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Abstract The roles of snow cover over the Qinghai-Xizang Plateau (QXP) and the sea surface temperature anomaly
(SSTA) in the central and eastern Pacific Ocean in seasonal prediction of summer rain over China have been ac-
knowledged for decades. The multi-scale variations of the snow depth over the QXP and SSTA in the Nifio 3 region
in the precedent autumn and winter are exploited for developing a statistical model to predict the summer rain over
China. Monthly snow depth averaged at 60 stations over the QXP, the monthly SSTA and monthly rainfall at 160
stations in China from 1958 to 2004 are used. The snow cover and SSTA are independent of each other, for their cor-
relation coefficient is only 0. 05.

Wavelet analysis is used to identify the interannual, interdecadal and linear trend components of the snow cover
and SSTA. The summer precipitation over China has significant relationships with the multi-scale variations of snow
cover and SSTA in precedent seasons with different correlation patterns and relative contributions at different time-

scales. Taking the long-term variations of snow cover and SSTA into account can potentially contribute to additional
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forecast skill in the summer rain over China.

The interannual, interdecadal and linear trend variations of snow cover and SSTA are taken as key predic-
tors. The statistical model is established by using linear regression analysis. Three experiments are designed to select
the best combination of predictors. The first set of predictors is the multi-scale variations of snow cover, the second
is the multi-scale variations of the SSTA, and the third is the combination of the two sets. The data from 1958 to
1998 are used to assess the prediction skill of each model by the average probability of the same symbol (APSS) of
the regressed and observed precipitation in each year. The mean APSSs in 31 years of the three experiments are
0.61, 0.59 and 0. 64 respectively. Thus, the prediction model by multiple-factors and multi-scale variations is effec-
tive for predicting the distribution of summer rain anomalies over China.

The prediction experiments are carried out with the independent data from 1999 to 2002, and operational pre-
dictions in 2003 and 2004 are made by multiple factors and multi-scale variations. From 1999 to 2002, the predicted
precipitation anomalies show that the statistical model predicts the spatial pattern of the observed anomalies reasona-
bly well. In 2003, the model succeeded in predicting the precipitation in the Huaihe River valley, the Weihe River
valley, Xinjiang Uygur Autonomous Region and the middle part of the Inner Mongolia Autonomous Region. The
model also predicted the deficient rainfall in the eastern part of Northeast China and the northern part of North Chi-
na, but missed the significant drought in the south of the Changjiang River valley. APSS in this year is 43. 8%. In
2004, the main differences between the observation and the forecast are found in some areas of the Huanghe River-
Huaihe River valley and in the south of Changjiang River valley. In spite of these differences, the distribution of pre-
dicted above- and below-normal rainfall agrees with the observation. APSS in 2004 is up to 57. 5%, considerably bet-
ter than that in 2003.

Overall, the results suggest that multi-scale variations of the snow cover over the QXP and the SSTA in the
central and eastern Pacific make significant contribution to seasonal climate prediction. Other statistical methods,
rather than the linear regression, may increase the forecast skill.

Key words snow cover over the Qinghai-Xizang Plateau, ENSO, multi-scale variations, prediction model of sum-

mer rain in China
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Fig. 1 Time series of the standardized (a) accumulated anomaly of

'
L

the snow depth over the Qinghai-Xizang Plateau and (b) mean sea

surface temperature anomaly (SSTA) in the Nifio 3 region
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Fig. 2 (a) The interannual (about 1 - 10 years), interdecadal
(about 10 =40 years) variations and linear trend (about 40 - 100
years) of the snow cover over the Qinghai-Xizang Plateau; (b)
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SSTA in the Nifio 3 region
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Fig. 3 The correlation between the summer rainfall in China and (a) interannual ., (b) interdecadal variations. (c) linear trend of the snow

cover over the Qinghai-Xizang Plateau. Solid lines are for positive correlation and dashed lines for negative correlation. The shaded areas indi-

cate the confidence at 90% (light grey). 95% (grey) and 99% (dark grey) level, respectively
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Fig. 4 The same as Fig. 3. but for the (a) interannual, (b) interdecadal variations, (c) linear trend of SSTA in the Nifo 3 region
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Fig. 6 Percentage of the summer precipitation anomaly in China from 1999 to 2002: (a) Predicted by the interannual, interdecadal varia-

tions and linear trend of the snow cover over the Qinghai-Xizang Plateau and SSTA in the Nifio 3 region; (b) observation
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Fig. 7 The same as Fig. 6, but for 2003
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