | oS mvpgolct

2 AFoM = THE AFEeS ASUA (predictor) = 413l o]& A olst7] 9
A3 249 (empirical model)Q] &=°l t}HZF EOF (Multi—variate EOF;
= AMERITE s OS] 913 W= 850 hPa A| 913l (geopotential
height) S} 70 A48 MBS, 5 7P WA ALBT A o Bl ofsf
ABHE 4t oo} oS BYHOR Fus: oy] 9 EHSHE ASITE

7HH) ejgho A oot Bl Beld BAS olEAe] Zekly

;

SEAE=
ESE AdY Aol FotAlol EEeS o] T2 dSshet TS TAA
SIAAINE (Wang et al., 2013, Wang et al. 2008b), & AolA= AAZQ 7=
A&S H8l ArE AFA LR AEAA | ZFAIFITE ThHSF EOF #4192 o9&
Y= FokAloF A< [100°-150° E, 15°-50° N]O.2 A|SHgFo 2 7|2 Aol A
© T8 =R okd FE SYE S & ol JFHoR AFetEE 5t
At ASAAL] Aol sl A= 2 olA o A8 AsteS s17lch otAlo}
o] FEE 7 HEo| dsiAE 159 4 wAYS (mechanism) 3t A 37 4]
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ASAAE AT Folli= o] & dlSeth A A& ISRt BA AwE
o] g3l 27143 (autocorrelation), Tha 27| (multiple regression), oFd&1
(analog), A5 A (canonical correlation), A% YELZ (neurological network)
S WHog vl AlHe AgrE A= Zo|tt (Barnston et al, 1999, Lim
and Kim 2006), & A7tolA= ot A3 2]F (multiple linear regression) %
< ol&el A5 HdS FEG v A7 39 W BHA S A W
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HehEg ST 19T oS4 of
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ok WA= 7]Eolls L EA] FUE SHE A9 =24 e =
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forcing)o] AEE|IL ofof thgh A-+2] R4S A|7]8t%th (Gong and Ho 2003,
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2. 97 Xz H WY
2.1 97 X

EARYS TE37] S BE ARr} Bash 2 ageld FhaRs 2
=S 7|22 3t Global Precipitation Climatology Project (GPCP) v2.2 (Huffman
et al. 2011)& o|83}9tt t7] A== National Centers for Environmental
Prediction—Department of Energy (NCEP—DOE) reanalysis 2 (Kanamitsu et al.
2002, NCEP-DOE AMIP—II Reanalysis (R—2))& ©o]-&3}3ith a7, v,
Sk, A9alE, 2m-7]2 o] "7] Azolth s 2= s> Hadley
Centre A& (HadISST, Rayner et al, 2003)E ©]-85}9tt w9 ¢ A& National
Oceanic and Atmospheric Administration (NOAA) Climate Data Record (CDR)
oA Al-gdl= BHlt =59 W=A=E (Robinson et al, 1993, Brown and Robinson
2011)E o]-&s}3itt.

2.2 4y
2.2.1 SO0} 0iE==2| Hel

1 ATl A F9E BobAlof o SRl gk FE dlEabia wi), o=t
2 e chel SIeH ol9) B4 T el AT Bt Basols)
FopAlo} o2 ReS Holah tl ozl Wo] Ik, Wang et al, (2008b)o]4=
Sopalo} oﬂ%ﬁq 23S Holshe 7129 25744 A4S Table 1] Helgher
& 257HA] A5 242re] Ado| whet 5714 ZHE| e 2 U leh A WA ve ]
LB 9H Ajol'e) Sy PR BT ol Ao £4l2] 4
wIore] Aol 2 ojB e £Ee] JEe Auai) F s R A2 ijo]'y
S0 AWEn, B B X147) o] el nalo] Sekzt] 4 (200 hPa) 515
(850 hPa) thFHE| FAZFE] Alol= FotAof Ao =8l o] A2 Zfo]oflA 7]
Q15}7] wfjEof <=2] vl Alo] (vertical wind shear)2 239 s Aot}

Al HA] 7H|18]= 438 A]o] b= (horizontal shear vorticity) & & A4S



SHAAZRNE AAHE 0|88 2= SO0 HEZ2: S &

ottt =3 Alo] ot FAS B WY WSke (gradient) 2 F O3 A
Ao ot S A|9FSIH Wang and Fan (1999)> A o5 s
A5l7] 98 [5°—15° N, 90°~130° E] 2]219] 850 hPa EAJEOA] [22.5°-32.5°

N, 110°—140° E] ]2 9] 850 hPa EA|ZL wl ko2 o2 Holg it HA

BB oF=<zol et sl 71be] Aol = SAF] Wi Wk el Xfo|7t &

YA oled Helrh ARsekach W WA sHITEE WA B (southwest

monsoon)” AT HE 4 Qt] 515 BolAlo} B ulekge] 2718 24sto]

ol5 A3}t Aoltt, o= F& ofd] Fotalof X Ho] st T WA= e

%3]l <= (South China Sea monsoon) A]5=0|t}, FOFAJo} o EH <=0 Qlo]

00 B0l FRU REE ARGV W20 ol Sl Foof chgELe)

HER AGSH Folth, dEEE] BAS 515 AT ATl (outgoing

longwave radiation)?] g0 &2 Ao/ = dlil S A= (moist potential

vorticity) 2 A 2|5}7]%= 3t}

JIN’ EI1O o_L,

7\ze] AoAL o H% Bere] JolE oo 72 wBYE ol FSUA Wang
et al, (2008b) (&]7] AK€ W2008) [0°-50° NJ, [100°-140° E] A|H 9] 7<=, 3l
719, 850 hPad} 200 hPal| FA1F, d&-3ol MEOFE #-83l FotAloF A
2 | #Fot= 20 F7H4F PC (Principal Component) AlAES At o]7]A
MEOFS #§5Hs o] 433 PAg ¥ B ope g7k welgrozn & o
2= 917 A, sAA Agko] 2 7= AHA o Fakat

o2 % © A8Holet T 4 ATk MEOFS 9 92 POi= A Age o &
AT L Pe o, 7y 12 F WA peel, 7 Az 2-5= 3 WA PC

o Aydol 2%l Wb W20080]| 4= MEOF PC 1-27} of2] o= 7 oJF
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Figure 2 Percentage variances (%) explained by the first ten MEOF modes and the associated

unit standard deviation of the sampling errors.
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whebA u A HE7RA] ele o SHE e 54.6%5 AWETh Fig. 2v A&
107)] MEOF 9] percentage variance2} ©]2] sampling error®] ©¢] FFHX} (unit
standard deviation)S ¢4 UElH Ao|tl North et al. (1982)2] EOF ¥Zlof u}
2H o] agoA F WA HETA|= error bar?] WA FAMCE TE HES
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Figure 3 Map of TCCs between precipiation observation and reconstructed MEOF modes of
precipitation observation. Reconstruction is conducted using four leading modes. Averaged TCCs is

0.52 in East Asia.
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Figure 4 Spatially averaged TCCs between precipitation observation and reconstructed

precipitation using MEOF modes at x-axis in the mid-latitude East Asian region. 0.368 is the 95%
confidence level for 33 years [1979-2011]. As shown in Fig. 3, the averaged TCCs for 4" mode is

0.52.



| SAAENE AARE 0|88 2= SOMOF EZE oIEd &Y

EOF HEE oo ARgdh= 22 §2 A o4 S8 o= ou| gl JRE
ArYAtste] o &st7)of dlSAd ol &9 PAS ol ARo] AANE AAIZE o
Zo] ojYth= CWOI Uth. EOF 412 7|7ks ol BA A oJsti=rfo] upe} F1t o
1} pe7) ek ‘71 wfjzol] Akl whet g Efo] QLA 92 ZAFE 71
= A2 A A sk a4olnt, A & Ao AL oS
S H%o] Ta 7]xqs 94 717k 197920119 © 2 175kgle}, EOF 7]7tol 5§
X PCE 7] 984 2012-20141-2 1979-2011d 9] 7m0} 29w o] 1159 E
(eigenvector) o] 3 AE2] ohie2]E 9 (projection)ste] 3 51Fe] PCE +

A Agizol, Fotrot dEEaE d535h7] 218 MEOFE 483l 95<1At
7t = PCE EUh & dAFoA= o] PCE oS35t dlSHTE 27] fls) A%
aF 429 3] W (forward stepwise regression method)E ARG T (Wilks

2006). 3L x, y FEA NN AFEAE 7T 7P E= nfe] AR, [(x,
v, (X2, y2), ..., &, y)]E O|Fo HEo] 7 A2 =2 Ag] (vertical
difference, e)% 7}X]E§ ol gt AAS Aok WS etk o7|A =3 A
2] e5 ATl ESE Ao Ay o o] HHT = 91, x9} yo| Ay
Aol o) d&H yE —4‘3]?}3}.

y=a+bx (1

o] F4NA ARES TA= b= HHE F Qo] FAAS (regression

coefficient)EP Stal, x+= AISHPTE HAL y= dISAAT el ol AA A5

&5td, =2 T, bE Wil sto] A& xE ol 88 MER yE A5

—’F Sl Zlolth, thF 3= dS5Ha x7F o7 Jid A5 A2, o] if 7} A%
= A= =Y Zolofof it}

rE
i
e

AP A gL ofe] A A aﬂé— x FA Y £ BAS 2
B 5 e 2 Holulol B Jhe] A3HLE HYRCE, ABol dlelel 7]



of

& & F values 7H& ASHGHE AJZSte] o]} 23sto] thg 2AE S
PR & F valueZt S718k= 5HAQ1 dS5¥4E Zopdlitt, of7]A F values=
2t o] Alikgiet,

o MSR _ SSR/ K
MSE  SSE/(n—K—1)~
K=number of predictors, n=number of samples (2a)
ssr= 3 [yz)—y|" y= Y (w/n) (20)9)
=1 i=1
SSE= Y e} (20)0)

F value®] 2710 o= Aw glalr) Hel A0 AAE
YT o|EUA), x2 AHHoR AATTH (Wilks 2006), £ AFolAL F7)e] 7}
( 2 W3] 918 sample®] 10% HES] SR o|EUALE

717}0] of| ZQ1AH= =87 o]ojolsly| wjHol o Zx}E ARk Z12ke] thA| o

i

A AR AT o o 95%E FA de dS5dAtE Addskes skt
Tejate] AR QRS Zot oS4l THEQITh ZF PeO] FA SRS 2L 0] 9
d|&2A) 8 e 9O gZ o) A Asit) o Z01xE 2] 93t 3 WS A8

223 SE00| HE

o0 A5g 27| el Holx] AEat Sl e e Aastel T
29| (hindeast) AHRE AT o] w] FaA7IKE o] Z717k0] ZeomA et
= 2)7) BR9] HARLS 23] 915 A A% (cross—validated) WS 2
8319t} (Michaelsen 1987). A} AEL oS54 sH= A4S W Uoix] 2

5] SSRE Regression Sum of Squareds 2jw|gict.
6) SSEx= Sum of Squared Errors 2m|gic).



| SAARNE AARE 0|88 /= SOMAOF E=EE oIEd

oo

Jg

HEAA SAAR, bE Holfo] ofZaka
o83 NS

A} SHe A oSt SAA bE
ZqH RoPhE ot 2 QAToIAE S|l UK mAH o
HjA|Sl= (3—leave—out) =S AREITE

olo} Tjo] Fel7|tku} o 57|7to] A

FFE WA Y= 5YA ST a5t
=t o= 2012-2014 Wo|t}, o]= =Y Z o|Z7|7k0] ASH4E 2] 98
I{P

‘T

= O A3

= 1979-2011d0]1L, o] I SRHFE ARSI d5e

Bohs 7]7R 2012-2014
ojm|gtet, waha] 2012-2014WLS 39 7|7ko 2R e E B #o|al
HE L = Z ot}

i

a1, EOF 7]
oz H



3 B9IE SOl OS2AT st AU | 13

S¢ SO0} oiE2=1} HetX HFHLIS
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(a) JJA prcp mdi (b) JJA H850 md1
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(c) JJA PC model 24.3% [1979-2011]
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Figure 5 Spatial patterns of the first MEOF mode of the East Asian summer (a) precipitation
[mm day-1] and (b) 850-hPa geopotential height (GPH) anomalies [m]; and (c] the corresponding PC
time series (unitless). Seasonal mean anomalies from the climatological mean (June, July, and
August) are used. This mode explains 24.3% of the total variability. The period for MEOF calculation
is from 1979 to 2011 and the Principal Components after 2012 are obtained from the projections
of anomalies of precipitation and GPH onto the MEOF spatial patterns.
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Zolxjo} of2RES U= 3 ¥ig mEl 2HAM] 24 30,2 AwWsich 27t
e B et $%E SO0 (F= T e HE, dBHE THL

78572} 850 hPa ALk ®] FERSF = (dipole) HH S LERHH Zul/mo]
fr/8ko |- A4S 7Sl (Fig. 5a, b). A9]alE«w FofAlotolA AHEH oz =7
UeR=t 53] ofde A|HoflA] a17|9fo] uEhd o] Fig. 5a%t &2 4 diEeS
SOl dith, Fig, 5hoflA] A& oz a17]9fo] kAl UBlth= A9 Wang et al,
(2013) 0| A EAesgof o}ty 117|¢F (Western North Pacific Subtropical High;
WNPSH)< 4ot g9t A9 dA|sk=t|, WNPSH= ZRHAQl Fopilol Eas
QU 207 A=A APATAE HE 9 chRolT (Wang et al
2013, Miyasaka and Nakamura, 2005, Zhou and Yu, 2005). 3|, [0-50° N
100-140° E] A¥& FHORE Agies FYstUH Wang et al. (2013)0]4=
WNPSH®} FopAlo} o 50 0,922 7 WA S 7HS Hol5ith ®
Sk o] A|Y2 w2008 EFSIAE 7|22 FoRAof ofEE<L 5 “southwest
monsoon” 7} W BAE 7T}, weba] F9)% Fobiot #9] 7MY & HEA
= WNPSHO} UHgh dabdol = o 4= Stk

PC+= 7 (interannual) &2 2 A1\ (decadal) 7% HEAS E3st=d), 8
748t Ad HEAAL "ol 2000 toll = WEAJo| okaltirt 200991
FE oAl 5ol S & & k. SN E Aol EOF 7|7k
]_

=
AT £S5 POS ASiet

4

A WA mEo] Aok wAUSS AuEy] Hsf ot A of A A E]
7, O HETe) AL ofuTA PO 17} T HMAE ofele] SAlAS
A=g Folf AmEIT (Figs. 6 and 7). Fig. 6+ Z9F B #AZE =
850—hPa ~H< BEAF (moisture flux divergence)i} $~5<& of-Ud| &
relof 371 5e) 1Rlolch WNPSH Alelol iz 71 ity WAk} 3] 447} %
=), o= A% AF oieTE|et FHkEo] UEldTh TE]al o] H BEQl S9 =
Forilot Cgnt/Ho]f/ate] ) AL AetE =t o= EEY s Y AT AF
A A= ok, BAEE Y 5°-35° N A qof A= &AF2 T J5U Hake
7F =l ol AfjAgol A Yebge 7Rt arziete]l o3t =ghole}, wheba] 719k
ALt =, ol B B AkE o]l



S SOtAOL o=t s HFLIS

SOoFAlof Ao ofy el A fEof A AR ESE Aol UEh= 7]
WA A, oS ARIAL=S] Al A S Fig, 7o) B 159 R
&% v S]9] ME (regression vector) 3 7 YERRTE FokAloF X9
UEh = AAREAQ1 Fe 8k A9]altke= FotAlof Nkt e ef ANk ok
2 55 27190 AR S|t (Fig. 7a) sk A9 (Fig. 7b) A
A AeE S & 4 Qlek o] A7|E wheh 7|94 o] A7|=dl 53] A
He} Aup/vlo]f/ufel - Aol = FREANA AT ok=evt st o5
uhet R0 E/ito] ARt SRlmolA et Aul/Ho]f/8tol =
ot 7|} obxlof BF (AlHElof, Rk ol P E= ARt a7]]F Afelof
A st AAdolet sk A1) Zstel ghed A5 200 hPadAe A7 194 &
gho] WAYSEAL FopX|oL A5 AE 7|5 (et stream)= HEOR2 o] 53t} (Fig. Te).
S A=A A= MBS 7|42 S A2 = =S (barotropic)
5 Hlth

A9 Ao 7|2 sfrieote BATE vt (Fig. 8a). of2feh siof—i
7] A3 BAI= Wang et al. (2013)°f14] AA|s] A8 Hf At} WNPSHE| F%50]1A]
e FAZFel ) sl 27 SobAH AF=rh F A7) wiZel Aol ot
5717t Aot A WEske @)o] Eoleth ol Ak s 28 Hes W
A FAIAZI7] wigoll el =W &gl sid-ti7|Ztol FdHrt. e WNPSHE
A& A= sl 257 =7 FA4E ] AL, o]HT ¥ 2k BEE UEFTHA]
= & 7 Utk WNPSHOA & §5 ob=T2|7F s A o] A<
o} 52 BtARl "AS= oA WrE=t o2 s < (latent heat) W&ol <
=71 Wzl s ke w7 FAE Tk WNPSH
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Figure 6 Correlation coefficients maps between anomalies of (a) 850-hPa moisture divergences

(black contour] and the first MEOF PC; and (b) Regressed moisture flux (black vectors) at 850 hPa
on the first MEOF PC. Correlation coefficients for precipitation (shading) are also plotted together
in (a) and (b). A dry condition matches with moisture divergence and vice versa. The correlation
coefficient at 90% significant level is 0.3.

(b) H850 Qwnd JJA md1

D 7
Yreeen
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Corr,
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60E

Figure 7 Correlation coefficients maps between anomalies of (a) SLP (shading), precipitation
(black contour), (b) 850-hPa GPH (shading), (c] 200-hPa GPH (shading); and the first MEOF PC.
Regressed vectors of (b) horizontal moisture flux at 850 hPa and (c) horizontal wind at 200 hPa onto
the first MEOF PC are also plotted. The correlation coefficient at 90% significance level is 0.3.
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Figure 8 Correlation coefficients maps between anomalies of (a) SST [shading), 2m-temperature
(shading), precipitation (black contour]; (b) snow cover (shading), sea ice cover (shading), precipitation
(black contour); and the first MEOF PC. The correlation coefficient at 90% significance level is 0.3.
The surface temperature data consists of SST over the ocean and 2m-temperature over the land
area. In the same way, snow cover is only distributed over the land and sea ice is covered on the
ocean.
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850 hPa A|$]3LE0] FZHEIZSL 0] o] PC AlA|Golt}, 442] F7k HEo|A L A4S

ek, @5, YRS TP F9EoIAE S8t ohe)

Zo i Azt op
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47} ol o AL EOI—‘:«Eﬂ, FoIA 74 ohewel 2] gL Qi Ee)
A4 AR G e Yok
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go] Holt} (Fig. 10). WNPSHO||A] $=H-459] HW/#%OI HEAgel Lol A= dx/
G Te|7E AgstaL o] 8] B&£O 82 &) /58 ol

2:0] "UhAl/ A% ofra| 7} AR (tripole) FE|R '53*3%‘:}. o3l % =
AHe] BRI = oS ARLEE wet FAA R ] g3 Aolth, wekA,
A mEO] 79, WNPSH 2| 9]9] 7x/4=8<4 White] opieda|zt 73et A2 A ¥
A 29} Ao ZAstAN ofie T2 o] t2 2 71 &7|7}F thE N, o]o whel & 1Y
=2 AuiEs uEo] A7I7F gt s, 8/ "] tEA fEE

O
3
;L
d
1t

O

AAT GANA 345, 452 A9)Tm= e} vipgel s Fobrlol F9lwelAl 7
SPA| wrershs A7) shelo] glo] Melt} (Fig, 11), 53] w9j=olA] wershs 31
719k9] ot 3 WA G B Holx Aol FobAlol AESIFL kst

l

3L 7EE]= ARl Ao Helrh of2gh 19wl o] X]9jarwEe} 3] 24
2 AYwoflA sk WNPSHo|| oJgt ZAgo] g& Weko g HAulsh=d £2
AHE Aeshe Ao H]lth

FebAlo} B oA Lheh s SAere] 35 Aabw Uehhi) S9welA et
U= 3 (wave train) 9] Hgz 53] Fo500 = FoMAlotollA A7 &2
o] ZatEe Aom Btk 45 200 hPadA Uehs 91tk o] 392 Ding
and Wang (2005)oA4 A3 v} ¢J= EHEL circumglobal teleconnection (CGT)
she Fjo] 9lth. = CGTe| TRl 50|17, ofoh Tyl B Aol T M) mee
J&?ﬂ% &5 T ofAotoll A eS| %EJQX] gFot g7t 4zkal o o QAR
NHos Uehbs ofwuele] 9jX| A vl%ke] (Fig. 1 in Ding and
Wang, 2005) 0|43 FolA] selo] vehhz 214 wAUSS 4¥E 4 9
t}. Ding and Wang (2005)°] wt=2 F9roflA Yehthe 9taS BHbt o} 54 A
E 7]Ret #Eo Y AE 7§ ZAHNA v 52 %’4*0} 2<% (phase
locking)st 53] oJ5H 5 AHal=e] F WA EOFe} ‘ﬂ] ok ES 2ok
ol BZo|A Yeht= 91k ofiega]e] FAT CGT 52 AtatA| 7} 734
NIt Aol 2Rt uida 3 vg2 OGTE A, A&l & o= 2t 12
ol2 Q3 Fotrlol Eoll FF= 7IH 4= Stk webA] F9ike FotAof o
7 WA REoMs EEUE, A W] v duprt 2 A I
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SEAAE QE ofdt) HAHEBoFS] 213} (warming)7} Lt

4 390 5 MOMWL 78 73} (cooling) 7k LERd). (Fig. 120). 9% 5
obrlote] E WABE SR £HOR FFo| FHHUA WAL H7] B vt
e, o eblo} Rel S5 B Aol Uelhe s £
o= AXsto] BB we] AnGT (7]180] B FolHE 1Y FY, w2
AL A% @A), R s okl £ A mEte] ATt
7 vehbA] gRethFig, 12b).
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Figure 9 Same as Fig. 5 but for the second MEOF mode.
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Figure 10 Same as Fig. 6 but for the second mode.
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Figure 11 Same as Fig. 7 but for the second mode.
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Figure 12 Same as Fig. 8 but for the second mode.

3.3 Ml M 2E: 2S=35H X7|%, SEHEY AL} NAO

A WA BEL  Bate] 8 498 ARt o] REL JR G w7t
zzacﬂu H719tem o) 2ol 4t ¥ sielo]

O QB R, BRo|A] 4 ohwtelst GRS Wit (Fig. 13). EFF FotAlo} 3
: sk A7 QlolA] ol whet ATzl BAA Qe o2 <l
0494 @47} ol 9] Qe gl Wt Fig, 1809] POE 2

25

Tl o] UehA A=) gal #30] é@% (Fig. 14). o] &
C:
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A WA RESL ABBAS el HAT S ASIES 2838 B 4
7] oA UERIE 22 ©BAS & o S48 THE 5 U (Fig, 15), 2
Zovsfo} A QO SIS T GUHOR G5 AR oheel
U=t o] & w2t sgdo] JAAE T, sxta" oA Zprt wol Yehs X9 g
=, i g, 5 S5 TR, 53] o] HEQ] PCE = 71 A

S Ahmef 1 o HEHT) *o%ﬂr A7F ZA yepdt, ofof tisiM= 5% = A
T S F2ollA & o AAls] st itk ASolie o 59 o] &
ot g7t A 5E Fotro7A] U=t ol= A AFollA AtE vl Ql=tl o
AoF Sl oA e = NAO (North Atlantic Oscillation)9} W= wjjelx}
Aol Q) ( Lee and Seo 2013, Sung et al, 2006, Branstator 2002), AA| = 3f
Sl 2% AR AEolA NAOSH Bislo] AL Elo] Lk 22 2 4 9]

o)

ol

—

3 FYEHBYE A HoA a2 E ] Ago] Uefth=t FYEEY Y
ot AL Sl AR Wt EfEY ?ﬁﬂr H| el A oA et 2d3srt
e o] X HolA Aetgoll A ¢ 22 Uehds 179 Aot A0R B
O]E} SHBEEe FFolAs $aAEE el ol Eexkal 53] EE5E 4

oA Yeths 233 992 Lee and Seo (2013)0]A4] gH=to] % UPoﬂ %
o]
Al

J

u]x = BEH9F = (North Pacific Change; NPC)@} QFAfo] Hl|<=3]T),

Y REA e sl n A4 7] 559 AYtRE w71
Fx 35 AES G=3H} (Nakamura et al, 2004), 3t o] BEejgof mtl= g
B E5 e s wH Y, Y ke A2l Aol Sl A
& o Qlt} (Fig. 16b).
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obA SO, e selo)A Lents ZokEel drlde] dEen
o] 432, TiAjoke] A1 wEl, HejokolAe] LU= Lee and Seo (2013)0]4] 3
= kg &3t 4 9l Al 71X ojEuSelE AT, Lee and Seo (2013)%
s ks olsfaly] Sla) Folw AR ek Axslat o] Al WA we
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Figure 13 Same as Fig. 5 but for the third MEOF mode.
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Figure 14  Same as Fig. 6 but for the third mode.
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3.4 Yl WM 2E: SEfEY 17|10| Zs}

o A mEL F B 7.5%8 et Ui W] ekt xriel 9
BHoR A/ gatvt EAEke B3 Ao F-mio] Fe FE 49
9ok, R YR SEFelE otk EART (Fig, 17), FRE SR
SRR RS B QI Y HRAA 1719 o) 5849 2Tl 3
HEEA FEEol $HskT BTt FAR (Fig, 18), HEAGNNE F7 5
Fol FAHRA AgPelis DR Seokrlolelis ot FAEH A
¥l 7 mEst ull7bA R WNPSHER: A7} gl

B R R b e R R e x1 713k0] BEI} Ymow

x| 5hH A HFAIEI= HlEbRlo] Folajo} odoto 2 WAES Qo 7| WA Fta; 2
SHH R HHg has Quisi) sZo|AL Sy 171 ou B AZ Aol
73etE|AA FotAlob &S] 7l ThpbHA R ’“—4 9, Z5oF dAE

(i, 19, ol ol A} M) Sroz Pbmel S 44 ol e
e 1 e B 9k (Figs, 19, 20) ol71e] ebalo} el g
= 2Azo| 17|9ko] WAISETL §etAlo} AR BT Kol :7]ero] Aspc)
ol Bl mUe] Lutsler BAHo] F5ZA 17Iqto] BBt AOE 2
Ly e 9] Luse} FobAlo 4els 1 Azkylol ofu] ATE wl glck
(Wang et al. 2008a). olo] 3l o AT o] Basich v v BEE:
eglolu Baaks 2 w4l girk
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Figure 17  Same as Fig. 5 but for the fourth mode.
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Figure 18  Same as Fig. 6 but for the fourth mode.
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Figure 19 Same as Fig. 7 but for the fourth mode.
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Figure 20  Same as Fig. 8 but for the fourth mode.
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Figure 21 Leading correlation coefficient maps are calculated to find potential predictors
(atmospheric/oceanic variables] for predictand (first MEOF PC). Maps of correlation coefficients
between (a-c) SLP, (d-f) SST, 2m-temperature, (g-i) sea ice cover, snow cover and the first MEOF
PC. Bimonthly anomalies are averaged for every variables. The selected months of potential
predictors are January-February (left), March-April (center], and the tendency of two period (MA-JF)
(right). Selected predictors are presented as boxes.
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Table 1 Selected predictors for the 1st PC. potential predictors are 9 and selected are 4.
Red-colored predictors are for the independent prediction period [2012-2014].

Index Month Variable Area Note
1 JF SLP 180-300E, 0-60N EP ENSO
2 JF SST+T2m 180-360E, 20S-20N EP, Atl SST warming
3 MA SST+T2m 60-130E, 20-70N EA land cooling
4 MA SIC+snow 30-180E, 70-90N Arctic SIC loss
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Figure 22 Same as the Fig. 21 but for the second mode.

Table 2 Same as the table 1 but for the 2nd PC.

BON 1

20N
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Index Month Variable Area Note

1 MA SLP 240-300E, 20-40N NA cooling

2 MA SST+T2m 60-120E, 20S-10N |0 warming

3 MA SST+T2m 100-150E, 30-70N North EA warming
4 MA SIC+snow 0-40E, 30-60N EU snow

5 MA SIC+snow 100-140E, 30-60N EA north warming
6 MA SIC+snow 0-120E, 70-90N SIC warming

7 MA-JF SST+T2m 120-180E, 10-20N WP warming
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Figure 23~ Same as the Fig. 21 but for the third mode.

Table 3 Same as the table 1 but for the 3rd PC.

Index Month Variable Area Note
1 MA SLP 120-180E, 40-70N Okhotsk SLP low
2 MA SLP 240-330E, 10S-30N EP, ATL SLP low
3 JF SST+T2m 110-170E, 20S-20N WP SST cooling
4 MA SST+T2m 110-140E, 10-50N EA warming
5 MA SST+T2m 170-240E, 30-70N NP warming
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Figure 24  Same as the Fig. 21 but for the fourth mode.
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Table 4 Same as the Table 1 but for the fourth mode.
Index Month Variable Area Note

1 MA SLP 280-360E, 10-30N Atl SLP low
2 JF SST+T2m 30-140E, 20-60N Siberian cooling
3 MA-JF SST+T2m 60-130E, 30-70N Siberian warming
4 MA-JF SST+T2m 120-180E, 20S-20N WP SST warming
5 MA SIC+snow 20-100E, 50-90N North warming
6 MA SIC+snow 100-200E, 70-90N SIC loss
7 MA SIC+snow 70-110E, 20-50N ER Snow increase

ollAl S 2+ pCe ol

717kel AAE oS HaE ol-8-3l
PC =—0.08+ (0.73 X EPAtl warming) + (0.87 X ArcticSIC) +(—0.38 X EAT) (3a)
PCy =(1.41 < EAT) +(1.26 X WPSST) (3b)

PCy = —0.01 + (—1.04 X WPSST) + (0.77 X EAT) + (—0.38 X EPAtl SLP) (3c)

PC, = (1.18 X 9 SST) + (0.79 X EUsnow) + (0.20 < Sib T) (3d)
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AARE Ul AR PC 74 Z+2F 0,79, 0.68, 0,82, 12|l 0.640]t}, E3] A| ¥

PCO| A &4%50] 2|, o] 73t L E5=2T A7|¢to] HHRE o]E717] 2 &H 0
2 sk gl Ae® el

olEE PoE 7129 F L] Q2T T ANFFTUHL WE 5 Uk
Fig. 262 A2TS Bl WE 350 SN0 152 21749] AxjolA] A
WAL AES T8 |545S 4EW oIt Fig, 19] MMES} #252] A7)
A AES vlEHEE 24k ;




&t S¢= SOIAOF HE2= oiE

34 BAAEGE AAES 0|85

zas iz oS

A AAE HEPS v 0.400] ekt
o8z (Fig, 3) o|9} v

PABE o eh s A A B0 AR 0 521
AHS o) oS4 o] At
sh7] 18l sfdntre] SZmojer

o 458 1%

: ZApmo] 1 A

(Pattern Correlation Coefficient)’e FEFUIQIT} (Fig. 27). T=x|Zoj|A2] EOF
AzFFo R 7] RETIA] ARSFE o oS 5= Qs F o] s A e} ol &
CE ol 83lA AxF shols weol e AuATE 7 vluged, d5H ¥
2 3] vjal] AA| BolRA] gheg HojEr

pr s

i
g,

24.3% R=0.79
—— Observation

JJA PC model
T I T T T T I T T T l T T 1 T I T T T T I T 1 T T l T T 1T 7T I T T T T
<@
- ;
g — Prediction
S
[=
<C ¢
_3.0 B 1 I 1 1 | - I 1 11 1 I 1 1 1 1 I 1 1 - I 1 L1 1 I 1 1 | - I 1 1 1 1
1980 1985 1990 1995 2000 2005 2010 2015
YEAR
JJA PC mode2 14.4% R= 0.68
L e e e e e L e e o e e e e I L e e e o s
- A
fa]
£
o
f=
<
Soble by v v b v b v e b v v e b e by wa
1980 1985 1990 1995 2000 2005 2010 2015
YEAR
JJA PC mode3 8.4% R= 0.82
3.0 r [ 11t r|rrrrrrrrrrrrrrr 1| 11111171
>
fa]
£
<)
C
<
-3.0 L 1 I 1 | — I 1 1 L l L 11 1 I 1 1 11 I 111 L l L 11 1 I 1 L 11
1980 1985 1990 1995 2000 2005 2010 2015
YEAR
JJA PC mode4 7.5% R= 0.64
3.0 SN AL N L L Y N L Y N L L Y N L L B Y L BB B T T 7T
>
o]
£
<)
C >
< -1.
-3.0 1 I 1 1 | - I 1 11 1 I 1 1 1 1 I 1 1 11 I 1 L1 1 I 1 1 | - I 1 1 1 1
1980 1985 1990 1995 2000 2005 2010 2015
YEAR

Figure 25  PC of each mode from observation (black lines) and prediction (orange lines)
Diamonds (1979-2011) indicate cross-validated prediction and asterisks (2012-2014) are for the

independent prediction.
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JIA Prcp. Predicted MPCs vs. obs.
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Figure 26 Map of TCCs between predicted precipitation from reconstruction of MEOFs and
observed precipitation. Reconstruction is conducted using predicted PCs and spatial patterns of four
leading modes observation.
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Figure 27  Time series of pattern correlation coefficients between reconstruction precipitation
from leading four modes of MEOF of observation (black] and prediction (red); and real precipitation
in East Asian domain.
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Figure 28  (a) Monthly and (b) summer Korean precipitation from ground stations (black] and
satellite (GPCP) observations (red). The spatially averaged domain to present Korean area is [123.75°
-131.25° E, 33.75° -38.75° NI.
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Figure 29  Time series of Korean station precipitation from observation [black) and prediction

(red) are compared. The predicted PCs of East Asian summer monsoon are used to produce the
Korean station precipitation. Regressed Korea precipitation data from observation PCs (green) is also
plotted. The correlation coefficient between projected precipitation from regression and observation
is 0.41 (black and green lines). The correlation coefficient of predicted and observation of Korea
precipitation is 0.38 (black and red lines).
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