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ABSTRACT

This study develops a physical-empirical seasonal forecast model for the
northeastern Asian summer monsoon. Thorough this model, summer (June, July
and August) precipitation in mid-latitude East Asia is predicted. Mutivariate Empirical
Orthogonal Function analysis (MEOF) is adapted to define the summer monsoon.
The three leading MEOF modes from 850-hPa geopotential height and precipitation
represent the summer monsoon. The first mode represents the variation through
the western North Pacific subtropical high (WNPSH) in the mid-latitude East Asia.
The WNPSH is a prominent component in East Asia that could also affect the
mid-latitude area. The second mode represents the zonal wave transport of
geopotential height and surface temperature through the Eurasian Continent. The
northeastern Asian summer monsoon in the downstream region is influenced by
the zonal wave transport. The last mode represents the variation by dipole pattern
over the Okhotsk Sea and south side of Japan. Collectively, these three modes
account for a large portion of the variability of the northeastern Asian summer
monsoon.

The lead-lag correlations between principle component (PC) time series from
MEOF and surface variables (2-m temperature, sea level pressure) from observation
during winter and spring are analyzed to select predictors. In addition to this,
simultaneous correlations between PCs and summer prediction fields of 500-hPa
geopotential height, 850-hPa temperature, precipitation by APEC Climate Center
(APCC)-Multi model ensemble (MME) system are also examined. Through stepwise

regression function, two predictors are selected for each PC. These predictors reveal



the physical evolving processes of the northeastern Asian summer monsoon
separately.

Independent prediction is conducted from 1983 to 2005 through 1-leave—out
cross-validated strategy. During this period, the forecast skills for PCs are 0.76,
0.69, and 0.73, respectively. The predicted PCs and spatial patterns of MEOF are
reconstructed to make the spatial prediction fields of precipitation. The area averaged
prediction skill of the precipitation over mid-latitude East Asia in terms of temporal
correlation coefficient is 0.41, which shows moderate improvement of forecast skill
from that by only dynamical models (0.21).

Independent prediction is conducted from 2008 to 2016. Using the predicted PCs,
real-time forecast for Korea precipitation can be improved. The second and third
modes are closely related to August Korea precipitation: strong cyclonic flow over
the northeastern China brings a moisture flux convergence over Korea, and a strong
anticyclonic flow over the south of Japan draws a humid southerly wind over Korea.
Thus, the prediction of the northeastern Asian summer monsoon can be adapted

to the national-scale real-time forecast.
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1. M2

1. M2
FotAlo} ofSELL ciBA FobAol A st 5ol vl Folz WAL
g7] £8 BgoE SPAGe] W P45 fuh Foplor 4GS YAFos

AE A& BEE 59 AHIAR AT ESE AATZIS7IF+
(World Meteorological Organization; WMO)2] X402 AT 7|F ndS 29
£ "o E INAE R A A5 ARE PAiske AlEE(Global
Producing Centers; GPCs)x= 2It}. APEC (Asia Pacific Economic Cooperation)
Climate Center(APCCO)WY WMO Lead Center for Long-Range Forecast(LC-LRF)
M= shte] 7% Hdrnto] oty ofg] ot Bl Ags st ts 2
GFE(Multi-Model Ensemble; MME) 7|§E& &8st} AE A& AwE P4
T 3} o]#st MME 7|H< tlerst el 71o] E2Ao] BAE o Aol Hojut
9 HElEn foul olE Ao = 7IHY ¢ Atke ek ko7t Sl
et 22 A 7HolA Aibsks AE dS Ames A AT 71E HY, & 4%
rf=INes H}E‘r_i oh:} O}X]UP B2 A5t Hdlso] ddHo 2= APt 7|5k

S Bl %t g2 At A
H Atk %’31 E4% *171 Aol g= AEAE FEE BAds] s gt =d
o] F#]2](post-processing)7F Aot o]t Mz oo} REllo] OJE51A] okt
FEAoR oEsiy IA IE ARE HPFLE S dEsts A4 Sk
R 718 A di5olMe g8 2ol 53] I3 Bl diEA4do] AHies
W2 FAEY L= AHY 2k, Ay, E2F B0l & AEEH Utds
71% AR it A &o] 2kl &4yt 7143 7L, A5 A AS,

Climate Prediction Center® ENSO 9=).
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2 Aol st ®dlo] MME 7[Ho=m A AAFCcR p4e AR Sle
APCC-MMES} EA41% o= uS E3IF o7 o]85lo] Zofrjo} 2|AojA] ZQ3}

4 22 ASstaA et APCColAE= Hig oF 16719 HdE $3ste] MME
7IHeE AAEH, FEEH %, A5 A5 AmE AiRKhttp://www.apcc2l.
org/ser/outlook.do?lang=en). 20079HE g 37§19 APst= 500-hPa A9
1%, 850-hPa 7|, 79 94 oi"éi ARE ALY THMin et al., 2014).
2016¥ @M= ol=0l Hstod 370Y, &2 o7id Adst= e s, 2m-712 5
o] ¢ AE &S AR old H3ll APCColA+= uiE B4t== MME seto]
o= %5 29(hindcast) ES AFAste] oo Higt HE HEE AlSStrHhttp://

www.apcc21.org/ser/fore.do?lang=en).

g A0 g AE & ARE AL Q= A Q1 APCC-MME A=)l
A3 5AF o= WS FE3hH obg ol EgAo] B2 AE d ARE
oA dl&Ad3t oF Aol AFtiA

o =
0% ke FotAlol ofF 449 o2 H5e ol] SIg mBAl H ol

N

SAA 59 dutd e didE dEE o e AE dAHpredicton)E A
= | BAZE ol Al&E Aolgk 7H stoll thd-alS QA
TAE mlFol FFsk= Aolth. & AFolAE o] WHES 2-8stalAt gt vt
£ gisAolsitt sttt olE AAZ 7z d&
oA Hg&sk= WHL T8 Hal o]F FHs| Al Aol B4 A5 dilolt
2 AFoA= A B/S AmET ofye), Fot REoAE A QAE AR
(ol: APCC-MME 500-hPa A9 1%, 7<%, 850-hPa 7]&) A|AHS &3}
A& H52 Eolv YFoE AT, oS AAE APCC-MMEAE 2=
AL A5 Wp(predictand) oF QIR A|A AR ofye} gt Hdl of&%
X9 FA AHTAZA SAHLE S QAE GEF 5 UEF )
Ldlo] o& WHeTt HL oMot olE E&t wE Hehd A vl
StA dS&ols A S FoMot o Eadt A BE Amete] A At

WA gke A9o] o8t muold RS T AL UM HL AAHo] Hol

)
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1. M2, 3

2 AFofA Oﬂzﬁb—’—x} Sh= BOoMAol oE B2 A S ZEokolA= #¢-
oY 7R BX F Spo|th. APCC-MMEZ 9|53t oF Folilor (|9 %
A& l517] 93l Fig. 19] 9l& A% 7€ % 31491 TCC(Temporal Correlation
Coefficient)g AAISHATE vlw Al B4 #H= A== Global Precipitation
climatology Project(GPCP) v.2.2(Huffman et al., 2011)°|t}. Fig. 1= 53} o]
AY al&/do] mf F2 A & & AT o= HolA 7IEsigiRe] g BEoA
A& deol B2 FAE AFo] AASHIE skal, ofF Hpstrt At HA
B i =go] xgEo] 7] WiZol7|® st Halg o] A :’S‘Zl B TCCE
0.2182 Fugt AS44S 71T & QIt}. ESE ForAof ofF 4= A4 B4
o] 7st7] Wzl EAFLRE o] S HEote A I Fl L2 0}‘4‘:]'. 1A
ojm] W AN A HPFH 71T RES o]83to] FoFAoF oF ES dlST)
Roy diFer FHE AQoA9 EZr2 A= AL d&dE EHT
T UAHWang et al., 2015). 1A S 7€) P2 8] g3t 2L &4
o] & H U2 A= A FEHE AEsto] FAE A9 g dSdte Ve
N7 = 5FAtHLee et al.,, 2015; Kwon and Lee, 2014).

114 Prep. MME vs. obs
TCC=D 22

,.,..’ "
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Figure 1 Temporal correlation coefficient map of precipitation from APCC-MME and observation
(GPCP v.2). Summer mean during 1983-2005 period is used. Area—averaged TCC in the Northeast

Asia is 0.22.
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2 AFoME S, T, & TY AHHLE FAE AH9] oF Ew= A5
sh7] sl s A9 Zws AMEo] Aosint. /i or s, SH:
BOMAoL A Y ES AFostr] fIste] 850-hPa A9 1k} 45 thHE BHA
AW g=(Multi-variate empirical orthogonal function; MEOF)Z Zo{yjo] o]9]
principal component(PO)E & HLE ARITE o= oE ELof o5 WA=
A4 B ohet 4% BAFS QSlEon Muste A9 MEs TeROR 4%
of BT B HIS o= W] TFH] ANHoIHARAL, 2015). Fotalop

off Bre JlEHoR ot g waAR Attty w3e] Wale WA
who] 71E ATFNME Bobilo} olF B Hostidl FE 2BHS FLA
GAT B AL B dlxe] Y gL Aoh 442 AR % W
ol ZRSIYT. oIS B AL [100-150E, 15-50NIo]e}. o5 W42 Holat
Lol Ghat AR HEe 2geA, AL 3ol o HEstes skl
A o2 Aol A o2 9, o]F o83 WA, ol At o2
H AZS gl JI&titt, AgHoe Anun, A2 A5 35 w9 A4us

ikste] ARl A5 3A F 7IHCE Yol skt A ¥iAl= APCC-MME
9] retrospective forecast 7]7H1983-2005]0]1l, & WA+ real-time forecast
717t [2008-2015]0]t}. retrospective forecast 7|7to] 11gsto] o= thAkQl Fof
Alo} oF &2 MEOF 4% &3l Aot oS RS 2= IS 3571
izl ©] 7|72 MEOF &40 Hisf, o& QAE 2= 2ol dish Bl= 2ol
ok FojARkE FdiRt Hsh] sl dE WAAE A= BEolM= 1-leave-
out cross validation= SFTt. TetA] real-time forecast 7171f| thsljA= MEOF
A0 dis], A& RS e I Hs =HAQ S AL de 5 A
J1EAL o R A dEol &8 4 Stk RIS A2 4894 sl

B 170 BRE FIE Boboh Ao J2F 750 A F2 alZolct. o
s 4A ¥E Ag, 5 9o 2@ APCC-MMEES &&sto] 224-%d
A5 2 skt

L
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2. 3 Xz R U
21 8¢ =
211 T5 Xz

A& i SorAor AF =2 A5 AsiAs #S AmE ARSI
ol s 850-hPa A 1=t == A7} BRsIh Hi7] A&E= National
Centers for Environmental Prediction-Department of Energy(NCEP-DOE)
reanalysis 2(R2)(Kanamitsu et al., 2002)&, 4% ARwes F2 JHTES 7|22
3t Global Precipitation climatology Project(GPCP) v.2.2(Huffman et al., 2011)
= ARSI F Atm BF 91 5ol s HUd 197997 E Amrt il

FAZHA AL FHolE Hal .

T B Ame oS e A JUBAL :
= A7 f8l ALbstdoh BE A=A Y dE A= AL Y #H 72
(2-m air temperature)™ sfH 7% (sea level pressure)S ©]8&3}. F L

NCEP-DOE R20j|A] $&3}3ict.

2.1.2 gt 2A A=

% AR E o2 EAE= APCC-MME°|th. APCC-MMEE 1983WHE 2005
WU7ZHA] 23 59t9] thE Rdl ZE9] retrospective forecast AF&7F ATt 2007¢
FE 9¥9RE 37iE AdPsk= Y real-time forecastE AlZoto] Ao o]=2 11
UAHMin et al., 2014). ==bA 2008WHE 20169 74 9d &9 oE5F
real-time forecast® &EE = o} W= 500-hPa A9 1%, 7<=, 850-hPa
7120tk A= 2-m 712, SiH VI, sied =29 ¥ oq&dE A4t
Ao, o]= 2012WRE AlFsle] AI3E 4 = real-time forecast®] 7|7+
SH7t golokx] Ghob ARttt webi APCC-MMEE Al 7HA] ®igeol disf 1)
retrospective & 7]7H1983-2005], 2) real-time 9= 7]7H2008-2015]°] AR&
=g
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2.2 SO0t 015 2=2] 2

£ A7 & e S SolAlol o} Eeko] ofat Z4olt. Foplo} of
1

5 25 AYshs tle o2 ol gl Wang et al.(2008)9] 1] & A==
o] Qlt}. o] Aol oJshH hREL] F B Hol: £3bgo] Hra Holsh=t|
HMEHOF Foprlol HALoARE FA=/A] ue- W FE o] Adg 2
Stk whEkA] 7&—’?7} T3 HsAo] 2 MYEoAQ EXo] o o] EEUA F,
32 QRS ;s 20y Ao ol ARl F#F 2 9tk E3F 720
A Z9] FHo] 214?1;, olg HHPHoz ol & S AM=2o] FAT "art

CHARA, 2015). wEpAl S99%= BoRAlol A9l [15-50N, 100-150E19]
850-hPa A9 iL%=e} <o MEOF #42 285l o|9] PCE A& W= A%k
o} 7Z4=e} 850-hPa A9 1= o5d BH(une-July-August)ghe A5
ZE W vig 7153k vl o] (anomaly)olth

s

A712015) HAAAE 850 hPa A9 =9} 4o MEOFE 2-&35to] &of
Aot o Eg Aootloy, & AfolAE oA AtoAls thEA MEOF ¥
& 7|7t0][1983-2005]°|t}. o]= APCC-MMEQ] &% retrospective 7]7H1983-
20051 714 R A7) YefiAeltt. Z RE9] 850-hPa A9 =9 F49] &
2k siE, PColl gt siA2 3704 AAIS] shESE SHlh

2.3 Gi= B
231 HH OIF IRt 4

WA ARSERRO], FoMAo oE &2 dS3s] fdl dIS W= 850-hPa
A9 A=t 49 MEOF®] PCE0°[t. o] A& ¥asS dlSsthr] fgt dl& ARt
o FHIZ A7) A3 4 AALY IAAR, w) ¥5 A= s 7Y, 2-m 7]
2310 A|A AHEA, J83 APCC-MME hindcast At&, 500-hPa A9 1%,
850-hPa 71, Z352t9] SA1(018) AAE oottt XA A= o84
2 PCoF 72 #S ¥HP9 AS(1-29), #(3-4%), 1¥A ASoA Fo=E9
tendency(E-A2) oh=delo AHIAE ouigch &, (1) 1-29 olxdelel B4t



(2) 3-44 of=Ed 9] B+, 18 (3) tendencyw= (2)°14 (1) W ofi=]o|ct,
SA ABIAE o15E & PCo 59 di&d g5t ndlo] of5d B &%
FAE Yuisith. wEbA F 979 ohedE] FtollA A A=

Utk FZF fEHoA DS 5 e S AR FHFE Table 10 A3

TE Jdo
= =

Table 1 A candidate group for potential predictors from spatial pattern
Observation 1. JF SLP 2. MA SLP 3. MA-JF SLP
Observation 4. JF T2m 5 MA T2m 6. MA-JF T2m
Dynamical model 7. JJA 500-hPa GPH ?e'mp.JJA 850-hPa 9. JJA precipitation
oA7]oA S 71T 2-m EH 29 Ad AAHEAE A G5 A=
ARERE A2 S 2oy Mk 22 3 FA 270l A R ATEA A
EHUAM AE RO B7] Haht =50 HEAH 4F B AAES I9Rg -
o o

NE £A4o] Q17] W&Eo|tk(Charney and Shukla, 1981). 0|83t £ 0=
Wang et al.(2013), Lee and Seo(2013), Yim et al.(2014)9} A2 2 =F

AL S 7P A A A A SRR ARGE IR 9ot mde
ofg] HpgE SA| AHHAE FA ASAAE AR A2 HIo|ojAS 7RIl ofF
=5 dSshe A¢ 1 B4 ] sto] A& QAR ARMESH| -?4?:01‘_4'- 5 x4

o

Z18]31 olo] Hsf sorAloF oF YF TS oL LA QAL BN 5
ALofA oA FQ5H YERG= A4, North Atlantic Oscillation(NAO),
Pacific North America(PNA)9] X 434 T3 FEFo 2 A3t Lee and
Seo, 2013; Sung et al., 2006; Wang and Fu, 2000). =, thA] Tof, AL &4
9] 7]—;‘?— Aot o5 Z& Aot AHHAE ALtsto]l FA S A o7 E
2. ol YA HEG XY A 7% 270l AF FobAlof Ao A
Aog JF= 71E & Ath= 7S TE Aot 7% ApoA 2 5 s CS

ALY THFELZ Table 20| A3t o]& 7]¥ A= National Oceanic and

Atmospheric Administration/Climate Prediction Center 4 23t A& AUt

re



I APCC-MMEE 0[8% SSO0MI0F iS22 =21-88 A2 0F 28 T

(fttp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/tele_index.nh). °l&< &
Aokl ZFStEA 42 di7] &gl R F 52 2 7] A&EE S8R5
2 S A48kt Zolek. Jy¥kt 20-90N 500-hPa A9 1% A5k Hado]
Rotated Principal Component Analysis(RPCA) 7|H& Z-83lo] o] 7|& ALES
d=d|(Barnston and Livezey, 1987), 7L & NAO2} PNA+= WA F} efg o]

A
2931 Uehhs WEol3 712 o)Al Fobilel A% 715 WEw o] gt

T g %A Yol AT,

p

Table 2 A candidate group for potential predictors from climate indices.
Observation 1. JF NAO 2. MA NAO 3. MA-JF NAO
Observation 4. JF PNA 5 MA PNA 6. MA-JF PNA
ts e 449 ABEA A=A A7t w2 Aoy 715 A F HA
o2 AAE AR Aolth AUBA ARolHE A5t £ A9 F2 B
AALE A A5 A= Aok WA dlE QAR et g 21 WEshE
= AAstant. 1) €8 =8 gokd ARl B8 AE 18, 2) 33t mEolA
HA dlS A ARE die ABEATT 2 AH9] Hol7l AgHor =tEo]
UA] QAL o= A Wolof 3Kl FoFAlor A, FHIBY A= A|9), 3) AA o
4 BT £ PCY $A| AWEAVT 1L, o8 A AWEAY 9ot Kdo]
FABH Adshks 3% olE FAl A5 AR AT g 501, FoMor AF
== 52 S99 HEY A=AY At w2 AWEAE Hela, o] AT 9
of mdojA & HojEo] ofFd T HIEYG A=A At B2 A SHEAE
H o o] AHe| F=E 3 st AAEE HYstL ole FAl Al A=
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232 KF 2R} 9

Zk PCo A AE e A d3¥ 39 WH(forward stepwise
regression method& AA A& AR AAsFATHWilks, 2006). A} 253

39 HHE o] A AF QAR FolA AF HEE 7P & dEckes 2% TE
o= HET o AF 7% S0 de 2ol= WY F stHeltHARA],
2015). o] 39 WA ofg] 7je A Gl AAE oW I F 7FY =2 A9

Z5h

82 THEE 2 /19 dF dAE AFSHER 3}93\‘:} ol= 34 4‘41
(over-fitting)& HAI5H7] 9l ME521(234) 10% F=R 2 7i= g7t Zolch
Jol7] s 22| dAlolA AE71=19] AaBATL
A 942 At AEsteR Stk oS A #7] #'t
ZHtraining period)< 1983-20054°|tt. SAFo 7 2
IS ARt digt =84 A 47804 7estes sHl

£
)

e
o,
>
1o
i
jiALA
filo
H
ON

o
s
ol
o
>
1o
Fob
r
j
()

qd= 7leZ A3 sl = EY(hindcast) AEE Aottt &2 A4
o ol QS olgsh thet e A 87 WAS A9 Sgu
y=a+ bz, + byx,. 1

o] BgAloflA o& g2 Fotrlol ofF £4:9] PC, yoli, et yE AW, 1), 7,
= WolA ANEF 238 A HHOE AAN AS A 270, by, b= AlS AR
] TAE A¥ske 319 A<(regression coefficient)e]tt. o] WHYAE
S 9] Rt7 5 AYAsh=t|, retrospective 9= 7|7t [1983-2005]
2333} real-time & 717k [2008-2016] 9¥ &4 328 wHHs3lct
ol e Ao A2 H3hr] Hs) 1894 w24
o= &9 7174 A 717E viAIskE 1-leave-out WA HS(cross-validated)
W A85FAtHMichaelsen, 1987). & 1983d9] 5o} olF &&= IS5
131 1984-2005¢ 22€9] AAES o83l 3 Al by, b,E FIL olE 4 (1)

HA retrospective & 7]

X



1 APCC-MMEE 0|83 SSO0MI0F tiE2s =288 AE tE 28 i

sl 198399 o3F 29 PCE St oA AleE 2= W42 ts 4
()< &t

Y=a+bX, +bX, +e. 2

=

oj7]A v 1984-2005499] PC, X, X,= 1984-20054 717t Z+ dfj& Q1&}9] A
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Figure 2 Spatial patterns of (a) 850-hPa geopotential height [m] and (b) precipitation [mm
month-1] of the first MEOF mode of the East Asian summer monsoon in the mid-latitude; and (c)
the corresponding PC time series (unitless). Seasonal anomalies from the climatological mean (June,
July and August) are used. 24.2% of the total variance is explained by this mode. [1983-2005] is the
target period of the MEOF analysis and [1979-2015] period is also analyzed for comparison. Shading
indicate the basis function for the [1983-2005] period and white contour lines are for the [1979-2015]
period in the spatial patterns. Black line is for the period of 1983-2005, diamond symbols indicate
the dependent PCs and asterisk symbols are projected values of anomalies on the basis function of
[1983-2005], so these are independent PCs. Gray line represent MEOF PCs calculated for the period
of [1979-2015]. This mode explains the variability of the western North Pacific Subtropical High.period
in the spatial patterns. Black line is for the period of 1983-2005, diamond symbols indicate the
dependent PCs and asterisk symbols are projected values of anomalies on the basis function of
[1983-2005], so these are independent PCs. Gray line represent MEOF PCs calculated for the period
of [1979-2015]. This mode explains the variability of the western North Pacific Subtropical High.
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Figure 3 Correlation coefficient maps between the first PC and the (a) 850-hPa geopotential
height, (b) 500-hPa geopotential height, (c) 2-m air temperature and (d) precipitation summer-mean
anomalies. (d) Regressed vectors of 850-hPa wind during summer on the first PC is also plotted
with the precipitation pattern. White contours indicate the 95% significance level, 0.45. Tripole
patterns of geopotential height, surface temperature, and precipitation are prominent in the spatial
patterns commonly.

otdd] FA EHYF AHo|AY] -2k HHY 282 Wang et al.(2013)9]4]

AAE] Aol g, okde) A HB Aol Al A7) st

o W BA B A7I4 AE WHolMe B 227 BA FAE Sl
AE ol &7t TSk o] A9 AF ButFe FAS0)] Wl AE AL bt

Zo] ¢ 7siA "t o]z 2l s

o e i HE Fast



S A HA HEo] oot QEFo] sieH 2Rt A7}
At A WA EE?J FH 2504 A=Y X999 2= WA fA=HEH, o=
% ( %) 7ok o] e WEo] @dstHA 5k 2
7} Yol 31 olE ok} o1k JHOJAL tE TEo] ok 7t oksle) v =
=l 1—.—‘51 At ME ofeTEo FHOoRRE BF ofk
SHAA =7t it &, A=golMY HiF 52 FEor

=)
H
R
>
18
)
X
2

Aloko] =8 /dbikat AAtE]o] YERdth Yang et al.(2007)014E Ay} whgdst
& o|59 oEHE Qxd9 27t ZoiX|al, YHEEso] &4 Matsuno-Gill

type pattern® & Holr|o} 17| 35t A Eo] ZAefA BA HEF od
A oA FiH oz 117]Yo] }-@POP@ ofdd] FoMo} 2 FSAT|AL AE
AA WA she HMAUSS AHstnt. WEhA Fig. 2004 % A F-EAEE G-
Sopxlol 23T} B L%, 440 Ao BAS 7 2ATY AR A
otk

32 F W BE: I9T IS O}

T 9 Ht= S9N ne9 Anel IsE HEolth Figo 4ol F R HES
loading vector, 850-hPa A9 1=} 73=9] el 18|31 PCE ¢/ YerY,
o] K= AA WEAHY 15.4%5 Attt REA= MEOF £49] 7|7+
[1983-2005]°]2(shading, H2 4D, °lE ®luwspr] 943 [1979-201541717F
(white contour, 34 A)S 7 4 13 :ET_E}
A FEHAA Yedes A2 SHA% A A9
SER AolA A9 1=9] WEAo]l ZA yehdth A9 1=oA 29 HAPrF
B UdEts A9ollMe 57 Bl AstA vehual, JiFos o] Hat
7F Uettbe A9 Adxsie gt daee S5 Hibs AfEolA ¥HEsAdo] 2
Al yeRdtt.



16 | APCC-MMES 0[g3t SS0IM0F 0S2e 2223 A oS 28 Ity

(b)Prcp. md2

AR
”
(c) JJAPC md2 15.4% [1983-2005]
3'()I|IIII|IIII|IIII|IIIIIIIIIlIIIIIIIIIl
> 1.5
[4»]
£ 00
<
-1.5
-3.0-||||||||||||||||||||||||||||||| |||||-
1980 1985 1990 1995 2000 2005 2010 2015
Figure 4 Same with the Fig. 1 but for the second mode. The second mode occupies about 15.4%

of the total variance. This mode explains the wave transport over the mid-latitude areas in East Asia.
According the differences between two targeted period for MEOF analysis, this second mode is quite
dependent on the analysis period.

rE

A BT PC= MEOF £49] 7|7to] we} Fd¥sAdol 3 Zehx|=t,
HA HEll= gds] thE Folot. £3] 2000 st F PC7F 2t
33t s B gt G 59 ofedE 9] ofFu 9= F VIS &
o] fAFSHARE, E3] [1979-20154] 7I7tell= SAE = SfgellA] sotAlof

o

S
A
)

]

Z

pei]

5 3] A9 1o w5 At T2ob o FoAL B4 P ofdr Ao
A9 19 WEAol FHhAk Wetd BA B ot 1] g Y
nkE sk 27h 200082 71HOR ste] ZeAT 7120l WEAe] Wakt 919l
o

X
X
2
&

% 9l

d
i



3. = SOI0F KIS

i

(a) H850 md2 JJA (b) H500 md2 JUA

205 - | T |
60E 120E 180 120W 60OW 0 60E 120E 180 120w 6OW O
R R
-0.75-0.45-0.15 0.15 0.45 0.75 -0.75-0.45-0.15 0.15 0.45 0.75
SON (d) Prec md2 JJA
(¢) T2m md2 JUA == . ::{g!'.‘.h':::;"
40N PN
PO - "l - X T SN\ S @ L YI AT IR
0 60E 120E 180 120W G6OW 0 o L T A e =
R ENET T 1T T T 90E 150E 180
-0.75-0.45-0.15 0.15 0.45 0.75 R ST T T T T T F
~0.75-0.45-0.15 0.15 0.45 0.75 _3,.
Figure 5 Same as the Figure 3 but for the second mode. Zonal wave transport patterns over

the mid-latitudinal Eurasian Continent in geopotential height and 2-m temperature are important
in this mode.

T AR 2o Aohy 25 d7] Hsl A9 1=, 2-m 712, Ao AEEA
AEE Fig. 59 YEFHRAL. loading vectorolAl UYEltE = & WA A7
< =9 A AR A7I99] gFEolLL o= Sk, ASolA EE yERdth
(Fig. 5a, 5b). 53] ATolAe F=lor tige] S99 A9& w2t uhao] Auprt
FEHAA UEHLL o]AZ FEfAlor R #H 2&golA S-%-5 Fdo] U
Bl AE $eo] A

Ao A Yehds B4 kY] ohs Auk= Ding and Wang(2005)°14
ALAE EHRE Circumglobal teleconnecition(CGT)¥ H2 Zo| JcHA-GA,
2015). Ding and Wang(2005)° 2% =04 Yeh= 9] Hif= S5kt
oFd AE 7|79 &0t A AFZH s JFE vl gut, 7|&Eo] AFEHSd
9 CCT= Qe £¢0] A e 5XO] tii &5o] 8%t 7|7 g2 SHEU=
o, 2 A9 F ¥ HEs S9E A99 vt el Q1 A9 tiF &
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Figure 6 Same as the Figure 2, but for the third mode. The third mode. This mode represents
the importance of the dipole pattern over the south of Japan and Okhotsk Sea in the low-level
geopotential height field. This mode explains 11.0% of the total variance of East Asian summer
monsoon.
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Figure 7 Same as the Figure 3, but for the third mode.
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Figure 8 PCs of MEOF analysis of sea level pressure and precipitation from observation
(NCEP/DOE R2). PCs of (a) the first mode, (b) the second mode, and (c) the third mode. The target
period of MEOF analysis is [1983-2005], and the rest of PCs are projected values of anomalies of
both variables on the corresponding PCs.
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Figure 9 PCs of MEOF analysis of SLP and precipitation from APCC-MME (black) and
observation (grey). PCs of (a) the first mode, (b) the second mode, and (c) the third mode. Only the
first mode from the APCC-MME is similar to that from the observation.
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Figure 10 Lead-lag correlation maps of (upper) SLP, (middle) 2m-temperature from observation
on the first PC. (left) January-February, (center) March—April mean anomalies of variables are used.
(right) Tendency from winter (JF) to spring (MA) anomalies of variables are also used. Simultaneous
correlation maps (bottom) of (g) 500-hPa geopotential height, (h) 850-hPa temperature, and ()
precipitation on the first PC. Yellow—green box present the potential predictors and red box represent
the selected predictors.
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Figure 11 Same as the Figure 10 but for the second mode.
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Table 3 Selected predictors for each PC.
Time Variable Region
JJA MME precipitation East Asia
1 mode
MA PNA
MA SLP East Asia
2" mode :
MA-JF 2m Eurasia
. MA-JF SLP Okhotsk Sea
3 mode — -
JJA MME precipitation Central Pacific
(a) SLP JF m3 (b) SLP MA m3 (c) SLP MA—JF m3 R
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= a7 P . 0.45
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-0.15
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Figure 12 Same as the Figure 10 but for the third mode.
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Figure 13 PCs from observation (black) and prediction (orange). The dependent period
(1983-2005) from EOF analysis is represented by diamond symbol. This period has common hindcast
among multiple APCC climate models. The hindcast data is 1-leave—out cross-validated. The
independent period (2008-2016) from EOF analysis and regression is presented by asterisk symbol.
The correlation coefficient skills of the PCs during 1983-2005 are 0.76 (1st), 0.69 (2nd), and 0.73 (3rd),

respectively.
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Figure 14 TCC of precipitation between observation (GPCP v.2) and prediction. predicted spatial
pattern obtained from a reconstruction of MEOF loading vectors of precipitation and PCs.
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Table 4 Correlation coefficient of Korea precipitation between observation and each predicted
PC during (a) 1983-2005. Asterisk means that the value is significant at 85% confidence level (0.32).
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real-time forecast 7171l (b) 717+ (a) 717F} S&HOA|oF ofF &9 £40|
GEHA| 1L AISA4o] Wolx]7|& sto] o] 7|7t gt Areke] A= (a) 71N
gZHAt} o]E Table 59 Aottt
Table 5 Correlation coefficient of Korea precipitation between observation and each predicted
PC during (b) 2008-2015. Asterisk means that the value is significant at 85% confidence level (0.58).
62 78 g2
PC1 044 0.03 0.28
PC2 0.17 0.09 0.87*
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Table 15 Precipitation ratio to normal precipitation at August 2016. Korea peninsula precipitation ratio

was below 50% at this time.
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