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Abstract

Support Vector Machine (SVM) is a kind of supervised learning algorithm of 

machine learning in computer science, it’s function such as classification and 

regression could also be applied to related field e.g. geoscience and environmental 

science. In this research, the data of heavy metal pollution areas in agricultural land 

converted by Nemerow index (PN) combined with SVM and geographic information 

system (GIS) classifies the highly potential heavy metal pollution areas in agricultural 

land. For modeling, the samples were optimized into an ideal proportion for training 

data set by using 10-fold cross validation. In Changhua County, at 7,353 points with 

the sample labeled ratio of positive (PN 1.0) and negative (PN<1.0) set to 0.5, results 

show the potential heavy metal pollution area with an accuracy of 85.37% and 

F1-measure of 0.692; In Taoyuan city, at 3,288 points with sample labeled ratio set to 1, 

results show the potential heavy metal pollution area with accuracy of 71.58% and 

F1-measure of 0.506. By interpreting the mapping of results with the information of 

surrounding geological features such as the distribution of river basins, factories and 

industrial zones, it allowed us to divide the causes and relationships of potential heavy 

metal polluted area with the use of SVM. Thus, the algorithm had proved that it could 

be validly applied to classify the potential heavy metal pollution areas in agricultural 

land even with low training data set. 
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2.1 Support Vector Machine, SVM

Support Vector Machine, SVM

Statistical Learning Theory Bernhard E. Boser

1992 Computational Learning Theory, COLT

Corinna Cortes Vladimir N. Vapnik 1995 Machine Learning

Boser et al., 1992; Cortes & Vapnik, 1995
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2008 
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al., 2012  
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2012 Kerman province Now Chun Abedi 
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Maysam et al., 2012  

2012 Gomera Island
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93 % Hern ndez-S nchez et al., 2012  
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2.1.1 kernel function

SVM kernel function Zuo et al., 
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iji xxxxK )()(),( φ≡  
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j

T
iji rxxxxK )(),( += γ , +ℜ∈γ  

3. radial basis function RBF )(exp),(
2
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T
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 linear kernel RBF Keerthi & Lin, 2003 sigmoid 

RBF Lin & Lin, 2003 RBF

polynomial kernel

Huang 2004 Tay  Cao 2001

RBF RBF

 

 

  



 

7 

2.1.2 grid-search Cross Validation

RBF penalty value, C   γ

grid-search

C, γ

exponential C = 2 5, 2 3, …, 215 γ  = 2 15, 2 13, …, 23  

C,γ

best pair of parameters

Training Set Validation Set  

Holdout Cross Validation

 

K K-fold Cross Validation K

K-1 K  
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2.2 confusion matrix

confusion matrix

column row

 2-1 Accuracy Precision

Recall F1-measure Evaluation Measurement Kohavi & 

Provost, 1992; Powers et al., 2011  

True positive True negative

F1-measure

Pandey et al., 2013  

 
 2-1 Confusion matrix  
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Test Positive 
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Test Negative 
 

False negative  
 

True negative  
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2.3 Nemerow Index, PN

Nemerow Index, PN

Nemerow, 1974 2012  

PSI WQI RPI RPI

2010

PN

Csi

Csi PN 3 PN

3 2009 2012  

PN

PN

2012 2013 2014  

 2-2

Tang et al., 2011  2-3

2009

 2-4 2012  
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 2-2 PN  

PN   1 1 ~ 2 2 ~ 3 3 ~ 5  5 

     

Tang et al., 2011  

 

 2-3 PN  

PN   0.8 0.8 ~ 2.5 2.5 ~ 4.25 4.25 ~ 7.2  7.2 

      

2009  

 

 2-4 PN  

PN  < 0.7 0.7 ~ 1.0 1.0 ~ 2.0 2.0 ~ 3.0  3.0 

      

2012  
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3.1

3.1.1

 102 

 4,402  746  1,701  211 

 328  61 

 

 

 3-1  

   

 107,440 122,100 

 69,111 37,544 

 

 

 

2011  
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 107,440  69,111  65.5 

%

2010  
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 3-2  13 

 122,100  37,544 

 30.7 %

2011 2011 1998  
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3.1.2

1992

78

250

0.1 M HCl Cd Cr Cu Ni

Pb Zn

 10,371  9,005  3-2  3-3

 

 

 3-2  
 Cd Cr Cu Ni Pb Zn 

 0.28 0.71 10.88 3.56 8.07 37.54 
 0.18 0.31 7.46 2.17 6.44 8.98 

1  0.10 0.19 5.01 1.47 4.36 5.98 
3  0.37 0.52 10.40 3.34 9.79 14.04 

 89.14 363.07 5512.46 911.32 2674.47 188590.86 
 1.07 5.10 59.03 12.13 28.22 1871.12 

 10,371 mg kg-1  

  

 3-3  
 Cd Cr Cu Ni Pb Zn 

 0.17 0.39 18.93 1.33 8.29 18.60 
 0.13 0.24 4.38 0.77 5.89 7.78 

1  0.07 0.14 2.65 0.48 4.12 3.93 
3  0.21 0.40 8.57 1.30 8.47 15.94 

 24.37 40.49 6411.70 158.09 2200.25 3206.07 
 0.45 0.90 129.25 3.47 29.39 59.65 

 9,005 mg kg-1  
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3.2

3.2.1 PN

Nemerow index, PN
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PN < 1.0 PN 1.0

PN < 1.0 negative

PN 1.0 positive  3-5  

 

 3-5  

PN < 1.0  1.0 
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3.2.2 SVM

Support Vector Machine, SVM Supervised 

Learning  3-3

SVM Hyperplane

Margin

Optimal 

Hyperplane

Support Vector

Boser et al., 1992; Cortes & Vapnik, 1995  
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0≥ξ  
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3.3

3.3.1 SVM

label training data set

Validation data set New data set

SVM  3-5  

 

 
 3-5 SVM  

3.3.2

 3-5 SVM C, γ

best pair of parameters 10- 10-fold cross 

validation grid-search  3-6  

 

 3-6  
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4.1 PN

81 97

PN Cd

Cr Cu Ni Pb Zn

geographic information system, GIS 2012

PN  4-1  4-2  

 

 4-1  25.22 % 6,461  PN  0.7

21.25 % 1,459 0.7 PN 1.0  23.82 % 1,954  

1.0 PN 2.0  23.82 % 248  2.0 PN 3.0

 29.71 % 249  PN 3.0 PN 1.0

 23.63 %

 

 

 4-2  72.40 % 6,520  PN  0.7

9.34 % 841 0.7 PN 1.0  9.46 % 852

1.0 PN 2.0  2.89 % 260 2.0 PN 3.0

 5.91 % 532 PN 3.0

PN 1.0  18.26 %
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 4-1 PN  

 PN    
 PN 0.7 6,461 62.30 
 0.7 PN 1.0 1,459 14.07 
 1.0 PN 2.0 1,954 18.84 
 2.0 PN 3.0 248 2.39 
 PN 3.0 249 2.40 
  10,371 100 

 

 

 

 4-1 PN  
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 4-2 PN   
 PN    

 PN 0.7 6,520 72.40 
 0.7 PN 1.0 841 9.34 
 1.0 PN 2.0 852 9.46 
 2.0 PN 3.0 260 2.89 
 PN 3.0 532 5.91 
 9,005 100 

 

 

 
 4-2 PN  
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4.1.1

 

SVM

PN 1.0 threshold value GIS  4-3

 2,451 PN  1.0  23.63 % positive  7,920

PN  1.0 76.37 % negative  4-3  

 

 4-3 PN 1.0  
PN   %  
PN 1.0  2,451 23.63 
PN 1.0  7,920 76.37 

  10,371 100 

 

 

 4-3 1.0 PN 
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PN 1.0 threshold value

 4-4  18.26 % 1,644 PN  1.0  81.74 %

7,361 PN  1.0  4-4   

 

 4-4 PN 1.0  
PN   %  
PN 1.0  1,644 18.26 
PN 1.0  7,361 81.74 

  9,005 100 

 

 
 4-4 1.0 PN 
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4.2

positive negative

training data set

model

C,γ 0.5, 256.0 0.125, 

256.0  4-5  4-6

1 2 F1-measure

 0.692  1 1  F1-measure  0.497  

 4-5  
 1 1 1 2 1 3 
P Positive 2451 2451 2451 
N Negative 2451 4902 7353 
True positive 1924 1706 1444 
False negative 527 745 1007 
True negative 6524 7148 7421 
False positive 1396 772 499 

Accuracy 81.46% 85.37% 85.48%
Recall 78.50% 69.60% 58.91%
Precision 57.95% 68.85% 74.32%

F1-measure 0.667 0.692 0.657
F1-measure  

 
 4-6  

 1 1 1 2 1 3 1 4 
P Positive 1644 1644 1644 1644 
N Negative 1644 3288 4932 6576 
True positive 1310 486 292 0 
False negative 334 1158 1352 1644 
True negative 5136 6961 7172 7361 
False positive 2225 400 189 0 

Accuracy 71.58% 82.70% 82.89% 81.74% 
Recall  79.68% 29.56% 17.76% 0.00% 
Precision  37.06% 54.85% 60.71% 0.00% 

F1-measure 0.506 0.384 0.275 0.000 
F1-measure  
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4.3

4.2

1 2 1 1  

RBF

10 %, 20 %, …, 100 % 

grid-search 10- 10-fold cross validation

best pair of parameters Total data set

Accuracy Recall Precision F1-measure

 

 4-7  4-8

 4-5

 4-7  4-6  4-8

F1-measure SVM

 

7,353 1 2

 2,478 

 23.89 % Accuracy 85.37% F1-measure 0.692

 

1 1 3,288

 3,535  39.25 %  71.58 % F1-measure

0.506  

 10 % F1-measure 0.611 0.421

F1-measure SVM
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4.4
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1. Support Vector Machine, SVM

 2,478  23.89 %

 3,535  39.25 %

 

2. 7,353 1 2

Accuracy 85.37% F1-measure 0.692

1 1 3,288

 71.58 % F1-measure 0.506  

3. SVM

 

4. SVM

SVM
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