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Comprehensive quantitative assessment models for ecological environment in
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Abstract: The quantitative assessment of local environmental conditions constitutes one of the most important issues for
researchers in the area of sustainable development in arid areas. During the past two decades, a number of methods have been
used to assess environmental quality. The methods include: comprehensive assessment methods, fuzzy assessment methods,
gray system clustering, principle component analysis, factor analysis and projection pursuit algorithms. These models usually
establish functions based on assessment indicators and their assessment grade values. Variation in these models is high and the
calculations are cumbersome.

Environmental quality, economics, and society constitute a very complicated system. The system is influenced by multiple
factors and constraints, such as weather, geography. political systems and world affairs. The factors in this complex system
have mutual effects and different forms of uncertainties, therefore the relationship between indictors and their assessment grade
value is nonlinear.

An artificial neural network (ANN) is a mathematical model structure that is capable of representing the complex
nonlinear processes related to the inputs and outputs of any system. ANNSs also have excellent nonlinear approximation

capabilities. Due to these factors ANN techniques have drawn a lot of interest from researchers studying environmental
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quality. In this case study, we applied ANN techniques to analyze data from Mingin County, Gansu Province, China. The
area, which is in the Shi Yanghe basin, represents one of the most environmentally degraded areas in all of China. Our purpose
was to establish a general-purpose model for the quantitative assessment of environmental quality in arid areas.

The ecological environment quality indicator system in the study area had 32 indicator and assessment criteria. The criteria
were classified into 5 grade values, i.e. 1, 2, 3, 4 and 5, where 1 = excellent, 2 = good. 3 = average, 4 = bad, and 5 =
worst. Our work consisted of three steps. First, according to assessment criteria, we used stochastic simulation methods to
generate 21 training samples (# 1~ # 21) containing 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 1500 and 2000 indicator groups for each grade value respectively. Their sample sizes for training samples
# 1~ #21 were 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000,
7500, 10000 respectively. Secondly. a 3-layer Back Propagation (BP) network was built to assess the environmental quality. It
had one input layer, one hidden middle layer and one output layer. The stochastic simulation indicators were used as inputs and
their corresponding grade values as target outputs to train the network. The input and output data were normalized to fall in
the range [0.05,0.90]. The network was trained until the mean squared error (MSE) was less than 0.001. After that,
weights and biases were obtained for the 21 ANNSs. Finally. environmental indicators collected in Mingin County from 1975 to
2000 were input into each network and the results assessed.

According to the assessment results, the assessment values were stable after the sixth sample (training sample size =
600). This indicated that the model can be used to assess environmental conditions in arid areas. The assessment results for
1975, 1980, 1985, 1990, 1995, and 2000 were 2. 9501, 4.0090, 4.1342, 4.1637, 4.9736, 5.0128 respectively. The results
are in agreement with results derived using fuzzy assessment methods (Shi Y W, 2003), and indicate that environmental
quality in the study area is decreasing. This decline can be attributed to an overall shortage of water in the region as well as
inefficient use of the water that is available. We suggest that the situation could be improved by constructing water saving
systems.

The model in this paper requires iterative calculations, but with the ANN calculation toolbox contained in Matlab, its
solution is feasible and convenient. The model could be used to assess environmental quality from any area as long as the
indicators and criteria are the same. Stochastic techniques were used to simulate assessment indictor samples and a trial
calculation was used to determine the training sample size, however, the results from the present study showed the possibility
of assessing environmental quality from a new perspective. Additional research needs to be done to determine the fastest and
most effective methods for determining the sample size required to train the ANN.

Key words :arid area; ecological environment; indicators system;assessment method ;artificial neural network
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Table 1 Assessment indicators values of ANN model for ecological environment in Minqin County
Year
Assessment indicators 1975 1980 1985 1990 1995 2000
Renewable water resources produced
. . 829 769 701 657 599 571
internally per capita(m?®/ )
Renewable water resources
1~ 1~
produced internally per arable area(m®/hm?) 8100 6150 4800 4350 3150 2700
g 0 S S 1
% of water reso‘urces withdrawal to 65. 0 68. 0 73. 4 75.0 774 78.5
renewable water resources produced internally (%)
% of water shortage in normal year(%) 17.8 21.3 23.7 28.6 35.1 39.6
Supporting value of water resources 21.4 22.6 23.5 23.4 24.5 25.2
(%) % of irrigated area to arable area 64.2 85.5 72.9 66. 7 66. 8 65.1
Surface water per geographical area(10*m?
) urface water per geographical area(10'm?/ 1. 84 151 134 0.93 0.72 0. 68
km?)
Decrement rate of water area( %) 11 19 26 39 51 67
A Decrement rate of water area at upper 34.3 46.5 5.9 €0. 3 66. 3 20.0
reaches of a river (%)
Degree of mineralized irrigation water 630 750 340 1030 1180 1250
(mg/L)
' Comprehensive index of surface water 0.35 0.70 0. 40 1.5 0. 82 0.75
quality
Sediment concentration of river(kg/m?) 0.75 0.92 0.41 0.83 2. 30 1.70
% of ground water overexploited ( %) 27.8 55.6 77.9 93.7 134.0 149.0
al a h of a level
Annual average depth of ground water leve 3.2 9.4 1.7 15.6 19.8 25. 6
(m)
Annual descent range of ground water 0.35 0. 50 0. 61 0.31 0.42 0.57
level(m/a)
Degree of mineralized groundwater (mg /L) 820 1870 2340 2880 3610 4700
% of oasis area to geographical area (%) 10. 2 8.2 8.7 8.9 9.2 9.8
1 sed rate of natural oasis
0 ncreased rate of natural oasis area 3.6 7.8 5.8 15 g7
%)
Decreased rate of natural oasis area 5.9 AT 99. 5 26. 8 29. 7 39,0
%
Vagetation covering rate( %) 28.9 23.6 19.7 13.9 11.7 14. 8
woodland vanish rate( %) AL 8.5 15.3 22.8 32.3 46. 0
Decrement rate of natural grassland (%) 34.5 38.4 41.8 47.5 54.3 62.0
0 0 Sa ini dld o -l o
% of salinized arable area to total 33.0 9.7 59,6 65. 7 76.7 85. 0
arable area( %)
Salinized arable grade (%) 59.1 54. 8 56.5 61.8 63.5 65.0
Expand rate in salinized arable area (%) 29.0 45.3 56. 4 65.7 70. 8 75.3
Soil salt content in salinized arable 7.90 5 40 6. 10 6. 80 3. 10 7. 94
area(g/kg)
. o .
% of desertified area to geographical area 75. 4 75.7 74,9 74.7 78.5 75.0
%
0, A S 3
4 % of latent desertified area to 91. 9 19. 3 16.5 17.8 20. 3 230
geographical area( %)
Desertified area grade (%) 53.8 48. 6 45. 8 46.5 51.3 56. 4
Desertified area expanded rate (%) —0.9 —1.0 —1.6 —1.8 0.3 —0.1
Groundwater depth of desertified area 48 5.8 6.3 7.4 9.3 110
(m)
Vegetation covering rate of desertified 1.8 10. 9 10. 4 10.5 9.8 9.5

area( %)
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Table 2 Numbers of training sample which stochastically simulation
No. of sample
Item
1 2 3 4 5 6 7 8 9 10 11
Stochastic simulation indicators 10 20 30 40 50 60 70 80 90 100 200
Numbers of sample 50 100 150 200 250 300 350 400 450 500 1000
No. of sample
Item
12 13 14 15 16 17 18 19 20 21
Stochastic simulation indicators 300 400 500 600 700 800 900 1000 1500 2000
Numbers of sample 1500 2000 2500 3000 3500 4000 4500 5000 7500 10000
2.3 ANN
(5)~(6) , ANN 21 B s )
o s ANN
’ 2000 1 . —o— 1975 —O— 1980 —A— 1985
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2.9501,4.0090,4.1342,4.1637,4. 9736,5. 0128, 2 !
3.4.4.4.5.5 i ) Fig. 1  Relationship between number of samples and their asses-
sment values
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Table 3 Comparison results between ANN model calculated and assessment grades
ANN ANN ANN
%) %) %)
No. of Assessment ANN’s Relative No. of Assessment ANN’s Relative No. of Assessment ANN’s Relative
samples grades models value error samples grades models value error samples grades models value error
1 5 4.9810 0.3793 35 4 3.9947 0.1315 69 2 1. 9955 0.2231
2 5 4.9826 0. 3486 36 4 3.9953 0.1185 70 2 2.0105 —0.5244
3 ) 5.0221 —0.4419 37 4 4.0105 —0. 2625 71 2 2. 0005 —0. 0266
4 5 5.0211 —0.4211 38 4 3. 9950 0.1253 72 2 1.9892 0.5375
5 5 4.9930 0. 1402 39 4 4. 0039 —0.0971 73 2 1.9933 0. 3341
6 5 5.0117 —0.2334 40 4 3.9997 0.0079 74 2 2.0098 —0.4914
7 5 5.0194 —0. 3883 41 3 2. 9985 0. 0495 75 2 2.0003 —0.0134
8 5 4.8845 2.3100 42 3 2. 9808 0. 6385 76 2 2.0023 —0.1137
9 B) 5. 0043 —0. 0859 43 3 2.9929 0.2361 77 2 2.0103 —0.5165
10 5 5.0186 —0.3719 44 3 3.0042 —0.1390 78 2 2.0081 —0.4042
11 ) 5.0219 —0.4370 45 3 2.9980 0. 0680 79 2 2.0029 —0.1427
12 5 5.0082 —0.1641 46 3 2.9993 0.0239 80 2 2.0075 —0.3772
13 5 4.9871 0.2583 47 3 2.9928 0.2390 81 1 0.9976 0.2410
14 5 5.0141 —0. 2820 48 3 3. 0025 —0. 0849 82 1 1. 0078 —0.7842
15 5 4. 9648 0. 7044 49 3 3.0051 —0.1702 83 1 0. 9897 1. 0267
16 5 5.0151 —0.3028 50 3 3.0014 —0. 0469 84 1 1. 0023 —0. 2286
17 5 4.9842 0. 3152 51 3 3.0016 —0. 0549 85 1 0.9979 0.2112
18 5 4. 9881 0.2384 52 3 2.9929 0.2364 86 1 1. 0098 —0.9779
19 5 5. 0156 —0.3121 53 3 3. 0051 —0.1700 87 1 0.9919 0.8122
20 5 4.9926 0.1488 54 3 2.9974 0. 0851 88 1 0.9927 0.7274
21 4 4.0110 —0.2754 55 3 2.9984 0. 0524 89 1 1. 0020 —0.2008
22 4 3.9970 0. 0760 56 3 2.9928 0.2394 90 1 0. 9951 0.4851
23 4 4.0082 —0.2049 57 3 3.0042 —0. 1400 91 1 1. 0013 —0.1287
24 4 4.0126 —0. 3145 58 3 3. 0007 =08 0281 92 1 1. 0191 —1.9125
25 4 4.0073 —0.1818 59 8! 3. 0000 —0. 0006 93 1 1. 0032 —0. 3183
26 4 4.0039 —0. 0970 60 3 2.9952 0. 1600 94 1 0. 9959 0.4132
27 4 4.0041 —0.1024 61 2 2.0103 —0.5143 95 1 0. 9909 0.9107
28 4 3. 9968 0.0793 62 2 1. 9907 0.4652 96 1 0.9926 0. 7360
29 4 4.0003 —0.0078 63 2 1.9942 0. 2876 97 1 0.9914 0.8622
30 4 4.0041 —0.1023 64 2 2.0062 —0. 3086 98 1 0. 9892 1. 0804
31 4 4.0124 —0. 3109 65 2 1. 9945 0.2770 99 1 1.0103 —1. 0259
32 4 4. 0039 —0.0963 66 2 2.0052 —0.2599 100 1 1. 0105 —1. 0540
33 4 3. 9949 0.1277 67 2 1. 9957 0.2162
34 4 4.0166 —0.4162 68 2 1.9848 0. 7596
4
Table 4 Assessment values of ANN model for ecological environment in Mingin County
Year
1975 1980 1985 1990 1995 2000
ANN ANN’s models value 2. 9501 4. 0090 4.1342 4.1637 4.9736 5.0128
re] Literature’s models valuel®] 3 4 4 4 5 5
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