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Abstract 16 kinds of linear regression prediction models are developed based on precipitation data of
160 stations in China and ECMWF reanalysis data ( ERA-Interim). The models include station direct/
indirect precipitation prediction model group (in indirect models, the East Asian monsoon index is firstly
predicted, and based on which, station precipitations are predicted.), region-station direct/indirect

precipitation prediction model group (regional precipitations are firstly predicted, and then distributed to
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the stations). In addition, an ensemble precipitation prediction model is composed with those 16 models
as members. There are totally 4 factors in the regression equations, including two types of ENSO index,
North Atlantic Oscillation (NAO ) index and the mean snow depth on Tibetan plateau. According to the
number of factors, the models can also be grouped into 3 factors (including the ENSO indices and NAO
index) models or 4 factors ( contains all the factors) models. In addition, the differences of the models
also lies in their predictor, precipitation or its logarithm. Hindcast for 2005—2016 shows that the average
PS score for the station prediction model group is higher than that of region-station prediction model
group. The performance of the models taking logarithmic precipitation as predictor is better than those
using precipitation itself as predictor. In the station prediction model group, the indirect precipitation
prediction models are usually superior to the direct ones, while it is opposite for the region-station model
group. For precipitation prediction, the deviation caused by the uncertainty in snow depth of ERA-Interim
reanalysis data is greater than the contribution of the factor of snow depth. Among all the models, the
direct station prediction model with 3 factors for logarithmic precipitation (MDS-3Ln) get the highest PS
score on average, reaching 71 point, which is higher than that of the ensemble model (MEM). It is
indicated that the real performance of a linear regression precipitation model is not always consistent with

its design strategy, since new factors or processing methods may induce new uncertainties or deviations.
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Therefore, it is necessary to evaluate the Cost-Effectiveness in model development.
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Fig.1 16 regions and represent stations( “+”)
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Table 1  The range of 16 regions and the number of represent stations
X 3 L5 B H X P it e/ A X 45k e XN B A
Al 47.0~54.5°N,122.5~135. 0°E 5 G 25.0~27.5°N,107. 0~ 122. 5°E 11
A2 42.5~47.0°N,122.5~135. 0°E 6 H 20.0~25.0°N,107. 0~122. 5°E 13
B 42.5~54.5°N,110. 0~122. 5°E 7 I 20.0~27.5°N, 97.5~107. 0°E 12
C1 35.0~42.5°N,112. 0~ 120. 0°E 17 J 27.5~35.0°N,101. 0~107. 0°E 12
Cc2 35.0~42.5°N,120.0~130. 0°E 8 K 35.0~42.5°N, 97.0~106. 0°E 7
35.0~42.5°N,106.0~112.0°E 8 L 27.5~35.0°N, 77.5~101. 0°E 6
32.5~35.0°N,107. 0~ 122. 5°E 12 M 35.0~42.5°N, 72.5~97.0°E 6
F 27.5~32.5°N,107.0~122. 5°E 23 N 42.5~50.0°N, 80.0~97.0°E 7
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Table 2 PS score of hindcasted precipitation by site-by-site model group
AR 2005 4F 2006 4F 2007 4F 2008 4F 2009 4F 2010 4F 2011 4F 2012 4F 2013 4F 2014 4F 20154F 2016 4F  ¥ff
MIS-3  71.95  60.62  71.25 73.75 81.44  67.65 71.91 66.88 61.88  68.75  76.25  70.97  70.27
MIS-4  68.21  60.49  71.88 74.38 81.96 64.77 70.22 67.50 61.88  68.75 76.25 71.74  69.83
MDS-3  67.68  71.43  70.35 70.77  75.74  62.21  72.78 64.81  60.49  69.28  77.56  75.73  69.90
MDS-4  68.60 67.38  60.54 70.26  71.29  64.13  71.67 64.81  61.73  72.47 77.99  73.40  68.69
MIS-3Ln  69.38  70.93  69.14  72.89  80.39  66.86 75.63 61.73  58.54 69.75 76.79  69.78  70.15
MIS-4Ln  66.48  72.88  69.14  72.89  80.88 69.10 75.13  61.73  59.15 69.75 76.79  69.10  70.25
MDS-3Ln  67.50  74.86  68.60  71.50  76.42  64.94  74.87  64.02 59.52  72.99  79.30 73.13  70.64
MDS-4Ln  66.80  70.85  60.56  70.50  73.36  62.50  74.87  62.65 58.33  78.01 76.89  71.21  68.88
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IO Sl g, R K TSR | DXk — 3 7 A B X A
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31 T X 0L B b o Ak B K AR 78 ( MDA-3, MDA-4 ),

MIA-4ALn) B9V 5 HA2E RO 6. st Ui, X
- OV RES LA T R R b, SR IX
ST B4 A AR K M AL Sk 1 3 45 K
SYRRFTRESIA T 47 101 2, T 5 BT/ 81 425
2 KT A A BB 1 P14 25 S/
FAHZ .

F3 Xig-uh R KT R A B 4R PS R
Table 3PS scores of hindcasted precipitation by regional-site model group
WALAL 2005 4F 2006 4E 2007 4 2008 4F 2009 4F 2010 45 2011 4F 2012 4F 2013 4 2014 45 2015 4F 2016 4F H{E
MIA-3 69. 19 72.47 73.33 75.29 70. 65 71.98 62. 50 61.31 59. 04 64.29 70. 69 68. 39 68. 26
MIA-4 68. 62 72.78 73.03 75.29 71.20 69. 02 62. 09 61.31 58.43 64.29 69.77 68. 39 67. 85
MDA-3 69. 19 71.67 70. 81 77.42 70. 10 70. 21 64.29 63.37 58.93 67.44 75.00 69. 39 68. 98
MDA-4 67.56 69. 44 69.77 77.42 68. 18 70. 16 64.29 63.95 62.07 69. 54 75.00 69. 54 68.91
MIA-3Ln  69.19 68.75 72.41 75.29 73. 66 72.47 66. 67 61. 05 56. 63 63. 25 68. 45 68.91 68. 06
MIA-4Ln  67.58 68.75 72.94 75.29 73. 66 71.35 65.76 61.05 56. 63 63.25 69. 05 69. 23 67. 88
MDA-3Ln  70.35 71.11 70. 39 78.42 70.53 69. 89 65.93 61. 63 57. 14 70. 11 75.82 69. 39 69. 23
MDA-4Ln  67.09 70. 65 67. 65 80. 51 70. 87 70. 90 65.93 62.21 62. 50 73. 60 74.44 67.20 69. 46
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Table 4  PS scores of the optimal precipitation prediction model ( MDS-3Ln, the station direct prediction model with 3 factors and

logarithmic precipitation ) , the ensemble precipitation prediction model ( MEM ) and the dynamical-statistical integrated

forecasting system ( NCC/FODAS) from 2009 to 2016

TR ( R%5) 2009 4 2010 4f 2011 4F 2012 4 2013 4f 2014 4F 2015 4 2016 4 PIE
MDS-3Ln 76 65 75 60 73 79 73 71
MEM 75 66 65 59 70 78 75 69
FODAS 79 72 75 74 73 72 70 74
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Fig.2 The hindcasted 2015 summer precipitation by the optimal precipitation prediction model ( MDS-3Ln, the station direct

prediction model with 3 factors and logarithmic precipitation) ( a. observed precipitation anomaly percentage (unit:%) ,b.

hindcasted precipitation anomaly percentage (unit:% ) , c. spatial distribution of the stations correctly hindcasted )
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Fig.3 The hindcasted 2016 summer precipitation by the optimal precipitation prediction model ( MDS-3Ln, the station direct

prediction model with 3 factors and logarithmic precipitation) ( a.observed precipitation anomaly percentage (unit:%) , b.

hindcasted precipitation anomaly percentage (unit: %) ,
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