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3.1
1
Table 1 Criterion of groundwater environmental vulnerability evaluation for Ningling County
/ /
/m /m m d-! /m md-!
1 <0.5 10 <2 10 =8 <15 10 =8
Il 0.5~0.7 8 2~5 8 8~5.5 15~25 8 8§~5.5
Il 0.7~1 5 5~9 5 5.5~3 25~35 5 5.5~3
I\ > 1 2 >9 2 <3 >35 2 <3
/ /
/ % 10*m* a=* km~? /% mg L-! /m
1 =0.09 =18 <0.01 10 <1000 =5
Il 0.09 ~0.05 18~ 15 0.01~0.05 7 1000 ~ 2000 5~2.5
I 0.05~0.02 15~12 0.05~0.1 4 2000 ~ 3000 2.5~0.5
IV <0.02 <12 >0.1 0 > 3000 <0.5
14 14. 1
25.
3.2
1 I
I IV 4 : 4 1000" 0100" 00107
00017
3.3
3
2
2 BP
Table 2 Training samples of BP neural network
/
/ m* / /
0
/m /m m -] /m -] /% 4= -2 % mg L7 /m
1 0.40 10 1.83 10 8.5 13.47 10 8.5 0.090 18.10 0.005 10 600 6.82 10007
2 0.50 10 2.00 10 8.0 15.00 10 8.0 0.090 18.00 0.010 10 1000 5.00 10007
3 0.5 8 3.00 8 7.2 18.00 8 7.2 0.077 17.00  0.023 7 1300 420 01007
4 0.63 8 4.00 8 6.4 21.00 8 6.4 0.064 16.00 0.036 7 1600 3.40 0100°"
5 0.70 8 5.00 8 5.5 25.00 8 5.5 0.050 15.00 0.050 7 2000 2.50 0100°"
6 0.80 5 6.30 5 4.7 28.00 5 4.7 0.040 14.00 0.067 4 2300 1.90 0010°"
7 0.90 5 7.60 5 3.9 31.00 5 3.9 0.030 13.00 0.084 4 2600 1.20 0010°"
8 1.00 5 9.00 5 3.0 35.00 5 3.0 0.020 12.00 0.100 4 3000 0.50 0010°"
9 1.20 2 9.10 2 2.8 35.30 2 2.8 0.019 11.95 0.100 0 3100 0.30 0001°"
10 1.50 2 9.23 2 2.0 35.96 2 2.0 0.017 11.85 0.120 0 3200 0.00 0001°"
10 .
1000" 0100" 0010"™ 0001" |
I il v . 2 a BP a 0.6

e < 0.001 3448 b BP 0.95
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Fig.1 Relationship between training times and error of neural network
3 BP
Table 3 Comparison of results of groundwater environmental vulnerability evaluation
by fuzzy evaluation method and modified BP neural network method
1 2 3 4 5 6 7 9 10 11 12 13 14
v I 1 Il Il Il 1 I\l 1} i Il Il Il 1
BP v 11 1 Il Il Il 1 IV Il 1l Il il Il 1
1 BP I N
4
BP
BP
1 J. 1998 1 35-42.
2 J. 1999 10 4 444-449.
3 J. 1996 19 1 41-45.
4 M . 2000 98-112.
5 J. 1997 4 222-25.
6 M . 1993 22-25.
7 .MATLAB M . 2000 223-245.
8 Matlab 6. x —_— M . 2002 30-34.
9 BP J . 2000 19 4 366-369 374.
10 J. 2000 27 2 18-19.
11 .BP J. 2000 20 8 124-127.
12 J. 2001 32 7 68.
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13 .BP J. 1996 16 1 67-71.

Modified BP neural network-based groundwater environmental
vulnerability evaluation

LI Mei' > MENG Fan-ling® LI Qun' > HUANG Qiang'
1. School of Hydraulic and Electrical Engineering Xi' an University of Technology ~Xi' an 710048  China
2. The Yellow River Water Conservancy Committee —Zhengzhou 450003 China
3. School of Resource and Environment of North China University of Water Conservancy
and Hydroelectric Power — Zhengzhou 450011  China

Abstract The weight grade method and fuzzy mathematic method are commonly used for groundwater environmental
vulnerability evaluation due to its fuzziness. However the weight grade method is affected by some artificial factors in
determining the weights of different evaluation factors and the method cannot reflect the influences of the continuous
changes of evaluation factors on the vulnerability of groundwater environment. Meanwhile the fuzzy mathematic method is
of some disadvantages in determining the weights of evaluation factors and establishment of the function of subordination
degree. Thus a modified BP neural network model was established for groundwater environmental vulnerability
evaluation. The application of the model to Ningling County in Huang-Huai Plain shows that the modified BP neural
network is of fast speed and high accuracy in nonlinear mode identification and can provide correct evaluation of

groundwater environmental vulnerability.
Key words groundwater environment vulnerability evaluation improved BP neural network model identification
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