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Research on small watershed non—point source pollution risk assessment: Based on the ordered multi—classifi—
cation discrete choice model

TAO Shuang—jun', SHAO Guang—cheng", SU Jiang-lin? LI Yu—fei?, ZHANG Xin-yu?, ZHANG Shao—hua*

(1.Key Laboratory of Efficient Irrigation—Drainage and Agricultural Soil-Water Environment in Southern China, Ministry of Education, Col-
lege of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2.Water Conservancy Bureau of Huaian
District, Huaian City, Huaian 223200, China; 3.Shuhe River Water Management Bureau, Linyi 276000, China; 4.Shandong Water Conser—
vancy Vocational Collage, Rizhao 276800, China )

Abstract: The ordered multi—classification discrete choice model was introduced into the risk assessment of non—point source pollution in
small watersheds. Based on small watershed environmental monitoring data, sediment concentration, ammonia nitrogen, total nitrogen, total
phosphorus, and chemical oxygen demand, which influence the water environment of small watersheds, were selected as independent vari—
ables and pollution risk level as a dependent variable, to establish the discrimination formula of the non—point pollution risk. A Kaiser—
Meyer—Olkintest of sampling adequacy and Bartlett's test of sphericity were carried out to test the correlation of the model sample data.
Goodness of fit and model predictive ability test were used to evaluate the model correctness. The results show that the model sample data
have good correlation, and the model has excellent performance and forecasting ability.Unlike other models, the logistic distribution model
has no requirement for the variable distribution. It can evaluate different levels of nonpoint source pollution influencing factors quantitatively

and calculate the probability of different non—point source pollution risks. This study used the potential indicators to calculate model param—
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eters, which conforms to the current situation of small watersheds in China. As a result, source pollution risk assessment based on the or—

dered multi—classification discrete choice model is a better method for small watershed non—point source pollution risk assessment.

Keywords: ecological clean small-watershed ;non—point source pollution;risk assessment;ordered multi-classification discrete choice model
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Table 2 Risk assessment information table of selected

small watershed

Wk y xl(al) x2(a2) «3(a3) a4(ad) x5(a5)
hl 2 9.305 0.723 0.962 0.130 2.294
h2 3 74.341 0.718 0.958 0.059 2.283
h3 3 12.573 0.834 1.112 0.150 2.654
h4 5 78.747 0.803 1.070 0.144 2.552
h5 2 43.834 0.538 0.717 0.097 1.711
h6 4 26.249 0.825 1.100 0.149 2.623
h7 3 65.567 0.651 0.867 0.116 2.068
h8 2 53.209 0.074 1.703 0.058 5.342
h9 4 73.361 0.026 1.899 0.073 15.200

h10 4 52.159 0.063 2.077 0.101 13.726

hll 2 105.340  0.062 0.593 0.053 14.256
h12 5 77.983 0.677 1.419 0.302 3.079
h13 5 36.721 0.837 1.832 0.360 3.435
h14 1 14.369 0.199 0.392 0.096 1.162
h15 1 30.207 0.297 0.485 0.120 1.806
(3) 3t A 123 A 4 B o0 4592 R B (3R 4)

JiEHe L HEL R AN R IR 75 22 (RS ), KL R iy B

% 3 KMO #i##EENEES Bartlew IR IEE
Table 3 KMO and Bartlett’s Test

AdequacyKMO Bartlett ERFEAG 36 (E
REEEME(E  Approx.Chi-Square df Sig.
0.536 23.821 10 0.008
x4 BOBTRY
Table 4 Component score coefficient table
A+ F F, F;
x(al) 0.209 -0.182 0.991
xx(a2) 0.506 -0.125 0.172
x3(a3) 0.042 0.711 -0.151
x4(ad) 0.488 0.322 0.08
xs(a5) -0.258 0.319 0.142

RS EERSEBENARFAE

Table 5 Rotated component matrix and communalities

&F F F, Fy WETF %
xi(al) -0.127 0.07 0.984 0.989
x(a2) 0.898 -0.21 -0.131 0.868
x;(a3) 0.034 0.955 0.063 0.917
xu(ad) 0.833 0.401 -0.063 0.858
xs(a5) -0.635 0.558 0.433 0.902

S 2.36 14 0.774 4.534

% 0.472 0.28 0.155 0.907
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Table 6 Latent variable evaluation table

piieC F F F,
hl 1.823 -0.326 9.536
h2 15.380 -12.192 73.980
h3 2.485 -0.707 12.824
h4 16.321 -12.811 78.389
h5 9.069 -6.958 43.674
h6 5.345 -3214 26.373
h7 13.592 -10.701 65.261
h8 9.880 -6.759 53.249
h9 11.540 -7.133 74.583
h10 7.529 -3.613 53.344

hil 18.420 -14.193 106341

h12 16.054 ~12.189 77.644
h13 7.464 -4.274 36.774
h14 2.867 -1.960 14.387

h15 6.076 -4.575 30.179

% 7 Logistic B3R R

Table 7 Analysis of regression logistic

Ak SR ARiER 7 Al B
[Y=1] 13.412 5.976 5.037 1 0.025
[Y=2] 22.821 11.319 4.065 1 0.044
[Y=3] 25.312 11.768 4.626 1 0.031
[Y=4] 28.936 12.812 5.101 1 0.024
F 20.504 10.186 4.052 1 0.044
F, 15.939 7.863 4.109 1 0.043
Fy -1.292 0.67 3.718 1 0.054

FUR B - 45 R 4 Logistic IEOR

Logit[P(Y <1 | F, By, Fy)]=13.412-(20.504F, +
15.939F,~1.292F;)

Logit[P(Y <2 | F\,F,,F, )]=22.821-(20.504F, +
15.939F,~1.292F;)

Logit[P(Y <3 | F,, F,, F;)]=25.312-(20.504F, +
15.939F,~1.292F;)

Logit[P(Y <4 | F,,F,, F;)]=28.936-(20.504F, +
15.939F,~1.292F;) (10)
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Table 8 Goodness—of—fit test results

LA HER R 1 B2 BENE
Pearson 34.57 53 0.977
Deviance 18.249 53 1
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Table 9 Result of return judgment
. WL AE e .
5 SEBR y
xl x2 x3 x4 x5 F1 2 F3 ¥
1 9.305 0.723 0.962 0.130 2.294 1.823 -0.326 9.536 2 2
2% 74.341 0.718 0.958 0.059 2.283 15.380 -12.192 73.980 4% 3
12.573 0.834 1.112 0.150 2.654 2.485 -0.707 12.824 3 3

4 78.747 0.803 1.070 0.144 2.552 16.321 —-12.811 78.389 5 5
5 43.834 0.538 0.717 0.097 1.711 9.069 -6.958 43.674 2 2
6* 26.249 0.825 1.100 0.149 2.623 5.345 -3.214 26.373 3% 4
7 65.567 0.651 0.867 0.116 2.068 13.592 -10.701 65.261 3 3
8% 53.209 0.074 1.703 0.058 5.342 9.880 -6.759 53.249 4% 2
9 73.361 0.026 1.899 0.073 15.200 11.540 -7.133 74.583 4 4
10 52.159 0.063 2.077 0.101 13.726 7.529 -3.613 53.344 4 4
11 105.340 0.062 0.593 0.053 14.256 18.420 -14.193 106.341 2 2
12 77.983 0.677 1.419 0.302 3.079 16.054 -12.189 77.644 5 5
13 36.721 0.837 1.832 0.360 3.435 7.464 -4.274 36.774 5 5
14 14.369 0.199 0.392 0.096 1.162 2.867 -1.960 14.387 1 1
15 30.207 0.297 0.485 0.120 1.806 6.076 -4.575 30.179 1 1

TE - * VR DI, y - TS Y XS 20

Note : *: the error sample area,y:risk level of non—point source pollution.

& 10 N EREXE TG ER

Table 10 Risk assessment information of small watershed

X8 xl(al)  x2(a2)  «xl(a3)  x2(ad)  x1(a5)
h16 27.611 0. 34 0.72 0.17 247
% 11 NI PE
Table 11 P value of risk assessment
[X Jf, P, P, P; P, Ps
h16 0.059 0.939 0.001 0.001 0
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