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Application of support vector machine to evaluate the eutrophication status of
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Abstract: The results of eutrophication assessment can not only reflect the conditions of water quality and the status of
pollution, but also provide some evidence and guidance for eutrophication controls, watershed managements and policy
decisions. Essentially, the process of eutrophication assessment could be considered as a multi-index classification problem.
However, the relationship between the eco-environmental factors and the eutrophication status is complex, nonlinear and
uncertain. In recent years, a variety of artificial intelligent methods have been used for eutrophication assessment, such as
fuzzy synthetic evaluation, fuzzy mathematics, grey cluster, grey situation decision, evolutionary algorithm and artificial
neural network ( ANN). These methods have been playing important roles in eutrophication assessment, but there are still
uncertainty and inconsistency in the results. The fuzzy and grey methods have great subjectivity in determining the structures
of evaluation functions and the weights of evaluation indexes, the evolutionary algorithm is mainly used for parameter
optimization of existing evaluation models; and the ANN has inherent problems such as uncertainty of network structure,
potential of local optimum and no guarantee of model generality.

As a relatively new machine-learning algorithm, Support Vector Machine (SVM) has shown promising advantages in
solving classification problems. The fundamental idea is to use certain kind of kernel functions to map the vectors in lower

dimensional space to a higher dimensional space so that these vectors could be linearly classified into two parts, and then
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conducting a hyperplane that has the largest distance to the nearest vector of any class to make the separation. Although
sharing some similarities to ANN in process of model building, SVM has entirely different theoretical basis. Despite its broad
applications, the method has been merely used in lake eutrophication assessment.

In this study, an eutrophication assessment model has been built by using the classification algorithm of LIBSVM (a
simple, easy-to-use, and efficient software for SVM classification and regression), based on the learning data randomly
generated from the existing eutrophication assessment standard for lakes and reservoirs. The model was then applied to the
Taihu Lake, where data were collected from 33 monitoring sites during July to September in 2012. The results showed that
there are 3 types of trophic status in the Taihu Lake with respect to space. The mesotrophic areas were mainly in the east
part of the lake, and light eutrophication areas were mostly located in the central and eastern regions, and the moderate
eutrophication areas were largely in the northwestern region. The eutrophication status of the entire lake is about light to
moderate eutrophication. By comparing to the results from the well-accepted Linear Interpolation Scoring Method, the
consistency is about 78.8% , indicating good effectiveness and applicability of the SVM method, owing to its addition feature

of high convergence and generalization.

Key Words: Taihu Lake; eutrophication evaluation; Support Vector Machine
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Table 1 The eutrophication evaluation standard of lakes and reservoirs
S B W 2% a S HAE P B
Degree Nutrition type Score Chl-a/ (mg/m*) TP/ (mg/L) TN/ (mg/L) COD/(mg/L) SD/m
1 ) 10 0.5 0.001 0.02 0.15 10
20 1 0.004 0.05 0.4 5
2 h 30 2 0.01 0.1 1 3
40 4 0.025 0.3 2 1.5
50 10 0.05 0.5 4 1
3 B 60 26 0.1 1 8 0.5
4 TE 70 64 0.2 2 10 0.4
80 160 0.6 6 25 0.3
5 GiN 90 400 0.9 9 40 0.2
100 1000 1.3 16 60 0.12
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Fig.2 The partitions of Taihu Lake and the locations of 33 monitoring sites
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E 3 SVM #1 SCO FAikxKi#l 33 NNl & 7—9 AEFRRESHITMERLE

Fig.3 Comparison results of Taihu Lake’s 33 monitoring sites from July to September evaluated by the two methods

Table 2 Scores and the evaluated eutrophication degrees of two methods

=2

A gy

SVM (8)

o EUEAMAENTENERER

VA 7 H July 8 H August 9 H September
No. W SCO SVM W SCo SVM W SCo SVM
1 52.6 3 3 62.8 4 3 62.5 4 3
2 53.4 3 3 61.2 4 3 60.5 4 3
3 58.6 3 3 63.2 4 4 67.6 4 4
4 56.2 3 3 62.6 4 4 63.3 4 3
5 58.8 3 3 62.1 4 3 69.0 4 4
6 59.3 3 3 66.8 4 4 67.5 4 4
7 55.1 3 3 62.4 4 4 66.8 4 4
8 65.1 4 4 64.8 4 4 69.1 4 4
9 63.9 4 4 66.9 4 4 67.5 4 4
10 54.3 3 3 59.6 3 3 57.7 3 3
11 53.2 3 3 64.3 4 4 60.0 4 3
12 50.8 3 3 58.2 3 3 56.5 3 3
13 52.8 3 3 58.6 3 3 57.3 3 3
14 43.7 2 2 50.9 3 3 52.9 3 3
15 50.0 2 2 61.6 4 4 52.8 3 3
16 49.9 2 2 55.5 3 3 54.3 3 3
17 52.3 3 3 60.7 4 3 65.5 4 3
18 60.5 4 4 60.5 4 3 63.3 4 4
19 57.5 3 3 61.4 4 3 58.7 3 3
20 55.6 3 3 60.4 4 3 57.9 3 3
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Sl 71 July 8 H August 9 H September
No. W3 SCO SVM o SCO SVM o SCo SVM
21 55.3 3 3 61.4 4 3 59.0 3 3
22 52.4 3 3 57.2 3 3 55.4 3 3
23 63.7 4 4 62.4 4 4 66.2 4 4
24 60.9 4 4 60.7 4 3 60.8 4 3
25 51.9 3 3 60.4 4 3 54.1 3 3
26 52.6 3 3 57.1 3 3 53.3 3 3
27 53.4 3 3 55.7 3 3 53.8 3 3
28 51.0 3 3 56.6 3 3 52.3 3 3
29 56.2 3 3 58.3 3 3 58.8 3 3
30 56.6 3 3 60.4 4 3 60.5 4 3
31 60.3 4 4 61.9 4 3 60.8 4 3
32 57.0 3 3 61.6 4 3 59.1 3 3
3 53.9 3 3 62.5 4 4 55.2 3 3

167 A BPEM &S SR, SVM AR I IR 4 K Sk 1) 8 FR 2R AN 32 B 8 9%, I o B B
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