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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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ABSTRACT

The impact of convective activity in the western tropical Pacific on rainfall over East Asia is
investigated to develop a statistical and empirical method using the inter-relationship between
western Pacific convection and rainfall variance in East Asia. We examine the prediction skill
of the reconstructed summer rainfall over the East Asian region by applying the developed method
to the individual models and multi-model ensemble (MME).

The model data used in this diagnostic study consists of seasonal retrospective forecasts for
the 23-year period (1983-2005) from the seven operational coupled forecast models of the
Asia-Pacific Economic Cooperation (APEC]) Climate Center (APCC). National Centers for
Environmental Prediction (NCEP)-Department of Energy (DOE) Reanalysis 2, Climate Prediction
Center (CPC) Merged Analysis of Precipitation (CMAP) and NOAA Optimum Interpolation (Ol) Sea
Surface Temperature (SST) V2 are used for the same period as observational data. The target
season is summer (June-August).

The East Asian summer monsoon region is subject to complex variability and spatial and temporal
structures, and is not only influenced by climate variations originating in the tropics, but also
by those from mid-latitudes. In this study, for the boreal summer, lower-tropospheric circulation
anomalies over the western tropical Pacific affect moisture transport into East Asia and thus
have an important role in influencing precipitation in East Asia. Given this relationship, we try
to overcome the limitations of dynamical model prediction for summer precipitation in East Asia.

We examine the characteristics of convection in the western Pacific affecting the East Asian
monsoon rainfall. We found two types of distinct structure patterns in the western tropical Pacific.
It is noteworthy that the first and second patterns are related to EL Nino—Southern Oscillation
(ENSQ) developing and decaying mode, respectively. Normalized Maritime continent-western
tropical Pacific Indices (MPIs), as the major influences on the East Asian summer rainfall, are
developed using two distinct western Pacific convection related patterns. We investigate the
inter-relationship, in terms of teleconnection pattern for precipitation, atmospheric low-level wind,
500 hPa geopotential height, and sea level pressure to assess the possible use of the developed
MPIs. As a result, we find teleconnection patterns with a meridional tripole structure for each
variable, confirming the suitability of the MPIs in representing the East Asian summer monsoon
variability. These patterns remind us of the well-known Pacific-Japan (PJ) and East Asia/Pacific
(EAP) teleconnection patterns. Based on these results, it turns out that MPIs are a significantly
useful predictor for precipitation prediction in the East Asia region. We also find that the regressed
precipitation on MPls and the interannual variability of MPIs have a statistically significant and
strong correlation with the pattern and variability of observed precipitation over East Asia.

In this study, we select the principal component time series of the first EOF mode for precipitation
over East Asia as a predictand and two newly developed MP indices as predictors and develop
the East Asia Rainfall Index (EARI), which indicates the interannual variability of the East Asian
monsoon rainfall using a multiple linear regression method. It can be seen that the regressed
rainfall pattern from EARI has better performance than those from the East Asia summer monsoon
index (EASMI) or each MP index. This result demonstrates the necessity of two new MP indices
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representing western Pacific convection to improve the prediction skill of East Asian precipitation.
From a practical perspective as far as application to real-time forecasts, we use the leave-one-out
cross-validation for each target year for the study period from 1981-2003 and obtain multiple
linear regression coefficients for 23 years by calculating the observed and cross-validated EARI
(EARIcv). The normalized predicted MP indices obtained from the individual climate model and
MME prediction are applied to multiple regression to produce the predicted and cross-validated
EARI (EARIcvm). The developed EARIcvm of the individual climate model and MME is applied
statistically to the observed and regressed precipitation pattern to reconstruct a novel empirical
predicted precipitation over the East Asia region. We evaluate the reconstructed East Asia summer
precipitation of the individual models and MME, and find that the observed characteristics over
East Asia are captured well. In general, the predictions of the individual models and MME using
the statistical and empirical method show better performance in comparison to those of the
dynamical models and MME. In addition, it can be discerned that the prediction skills of the
MME are generally superior to those of individual models.

In the present study, the relatively small size of the available hindcast datasets poses a sampling
limitation. In addition, we only considered climate drivers from the western tropical Pacific
convection for the summer rainfall variability in East Asia, which is influenced by various climate
drivers, originating not only in the tropics but also from the mid- and high-latitudes. Nonetheless,
it is noteworthy that the prediction skill of the reconstructed precipitation, through the empirical
method producing the predictors in a statistically significant region, has been enhanced. Based
on this, the developed approach method can be applied to the current operational forecast system
for further improvement of forecast information.
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2008; Wang and Fan 2009; Lang and Wang 2010; Ke et al. 2011; Lang 2011), ZJA19]
71% 0| REEE FR AYot =50 28F & ASF (Wang et al, 2007, 2008, 2009) %

o= Et5kaL, FopAlol ofEd 7492 A oflSof thgt Aate =S wpA|oH A oA
R Ao Al Qe AAgolth HYll PO R= ofAJof X[, 53] EASM A%

lj

L‘Gt
e B /158 AR Q0] oleigo] G olBd B 44 ofeele] 2 WS
9] oZof H=EERS Holth= oy A A= @t} (Kang et al. 2002; Kang and

Shukla 2006; Wang et al, 2004, 2008, 2009; Yang et al, 2008, Liang et al, 2009,

Lee et al. 2010; and many others).

FolAloh Aot} D], o) @ ofle) Al Aloluie] Gl 71 ohee)
e AFoR mjle =2 d& e Holal Ut} (Lee et al, 2011; Li and Dong
2011), ofi= & AFE] Figure 2} 304 8] Ao A 21 & 4= qlof, ti o] 7
mel 50| FopA|of A ut HlwsA] AEfE Aol B o] Tt oflE AsS
=7 EAREL Qleh 53], MME H|ISofA= 31514 & HojF=al it} (Figure 1, 2
and 3), ATEfB YA 515 th7] =8 o= 7} FopAlotR ] 57] Sl e
T, sotAlot 2|9 ZFg dol Rk mIAHA mi- Fa3t Ak shaL Q7] wizol
(Nitta, 1987; Huang and Sun 1992; Lau et al. 2000; Lu 2001), AejHoF o ofr-2t
2]9] o5 e FoMIot AAF Ao A dlSollA B BlSE AAIskL Sl

2 AgollME ok 715 BdS o] g3t A oS digh A Y o S5
7Fe/dS A Er), Z1E]al AEE e Fotrore] ofF ALt 55 el 2 W
A}, AREE 2d 2R = APEC 7| SAE (Asia Pacific Economic Cooperation Climate
Center; ©]&} APCC) oAl Y 7|5 of&of ARG-Eh= 19832005119 231d7H9] A 7]
T A AmE ol gRIt, & A5-9] 52412 EASM 9ol 93E vIA= AHEY diR
5o o83, EASM 99| o5 As= & o & A7 A= A e
EASk=E Itk olE flsl EASM 73-9-2F AeHYf thi7E HASH= APCC 7|5 Hdls
o] & 58 Bl S 7hst AEE ZobA MEjE g FotAlof & -2
A58 e STt 7hsde AdE ez ulefd Aotk ERL oS sl St A9 Y

HEE Adsol Rt Ao oS4 ol AgAer BEsh= AL 5 vt




APCC

Aol @A) WY ol Al2gle] g-rhe) olale] §-8:3F Aol et i ol Hake
o5 AnkE AT T ofel AT 7ol w Aol s f-87 w 4R
Algel 7101 B Zolek, 2,13k 2.0 @70 A BE U BY AR} AR UL
ARSI, 2|3 3l M T BT FoAlol B el elmnt 2t
e o2 Anene Megeelel B BEel the ulw 43S 714tk Sot)

#9147 95 B 2% A0 88 A 25 Wk

2, upEre R B de] ok W 2B 530 Adsioln

=

S
oX
=
_;
Oll
=
8 _

2.1 A2 X2

H ALoA= 7] & = A8 E ARRSL] €84 NCEP (National Centers for
Environmental Prediction)—DOE (Department of Energy)o|A Al&== ¢, A= 2.5°
¥R YA 2 AR E ARESIATE (Kanamitsu et al, 2002), E3F = 7= g &
AL2317] 98l CMAP (Climate Prediction Center Merged Analysis of Precipitation;
Xie and Arkin 1997) A28 ARSI O Sll4H 2 2= NOAAOA] A|F35l= OISST
(Optimum Interpolation Sea Surface Temperature; Reynolds et al, 2002) V2& o]-&
STk & A9 A= AN 717 1983-2005W 9] 23\d7tolw, AHL o FH
(June—August(JJA))& =HZ AQITE & 24l A A4 ARSH Bd Ame B5
I 22 717 Yollil APCC AY Al2HlolA Alsshs AE S oA A A=
(hindcast)E o83ttt AMGH e MU 7709 siF—i7] A mdEo|r B
J 3= Table 19]] A&t of qlth,

2.2 7:||'|HI-

E AFoa= N HEAE0 GAE Hat S]] FU3H TSRS Folsk= Al
&+ 2] SCM (simple composite method; Peng et al, 2002; Kang et al, 2009; Lee
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et al, 2008, 2009, 2011, 2013a, b) 7|HS H ikt 0] 7]H4-/] J=o Fdog /\]%-
2 o2 WHE ol 7P 973 MME 7]%¥%-9] dlolt} (Lee et al, 2009), $Fo=
2 Ao A ARESHE MMEE T2 Aio] ¢l= 3t SCM 7|HS ou|gitt

ST ARl tiet SAE Fode Altel] flste AREE ¢ A
(two—tailed Student’s ¢ test) 2 EU5FITh (Wiks 1995; Spiegel and Stephens 2008).
2399] &1 717k (N=23)°] whe} A|ZHA] A atA ol thgt A% (degree of freedom)=
N-22 Alkk=lo] 2170 E FHel3tt.

831 MME A3EL 71242l leave—one—out WA} HZ (cross—validation;
Michaelsen 1987; Jolliffe and Stephenson 2003; WMO 2006; Lee et al, 2013a, b)
S B8l do md o= ofiibz]of HA} B A (bias correction; Lee et al, 2009,
2011)& 2-g5to] AAkslct, T3t Ttk o} 7F mE] Waof thel Al oS ofie
Sele] AUIOE A AFNS ALgstsic

Table 1 Description of the coupled atmosphere-ocean general circulation models used
. . . Ensemble
Institutes | Model Name AGCM Resolution 0GCM Resolution
Member
APCC APCC-CCSM3 CAM3 T85L.26 POP 1.3 gxv3_L40 10
MSC MSC_CANCM3 |  AGCM3 T63L31 OGCM4 0.94°lat x 1.41°lon L40 10
MSC MSC_CANCM4 | AGCM4 T63L35 OGCM4 0.94°lat x 1.41°lon L40 10
NASA
GSEC NASA GEOS-5 | 288x181L72 | MOM4 720x410 L40 9

0.25° at the tropics, 0.5°
NCEP NCEP (CFSv2) GFS T126L64 MOM4 northwards and southwards of 20
10°N and 10°S, L40

~0.7 (low lat) ~1.4 (mid lat) and
PNU PNU CCM3 T421.18 MOM3 10
~2.8 (high lat) L29

BOM POAMA (v2.4) | BAM v3.0d T47L17 ACOM2 0.5-1.5°lat x 2°lon L25 30

007




008

APCC RESEARCH REPORT

Temporal correlation
significant at 90% confidence level [JJA, Prec, 83—05]

(a) APCC AAVE = 0.025 _  (b) MSC_CANCM3 AAVE = 0.054
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Figure 1 Temporal correlation coefficients between the observed and predicted precipitation over the East
Asian (90°E-160°E, 20°-60°N) region from individual models and MME. The contour line depicts the region of
significant correlation (0.352) at the 90% confidence level from a two-tailed Student's t test. The term AAVE
stands for area averaged temporal correlations of each model and MME.
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Temporal correlation

significant at 90% confidence level [JJA, Prec, 83—05]
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As in Fig. 1, but for the western Pacific (100°E-180°E, 20S°-20°N] region.

120 130E

150E  160E  170E

009




APCC

i6 a) Precipitation % b) 850 hPa Temperature
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Figure 3 Scatter diagram between the spatial correlation skills and normalized root mean square errors
(NRMSEs] for precipitation (left) and temperature at 850 hPa (right) over the two regions of the East Asia (red)
and western Pacific [blue) derived from the individual model and MME predictions.

3. B=0Me MEHEY iR ESat SOk} 2= Zele| 23 Y

A A A Hex ] a1 o] Folrof A Q] Z= MEAdol Fadt
2 v|Rth= ARL oy ot A E 2 HE Ha1E 1 9ot (Nitta 1987; Huang and Sun
1992; Lau et al, 2000; Lu 2001), o]eo] & A-tolA= AejE g AH2] thifF S5
et G4 Qlo] Fobrlot X[ ofF Zheet WARE dybgo] ke Aolekar 7Hgstal
5 A Aole] FEA S melRithd, AA| Fotrof o548 74 oS ol B
o] & Hole} AZFsioiet, WA, FHA Bl mfotof obA AR ARESHL Q= 7195

HEST MME 2359] A=l tigt o5 s AuEgith

Figure 12 1983WFE 2005E714] 234 7|7t 591 FoFA|o} (East Asia; EA; 90°E-
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160°E, 20°-60°N) #|jof] thet 7§ el 9l MME Zto] thgh -5-A] 483 (Temporal
Correlation Coefficient; TCC)E UERH Zolt}, AREd o= i E o] malZoA, §X]
Aeto] o2 Aol afek Aol o2 Aol Hls) WS AiE MolT gl e
5] Aol B o2 Aol v v Uehta oLy, MMEe] Aol th A
o] G 1o|T Uk, SPAR, AT ATk ofls] B 12l Sopalo} e
e ol NH] AATE A S U ol 2 eIk Hrel, Figure 29]
A e HOF (Maritime Continent Western Tropical Pacific; MC WTP; 100°E-180°E,
20S°-20°N) A|fof| gt SA| A o] Ayk= A3s] o] Q= AYE vERiaL Qi
o] Bel oS ATS0] & &S Holal jlon, 53] MMES] -9 A9 Hat
A& Aol A=<t 90204 SAIZ SR o] Q1= 0.4 oS ABlstal itk shAIRE,
e oS RS 22| MSC_CANCM32F MSC_ CANCM42] 73-9- Thar Ad50] HojAl=
%S Wolu, NCEP mele] 7% AehBoF ojolH the: 943k A5-S Meltk. Figure
A ohA AE F XY Abolo] F7F AF4HA (Pattern Correlation Coefficient;
PCO)&} ¥ H Ao 2%} (Normalized Root Mean Squared Error; NRMSE) 2] £3Z
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130°E Fk Aefs Y (2] H5) 9] 7k 160°E ol YR8kl Qlrk, 7 WA HEojlA]
= A1 EE e Afo]9] A= HLE (tripole mode) FRE Holal itk 7P F ¢F9
mo 2o Ay g B (15°N, 130°E)o] 9A)8) glom, Awe] Bay|e A (115°E)T
AEEE 20 170°E ZAol= 29 e F4fo] $AIs] Qirk. Z12]al EOF 8 R
8+ WAAZ (cross—validation) S ] H S 74 Figure 4a, b} 2 xjo]S KHolx] &k
oup Zd o]l glojA MEAY] Aol7t YeE HAArk (Figure Al and A2).

ot

J

.. a) EOF1 for observed prec (83—05, JJA, 31.32%) 200 b) EOF2 for observed prec (83—05, JJA, 20.74%)

<N [*4 o
15N é\—/"& y
10N 7 g

o . 208 .
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+.6) PC time series of EOF1 and EOF2 [83-05, JUA]

=== TS of PC1
= TS of PC2

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 4  The distribution of the spatial pattern of (a) the first and (b) the second EOF mode for the observed
precipitation. (c) The principal component time series of the first (red line) and the second (blue line) EOF mode.

Ao AegoF diF Ak tigt Y- % (Bl Nifio-Southern Oscillation;
ENSO) 9] a3le} ¥HAS AlwHE 112} ENSO ¥'d =& (ENSO developing mode; ENSO
DV)2} ENSO 4~ XE (ENSO decaying mode; ENSO DC) 2 Uiro] o]&E4 714 ot
o tfgt g EA (composite analysis)S A|=3}A T ENSO DV} DCE U= 7|+
O & Nifio 3.4 A4S ARESE Wu et al, (2009)2 Z15Qitt, E&F% ENSO DVol=
7919] 6J2 (EI Nifio: 1987, 1991, 1994, 1997, 2002, 2004, La Nifia: 1999)0] Z3}H=]9]
11, ENSO DC ofEof= 13HH9] AE 3ff (El Nifio: 1983, 1988, 1992, 1995, 1998, 2003,
2005, La Nifia: 1984, 1985, 1989, 1996, 2000, 2001)7} 3Z$H=| it} 1 23}k Figure 49}
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ST 3211 A A1240] cfeled Figure Sa, bo} ol 7 ohaielol ciet 24
HAS o] 5}0] 7} el o111, Figure 49] EOF B4 AT}l oS AR WA
3} 4= Qleik Lt ENSO DV} Figure 4a2] EOF A Wz HE A}o]9] PCCE -0.8619]
¢lom ENSO DCQ} EOF & HA| RE (Figure 4b) Alool=-0.8162] PCCE YER)+=
- 5 QUAS ik RofeA, 2 Az AR A\ theg Fasks of
B4 7o =2 gidlo] 5 Al7]9] FEIHYF ENSO| g B! Ay o WAk A

o] 98 Y FAGEI B 5 ek

b) observed prec (83—05, JJA, ENSO DC Mode)
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Figure 5  Composite patterns of precipitation anomalies (mm day™) for (a) ENSO developing surmmers and
(b) ENSO decaying summers.
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=
Aksto] o] 8314th Figure 62 Figure 404 #E3E F PC AAIE (normalized PC
time series)= Z1ZF 7= sf€lof #-gstoj TCCe} 3] HRlo| FxE 3 Aol
Z} peoj| ek TCCet S AHWES A= FABHA YER oW, Figure 429t bo] EOF .=
E1} 2 Zo|& Ho|x| ¢gith Tg|al 2 A1k9] dipole RE (Figure 6a, 4] 1)@} tripole
BT (Figure 6b, Al2) Feje] 8 SEoA WA W P4 opwe] Hol2 HeIFt
¥33}E %422l MPI (Normalized Maritime continent—western tropical Pacific
Index)& AL, 1 AIE Figure 6¢0ll 7 7HA| PC AJA| B} o7 UERSITE #&
3h= 7k MPIO] 2 A} (standard deviation) S o|-€51gith 1]l ZF MPIL} PC AA|
o Ato]e] TCCE Ah E Axt MPII} PC1E 0.9720|1, MPI22} PC2 Afo]oli= 0,938 &
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7o) AA|sls WS WAtk BB £ PC AA% Aole] AALsl S MPI Alole)
ARG E AR AR AR She) BAS woli i,

MPI1 = PRECs-son, 120°-135°5) ~PREC(s°5-5°N, 150°-170°R) D

MPI2 = PRECqo-20°n, 125°-150°)—0. 5PREC(ses-s°N, 105°-120°9—0. 5PRECu0es-0, 160°E-180)  (2)
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Figure 6  The spatial distribution of temporal correlation coefficients (shaded) and regressed patterns (contour)
between the observed precipitation and normalized principal component (PC) time series of (a) the first and
(b) the second EOF mode for the observed precipitation. (c] The corresponding normalized PC time series of
the first (red line) and the second (blue line) EOF mode, and normalized MP indices obtained by the area-averaged
precipitation anomaly differences.
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c) Reg. UVB50 on MPI1 (83-05, JJA) d) Reg. UVB50 on MPI2 (83—-05, JJA)
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Figure 7 The spatial distribution of regressed (a) precipitation (mm day™") and (c) 850 hPa wind circulation
pattern on the normalized MPI1. (b) and (d) As in (a) and (c], but for the normalized MPI2.
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8a, b). o]e} e el s 7oA FARHA UEhar QLo 45 719k sgio]
Hlsf thax ofRh 55 Holil Qlrtk (Figure 8¢, d). E3F & A1 Ay A5 71
ujz]e] YAXY HS Huang and Sun (1992)2] EAP (East Asia/Pacific) ¥&lo|it}
Huang (2004) 9] EAP Z|<pof| oJgt A4 sjel Axet v fARHA| vrehubar Qi

a) Reg. Z500 on MPI1 (83-05, JJA) b) Reg. Z500 on MPI2 (83—05, JJA)

Figure 8  The spatial distribution of regressed (a) 500 hPa geopotential height and (c) sea level pressure
pattern on the normalized MPI1. (b) and (d) As in (a) and (c], but for the normalized MPI2.
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Figure 9  The spatial distribution of (a) the first EOF mode for the observed precipitation over the East Asia

and regressed precipitation (mm day') pattern on  the normalized (b) EASMI, (c) MPI1, (d) MPI2 and (e] EARI.
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Figure 10 Interannual variation of normalized PC time series of the first EOF mode (red line) for observed
precipitation, the normalized EASMI (blue line], MPI1T (yellow bars), MPI2 (green bars] and EARI (violet bars).
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Table 2 (Upper triangle] Inter-spatial pattern correlation between the spatial pattern of the first EOF mode
for the observed precipitation and regressed precipitation patterns on the observed various indices. (Lower
triangle) Inter-temporal correlation between the principal component time series of the first EOF mode for the
observed precipitation and the observed various indices.

EOF 1st mode /| Reg. Prec. on /| Reg. Prec. on /| Reg. Prec. on /| Reg. Prec. on /
PC1 EASMI MPI1 MPI2 EARI
EOF 1st mode / PC1 0.611 0.699 0.765 0.875
Reg. Prec. on / EASMI 0.540 0.066 0.920 0.749
Reg. Prec. on / MPI1 0.490 -0.268 0.373 0.684
Reg. Prec. on / MPI2 0.746 0.837 0.098 0.932
Reg. Prec. on / EARI 0.855 0.558 0.572 0.872

3.3 MENEY R &30 gt 2t5at 2ol Hiw HE
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Figure 117+ Table 3041 #2253 71E MPIsE 78 29 9 MME o] 23}

£ ol gsfol Ayska, 1 4TS 100 o) vtk ANl MPIse] Fd HEA

o] =3} A WHES T8) 5 MME o2 AT} SAlA) BEsli 9low (Figure 11),
Table 32] TCC Z7HE HATHA 7] hRro] muls 9 MME o] AZHSo4 MPIio]
MPI22] ZTof] H]a] thi S8 3RS Wolit olrk, Tiuk, NASA mele] ¢ £ Fjolof
910} MPI29] 62 A%0] 47 LrELEL 9lek, 22)3 MSCe] = Q) MSC_CANCMS
9} MSC_CANCM49] ¢ & ZATME £3}F MPIs gro] o2 mdSo] Hla) tha Aso] whe
ATE Bt} MSC CANCMS32] - MPI1o|A] 0,354 = 0], MPI2o|A] 0,129,

MSC CANCM49] 79 MPI29] 7% 0 NATER #Z3} Aol mjl$ v vepdet
A we Fol A MPILS] 79 APCC BE1e] o2 AT} 71 4.2 0.869] FhS KL,
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MPI29] 7-f-ofi= NASA 2H9] o5 237} 08322 7MY 2 s H3Arh. MMES]
7d-F-ollA= MPILY} MPI2o] Tfsf] 22} ©F 0,903} 0,742 33| 52 e Holu, 7iIE
ZES0] MPIsef Hlugle o 1 459 fAdo] FE2AA Yepdtt (Table 3).
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Hol= & WHSISIAL (Table 2, Figure 10), EARIO| thelk 297=0] 7-$+= 0.87 o4
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T=29] EARI (cross—validated EARI; EARIcv)2} EOF PC1 Alo]e] TCCQ] Fro] 0.848
AER WAF HEE A 82 o (Table 20(4] 0.855)2F A 2| Zpol|5 Ho|A] Attt
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Figure 11 Comparison of (a) the normalized MPI1 between observation (red line), individual models (bars)
and MME (blue line). (b) As in (a), but for the normalized MPI2.

Table 3 Temporal correlation between MP indices of observation and those of individual models / MME

MSC_ MSC_
APCC CANCM3 | CANCMA4 NASA NCEP PNU POAMA MME
0BS (MPI1) 0.858 0.347 0.638 0.766 0.804 0.749 0.842 0.899
0BS (MPI2) 0.626 -0.120 0.107 0.831 0.630 0.721 0.691 0.742
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..a) EARI of Obs, Models & MME (83—05,JJA)
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Figure 12 Comparison of (a) the normalized EOF PC1 (red line) for observed precipitation over the East
Asia with normalized and cross-validated EARIs of individual models (bars) and MME (blue line).

Table 4  Temporal correlation between the principal component time series of the first EOF mode for the
observed precipitation and normalized EARIcv of individual models / MME

MSC MSC
APCC v v NASA NCEP PNU POAMA MME
CANCM3 | CANCM4
0BS (PC1) 0.671 0.055 0.113 0.762 0.606 0.584 0.603 0.643

5ol A19 /\1EH‘ & i Z5} Forrlof pAatel o] dde iE 719 2d Yl
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Temporal correlation
significant at 90% confidence level [JJA, Prec, 83—05]

. (a) ApCC AAVE = 0.180 (b) MSC_CANCM3 AAVE = —0.03
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Figure 13 Asin Fig. 1, but for the reconstructed precipitation obtained by the normalized and cross-validated
EARIs of individual models and MME.
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Figure 14 Scatter diagram between the spatial correlation skills and normalized root mean square errors
(NRMSEs] for the dynamical predicted precipitation derived from the each model and MME predictions and
statistical reconstructed precipitation obtained by the normalized and cross-validated EARIs of each model and

MME over the East Asia.
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Appendix

1) Year 1983 (33.62%)

MEHEY Rt el

Cross—validated EOF1 for observed prec (83—05, JJA)

2) Year 1984 (32.44%)

3) Year 1985 (32.63%)

4) Year 1986 (32.16X)

5) Year 1987 (30.23%)
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8) Year 1988 (30.11%)

7) Year 1989 (32.01%)

8) Year 1990 (31.75%)

9) Year 1991 (31.51%)

10) Year 1992 (31.92%)
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11) Yeor 1993 (31.09%)

12) Yeor 1994 (31.82%)

13) Year 1995 (31.25%)

14) Yeor 1996 (30.72X)

15) Year 1997 (31.14%)
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16) Year 1998 (33.16%)

17) Yeor 1999 (31.33%)

18) Year 2000 (31.25%)

19) Year 2001 (31.75%)

20) Year 2002 (30.20%)
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21) Year 2003 (31.84X) 22) Year 2004 (31.23%) 23) Year 2005 (31.78%X) 24) Total Year (31.32%)
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Figure A1

1) Yeor 1983 (21.97%)
2087

Figure A2

Cross—validated EOF2 for observed prec (83—05, JJA)

2) Year 1984 (21.37%)
208

As in Fig. A1, but for the second EOF mode.

4) Year 1986 (21.16%)
208

5) Year 1987 (21.02%)
200

SOtAloF 20

=
=

The distribution of the spatial pattern of the first mode of cross-validated EOF for the observed
precipitation in the 23-year period of 1983-2005.
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Figure A3 Spectra of (a) the normalized PC time series of the first EOF mode for observed precipitation
over the East Asia, the normalized (b) EASMI, (c) MPI1, (d) MPI2 and (e} EARI. The frequency is given in cycles
per year.
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Figure A4 Temporal correlation coefficients between the observed and predicted precipitation over the East
Asian (90°E-160°E, 20°-60°N) region from four different MMEs. (a) dynamical MME prediction, (b} the
reconstructed precipitation obtained by EARI of MME, (c] the reconstructed precipitation obtained by EARI of
the filtered MME with the five better models, and (d) MME of the reconstructed precipitation of the five better
models. The contour line depicts the region of significant correlation (0.352) at the 90% confidence level from
a two-tailed Student’s t test. The term AAVE stands for area averaged temporal correlations of each MME.
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