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Abstract

Using the hindcast data from five global ocean-atmosphere coupled models provided by the En-
semble-Based Predictions of Climate Changes and Their Impacts (ENSEMBLES) project for the pe-
riod of 1980~2005, the forecast capability of winter (December, January and February) climate in
China (15°~55°N, 70°~140°E) is assessed mainly from the aspects of precipitation, 2 m air temper-
ature, and atmospheric circulations. The results show that the ENSEMBLES can predict the cha-
racteristics that winter precipitation in China mainly concentrates in the southeastern region of
China, but overepredicts the precipitation in the southeast, and there is a false precipitation cen-
ter in the eastern edge of the Tibetan Plateau. The model underestimates the westerly winds in
the northern part of the Tibetan Plateau and overepredicts the 2 m temperature in most parts of
China, and cold bias occurs in Xinjiang and the Southwest China. The ENSEMBLES can dominant
empirical orthogonal function (EOF) modes of precipitation and 2 m air temperature, with some
differences arising from different initialization months.
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SRRSO TT I, ARG AR F AR TR 2], EFR, FRAR SR RAR AR RS @
SEAERE U B IR vh R — IO T [2]0 [ SRR TE 22 W AR R G TR . Bk A
LR BAT T E[3]. HBURIE R L TR 5 22 (IPCO) 35— U AR 15 K, AU R G A
RSN ATTIA TRKEIER, M IPCC 5 TkiTAik i (IPCC ARS)H AT A i, 28 DU PP ftidh 15 21
S TLRPPA R, AR AR DT, 25 [ Bl A R QL BT R 5 TR Be(CMIPS) ) AR 3R T30
REAERZITIA T WL A5 m[4]. U R G AR BRI S U Ae AL, W FE AR DL R TR SR A A2
AT T A HE A PR R [2]
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U R EE AR T AR FIRERE ROREIALS] [6], BRIk, BRI IR E R R R AL S PP TR R Gt
8 UM LA AR ) 6 7508 B Bk BAT S Al IR E TR A A A B i 2
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1961~2005 4F-H [B [X 458 B 2= [ /K oy A REAE I TN AE 77, 815, 7E EOF =¥ [al3% b, =00 T B AR S X
SR RS Sy A B (R TR 6 AR [3]

o B X A=K E /N, RN ERX, IR AKFERRI R, BB 58 nl fe 2 i A (R 72
FERIFZM[9] . [ A AF AR R [ & = oK R AR T B R Rk, B, R T
ENSEMBLES %}/ [Fl 3 [X & Z=% K . 2 m SR A& 850 hPa I (TN GE /7, Jde i 2545 1tk AR i HE B 2R
FS G 5 Uk 5 HR it — 8 R AR 0

2. R
2.1. %R

2.1.1. ENSEMBLES 143

ENSEMBLES (Ensemble-Based Predictions of Climate Changes and Their Impacts) 11X/ 2 HH Kk 1 % 2 &
B2 EES RSR, TR RN RS i+ 0 (European Centre for Medium-Range Weather Fore-
casts)[f] ECMWF #30, JIR K 223640 Je IR UG R B2 HF 7T BT (Leibniz Institute of Marine Sciences at Kiel
University)f] IFM-GEOMAR ##3, ¥ [H/S % )5 (Météo-France)) MF =, FLE % R(UK Met Office)
] UKMO #E3, DR RRKPH - Hbrpifg < 4% A8 4k o0 (Buro-Mediterranean Center for Climate Change) (1)
CMCC-INGV #5505 MeBkilg A B, $24E 7 1960~2005 1 [l k%[ 10] [11].

AWETCLEL 1980~2005 4EITA] K 5 AR [l g 4 R 5 WSS RAE AL 5 D ERRE TG
FHEE O MG FAFR RS, HINEFEXN2 A1 H. 5 A1 H 8 1 HM 11 A 1 Hilgsk, Hdr2
H 5 A8 Ak iikem m w7 A~ H, 11 R ERE(CMCC-INGV BRAM I JE T 14 4~ H o Bk,
212 H. 1 HA2 H, DIF)ATLAZr A 8 H GEERTPYAS AT 11 H GBE AT — H)A Rk ik ae 45 2R v 3k 45

2.1.2. W FER

A T SRR EE R ZE R g 1) 1980~2005 4E4xBR [ K S5 11 %(Global Precipitation Cli-
matology Project, GPCP)FZ AL 7 #FRA 2.5 x 2.5° (1% A FE/AKF R 12]5 2) 1980~2005 4F3 [F [ K IA L T
A0 A SE [E B8R (National Centers for Environmental Prediction-U.S. Department of Energy, NCEP-DOE)
FRHLH) NCEP2 B H 2 m SR RIG AT ookl #8308 2.5° x 2.5° [13].

2.2. A&

AT S AE A AN B HOL A0 R 1) [ e 4 3 B O 22 A B AP 45 (Multi-Model Ensemble, MME)
T ES R14] [15].

AHFETINT Taylor B4 75300 Mg s B P RO R AT VG [ 16]. RS T —Fh BIRAGH) 7
Tk K G TN 3% RO 3% 2 TR R AR E AN 2 R (R AR B PR S8 B A AR 22 . S5 AR R ZE A G R
ok E AL

B ONZREE T TR R, 7R 1T, REF FraoR s ARR M e &, B s — 4~
BERIRAN A A5 30, F00 37 FOWLI) 2 18] () 350 75 #5222 Fl REF B2 BRI EE B R, O sRIZ BRI K
JEEAR TR 3 FO AN 37 2 18] (A G A o 22, OA JE K28 5 S A1 BB [ 91 1Y) 52 i A o B 3R 7 TN 3 -5 08 0 1
K FRE BB A B B REF ST, 2B T % 25 51 5 00 1) 4 SRAR AL e iy, A T i 4R 1
MR BB bR 2, RO AR B BRI 16]. BE 1 ATLAES], B A M TR
T Bo

A T AR BT EOF 43 B 75 ke v At A2 2 0 14
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Figure 1. The schematic diagram of Taylor method
[ 1. Taylor El/7 5 RERE

3. PELSFMEK, 2 m 5B, 850 hPa X IARYTFME
3.1. KRiF=E S HIELEE N AIEM

Kl 2 g AXFEE 7S ENSEMBLES 1 8 H Al 11 iR A FEZEF K E K kds. t
M7 AT A, W12 A28 2 7, BKEEZAM, K12 ARKERD, TELATPREX,
&2 H, BRI Ra UL CL R R SR G R, B O R BRI E DL AR, AR
TRARFB U X B KR IR R T 4.9 mmvde XTI, H1 12 8 2 AR HWMER AT LB, £
R, (R PE KRR . ST AR AE LR et X 4 am R A PE AL X

MEETF AN RIS AR 18] () 22 A QAR 5 P I M S5 SRR, 38 H B /K5 309 37 (R0 37 14 22 ) 23 A AR AU
B, MRARBIIRT 0910 7 E A REH X, T A R R AT 2 T . MME Tl i
IR DX ) D 74, B /K KB o B AL, 3XAE 2 HJC IR . %51 X%, MME Gl 1 75 6k e Ji Y
fpa R Sk EFR, MME B EII T 14208 H K s i AL, @ ai— 4 H i) MME #
JUBE e v B A YA T e

MU R (1] 3) Ay 8 3 e f) o [l & 2P 213K BL K 850 hPa X7 (A 51T LA Y MME (14 3(b))
PAB AR 3(0)~()) 0 Hh R4 X A = IR B R o7 B IR TSR e, BE AR BE TNt rh 2R 4 X R
IKREE R R X HOULIN 5 ENSEMBLES FINZ5 R, AT LU H RS 2T £ B 7K ves Tl 220 4 A ELASE Gl (6
T e SR b X AR FR A 2 B KR 2 o T X%, MME LA &AM RE 85 B 4 M T HE R IR 3 S S,
A TS ARER . ARAL LU A bt DR P A RPN R SR Ay, R Tt 75 3 e St [ I3 F) M0 45 SR
g5 AT, BT S ARE ARAL LU b X R B 0 RE 0 e T35 e R X . 11 A
W Es RIS 8 SR i4s KA.
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Figure 2. Monthly precipitation (Unit: mm/d) and 850 hPa wind field (Unit: m/s) climatology in winter in China
(1980~2005); (a), (d), (g) is the observation field, (b), (e), (h) is the MME for August initialization, (c), (f), (i) is the MME
for November initialization; the values of Pr, U and V on the upper right represent the spatial correlation coefficients of pre-
cipitation, U and V between MME and observation field
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Figure 3. Winter mean precipitation (mm/d), 850 hPa wind field (m/s) climatic state (1980~2005), model results reported
from August; (a) is the observation field, (b) is the MME, and (c)~(g) is the prediction result of individual models respec-
tively. The values of Pr, U and V in the upper right represent the spatial correlation coefficients of precipitation, U and V
between the model and the observation field

E 3. hEZFFHEK(mm/d), 850 hPa KIiA(m/s)SIRZS(1980~2005), ERLERME 8 AfLiR; (AWNA, G)AE
BERESTEY, O~@PRAEMERWTNLER; L Pr, U, VHESIINRFERNSWNIFZEMEK, U, VX
K= E X R

N TR D E N T Hh R Sk A [ X AT T B K 2 m AR LA 850 hPa K% S0 25 ) it
ROR, TEE 4 gy T S AR MME F50I 1 25 S RTAR LI 2kt L i 22 #h B AEE 4 nfDUE
X TR, S AN TON S W A bR ZE B KT 1, REABA TN S R, QT Fm
MARIF R REIIKT 0.89, BT T 95% W F MR, Pig MIAIMER R . &AM T3 A0 37 1) 35
TTHARZELE 0.25~0.6 Z.[8). HI[E 4 ATLLEH, MME K &AM R (MF AR o) o B 4 28 K B A BT
MIFRIIE R, 11 HER BRI T 8 Hiddh. 454K 5)h 8 A2k MME 425 B KB 5 0000
ZER A I RIS AT LLE R, MME s 1 O X 0 Mk, ELAE T i i 4R
AL X AFAE— A R KAE 0y, S XA [819FAl 13 4> CMIPS Bl LA K BRIGE R 5[ 17134 43 4~
CMIP5 A5 3 il % /K O BE 7R & B, AHELT CMIP3 #5538, CMIPS A A FE A7 X6 75 ek e S [X P 7K &R
GRS BORRAE, P AR IR AN 15 22 1 T TR AT A A BRASE ) T v BRI 2 10 381 F IR e S A BR8] A
SXof ] [X AR P H B K TN 5 ANASE TR b o 22 T LA B (1] 5(b)), AN T B K A0 25 0 1 —
B R BRSO T b T R DX T Y — B T X, S e A X DA R
R X IR K AR T AE T BR 1 2 57

T2 m A, HE 4 TRUES], &ANTES S A REORT 0.96, I T 95% W3 MK
B, ¥IMRRZEANT 0.5, SRS 0 AR bR ZE AR T 0.75~1.25 ZTH] . AHER H, UKMO #2217l
MEEIME T H AR . 15 5(c)i 8 AEIRAI MME 475 2 m SRR 5 045 51 2 M ZE (11 Ak
(25 AT LA B, F5mm R X . 952 b it [X DL R 4R b 2R 30 1 X A7 AE R A P v e o, T SBEAT
PURGHL X I T AW ZE o TR0 BT 7= AR 1 35 22 1T BB T IR e i [X T BE O H AR, SEBrh T AL =
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Figure 4. Taylor diagram of the winter mean precipitation (Precip), 2 m air temperature (Temp), and 850 hPa wind (V, U)
over the period of 1980~2005 in China (15°~55°N, 70°~140°E). REF is the position of the observed field in the Taylor dia-
gram. Blue is for August initialization (AUG), and red is for November initialization (NOV)
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Figure 5. The deviation between observation ((a), (c)) and the winter mean precipitation (mm/d; (a), (b)) and 2 m tempera-
ture (°C; (c), (d)) predicted by MME from August, as well as standard deviation between 5 models ((b), (d))
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Figure 6. Correlation coefficients distribution of the annual variation between observation and the winter mean precipitation
(mm/d; (a), (b)) and 2 m temperature ("C; (c), (d)) predicted by MME from November ((a), (c)) and August ((b), (d)). The
stippling area means passing 95% significance test
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Figure 7. The first two modes (1980~2005) of winter mean precipitation (left) and 2 m temperature (right) EOF observed
(a)~(d) and MME in China, the predicted results are based on (e)~(h) November and (i)~(l) August initialization, and the
value in the upper right label is the spatial correlation coefficient between MME and observation results. The percentage
above the spatial correlation coefficient is the variance contribution of each mode
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Figure 8. Prediction effect of MME and individual models on EOF spatial pattern and time series of winter mean precipita-
tion ((a), (b)) and 2 m temperature ((c), (d)) over China. On the left are the spatial correlation coefficients of the first and
second modes of EOF observation and prediction results, and on the right are the correlation coefficients of time series. Pink
is for November initialization (NOV), and blue is for August initialization (AUG)
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