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Grey BP neural networks model based on RAGA and its application

in groundwater dynamic prediction of the Sanjiang plain

LIU Ren-tao' > FU Qiang' FENG Yan' GAI Zhao-mei' LI Guo-liang' LI Wei-ye'

1. College of Water Conservancy and Building Engineering Northeast Agricultural University Harbin 150030 China 2.Heilongjiang
College of Construction Harbin 150008 China

Abstract  Sanjiang plain is one of main grain-producing area in China. In recent years agricultural water resource
crisis has been emergence. Predicting the dynamic tendency is very important because it can provide guidance to
exploiting and utilizing groundwater reasonably. Gray BP neural networks model based on RAGA is established. There
is conspicuous systematical deviation when we are fitting the data using the traditional GM 1 1 model. But the
shortcoming has overcome by the new model. The new model has the following advantages firstly it can hold the
certainty of the data what' s more the advantages in the uncertainty domain are included too. Predict precision of
the model is examined by two ways and the result shows that it is more precise than the traditional methods. The
model predicts the groundwater deep of Sanjiang plain. In five years the deep of groundwater will descend
continually. It will descend 0.3m every year from 2007 to 2012 if we developed still following the mode as at present.
The result will conduct department concerned in making policy.
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GM 11
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3
1.24 k'’ 40 hm’ 15
5 1985 5
5 15
1
1 1985 2006 m
\ 1 2 3 4 5 6 7 8 9 10 11 12
1985 2.97 3.02 3.29 3.35 5.60 5.41 4.82 3.61 2.92 2.03 1.95 1.94 3.41
1986 3.01 3.18 3.45 3.51 5.82 5.58 4.95 3.95 3.01 2.21 2.13 2.13 3.58
1987 3.20 3.31 3.56 3.72 6.01 5.73 5.20 4.11 3.21 2.33 2.3 2.30 3.75
1988 3.40 | 3.42 3.80 3.88 6.21 5.88 5.41 4.31 3.35 2.48 2.4 2.41 3.91
1989 3.45 3.51 3.62 3.91 6.31 6.02 5.52 4.37 3.39 2.52 2.48 2.45 3.96
1990 3.84 3.84 3.95 4.23 6.59 6.41 5.83 4.76 3.61 2.61 2.60 2.55 4.24
1991 4.15 4.17 4.25 4.41 7.05 6.93 6.31 5.20 | 3.81 2.95 2.85 2.84 | 4.58
1992 4.25 4.30 4.33 4.43 7.23 7.00 6.65 5.48 3.90 3.61 3.50 3.47 4.85
1993 4.50 4.53 4.70 4.99 7.68 7.45 7.30 5.73 4.55 3.86 3.65 3.65 5.22
1994 4.75 4.78 4.81 4.91 7.97 7.81 7.80 6.14 | 4.79 | 4.01 3.90 | 3.90 | 5.46
1995 4.60 4.63 4.80 5.00 8.16 8.01 7.92 6.37 5.40 4.76 4.27 4.25 5.68
1996 4.60 4.65 4.83 5.00 8.47 8.00 7.90 6.47 5.52 4.93 4.60 4.60 5.80
1997 5.01 5.11 5.10 5.29 8.67 8.21 8.06 6.69 5.73 5.18 4.95 4.95 6.08
1998 5.03 5.38 5.27 6.38 | 11.07 | 10.93 | 9.09 8.02 7.52 5.32 5.20 5.17 7.03
1999 5.29 5.38 5.27 6.38 | 12.25 | 11.59 | 13.10 | 10.82 | 9.18 8.20 7.72 7.67 8.57
2000 7.58 7.57 7.56 7.54 | 10.29 | 13.43 | 12.93 | 10.75 | 9.73 9.14 | 9.06 8.84 | 9.54
2001 8.58 8.42 8.41 8.40 | 10.74 | 13.43 | 13.44 | 11.26 | 10.27 | 9.62 9.55 9.25 | 10.11
2002 9.15 8.84 8.83 9.30 | 11.21 | 13.60 | 13.82 | 12.38 | 10.98 | 10.19 | 9.87 9.59 | 10.65
2003 9.74 | 9.57 9.94 9.59 | 11.85 | 13.86 | 13.99 | 13.15 | 11.76 | 10.97 | 10.08 | 9.68 | 11.18
2004 9.84 9.87 | 10.03 | 10.07 | 12.44 | 13.96 | 14.40 | 13.13 | 11.91 | 11.35 | 10.65 | 10.30 | 11.50
2005 10.21 | 10.18 | 10.18 | 10.27 | 12.85 | 14.58 | 14.42 | 13.85 | 11.98 | 11.37 | 10.81 | 10.45 | 11.76
2006 10.27 | 10.23 | 10.17 | 10.87 | 13.00 | 14.99 | 14.87 | 14.01 | 12.22 | 11.53 | 10.98 | 10.69 | 11.99
1985 1
1985 1996 0.2m
1997 2000
3.74m 1.0m
2001 2006
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1
GCM 11 BP BP
1985 2000 2001
2.
2 2001 m
1 2 3 4 5 6 7 8 9 10 11 12
2001 8.58 | 8.42 | 8.41 | 8.40 | 10.74 | 13.43 | 13.44 | 11.26 | 10.27 | 9.62 | 9.55 | 9.25
GM 11 9.13 8.78 8.85 8.04 | 10.48 | 14.74 | 15.80 | 12.75 | 11.19 | 11.96 | 11.88 | 11.51
BP ! 7.29 7.89 8.05 9.17 9.64 | 14.29 | 12.86 | 9.56 9.17 9.09 7.19 7.17
7.96 | 8.01 | 8.12 | 8.29 | 10.20 | 14.36 | 14.82 | 12.91 | 11.49 | 10.42 | 8.98 | 8.66
RAGA 8.63 8.4 8.38 8.37 | 11.62 | 13.08 | 13.39 | 11.82 | 10.14 | 9.27 9.18 9.11
2 3.
RS QI S 9
n [}
x 1 x 1 n=12.
3 2001
m m %
2001 10.11 - -
GM 11 11.26 1.15 12.11
BP 9.28 -0.83 11.19
10.35 0.24 7.19
RAGA 10.12 0.01 2.33
2
2001 ~ 2004 4.
4 2001 ~ 2004
m m m %
2001 10.11 10.12 0.01 2.33
2002 10.65 10.74 0.09 3.11
2003 11.18 11.22 0.04 1.32
2004 11.50 11.43 -0.07 1.28
3 4 RAGA BP
RAGA BP MatLab7
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3 GM 11 RAGA
a  p 7 a=-0.0320 p=11.8230 F
=1.3836% 1 BP
3123 Levenberg-Marquardt 0.68 1077
4000 2786 5 1.
5 2007 2012 m
\ 1 2 3 4 5 6 7 8 9 10 11 12
2007 | 10.57 | 10.42 | 10.30 | 11.20 | 13.35 | 15.62 | 14.75 | 14.61 | 12.19 | 11.60 | 11.36 | 11.16 | 12.26
2008 | 10.72 | 10.51 | 10.34 | 11.83 | 13.56 | 15.91 | 14.91 | 14.99 | 13.32 | 11.76 | 11.74 | 11.58 | 12.51
2009 | 10.95 | 10.67 | 10.43 | 12.30 | 13.80 | 16.62 | 15.16 | 15.55 | 12.46 | 11.95 | 12.09 | 11.99 | 12.83
2010 | 11.13 | 10.78 | 10.49 | 12.79 | 14.07 | 17.11 | 15.37 | 16.04 | 12.60 | 12.14 | 12.58 | 12.53 | 13.14
2011 | 11.32 | 10.93 | 10.58 | 13.12 | 14.42 | 17.84 | 15.64 | 16.63 | 12.76 | 12.35 | 13.03 | 13.04 | 13.47
2012 | 11.50 | 11.06 | 10.65 | 13.41 | 14.82 | 18.43 | 15.90 | 17.20 | 12.92 | 12.56 | 13.47 | 13.56 | 13.79
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