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Table 1  Prediction accuracy test of GM(1,1) and BP neural network coupled model

FE (m) WL A4 30 18 (m) HRHRE (V)
SEy Measured value Test value Relative error
Year 6183 658 8LE 6153F 658 8LE 6153F  658F 815
Well 64 Well 65 Well 84 Well 64 Well 65 Well 84 Well 64 Well 65 Well 84

1985 7.50 9.43 10.29 7.55 9.45 10. 38 0.67 0.22 0.83
1986 7.98 10.08 10.77 8.02 10. 04 10.78 0.50 0.44 0.13
1987 8.56 10. 67 11.33 8.54 10. 67 11.25 0.23 0.00 0.71
1988 9.13 11.28 11.90 9.14 11.41 11.89 0.11 1.17 0.07
1989 9.73 12.20 12.58 9.77 12.07 12.49 0.41 1.03 0.75
1990 10.43 12.99 13.22 10.42 12.88 13.21 0.10 0.83 0.05
1991 11.24 13.83 14.04 11.11 13.86 13.89 1.16 0.20 1.03
1992 12.05 14. 65 14. 64 12.01 14.89 14.85 0.33 1.62 1.45
1993 12.99 15.73 15.15 12.94 15.60 15.45 0.38 0.84 1.99
1994 13.78 16.82 15.78 13.98 16.71 15. 86 1.45 0.65 0.49
1995 14.79 17.58 16.38 14.80 17.85 16.38 0.07 1.51 0.03
1996 15.70 18.32 16.91 15.79 18.63 16.92 0.57 1.68 0.08
1997 16.67 18.61 17.53 16.72 18.99 17.50 0.30 2.05 0.15
1998 17.68 18.77 18.24 17.74 19.03 18.20 0.34 1.40 0.25
1999 18.75 18.72 18.78 18.72 18.94 18.82 0.16 1.16 0.21
2000 19.49 18.61 18.87 19. 64 18.75 19.14 0.77 0.77 1.41
2001 20.22 18. 66 19.25 20.20 18.62 19.06 0.10 0.20 0.98
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Table 2 Comparision of measured groundwater depth and predicted

value of GM(1, 1) model and Coupled Model in Well 64 of Mingi basin

GM(1, 1) fany AR
SEME GM(1,1) model Coupled model

M Measured

Year  value  DUMME  AEXRZE O WINME AR

(m) Predicted Relative Predicted Relative
value (m) error(%6)  value (m) error( %0)

1985 7.50 7.61 1.45 7.55 0.67
1986 7.98 8.04 0.76 8.02 0.50
1987 8.56 8.54 0.20 8.54 0.23
1983 9.13 9.12 0.06 9.14 0.11
1989 9.73 9.75 0.21 9.77 0.41
1990 10.43 10.40 0.30 10.42 0.10
1991 11.24 11.12 1.08 1.1 1.16
1992 12.05 12.02 0.28 12.01 0.33
1993 12.99 12.94 0.35 12.94 0.38
1994 13.78 13.95 1.27 13.98 1.45
1995  14.79 14.80 0.04 14.80 0.07
1996 15.70 15.80 0.66 15.79 0.57
1997 16.67 16.75 0.45 16.72 0.30
1998 17.68 17.77 0.54 17.74 0.34
1999 18.75 18.76 0.06 18.72 0.16
2000 19.49 19.89 2.05 19.64 0.77
2001 20.22 20.64 2.09 20.20 0.10
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Table 3 Comparision of measured groundwater depth and predicted
value of BP model and coupled model in Well 64 of Mingi basin

BP [# 45 5! HARA
SEMME  BP neural network model Coupled model
Ef)y  Measured - - A
Yo TGN MRE OB Hoxdin
(m) Predicted Absolute Predicted Absolute
Value(m)  error(m) Value(m)  error(m)
1998 17.68 18.03 0.35 17.74 0.06
1999 18.75 18.83 0.08 18.72 0.03
2000 19.49 19.88 0.39 19.64 0.15
2001 20.22 20.67 0.45 20.20 0.02
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Table 4 Groundwater depth prediction using GM(1, 1)
and BP neural network coupled model

Ho T KRR TR A (m)

A Predicted value of groundwater depth

O T g Well 61 65 B Well 65 81 5 JF Well 51
2002 20.85 18.51 19.58
2003 21.36 18.73 19.83

2004 22.18 18.63 20.20
2005 22.70 18.62 20.52
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Application of GM(1,1) and BP neural network coupled model
in groundwater dynamic prediction of Mingin basin

YANG Ting, WEI Xiaomei, HU GuoTjie, XU Yihe
( College of Water Resources and Architectural Engineering, Northwest A &F University s Yangling, Shaanxi 712100, China)

Abstract: A coupled model of GM(1.1) and BP neural network is established and applied in groundwater dynamic
simulation and prediction of Minqin basin using data of well 64, well 65 and well 84 as representatives- Accuracy test of
this model indicates that the average relative errors of these three wells are 0. 45%, 0.93% and 0.62% respectively ,
which are all less than 170 and meet the accuracy requirements- Compared with GM(1,1), the predicted average rela-
tive errors of this coupled model are all less than that of GM(1, 1) model- And when compared with BP model, the aver-
age absolute error of predicted groundwater depth of 1998~2001 reduced greatly from 0. 32 m to 0.07 m. The results
show that this coupled model considers the certainty and uncertainty of groundwater depth time series, with high accuracy
of possessing prediction, and can be used for short term prediction-

Keywords: GM (1. 1) model: grey BP Neural network coupled model: prediction of groundwater depth: Minqgin

basin



