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Abstract Variability of the East Asian climate is complicated, and the skill of the global dynamical prediction system is
quite low over East Asia. Therefore, how to improve the climate prediction over East Asia is of highly scientifical and
practical necessity. For this reason, a series of dynamical and statistical downscaling schemes have been developed for
East Asian climate prediction research and real-time prediction in recent years, and these schemes are reviewed in this
paper. We first introduce the real-time global dynamical prediction systems in China and their prediction capabilities,
which are the scientific and technological basis for further development of downscaling methods. Further, recent studies
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on the evaluation and selection of physical parameterization schemes in regional climate models and their applications in

the East Asian climate prediction are systematically reviewed. In the review of statistical downscaling methods, we

mainly focus on researches on the East Asian summer and winter climate predictions. In addition, a new and skillful

statistical-dynamical hybrid prediction method for East Asian winter climate prediction is developed. Finally, a

number of scientific and technological questions that require further studies in the East Asian climate prediction are

highlighted.

Keywords Seasonal climate prediction, Global dynamical prediction system, Regional climate model, Statistical

downscaling
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We) R [ A A2 BRI SE RS ), T 2001 4R
ST T B B AR R TIN5 R 4E, JFIT A
Wg5isty 175, 2004),

B R S B AN A e, R RS S BT e

“ BT AU IR B 1R By A R R
TR FETT 1) (Stockdale etal., 1998). £ 21 tH414],
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et al., 2004). BHxiURAAL K IR 2 AR A
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R Z LA T (MME) X4 ER B K 6 T g
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ST AT S 1 DX B A AT — 5 () Tl i
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T LU R RRT AT AT B i, AR SCRE R 647 2R W X
B RURE T3 R R e B A Tt v 1y 3 FH R A T[]
Jot o SCHRE R Se A AR H Y T SE I SR i 3
JITI R GEFE AN B0 S Lk e T oK A2
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T HIE RO | o NG O S ey Nt B o S W B LA R YR R
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Fig. 1 Observed (red line) and hindcasted by PCCSM4 system (blue line) Asian monsoon indices over the period of 1981 to 2010: (a) Webster-Yang monsoon

index (Webster and Yang, 1992); (b) Indian monsoon index (Wang and Fan, 1999); (c) western North Pacific monsoon index (Wang et al., 2001); (d) East Asian

summer monsoon index (Zhang et al., 2003); and (¢) East Asian summer monsoon index (Wang, 2002). Figures are cited from Ma and Wang (2014)
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ZHATT ZIVHE 53k . X TS E T ZINTE
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et al. (2011) tb#: T WRF (Weather Research and
Forecasting Model) H2 — AN [FJAR 2% i 2 ik
J7 0 e H 2 ORI s, 45 ] B s Grell-
Devenyi Jj 2RI B BAUERE . Gao et al.
(2016) VFAL 1 [ Br BRI P B b0 X3 A X
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RegCM4 ) 71 i H &5 r a A Bk 1 o B B X
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I AN AR 0 S B 7 SR I 2000 LA
PR LA RER S, 25 KR W], Emanuel F42%}
WSEMWTTENT Grell T, F#Hill5E (2016)
XFEE RegCM4.0 Hh WY R AR 2568 it 2 KAk 7 S 5
ZEARE 2= X ASBARALL ) 52 00, A4 Emanuel J7 58
X e B8R 7K R 3 1 0 A TR AL s ik T
Grell J7 5. {HE 2 BRI € X, Bt S5k
J7 Z W £ 5 DUZR AR — S BEAR 1) 50 25 3 X
A PT 25 B AR ARE (2011) XFEE T
RegCM3 1 =Tl R o % 2 24 7 S0 Tk e B A7
PS8 [ AR BE RIS, A A Anthes-Kuo J7 ZAH L
Grell F1 Emanuel J7 £ 84748, kg5 (2017)
WA K RegCM4.0 i Grell J7 ZAH L LAl B R 7 %
AE S L U ASTALL VY B B X PRI 7K, 177 Emanuel J7 245
FUNFR) VY o X 5 N e

—INA, R XS B T S5 W 7K 2 ]
O3 AT BIAEAUL, 10 2 T ) 3 R 55 i) 6 7K PR AR
(IMBAN TS, 2014; HHIAF, 2015). (oK
Y 3 B s PN ELTf 10l T N N [ P 7 G/ B SR o S
X} B K AATL R w2y B e CBRIE R EE, 2007) .
SRS, B ST T SRR K g
3073 H A0 DX 5 AT BRI o v T I 5
(2011 X sl Hh X R A BEFL ORI 5 A B, X /N R
HHPMEK, Lin 77 ZBHUSCR R X T
FKW =P FFE7K, WSM3 (WRF Single-Moment
3-class) J7 MR B AT 0T MBI K,
WSMS5 (WRF Single-Moment 5-class) /5 & BT o

M AL (2012) 0f b X (1) B8 s ARLALLAE 51 3R
W, fEACTF 23RN 36 km i, Lin J7 454045 1
felfs 12 km I, Thompson J7 & dpclif s 117KF-43 %
Z A 4km I, WSM6(WRF Single-Moment 6-class)
T Fdhf. RAEFIEE (2014) H )ROSR B
P57 SR T r — IR, 85 R B8 WSM3
T3 GRS B K R AR 8 W RS BOR B i, 0] 2
I I 22 s WDMS(WRF Double- Moment 5-class)
T3 ZEN e MRS e o TR Bt IX “7.217
(2012 4E7 H 21 HDOFF KB PORAUNIZR B, Ferrier
M1 Kessler 75 Z0F KR A5 B B fif (B2
FRARIEH], 2016).

B T ZMCHIZEA T 56, L5 A
MIZH AT F MR E R, BRA £ (20060 A
LT WRF il G2 T7 S0 FEK PR 52, B
45 R W] MRF 1 MY J7 R BN Ha . 5%
25 (2014) F & (2014) 43 BIRESE T TR [YSU

(Yonsei University). MYJ (Mellor-Yamada-Janjic
TKE). QNSE (Quasi-Normal Scale Elimination)-
MYNN (Improved Mellor-Yamada) 2.5 Fl ACM

( Asymmetric Convective Model) 2]FIPUF[YSU.
ACM2. Boulac (Bougeault and Lacarrere) Fl MYJ]
I RS A TT N R 2 AU 50, A
A MY J7 R PR B BOR B4 T YSU 5 %
TS P K A o X R E AN R IX, S84k 7 %=
(RIS AAHIA, Wl Xie etal. (2012) LR T PO
WSEIT% (YSU. ACM2. MYJ 1 Boulac) X}EE
=AU R S i B SER, Ch ACM2 T
SRR E G, RN RRIRAE (2013) AT
T, e IR, YSU 7 EAAR 2 m
URRZE D, ACM2 5 AU 2 m 85 il B2
10 m WU R ZE 55/ o 0T PH R AR PRI A7 o 5 2 PR A
L, YSU LG A LF Calime 4 A4 EF, 2014);
VG i L X 7K AR, ACM2 6] /)N [ AT HR Y A4
B, YSU KR TR FIZ Y R LT (B0 45
201600 ERGTAE L 7 S LB THT, AR A1 IE
# (2012) XFEL T RegCM4 H i i A7 56 4531
DA AR AT )5, U] CLM3.5 7 &L
BATS (/EW Pl — KA A 3 s 5 S0 B 7K
UL AR 7 /N o TKoRFE AT (2016) XTI
AAE T 5T R, RegCM4.5 1 CLM4.5 5%
XA A /N R T 45 SR A, BATS J7 28 WA KR
AR AL, Ak, Zengetal. (2016) X
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Ee 7 WRE A58 fli i o R o) 1 7 34 ey R A 404
(RSN, BRI T 326 R LSt i T e R 2= A -
P Ar v FRERAU R F 24, A PLEX (Pleim- Xiu)
7 Z 8, NOAH (NCEP-Oregon State University— Air
Force-Hydrological Research Lab B4l & [ifi 1 5
). RUC (Rapid Update Cycle) A1 SLAB (4~
T %) IR

LR, RTINS, 2R R A
YERIS AHILSEmR), H G B MR T ZA S
HI5%M1 . Yuan et al. (2012) LB T AN [R] il ik #2 A0
AR T A A XA 1982~2008 AT K
T Eh g RS 2R, 45 2R3 W] NOAH X+ [k
Ji AT L, 1 RUC % g Iy 845 R,
RUC-RRTMG (Rapid Radiative Transfer Model for
Global application, R I 5 % f Bl A BR AR AS)
145 NOAH-CAM 20 45 T i B K 22 o 4 5
WA Z SIS (20120 5% [F AR e s [X 2 ) Bl e
SR T FEGTHOR R, #Y RS
T R AN TR A R W TR B8 AP AE 2% 572
Thompson-KF-YSU-Thermal 414 % [ 7K ¥ T 24
R . Que et al. (2016) EL# T AL A E .
W B AR B WS A T E AL A X 2008
SRR VYRR 2R B RE VAT v [ OKC Jli it 88 A o
K FRARATL  FH0HU PR 5% 0, 45 SR 3 W 45 25 X i S
RLRL S WL, = B ST %
MYJ Lt YSU BB B KE L, stz ik
J7 % Tiedtke Xt 0 A FE 002 ITCZ (JRIEHE
i) B A B

ity BRI i ORI, DAAEZ A5 A
PR ESHATT S, B A TRAR S AT FE AL
WFFE,  TAEY 25 T S bR i sk, D5 5 1k ) 3
FEREE . FEK i a B RCR B S 8 T R A
By DUJTRESER T At, FRATIERN RegCM
WRE, 73 VEAL T AR B2 804k 77 S 460 4
TR I ER S BAURE ST . 75 RegCM4 B3
H, IRERI R 2R S T S8R Grell,
W R T A ] BATS, ARG B il 1
WRF £, R WSMS S #5757 %, KF
ZARBEAL T %, RRTMG K R s 5 7 %6
CLM4 Bfitfiid M7 %8, REABUEs Rt 298, X
FRE A X AN =Y, s P R 2 5tk 7
S REANSAT A, i EEMR IRy 2 7 SKIT A B0k
2 HA LT .

3.2 EhHMEREEFRITSIEELIFNTN A 895 A

FEAREHBIK, A ] A [ S T
Ji& T R e 53 e DX el A=A A X A A= M
TAE. PEAZREZ O 1996~2000 471
RegCM2 Jfili & it T RegCM-NCC, J:M 2001 4F
THEN 2T . 1991 ~2000 4F 5 2= [R5 e 1,
A8 0 ] AR 8 B 2 N A B I T A — B
I5; 2001~2003 4, RegCM-NCC #5522 Fi]
SRR, [, T 2003 AEAMENY ZETT
AT A 2 ) B 7K Al 22 5 00— 30 T —0
25, 2004); AN, RegCM-NCC i 4< i X i A
BEZK IR TN BE )t S AL T Bk a5 R (W TRk
5, 2008), RAPTHE F K RegCM2 5TLE4
BREE KA TAPOL-AGCM #L ) ik £, %
AREIARTAGEA T B E AL, JF T/ T 1982~2001
EREBLEAHGRE CRIEM A%, 2006),
SERRH, DX e T e AL A kB A R
YRR RBEAS 5, TR B K PR ALt s A R AR 5
AENEGE, A PR 1 25 AAH OC R 8 A Bk
XY 0.5 #mF 0.7; K RegCM3 ik 2
IAPIL-AGCM, HACRAL T 5 Af ] TAPIL-AGCM
To 459 CRIIN EE R RE M, 2012).,

i, IR TIT R TR 22T WRF AR
LRI TT. Yuetal. (2010) KyE: T WRF £t
X B XA AU RE ), I AERBEAR L, X
SR AT DA S 2 v il S R B K RS RE ), R
JEXTAEF- A B K IR BLAUL e ) A7 2 35 (132 T - Wang et
al. (2011), Yu (2013) FIH WRF BUE 0 28 2R
JEHBIX ) 2010 4 4 7 12~13 H AR B S0 LA K
2009 4 10 H 42 2010 4 5 HIWZE 1R AT T B
[ARATIT, 459K, Sk WRF 20 1B R EZ )5,
ABE O T 8 =5 11 AR ity A 497 AR 2 15 AR Ak R B
B SR S, GRS R ] AR A X S A A
T AL, WRF BRI (1A O¢ R 5 ma
0.93. fEAIH MIROC5 (Model for Interdisciplinary
Research On Climate) JX )] WRF #ECEA T 1 [Jy S A
B, WRF FaUA] DL W PRI MIROCS *f
R ity Ak i BB (1) M 22, 72 TRDAH O R AT i
$em (Yu et al., 2015). o WL, XA A X
B AR vty A F A B A o XA bt A B
st

Al JUAF, ) DX sl o o A T 1 T A
B33 F k. Ma etal. (2015) FJFHKSHr “—
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Ak Pl & 48 PCCSM4 B Z) WRF, %} 1998 43k,
2 =Bk e AT T HRAS, 45 R B8 WRF
REGPE mot AR K TN BE g, oSedE Ak e
B R TR R G w2, JE4h 2 (1 BRI 5
SIATANTT, KT AR TR Ui Hb X R K A o 1 11 4 )
R RBN PCCSM4 ] 0.59 $2F1%1 0.91; BE4h,
DR sl B 2O TR RUBE B 7K Ol 6 7K 1) 388 [
AR TRINAR A ek . 5K A4S (2015) FIFH PCCSM4
UKl RegCM4.4, HEAT T 2001~2010 4= 155 ik
TR EHRARE, KB RegCM4.4 Aets L4t 8 £ (1) 4
IKAF AN S3 AN, R 7K IR [R5 0 F 2 ) A G
ZHh 039 HEnE 0530 BUAk, B R IS N
FIHALVFZ 5, WifEA 3 km KP4 B2 ) WRF
HAT ARSI, ISR B, BN
%5 (Ahn et al., 2010). Hur and Ahn (2015, 2017)
i R 3 HE R ) WRF 25 HAN X 38T AR AR T 1
WIS T, A BRI RS, XIS
A T G b TR0 H e b A S DA A R 1
TEmf1a]

2014 4FEES, RAPTITIN RS PCCSM4 k£
DI A TT e S P, 2014~2017 47
160 %5 %7K PS $¥F4)> (Prediction Score) 433514 78
74, 80 F1 73 43, AH#H: PCCSM4 I H 45 RS H A
[FFE LT

4 EitbEREARTSIZFN AR A

TS DX S 0 g T, B T B ) B R BT
AL, Gk R B e EE Y —F. i HARLL T
Iy AR DR T R R SR, Gt B U
N ITENAT o GEvh I ROEE 7 e il o A T ()
A v T fi ) O R BE R AR S R A
RIS R R, FEAL AR, S o .
TERH e vt B )R 7 3 10 AT Jd 390/ fige T my i 75 22
W2 M B (Von Storch et al., 1993): (1) KR
[ER G S XA E R 2 M A BER SR
A (2D FETRIN W )20 RO AEE I o
4.1 MEABEIKRYBE R E T

HHT, Gtk B RSy v SO g e J Aok o] o
BB TN, IS T ARG R . A
Z RS IVt B ROBE TN 7 V206 W o 56 [l 55
i DX (1) 3R PSR 526 7K TR0 48 B S A T4 BRBE 1 L
PP 25 3 (Feddersen and Andersen, 2005). Kang
etal. (2007, 2009) FIJHKRZTFAAEA L

> (APEC Climate Center, f#jFK APCC) [HZ A4
FEREA TP 5, R 2R UG TR,
RIET Z N FIRMERR BRI E, %K
APCC 25U 0] 2 25 i DX F00M PR P2 7K 5 W0 2
ARG R —0.39 $2 33 0.62, FEAEFRILHHLX
H1—0.47 $&m2 0.75, whEMIX H—0.21 £
0.75. AN [F) B FUBE 5 A o SO0 =i Pt v, ol 4
WAAAE —E 225, JUHAE M 52 2% (0 ML X
(Barbero etal., 2017). ZEvIRE S vkt 2 N
T ARSI . BT LR PR 2
A b e v 9 U D7 V25 RE A 71 30001 252 DK b DO N o
TR B (RIS 2 ARARAIE , FF01Z X 1, 2006~2100
AR T, G5 R, BT K ER Y
I, A=K D SRR N g B oK T B
IR BEAE RS A R b, AR AR 2
(Asong et al., 2016).
BN RRIE AU, R A A2 LR e T B R )
W IR DT AR TR Z QR R AR IR
K, B AHAL, ARG RSN S S 0T R R T
PR e o Ry AR SRS A PR X T i Rty
i X P2 K e R AE S AR T A1 DI ) K S, Tl B
A B v AR 2ORE R M Xk K S ) R0 1 R
(Wang and Fan, 2009). Fr ik e ML 4 m
PRSP TN GO SRR, B TR A & 1 AE B
B AR A N T A (Fan et al., 2008). A4
s 358 8 7773k At S TR UM ASE 8w DL Yk 2 oSt b A A
20 2R M 5 7 RURTA- 2 b DK V8 7 5 2l 45 11 00 e
77 (Fan et al., 2012; Tian and Fan, 2015; Fan et al.,
2016 =T EAR 3O0F A RUBE R A0 TIEI e ) A
T S 0 470508 5 e DR] 56 38 [T B8 7K Py 5% o AL i A
%%, Liuand Fan (2014). Liu and Ren (2015) f# /]
Yite B G BTVE R T 8 D) MG v Al 4 & 1 1l
7%, gt ST i e 2 7 e K ) B R N A
R, A7 R R T A AR O] e L R /K ) B 7
Lang and Wang (2010 ] FDULI 4 5 4 AAO (B4
W55, AO F1 SST GiERIREE) 58, LA
PR 3 /> H F0I £y 52 2= 3 K kg T PR 8 ST SR A
20, PRI PRIV LAV DR T R 2 p b DX P 5 2
IR B AR 5% 28 73 ol e A =X B R T £ 0.07
A1 0.30 $m 3 T 0.77 A1 0.78, BRENAESE (2017)
FIH BCC_CSM1.1m AR U TG 548wy HLGT B i1
DX 52 7 [ IR 52 Wi A7 ) B2 SRR AL Sre A A T
DR, SO0 s b X B 2= K b SR BRSPS
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—3E N 61%EF R T 72%. Zhuetal. (2008) ¥
280 1EA8 (EOF) MI#T A (SVD) JiikiAHgs
4 A APCC Z B A4 TR SRR 1 500 hPa
PEBEEAE R, SR —AR PR IX 5 72 X
FoKEAT B RO TN T, &5 o, AHEE 2B
EOHETINGER, 2GR, T4
O DX 8 B 2 20 KB K R BE T A O R B v T
0.14, ¥R ZERAD T 10.4%. FHiEHES (2015)
AP GE v 5 v B 5 O ki AR S
B (0 5 2R B AT TR 25T IE, AT LA R
A TN AR . ZIEIEE (2011 R
5 ZAREIH AU E B I & 48 (TAP-DCPID 1980~
1999 AL G IR AR, & 73T EOF 1 SVD 1)
BERZEVT IE 75, AR WX 35ANZ T B K AT
ITIEE RN, #2554 80%KAEH 1T 1F T8 KA
TR GRS R . Guo etal. (2014) F AL NI PY
e BV X 31 A0 H R P [ 4R350 1) 850 hPa 8
) XA TN DS 7, 0 e 7 F TR ASE 75 1 4 1 T
CFSv2 Pl 8L, RILZI7i2%F CFSv2 #2477 1 M H
1) B 7K T &5 S et de K, BEP—B0% 1 CFSv2 il
W 45.5%3E =% T 77.3%. Zhang and Yan (2015)
I S5 0 AH DG 95 3 HC T K1 = 5 P DL i 7 A 77
FEEAR, TG Hp [ K IR FI0 8 ) AR TR S £ ot
RPENNE . ATLLE 2], X ST Eie 5 vk
R REHAT e i T BE R T T, R
2, TIPS BTV A R 2 A4S T 45 A7 AE
BRI ZS (Yang et al., 2017); 1 HAEMIFEAR
B AR A BRI T A N AT (25 3 5 (Liu
and Li, 2014; &5, 2015). Kk, fEMHEE
TOUM G o] 2 S AGE IR AR AR B AR AT BB T %
T fB LR ) DGR 2% )

EAT, [ PR Ge v B RO TR 4 A AR R R
M, AR OK 2k b T B AR A e A [B] 4 5 B
B, BLAE T S TR AR 2 55 7 VAR . 45
WHLE (1979) T 1979 L THIL—2sh 15
%, EEMASE (2013) 7Etb BRI FEE TR KA
fi sy sE Bk 4545 :0——BCC_CSM K J& T 8h ))—
Guil & W AL T J7: (FODASL.0), ZJ7ikE
TEAA I T8 E B K B S I T30, FEEUAR A
SRR S NG a1 e so AN ES N 7 e RO
(NZCO) HBAIE TR G T 2012 FERRE T
— Bl RS Bl )G vE A 4 A 1R R R T g vk
(Chen et al., 2012; Sun and Chen, 2012), f&jff

NZCSD. NZCSD k.0 AR 3T 0wkt
TEPEA AR I b 1) Beee 11 HAS Tl &5 — 58
BRI ZR R TR0 R, R FH 2 G ) R~ 1A T A
HIFRE AT .. KGR R B R, %77
i 0k 5 B v TR R 3 K R AR B 175, S R % 7 9%
Jei s RSO ) 8 1 PR B K 5 00 B ST A DG
RESTHRT 0.71 AR RN 0.100, ¥y
AR ZEFIA D> T 49%. TN VEBE M) St & 4 THAE
T2 (1) NZCSD 7132 HUF i 8-~y 268 -0 ook
158 5 B 7K 2 i) A7 1 S Tl 2 B8 ) 4 1 ) B B
Zo o 10 ERN AR T 6] T PR 7~ LA 5 v 1 T
55 (2 F) ¥ Sl 56 1) A AR A e (1 F0) -~
T S 37 RO ASE Y I w5 DR R b 9 ok o) K1
5100 & 2 AR E R RIS . 76 2013 4,
NZCSD 5B EL7% (2014) @ALm) “—3
W BT RS (PCCSM4) BETRES, TR
2 53R F IR K S 0, 2R D0 H T el f T
R 2013~2017 4F 2 4 B0 AU 160 2t K
PS VF43 40k 73+ 74 754 74 F1 70, REIL T RLF
19 . FH A
42 ZZPEKHIFERE TN

DAAE R T 2R I 46 2= A A S R4 R0 L )
FIRZ CT-—JL5, 2014; HAJERIFRSC, 2014),
X HANTECIR . T £ FE K E ENSO B IA A i
RO AR A i o E AR RS, (2RI
WU R I AR A ZE S 5 A2 6 ENSO [k R AT
%€ (He and Wang, 2013), [k, AEHATLELKEST
ST A N AR WA S AR AR . T
RO R, i oKL SR
DR X6 25 3P &2 S AR A A A 5 2 i, 1y HL S
) (1) SRR A, IR A A P A S T Al T
IR E T Bk KB (1 TR0 BRL 7

AU 2R iR IS (SST) 9 RS W 2%
MRV AZS %, Sun et al. (2016) W
JE IRV VG B SRR AT A — S B3 AR AR B AR Ak
P, U EE R A R — B R IR S T
St AT DASE T I R 5 M R NI KR R T A ) A
7 P KU I AR A, 3 T 5% M) 2R I A2 UK AR AR e
A Aks i HAZ DS IR S S T R KT — A
FREBI4ZE, W AR TAZE DA S AR A ZE A T
DR ARG o [ R AL 3k Ak 25 7 K
P SST S 45 AR WA Z=RE /K B Al T A7 AE 8
FRFR . MXMEET RN GERF F2& TR A
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PEE SST i H & RAF WSS R
SST S5 "5 ety — HEFLLBIAZE, FHAEATFMK
T AR R ER B L BRI 4 [ SR A DG 51, Bk
M3 BT R W IR AR L AR TR, &
L) RN 242 Fae K S O DA AN - 28 e
fii (Ao and Sun, 2016b). X— KA T,
AT 4R A ZR B K AR A B, K R A& ZR K
()25 1 PO A T — AN AR IR T DS 6

5 SST 2B, REH BARKZ I FF 2L
PEo ERRHLIX, WA T (5 BAES) )1 215 T
MrhaetpRrsil 2 M HZ A (Jeongetal., 2013),
WK P 5 7 A 22 45 56 45 W0 3th XA AR 4k 1) 5% i ]
REsm T R R, SRR  SE
RFART SST (/EAH (Kumar and Yang, 2003).
T, Aoand Sun (2016a) WF5TiRE—5 4R H KRR 4R
KA 0 AR WA 2 [ K 1A g i IRk ZE—
BEFERIAZE, MRS PR S ARG 2
FIURE 30 25 A0 BAE FH R RS e 7 A 5 2 B 5% T 1)
FEY N 7 ELARA LR RR =R A4 K T P51
RTINS, IO ) 4R SV A2 4 K 5 0L F A
ARENTIK 0.50, X R ZMF T SR R R AT
BRI — NI BIE. P, SRR
AT B AT R AR, (R T T
R Rl Bz, 7625 Ge vt Tl &R 48 HHd R
DRIFE R AE B, K2 0l 5580 ) T & 4
F BRI BT IR TGRS 1S

I JL 4 S AL MR UK 1) 20 3 b o 4 ks
R G0, Rl e v 4 B X R R BBk
TRELN XS, 1999, 2011; Liu et al.,
2012; Tang et al., 2013). UTHSRERIE. Jb3E%5H
DX 11 R 2 1 ¥4 4 5 A A U DK P R ik 2D A7 55 %5 )
KA, R 2 A SO Fr g X (UK D S
S BT A R AR W M X 4 B vA & I EE B R A
(Mori etal., 2014; Kugetal.,2015). Jt4b, Jbik
ORI AL, SR bk m A R KR S
I, FEAR T X ok B s 2R K RTE G e, A
FIFACTr 4R E 1 n; [, JeB ek s 7
TR 25 AR o, A8 75 25 0 52 2R B K B9
(D Aes, 2011). IXEERFFT R 51k T T
MNES5 N B BE DG, BRINARSS (2013) 15 2012
SR IO g T 45 25 e T AR K AR A IS
i B HiFsY (Wangetal., 2015; Lietal., 2017)
fath, AERKZRHEOR 25 3 SO0 KR R R IR

S, EAET X ST SIS . KRS RE,
T 0 R AR X AR ST . T IX— K
I, Yin and Wang (2016, 2017) )AL okES
PR T R 7 57 7 A db X & 5 s G H AL
TRIBLRY,  FREAT I 45 R fir th 25 AL vk AR A
P T 0SS 7Y % i T YU A T X sk 5k v A H 2
(RAE R FIAEAC R AR Fa . T L, B SERAZRE
TR, HEUK PG AR L EUX AR Mk R G ARk
B 5E I, X AR A Tt 2L A R 1)
YEH

B N & [ AP O RN =TES D | o @127 o
X AR WA ZE SR AR A S LRI, BRAT DRI
AHTAFN £ 5N 2] T NZCSD Fidisd g,
TR R =, X B A RS N B B RORE 9
MR, HARERRHZE, BT 9B
UKL S T PE e A AR 22, BRIk, NZCSD il
B LGN T ORI ) i S KRR S R e A
TR PR R AR A R S TN B AR S, FRATT
B St A& 2 I ORI JSE S0 0 ) 12 T — A
C1 FR0H R L3 B[] 0 30y g Tt 10 R RUBE B3
PRI F5 (2 Tl DR~ B e 36 iy U0 11 K R i 5
(3) ZEAFH RGN UK R R 380 ) 7
IR E IR (A o

ARG MHRIRIE R W], NZCSD a8k w1
FRP b X A2 A R 5 28 T 4 5 (I 2. 13D,
ARV b X X373 1 B /K AH DG &R 8 (1991~2014
) R E R ) 0.06 $EEEI T 0.51 (RF%E
KA FIIVERD, AR RSN 0.12 #
A E T 0.54; 1 HARHEAN R HLIX, o) 4 2= KR
LS TRC 5 B () SO AR A B AR, B KA DG R AR
PR AR XA T [ AR S M X, 1ol 2 A v A
] DLAR IR 5 R A TR A KR s e A
WAE— R Fn] DLk — 0 4 iy AR WA =A% 11
TPERE . 2 2% ST AR UK R IR AR A (1 1
FHS, TR ZR W AZRRK GREE) M REER =
FT 0.22 (0.27); [R5 IEILAIFUK . s £
RE] ) 3 R B PR R 1 IR 255 VE I, 73
AR W AR GRS MR RBEE AR T 0.78
(0.80), AH bX 5 K RUBE BRIt DAL - A T BT -7 g
AT BKIEE T

(RSN BSR4 27 SN R =TS b A A
Je PCCSM4 T (1 ) 39 R RUBE BA3aE 249 Tl BA1 -7
NZCSD 35l 2014~2016 44 2[5 K FILEE 34T
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DR AR A DGRBS () MZEME; (o) N5 IBFT AN UOR b i 2R 5, R R e vk J5 VR T rrey B A RO e A 6 R A5 1 (D
PIZEE AT (A LR IERTIHALIGEIK . B 2Bk AT PCCSM4 TGN ) IR BERRUR IR 1, SR GEvh—3h Sy AH 452 1) 75 v F000 14 e 2K R AE M) iy 4 5%
FHE (@) BIZEAEM A o A7 EAEUE A 8 b 5 10 00 B 7K 5 0000 B AR O R B0 X 38444, B2 7Kk CMAP (CPC Merged Analysis of Precipitation)
Bkl

Fig. 2 (a) Correlation coefficient (CC) distribution of winter precipitation between observations and PCCSM4 prediction. (b) CC differences between the
results from statistical downscaling prediction scheme and from PCCSM4. Here the large scale atmospheric circulation anomalies predicted by PCCSM4 are
considered as predictors in the scheme. (c) CC differences between the results from statistical prediction scheme and from PCCSM4. Here the observed
preceding autumn Arctic sea ice and high-latitude SST anomalies are considered as predictors in the scheme. (d) CC differences between the results from
statistical-dynamical hybrid prediction scheme and from PCCSM4. Here observed preceding autumn Arctic sea ice, high-latitude SST, and PCCSM4-predicted
large scale atmospheric circulation anomalies are considered as predictors in the scheme. The number at the right top corner is the regionally averaged
correlation between observed and predicted winter precipitation by different prediction schemes over the period 1991 to 2014. The precipitation data used here

is derived from CMAP (CPC Merged Analysis of Precipitation)
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o, — FRIIRIARERS) ) T AR G A I 5%
I, Ay 3 P PR s 9 A 1 S vk

1k, ot 2015 FFAFERERT “+—+7 F=H
TSEA . [F, NZCSD W AEWH T 1 T
N0 H ] 26 2 Al 7 (1) 34 TR0 ) 2014~2016
FEAZE 160 i FFK I PS VF4350 54 79+ 80 F1 765
478 160 Sk PS VP4 4y 814 74 F1 89,

5 WES5RE
$5 AT -1 R 40 o
R M TR AT BL: K i

e BT TS THAR M X S T K-, F
BEEZAUE TER vtk A LA 90 SEACHITT
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7 B335 A R o R 3 A IR = 3y 1, 3R
(] SR P i, A o AR T AR K s
ST WIARSE, PNt R
X R R FA AN IEE S 1 (R TN BE 07 1 25 1K)
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Fig.3 Same as Fig. 2, but for the surface air temperatures. The data of observed surface air temperature is derived from the NCEP-DOE II reanalysis
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TR o 175 2R G AN [ Bk i) RS 0 I PR A7 AR AR 5
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—ERR T AESR AL H AT 4RSI TN R S =
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£, RXTCRE S S BEE B T KPR 8ETE. Ah,
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