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PREFACE

It is our pleasure to present to you the APEC Climate Center (APCC)’s Technical
Report 2012, which reports the core outcomes of our research activities from
the past year.

Since 2005, APCC, as a hub of climate information in the Asia-Pacific region,
has strived to share our analysis and prediction of abnormal climate and to apply
this information to regional development. The Center has established the most
extensive Multi-Model Ensemble (MME) system for seasonal prediction in the world
through its international science network and has provided value-added products
to various stakeholders. Recently, APCC has expanded its mandate to include
enhancing the capacity of APEC member economies to respond effectively to climate
change and variability through better application of climate information.

In 2012, APCC continued to make an effort to improve the quality and quantity
of our short-term climate forecasts and our online climate information systems,
as information dissemination tools. Additionally, APCC began its endeavor to
produce more applicable climate information through interdisciplinary research
among various sectors, such as agriculture and hydrology. The following technical
report provides more information about our research outcomes from 2012.

In 2013, following APCC’s goal to enhance socioeconomic well-being through
better utilization of climate information, APCC will continue to improve the quality
and accuracy of its climate information, recognizing that the utility of this
information is only as good as its quality. We would like to make the best use
of our research outcomes in various scientific and application areas. We welcome
any feedback on this report or on our services.

My best and warmest regards to all of you.

Dr. Chin-Seung Chung
Director/APEC Climate Center
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Detailed Seasonal Prediction in East Asia

ABSTRACT |

We assessed the performance of climate reproduction and seasonal prediction using the Regional
Climate Model 4.3 (RegCM4.3] for the period from 1989~2008. In order to determine the optimal
configuration of RegCMA4.3 for the East Asian region, RegCM4.3 was driven by Era-interim reanalysis
as initial and boundary conditions, while applying two other land schemes and PBL schemes.
According to our analysis, RegCM4.3 reproduced both spatial patterns of mean state and
interanuual variability well over East Asia. RegCM4.3 with the CLM3 land model, instead of the
BATS land scheme, demonstrated a more realistic reproduction over East Asia in the summer
and winter time. The impact of the PBL scheme is generally smaller compared to the land
schemes. Therefore, we selected the CLM3 land model as the best model configuration. Using
this selected configuration, we produced seasonal predictions using RegCM4.3, driven by
APCC/CCSM3(CCSM/CLM) and bias-corrected APCC/CCSM3(BC_CCSM/CLM) as initial and boundary
conditions. The BC_CCSM/CLM showed better predictability, in terms of both climatological mean
and RMSE, compared to the CCSM/CLM. However, the bias-corrections do not help to improve
the temporal correlation coefficient because these do not change the climatic trends and phases
of interannual variability simulated by APCC/CCSM3.
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2o gHE AAE it JA|HES A 7]E R (Regional Climate Model, ©|5}
RCM)9| 27| B AARACR Al gdh= A2 RS54 Wi oltH(Dickinson et al,
1989; Giorgi, 1990; IPCC, 2007). ROMS o] 83}l AM|at 2|0l7] 5 A w2 AAS}]
QIR Atz lSA | whet 7| SRS AlE o 50] AAEE QI AtE Al
o 4= It Wang er al., 2004), RCM=&- ©]-83t 7] S-S L] 28] 4bA|3} A= Ho]
AYelo} grovt, AdedSAtwme) At A= wli E=7 o FoiR|aL gl
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TR 31 S} Kim et al (201D 714 AGel =TS ROMY| 27] 8 AAZAL.
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RegCM4. 3= MM4(Grell et al,, 1994)2] 3z st WA AE w2, Arakawa-
B FE o] 578 AAHAE, QAR e oFHEAE AERIH. 8 SYI o e CCM3
EARE T (Kiehl er al,, 1996)2 ARESHH, ZFpibrgS ARRFRC; o ARSI 74>
& s, AANFES] 7= Bk Subgrid Explicit Moisture Scheme(SUBEX) (Pal
et al., 2000), OFARFRE O] tFA 744 HREO 2= Simplified-Kuoscheme(Anthes
et al , 1987), Grell-scheme(Grell, 1993), MIT-scheme(Emanuel and ZivkovicRothman,
1999), 18|31 Tiedtke(Tiedtke, 1989) AEHA 0 & ARRSF 4= It} RegCM3oJ|A] Reg
CMAZ 7HA=EA BAS 2ash 71He 7]1E9] Bl=A] 7574]5 =] (Holtslag,
1990) B o} 2} University of Washingtono|A] 7&ts 28 AT} o] E&HE UW-
PBLrscheme(Bretherton et al, 2004)0] A8l 715351 =) E} 8] A 2Elo] CLM3
(Community Land Model3: Steiner et al., 2009)7} AglE|o] 7]£2] BATS A|HEZ| T}
A (Dickinson et al, 1993) 0.2 J2|=]d X|Hof gt Al o] 7iA H i}, & oo
A= = 30km, A2 237 Fo= AAsIon, AP Fotlokz A5t
Ak H L= University of Washington(UW)-PBLrscheme(O Brien et al., 2012)3}
CLMBE o83t 71341 Adut AFAS A AA sHleh AHAIRE A v 2.2
Aol 27 H Aok RegCM42] 7HE 1, 3} Bl E2| g2 Giorgi et al (2012)9]
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sto] 7dS AQIRt 6~89S, AXHES 1Y 24US ARAEAER sto] TS AQ|jE
12~29< BEA77to 2 sl A Tl dodal AFaw 2 me configuration%
Fig. 1o YERSICE 715A1d 45 87H S8l 47F4] 29l configurationsr ARE-8F51S

e e,

1) ERA/BAT: RegCM4 9] 7|42l model configuration®l BATS A&7}
Hl=2] BAS S-S AR

2) ERA/CLM: ERA/BAT ¢} SUsh}, vl3x] A% Belsbge AHgsk BATS
A E2apgol ofd CLM3 A REs o],

3) ERA/BAT-UW: ERA/BAT®} FUsh, AAIS e 2 /e UW BAIS =
SEEEIES

4) FRA/CLM-UW: ERA/CILMI} S<lah}, UW PBL 714 AR

2.2.2 AEo|

JI)II
|:|0II

sl Ata AAISHAAL, e shs APCC/CCSM3 6AI7E 714 lZq 01111}&7} 7=
A2 A= g5kl o5 7| A AL doll AR Eravinterim AR R HA S0
A715mdo] 7] 9 AAxAC R RS AASIT, BA e ool Zom,
HAAE e AARER AREE AAHPE 25, HIsG, SAHEL dRHigelr, B
BA AREE 759t 2EHANE AT TS A85te] Alkkekait

Std
BC_CCSM3= ERAT + CCSM* x (—21Y))  Eq.1)
Std cesi

e FRAI : 6hourly climatology of Era-interim
« CCSM™ : 6-houly anomaly of APCC/CCSM3
* Stdpps; : 6hourly standard deviation of Era-interim

Stdoesar ¢ 6°hourly standard deviation of APCC/CCSM3
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2.3 BEX

Ao715 g 713 B A-olE de2 B7Is] $1ske] 1989~200971H4]
CRU(Climate Research Unit) TS3.1 (Mitchell and Jones, 2005)2] X|3E-2 =9} 74=gF
Atmel AR =] sl oF 1.5°X1,5°9] sl =E 7FAl+= Eratinterim A4 AF=
(Berrisford et al., 2009; Dee et al,, 2011)& AM&5lo] v 7A=3}9Ic}t CRU TS3.1 9

S Aol AW BEARE ARG} TR AET AOR oF 0,57
0.5°5] S5 vieht, O T o] 9 D Aobee] TR Ao
74 9F (,3125°X0,3125°9] SAIEE 7}X]= NCEP-CFSR (National Centers for
Environmental Prediction-Climate Forecast System Reanalysis, Saha et a/, 2010)
Aas, 73eaFo] AL oF 2.5°%X2 5°9] SJAIEE 7}A+= GPCP(Global Precipitation
Climatology Project, Adler et al. 2003) A=E ZHZF ARSI

3. Results and discussion
3.1 X7 |22Ee| J|SXsiMs Eot

4714 AL dsB7E fIste] AR8-H BSAE(CRU, CFSR, GPCP)®} Erar
interim ARz W A2H80km) 9 FU5HA Waksto] vl £4] shgich
AR HiZh Aok AAlst H AS A LARE AR flel AE2wet U
Foll tisir= 27] B AAAEE AMGH Erainterim AR5 37 vlal #ASH}IC,

310 AE 7Y

31114834

Fie. 72 200 HE oIS ARLES PR UEYY IR B
interim AR} 4714 AALHo] ofef =

W AOIEH £ Aol 520 FOAASE e, 1A 27] 2 A A
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A= of=RE e AL AR ARl A A Yo tishiM= g WA 2o
3t} UW A7A% Ee)94S 0|83t ERA/BAT-UW, ERA/CLM-UW Al@-L shite=e} o
TR0 7122 tha W 29 Sl=t, oli= O'Brien (2012) et al o] EA 279} FUTH
O UW BAS Ee]igS AREA] SIS 9 1 A9 Lg thar W 1o

o

=v
ERA/BATO| 7% =S4 golA= 248 =7 HOJEEaL SR ol A= WA
LoJgttt ERA/CLM Ol A= FtEA oA U= oFe] HAPL A dHat dash,
0]%= Steiner et al (2009)2] EA141}o)| A4 CLM AW HEo| soilprecipitation feedback

o] qefElo] SX| Kooy 74 AAARITH Bdh A7k AT Ao}, 514

I
It
5
i

gk, SR oA 5 tha AA| ROoJsh= 5742 ERA/BATSL AKSHAl UEhdt}, UW
AAS E2l77gL o83t ERA/BAT-UW = ERA/BATS} FAISH HAE Hou}, Ht:

=
Al veRdth, SIS AT R, CLM A9 RS o83t 7| %A A @o] BAT
AHEE IS o8] AP LR 3ol A e, UW AAS ===
ol 7|5 AE Aol WA BAS SRS 087 AR A0l
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Fig. 3= Eratinterim AJEAR}75L} 47]2] AjdAE o2 S =% 850hPa vFEATt
He HERd Zlojth. CRUAL=R= AW Hlpof =RtE o] Al5Eal glo] 850hPa W
BAo A A=EQct WA Eralnterim AJEAAREE AHHEH East Asia Summer
Monsoon(EASM) 7|7 &<t 31719 50 23t A 9) e Mefggolld S=d7-A1 9t
=, EoR Hol SoleE FATol SAISH, o]t 7]l ofsl wEstal 53t &
717} d=o] Fig, 204 HelHpe}l o] g, i, dE=rafol w2 2=t HiGS ol
gt of2fgt 7|9 B 4719] ARolA K AukA oz 2 HOJEL) ERA/BAT
787, EraInterim A=A UERHE 17]9Md B50] B&o= 1 o] ghit
= Alofoll it B gulo] 55710l S7kE AL Mol ofejgh AL ERA/BAT
UWO M= 94t} ERA/CLMS ERA/BATS} ERA/BAT-UMOA bz ZAlo] Lhe}
L e T7IQHY 2] Tk ofshl M, FeRAGNA HAIEe] & o H
solgic}, a0 o HAES of Alolo] SIS BAFHA +57190] 92S
S7MAZIC ERA/CLMUMS SHEE 0] uIZHhs 3 mARh ke, £ 2 dhso
e WAkl BAelo] o] A1ofe] 3718 BRATnterim ARLAARECH o AzeA) Bo)
=

ZBolxo} 2o tist t)7] WiZ=o] A 37t Bl tlEo] olz] B s u|wslo]
AFH RN} Fig, 4% Erarnterim AE4A1R} A/AE o184 7123} vlre] ddEe

o

il

Aol Ao e Aolch, WA A Ael(Fig. 4 (o)< AR, 700hPa o)
A9 e Av Bz ARE AR7t GBI op et PO S GA AF
BRE AT U 2, 450 7123 viGS AAE By T»Fow Al ol
FFol ) 9Eaeh. T2} 700Pa ofste] A, 7123} vlse] A% BEL AW B

A BAS =2l Fiole JFS W=t ol 54 75‘741% il

% w40} 399] SRR 7100hPa ol3te] Thi SH0] Aefalal T o] St
e 517] wiizo|th(Seol and Hong, 2006), UW A5 =2]id- HI=A] BAS &
S E BAS S O AetA BARRC =N, AW F0] 7230} BlE o 2|
mojgich w5 BAT AW EejzHgo] CLM Xl‘ﬂ HEE ARGSIS o Hoth 72, visE
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7|7 AR og Grksly| s ol A7) 2at YEArTE
Taylor diagram© = UrEMJ HotthFig. 5). WA 8 AHEH, YA At5e T

A S A gt U] Al 2| el sl 95% AlE/dS 7AW, BE fARE WE S
7FA AL Qlth ERA/CLM-UW, ERA/CLMO] F=t B} sh=-A & 2] o] tfjsf] 95% A1
A& 7HA AL Q)= WHH, ERA/BAT-UW= S8 2|98 A 9J3h & X9, ERA/BAT=
HE 290 5] EAHOR §oJ5kA] o=t} FEZFHaLe] ¢ ERA/CLM-UW, ERA/
BAT-UW, ERA/CLM, ERA/BAT 402 =1} QAR HEAL 711 Qi) AFLEE
AR BE QAR BE Gl tial] 95% o] AlEdE THh &, AR2E
O] A4 a4 wiro] thelet AAS S AW 2E 2ol Ak AT
Aoz # YA} E5] ERA/CLMUWS} ERA/CLME HE oJo] tiaf 99% A2 FL71o]
SEFFE|AL Qlo], BAT Al HHlS o]-§5fo] A&t A F2% Kt =2 A4S 7H,
Taylor diagram £-4Jo]| o8l A1} o= CLM AW RS o] 85l A& A FLk,
73 Am7F BAT AW RHkS o]8513ls Akt 52 ARAS 7T

Pﬂ

|

Fig, 6& 208 BEE ALH ARLEe} ABF 4o BE AR@I} Era-
interim AEAA20} 472 ARAF ofa] ¥ Ao} BEate] Hol(bHE Lehd
Aolt}. ERAInterim AEAARS] 79, BET}e] B} o84 A wLwo} $A157)
ShIHE 9l Qo] Lo Ao} X|elo]q FelsiA| Liehiit olefat Zoli AEA] Kzl
ARt AL AGARY A ol 7T AR, FHELYS Eo) AAT
ol odetHon Friad AELEE AT NFAR Aol s AEA xjwo]
A Uerdd B am e AR AR AR Aol Lk eokd

B B3 wRAoln 3 YRAcle] BA} Easl) Uehith 2, i B2
. ey A2 3k BARH, 55 R ShhElR ol Tk
molgit}, ol WA ABH oAk & 4 9lon, ofelst SAEL Ko Frde]
2774 9 AR, Be| mas apgo] BEHAY So] ol of7|HtkAn et al, 2019,
olelgt BRI F3 HE, HEA o] F3s HLEML A8 ARLEO] oAE
RegOM4, 385k of]et b %]¢)7| Fm ol Liehhs Auk&el 9 3jolek, BAT A%
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=2 S AR 7 (ERA/BAT)= CLM Xltﬂ =d (ERA/CLM) X} F= B 292
] A Eofsh= RHH, ERA/CLMOA el S B A19] 703k &2 HAE ofst
A ZofRiet e A RE3 ANSIGE A, UW 3G S S 55 X199
Fol HAE ¢ o, T | A9 5o HARE U Al Hofsigit), Aupro s
A AEL2E0 A9 ST AW 2l FAZS Sade AR AE A0l ¥
T2 HARSEE 7HAAL Qlvkal A9str |7 offANE ERA/CLMO] thE 37H4] AE A

o v|wsl AAY 7R A ARS=E TSI Qv A A A9 85
Aol 7t 25 A EYE ASH Forot ol ofsf P2yt Helidh Qltol A
o7 A3t A gefo] yEhdt WS S0 A&l AlH|EQt A7, 5 —.Oﬂ
UFAE A7|%o] YAISHHA MalsAF e 7|he e S 7HA=d], ] A<

o] gttt ERAInterim A A AR = HEA }E—J s ﬁH‘I’J%

Al & ROSRHE7dAG=:0,931), T L2}t F=5 A ol A T:P B
0] UEPAT}E ERA/BATE EraInterim AJEAAL=2] %}— g2 7]-X]_Tl QIO THA,
d Y] B& Al B BWol, FEHEY H12 55 B =95 BACIA H oA
mofstar Qlek, 5E AAlNA s w4 Eolshs 54 47119 Ad AP oA 2
U, BsgeFe] 5 J Al WAYShE Mk BAF HREE UW AAIS St
A= ARSI W oFshA yreRdth CLM A HElS ARE-SIle w7F BAT A|HE2
IS AREOIE HEY S BRI o] HAE ofstA EARh, UW BAS
=P IES ARSI WiZh ARSSEA] QiR wf Hoh i 0] &Fe] HAR} kAl

)
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il

(o]
:(>~
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D

uepdtt, 37 Al E AR, A o) SRl gl UW AAIS =T
= o8 715 A Aol Wl=A] AAS ERlage o8 ARk SR ol =4

Uehit,

Fig.7& Erarinterim AEAA=2 2} 4719 AT O 2 S5 850hpa HIEAT} H]

Baae] HEg A, ThbE A

iAot AMTele} 1] Sl Gl SAbEo] 2Als, ol TR B e

o] 7|7kof| AjaL Ax3t F71E rsto] Fig. 60l Eel vie} o] eht=o] W 7]t

B2 oplait), RE AR ATk ofeid SikE 910 w/lehy SEe ALos
J

2 BLOJBL, Eravinterim A4 Aol A BRE7HA] XIeHA A7]9Md 55 4
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sto] LERHL, o] 2 Qs A& FRAIGel 17| S50 AL, 5 A A%t
30| ol o] WP IE2 75 Al 57] TrldlE FdshHA +571%e
rEa S/PIAH ol2fRt 953 815 A ¢l

2| E v=A] AAS ERlgoll A FSEHAl UehdT, Fig. 604 Wkt A=
i mo) ST dAJeitt,

SEotAoF A o] tiet AEH tf7] Haro] A4 fas ARSIt Fig, 82 Era-
interim A2} AEE ALH 7)e3) H|59] 7] B 2o|E Iz el
Aot} WA A JA(Fig. 8 (a)S AFHET, 700hPa 0]A4re] A< 4712 A A A}
Eo] B fARE %] £3xE 7HA L Q. &, AW Bl 27| S o FH g
ALE A5 7123 HiGE AAG Selidat AW o] SRl 2A] oEsHA] g
o}, Z1EJut 700hPa of5ke] 7, 7]23f vl AR His AW Ry 34 AAS
Eejag o] Sl F3 ‘?:%E} UW A1Z Eejag w2 A1 Eejagd ot
A F2o] 718} vlGE o W mojsle], oz & WS 7L} E3E BAT
A 22 74L 0183t A AFo] CLM A ZdL AJ45l9S u) B} 718 H]&S
W5 S mojgit), o]2jgh B4 ThE Ao B yEfube 7|23} 19]Eo)A
F56HA Lehd,

Fig, 9= 723 A3, 740 that Taylor diagram LIERH 0|t WA 745
A, WA 4] asis AL o2 ANt ArjHor myel A} Seo]
olxl AL oF 4= ik, ARA Ame} BE APAPATIE 3 FHA S Aelst v
5% AL 7R 0], AR R AR ol A, ERA/CLMUW-S
F B8 7] ololx] 99% oPFe] e AL L) & RE ArE F3 B 2olg
ASIEE L] x|l Tis) AR Folsitt e x|olo] gt %ﬂrﬁl*t FRA/
CLM-UM, ERA/BAT-UW, ERA/CLM, ERA/BAT 0.2 =t} HEA]o] 7 RSEPAR=S
£ 23 B 2ol e B3} 71 B2 WEAL 70, Erainterim XHfii Aae
?liL%llé 2|20l el 71 GRS HEAS A ARLES AR, wE AH)
27} E oJelo] e} 99% olAe] AHAL AL &, ALH ARLEL 624 A ®
Lol gAY B T 2 08 AN, BEo] ARFHSl HsE o & AHT
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At A7t vi=A] AAS SRS ol 8okilE At w2 AFAE 7L, A
w

eee A 2dla AAS S| SRk s

B

3.1.2. 7|2HE

3.1.2.1 4&4

BEAiEoh AEARO) Al B4 AEAS wlaslel Awny) s AHA Awe
(Empirical orthogonal function, ©]% EOFz} §h A3 4~8J5}9c}. Fig. 102 ¥=A}

2, Eratinterim AEAAR, 18] 4714 AEAERER GEFH oS4 FF F4HS
ol-gsto] EOFE 3t Ajort, ASARE AuEy, A wixjet & A nes 242}
A 24k 23.1%, 16.8%F ATgRIch 3 HA] BE= 3, A2 oF gl gl
=9 e 7M1t S 7RI oA REs s, i, S e Alf Akt
Fo gk sl 59 e 7RI & 24t 18.7%5 A8k Erainterim A4
Az o] A WA R WS AR | F3t e th2A yehdth & Erainterim A4
Apzo] A WAl BEo] 37k dEl e Akl A HA] EQ] 37k el vt 0.089] W2
S AREE 7RIk Wi F 4] 13% UielE Argske AFAd ] A A EOF

Ee #5 ARl YElgE SEAEe] 5 wEe] IR yehdth & HA Hees
10% Hj$1<] fﬁii ZolA vehd 3=, A28 HIEs S5 Uis A 4o =
o2 HEho], w53k 31t AR Aol WA veldt. 37 A Al A WA
R Eoj A ERA/CLMUWO], 5= WA HEojA] ERA/CLMO] 7Y =4t} 5= Ad(principal
component, 0% PCZ} 31 A|AE 24 A, ERA/CLMO] A HA, & WA B oA

0.83, 0.389] AT A% 20| F 4R WEAS 7P F Awshalrt

O

Fig, 11L& 13, YRAAR, 127 AR5 A% exol ofgt 4L = WA mee)
o) ARSI PO A RS LR Aoleh, R WA 5 AR mEs AA) Babe] 50,4%2
25°NE AR d-Buare] &-oF Flae At & BAke) 11,798 AW i
A BEL 54 3K dipole) HES 7Pk A@AR] X WA, 5 WA BOF mES
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Figure 2 The 20-year summer mean surface temperature (left) and precipitation (right) of the (a) CRU/CFSR
and (b) Era-interim minus CRU/CFSR, (c) ERA/BAT minus CRU/CFSR, (d) ERA/BAT-UW minus CRU/CFSR, (e)
ERA/CLM minus CRU/CFSR and (f] ERA/CLM-UW minus CRU/CFSR
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Figure 3 The 20-year summer mean 850hPa wind (vector) and specific humidity (shaded) of the (a) Era-interim,
[b) difference between ERA/BAT and Era-interim, (c) difference between ERA/BAT-UW and Era-interim, (d)
difference between ERA/CLM and Era-interim, (e] difference between ERA/CLM-UW and Era-interim
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Figure 4  Vertical distribution of the 20~year summer mean difference in temperature (K] and specific humidity
(g/kg) averaged over (a) the entire domain, (b) North China, (c] Korea-Japan, (d) South China, sub-regions are
depicted in Fig.1.
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Figure 5  Taylor diagram of summer precipitation (Left] and summer surface temperature (Right) over sub-
regions. (In this Fig, correlation means pattern correlation)
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Figure 7 The 20-year winter mean 850hPa wind (vector) and specific humidity (shaded) of the (a) Era-interim,
[b) difference between ERA/BAT and Era-interim, (c] difference between ERA/BAT-UW and Era-interim, (d)
difference between ERA/CLM and Era-interim, (e] difference between ERA/CLM-UW and Era-interim
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Figure 10 Eigenvectors and principal component (PC] time series of the leading EOF of summer (JJA) mean
precipitation (1st mode : left, 2nd mode : right)
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Figure 11 Eigenvectors and principal component (PC) time series of the leading EOF of summer (JJA) mean
surface temperature (1st mode : left, 2nd mode : right)
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Figure 12 Temporal variability of summer mean precipitation from 1989-2008 averaged over (a) the entire
domain, [b) North China, (c) Korea-Japan, (d) South China, sub-regions are depicted in Fig.1

Entire_domain Surface Temperature anomalies °c North_China Surface Temperature anomalies °c
20 20
B — — -+~ CRUCFSR ERABAT - ERABAT-UW [
1 — — = — — Era-interim — — -+ —— ERA/CLM od ERACLM-UW | P . R
10 - F oo -
. B \»F:‘\
1 e \. h N, [
00 - - ‘aﬁ-" - - 00 — —
B 7
10— 0o -
BAT=0879 BAT-0082 | . BAT=0789  BAT = 0381
] Corr.Coeft: i - .98 RMSD: ¢y 0077 | Corm.Coeft: g - 0,891 RMSD: ) - 0.282
BAT-UW = 0.981 T-UW = 0,076 BAT-UW = 0.822 BAT-UW = 0.353
1 CLM-UW = 0.986 CLM-UW = 0.066 | CLM-UW = 0.909 CLM-UW = 0.263
20 T T T T T T T T T T 20 T T T T T T T T T T
1989 1691 1993 1995 1097 1999 2001 2003 2005 2007 1980 1e91 1983 1995 197 1999 2001 2003 2005 2007
Korea-Japan Surface Temperature anomalies °c South_China Surface Temperature anomalies c
20 20
e Y S -
00 -
10 oo -
4 . BAT = 0.971 b . BAT = 0917 . BAT = 0.109
1 Corr.Coeff.: CLM = 0.972 [ Corr.Coef.: CLM 959 RMSD: oM 082
BAT-UW = 0.966 BAT-UW = 0.157 BAT-UW = 0.917 BAT-UW = 0.108
1 CLM-UW = 0.958 CLM-UW =0.173 | CLM-UW =0.931 CLM-UW = 0.099
2T T T T T T T T T T 20T T T T T T T T T T
1989 1891 1993 1995 1957 1999 2001 2003 2005 2007 1989 st 1983 1995 197 1999 2001 2003 2005 2007

Figure 13 Temporal variability of summer mean surface temperature from 1989-2008 averaged over (a) the
entire domain, (b) North China, (c) Korea-Japan, [d) South China, sub-regions are depicted in Fig.1
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Figure 14  Eigenvectors and principal component (PC) time series of the leading EOF of winter (DJF) mean
precipitation (1st mode: left, 2nd mode: right)
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Figure 18  Interannual variation of 200hPa temperature, 850hPa temperature and 850hPa specific humidity
over entire domain in summer(Left] and winter(Right]. The 20yr averaged value and standard deviation for each
individual data are also shown in the figure
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Figure 19 20-year summer mean 850hPa temperature (a) Era-interim and (b) CCSM3 minus Erarinterim,

[c) CCSM/CLM minus Era-interim, (d) BC_CCSM/CLM minus Era-interim
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Figure 20 20-year summer mean precipitation of the (a) CRU/GPCP and [b) CCSM3 minus CRU/GPCP, [c]

CCSM/CLM minus CRU/GPCP, (d) BC_CCSM/CLM minus CRU/GPCP

071




072

APEC CLIMATE CENTER

@) Era-Interim

45°N

30°N

110°E  115°%E  120°E  125°E  130°E  135°%E  140°E

] CCSM/CLM
50N

10°E 115°E 120°E  125°E 130°E  135°E  140°E
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Figure 22 The spatial distribution of RMSE of the summer mean 850hPa temperature (top) and precipitation
[bottorn) between (a) Erainterim and CCSM3, (b) Era-interim and CCSM/CLM and (c) Era-interim and
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Figure 23 The spatial distribution of the temporal correlation coefficient of the summer mean 850hPa
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Figure 24 The pattern correlation coefficient (PCC) of the summer 850hPa temperature from 1989-2008 over
(a) the entire domain, (b) North China, (c) Korea-Japan, (d) South China, subregions are depicted in Fig.1
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Figure 25 The pattern correlation coefficient (PCC) of the summer precipitation from 1989-2008 over (a)
the entire domain, (b) North China, (c] Korea-Japan, (d) South China, sub-regions are depicted in Fig.1
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Figure 28 20-year winter mean 850hPa wind [vector) and specific humidity (shaded) of the (a) Erarinterim,
(b) difference between CCSM3 and Era-interim, (c) difference between CCSM/CLM and Era-interim, (d) difference
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Figure 29 The spatial distribution of RMSE of the winter mean 850hPa temperature (top)/precipitation (bottom)
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Figure 31 The pattern correlation coefficient (PCC) of the winter 850hPa temperature from 1989-2008 over
(a) the entire domain, (b) North China, (c) Korea-Japan, (d) South China, subregions are depicted in Fig.1
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Figure 32 The pattern correlation coefficient ([PCC) of the winter 850hPa temperature from 1989-2008 over
(@) the entire domain, (b) North China, (c] Korea-Japan, (d) South China, sub-regions are depicted in Fig.1
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