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Abstract Multi-model data from DEMETER (Development of a European Multimodel Ensemble System for Sea-
sonal to Interannual Prediction) are used to investigate the performance of multi-model ensemble of seasonal precipi-
tation in China during 1959 - 2001. Moreover, combined with multi-model data, an optimal subset regression
(OSR) approach is used to perform a statistical downscaling forecast for the seasonal precipitation in China. Its fore-
cast skill is compared with those of different multi-model ensemble methods. Results show that similarly poor simu-
lating abilities to seasonal precipitation in China can be found in several models, and the multiple linear regression

(MLR) ensemble forecast performs worse than ensemble mean (EM). The forecast skill of seasonal precipitation
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can be significantly improved by the OSR approach in China. In summer, the temporal anomaly correlation coeffi-

cient (ACC) advances obviously in the south of Yangtze River, Tibet, and the central area of Inner Mongolia. The

area-averaged ACC is up to 0. 29 in China, which is clearly better than those of EM and MLR ensembles. In winter,

the OSR approach is helpful to improve the low level which occurs in the multi-model ensemble forecasts in the north

of China. Moreover, probabilistic Brier skill score (BSS) also indicates the advantage of OSR approach over multi-

model ensembles for the seasonal precipitation forecast. It is important to note that the physical mechanism between

the predictor and seasonal precipitation in China should be further investigated, although a significant improvement

in the seasonal precipitation forecast can be achieved by the OSR method.

Key words optimal subset regression, downscaling, multi-model ensemble, seasonal prediction
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Fig. 1 The optimal subset regression (OSR) forecasting flow chart
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Fig. 3 The forecast skills of precipitation in JJA in China: (a) Spatial ACC; (b) Brier skill score (BSS). The percentages above figures re-
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7 85.1% 73.6%
8 84.2% 77.6%
9 85.6% 75.8%
10 87.0% 79.7%

WETR P A B 1 S e e & 6 25 T ) X s
BEAME L AR 10 A TR R B S AR G
FE A (R, F5 48 g X B b ) X0
N7 T 7 BT %o IO 1) 24 B KA o, RN ER
TR P 7 Jr e 0 X8R, 1 H U B R AR L 4
500 hPa & Y. 1< E. 7TULEH.
B 7R T e ) T R PR DG R B0 X AT 2
HET 0.5, &Z= M F-HE L E ZER /N, HX A
Z BRI F ACC 1 XSSP 24 {5 B 2 K F 0. 301
(a=0.05), GeitHE X mEAFiREF R (1—
10) 3l BEMER A LB, nTLLE . Rtk R
TR JEA T, BRI R T HL A AT 1 B AL
g, HEXT 10 M RII B E 7, KA
FFGE T B E YRR E A H i 8000, &M
Byt 702, AR 10 BE A 2 R AGE
it RIS H R E TAE (R D,

W EAPrE s AT SR A5 BEA T R R
JE TR R] LS g o ] DR K i B B 7 X
Pl X T R A 1M 5 1 U 3 IR AT
PUAIAE? 5. A DIk 4 e i m] P v
% BRI I BT RER 22 X 24
PRI R B B2 AU BEURE 1 . 2R
B AR BRI I RE T LA IR, L2
T OSR J5ik & A 1 o Ay i R 4L 15 8 ok
FYRE R B RBLI ot . O, AR T
S ] 75 R U R T A T e i 58 T A
XEEIN TR T RE ST » A BT D 1 A 4L EL AT UL
L5 M A5 29 A R AT 56 2R B i 2 35 PR A 3
(@=0.05), XTEARKFREE LARIE T HUHRIN 71 &
HEPE . AR, BRSSO B K LA, AR
IDALURUE (S R e E T N O P S (NS EE e o )
K B HLERIER F R ELAT 2 — 2 TS RIR S Y TR L

4 GipSitie

AR SCEF S0 v ] DX A ] 2 A K ) A A A
PIKFASE 1 A5 A A% T AL 17 D 8 s Tl
RFLTTHIRE S HL A B A Tl R, 28545 i RUE JEL AR
PEH — B IR EEK A 7, B OSR ik, Mrikss
G2 EBEUE R BRI AR 1 R AR i
HRE B, PR BRI R DX s N T 1550
GEi i R 7 i T X RIS R A AR E T

FIF OSR #7454 DEMETER %] £/~ Hufi
SCAEARLGERE, X e [ H XA 25 R K AT TR
K7, WK BTG R VE 2 X ST A I S 42
e EEMCERTTLARE PG5 A B P 56y R A
X, ACC 78 o [ X 35k () 3k 5 0. 29, 4 Z,



P 33 %

1002 Chinese Journal of Atmospheric Sciences

Vol. 33

OSR J5 1k BEAR R i 385 H [ 6 J7 3t X 1) B /K P4l 4
5, SEHIEAE R E A AR PG AE X, B A G A
WA RFE . MEFHLFHEREKBR
BSS WAt FE S0 R BE T OSR J7 ik i i, H 1
AL ek i T AR A A R E R

R K AR LR U T HRAYHEE
(ELEI AT 1300 22578 15 AN 31 3 5 A T b 55 AL 4
R JCHIE AT ISR R BRI A
FUREK B RE ) B AR 22 Ui o] B 4 A 22 X
AOBLUE 25 G ST I iR s 21 il . R A
BARDTH R E R PR AT B AR 31
— LR A A5, (HIZ XA A% R X8, OSR JF
TE T TEI PR515 v FE 2 A BT A )
e Eeite— BT . X3 Y 55 1 2519 A
MRy R s Anfarala OSR Jr ik a2 1 e pll 55
TARRMA SRR R RAT T — P ZRF I RN,

S 23 Hk (References)

Atger F. 1999. The skill of ensemble prediction systems [ J]. Mon.
Wea. Rev., 127: 1941 -1953.

Chen M, Xie P, Janowiak J E, et al. 2002. Global land precipitati-
on; A 50-year monthly analysis based on gauge observations [J].
J. Hydrometeorology, 3: 249 - 266.

Chen M, Xie P, Janowiak J E, et al. 2003. Reconstruction of the oce-
anic precipitation from 1948 to the present. The AMS 14th Symposi-
um on Global Change and Climate Variations. Long Beach, CA.

Chen M, Xie P, Janowiak J E, et al. 2004. Verifying the reanalysis
and climate models outputs using a 56-year data set of reconstruc-
ted global precipitation [C]. The AMS 14th Conference on Ap-
plied Climatology, Seattle, WA.

Doblas-Reyes F J, Hagedorn R, Palmer T N. 2005. The rationale be-
hind the success of multi-model ensembles in seasonal forecasting—I1.
Calibration and combination [J]. Tellus, 57A; 234 - 252.

YENEZE, PR, WRIESE. 2005, SEilR RUBEH X Aok KA A8 1k
RGP (1] BRI, 20 (). 320-329. Fan
Lijun, Fu Congbin, Chen Deliang. 2005. Review on creating future
climate change scenarios by statistical downscaling techniques [ J]. Ad-
vances in Earth Science (in Chinese). 20 (3): 320 - 329.

HHIT, AR, 2007, [ DX A i A n o ) b X TR AT K
PRI e [J]. KRR, 31 (5): 805 - 814, Feng Jin-
ming, Fu Congbin. 2007. Inter-comparison of long-term simula-
tions of temperature and precipitation over China by different re-
gional climate models [J]. Chinese Journal of Atmospheric Sci-
ences (in Chinese), 31 (5): 805 - 814,

Furnival G M. 1971. All possible regressions with less computation
[J]. Technometrics, 13; 403 - 408.

Furnival G M, Wilson R W, 1974, Regression by leaps and bound

[J]. Technometrics, 16; 499 - 511.

BN, B R EE, SE 2006, BOEAR SN[ MRS AT U X R
W R KRR R ik [J]. RARFE, 30 (2): 185-192. Gao
Xuejie, Xu Ying, Zhao Zongci, et al. 2006. Impacts of horizontal
resolution and topography on the numerical simulation of East A-
sian precipitation [ J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 30 (2): 185-192.

Garside M J. 1965. The best sub-set in multiple regression analysis
[J]. Applied Statistics, 14: 196 - 200.

Hagedorn R, Doblas-Reyes F J, Palmer T N. 2005. The rationale
behind the success of multi-model ensembles in seasonal forecas-
ting-1. Basic concept [J]. Tellus, 57A; 219 - 233.

Kharin V'V, Zwiers F W. 2002. Climate predictions with multimod-
el ensembles [J]. J. Climate, 15: 793 - 799.

Krishnamurti T N, Kishtawal C M, LaRow T E, et al. 1999. Im-
proved weather and seasonal climate forecasts from multimodel
superensemble [ J]. Science, 285: 1548 — 1550.

Krishnamurti T N, Kishtawal C M, Zhang Z, et al. 2000. Multimo-
del ensemble forecasts for weather and seasonal Climate [J]. J.
Climate, 13 4196 - 4216.

Mason S J. 2004. On using “climatology” as a reference strategy in
the Brier and ranked probability skill scores. Mon. Wea. Rev.,
132, 1891 - 1895.

Michaelsen J. 1987. Corss-validation in statistical climate forecast
models [ J]. Journal of Climate and Applied Meteorology, 26:
1589 - 1600.

Murphy A H. 1973. A new vector partition of the probability score
[J1. J. Appl. Meteor., 12: 595 - 600.

Palmer T N, Alessandri A, Andersen U, et al. 2004. Development
of a European multimodel ensemble system for seasonal-to-intera-
nnual prediction (DEMETER) [J]. Bull. Amer. Meteor. Soc.,
85: 853 -872.

Peng P, Kumar A, Van den Dool H, et al. 2002. An analysis of
multimodel ensemble predictions for seasonal climate anomalies
[J]. J. Geophys. Res., 107 ACL 18-1-18-12.

Toth Z, Talagrand O, Candille G, et al. 2003. Probability and en-
semble forecasts [ M ] // Jolliffe I T, Stephenson D B. Forecast
Verification: A Practitioner’s Guide in Atmospheric Science. Wi-
ley, 137 - 163.

Uppala S M, Kallberg P W, Simmons A J, et al. 2005. The ERA-
40 re-analysis. Quart. J. Roy. Meteorl, Soc., 131: 2961 - 3012.
BRIE. 1999, RG2S EAR. Jbnt. TR AL,
194 - 200. Wei Fengying. 1999. Modern Methods for Statistical
Diagnosing and Forecasting Climate [M]. Beijing: China Meteor-

ological Press, 194 - 200.

Wilks D' S, 1995. Statistical Methods in the Atmospheric Sciences
[M]. Academic Press, 467pp.

Yoo J H, Kang I S. 2005. Theoretical examination of a multi-model
composite for seasonal prediction [J]. Geophys. Res. Lett., 32:

1.18707, doi. 10.1029/2005G1.023513.



