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ABSTRACT 

The Taipei Water Management District, supplying the domestic water for 500 million 

people in Taipei city, is the first protection area of water sources, water quality and quantity 

according to the Urban Planning Law. It covers the three basins including the Pei-Shih 

Stream River, Nan-Shih Stream, and Hsin-Dian Stream. In the presennt study, the water 

quality monitoring data collected from the Water Management Office Stations and 

rainfall data collected from the Central Weather Bureau were adopetd and analyzed. A 

total of 12 physical and chemical water quality variables, including dissolved oxygen 

(DO), biochemical oxygen demand (BOD), suspended solids (SS), chemical oxygen 

demand (COD), pH, conductivity, water temperature, coliform fecal, turbidity, total 

phosphorus (TP), ammonia nitrogen (NH3-N), and rainfall. The quantitative approaches 

were applied to analyze the long-term monitoring data from the water sampling stations 

located in the watershed during years 2008-2010. Also the multivariate analysis techniques 

were used to analyze the water quality characteristics. 

The three basins were identified clearly by discriminant analysis (DA), indicating 

that the water quality variables in the three basins have their own characteristics. The 

analyzed results concurred with the actual situation of the three basins. By using the 

principal component analysis (PCA), principal components of three basins in the Taipei 

Water Management District are extracted. The Pei-Shih Stream basin extracted five 

principal components and the percentage of explained variance is 67.26%. The first 

principal component is suspended solids concentration, subsequently are nutrients, pH, 

rainfall components, and other components. The Nan-Shih Stream basin extracted five 

principal components and the percentage of explained variance is 66.624%. The first 

principal component is suspended solids concentration, subsequently are human activities, 

total phosphorus, rainfall components, and ammonia nitrogen components. The Hsin-Dian 

Stream basin extracted five principal components and the percentage of explained 

variance is 73.024%. The first principal component is suspended solids concentration, 

subsequently are total phosphorus, rainfall, water temperature components, and conductivity 

components. Based on the results above the current situation of the three basins, agriculture 

cultivation is more prevalent in the Pei-Shih Stream basin but the pollution load is the 

lower. There are hot spring and recreation areas in the Nan-Shih Stream basin, and pollution 

load of human activities has a great impact on the water quality. In the Hsin-Dian Stream 

basin, there are lots of residential areas, but pollution load of domestic wastewater are the 

most serious. Cluster analysis (CA) was used to cluster the measured stations. The 
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Pei-Shih Stream basin, Nan-Shih Stream basin, and Hsin-Dian Stream basin yield four 

clusters, three clusters, and three clusters, respectively. For financial or monitoring 

quality considerations, we may try to increase the temporarily measured stations or to 

change the measured locations for gathering similar monitoring data and then assess the 

effect of water quality monitoring. 

Keywords: Taipei Water Management District, Water quality, Multivariate statistical 

techniques, Discriminant analysis, Principal components analysis, Cluster 

analysis. 
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1  

     

 A001  24˚ 57'42.54"  121˚ 46'80.08"  

 A002  24˚ 56'70.05"  121˚ 42'44.50"  

 A003  24˚ 53'27.15"  121˚ 44'43.86"  

 A004  24˚ 55'56.15"  121˚ 42'18.15"  

 A005  24˚ 56'10.36"  121˚ 42'10.82"  

 A006 ( ) 24˚ 55'51.76"  121˚ 41'29.95"  

 A007  24˚ 55'53.27"  121˚ 41'13.12"  

 A008 ( ) 24˚ 55'52.58"  121˚ 40'29.79"  

 A009 ( ) 24˚ 58'58.85"  121˚ 49'56.11"  

 A010 ( ) 24˚ 55'46.11"  121˚ 48'43.24"  

 A011  24˚ 56'58.55"  121˚ 44'27.78"  

 A012 ( ) 24˚ 55'46.95"  121˚ 41'29.63"  

 B001  24˚ 46'47.27"  121˚ 29'50.53"  

 B002  24˚ 51'42.87"  121˚ 33'30.75"  

 B003  24˚ 51'18.55"  121˚ 34'30.21"  

 B004  24˚ 51'51.56"  121˚ 33'60.53"  

 B005  24˚ 55'36.42"  121˚ 31'55.71"  

 C001  24˚ 54'43.64"  121˚ 32'70.48"  

 C002  24˚ 55'90.93"  121˚ 32'28.49"  

 C003  24˚ 56'22.27"  121˚ 31'35.62"  

 C004  24˚ 56'36.91"  121˚ 32'43.36"  

 C005  24˚ 57'31.69"  121˚ 32'80.80"  
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 DO mg/L  MPN CFU/100ml 

 BOD mg/L  Tur. NTU 

 COD mg/L  TP mg/L 

pH  pH   NH3-N mg/L 

 WTemp.   TSS mg/L 

 Cond. mho/cm  Rain mm 
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4  

(mean ± S.D) 
   

   

 DO mg/L 7.77 ± 0.66 7.81 ± 0.58 7.83 ± 0.79 

 DOB mg/L 0.82 ± 0.43 0.83 ± 0.43 1.05 ± 0.86 

 COD mg/L 3.61 ± 1.90 3.24 ± 2.08 4.06 ± 3.44 

pH  pH  7.68 ± 0.81 7.87 ± 0.40 7.65 ± 0.46 

 Cond. μmho/cm 81.02 ± 18.03 114.50 ± 28.45 105.20 ± 47.98 

 Wtemp  22.11 ± 4.58 21.49 ± 3.87 22.16 ± 3.86 

 MPN CFU/100ml 1297.56 ± 3959.15 2318.33 ± 3712.18 1689.89 ± 2405.34 

 Tur. NTU 1.92 ± 2.83 16.94 ± 61.70 12.21 ± 37.26 

 TP mg/L 0.070 ± 0.181 0.073 ± 0.136 0.095 ± 0.144 

 NH3-H mg/L 0.033 ± 0.039 0.029 ± 0.022 0.079 ± 0.243 

 SS mg/L 3.23 ± 4.83 25.67 ± 74.83 21.45 ± 63.32 

 Rain mm 6.43 ± 12.88 10.07 ± 20.38 9.67 ± 20.58 

 

5   

 Wilks' Lambda  F     

 0.962 0.398 2 20 0.677 

 0.586 7.069 2 20 0.005 

 0.725 3.784 2 20 0.040 

pH  0.784 2.763 2 20 0.087 

 0.342 19.254 2 20 0.000 

 0.932 0.726 2 20 0.496 

 0.674 4.839 2 20 0.019 

 0.497 10.115 2 20 0.001 

 0.911 0.982 2 20 0.392 

 0.670 4.916 2 20 0.018 

 0.440 12.742 2 20 0.000 

 0.559 7.878 2 20 0.003 

 

4.2  

 

1

2 3

( 5)  

5

 

6 7.104 1.453

0.936 0.770  



6  9  

  
 

(%) (%) 

1 7.104 83.0  83.0 0.936 

2 1.453 17.0 100.0 0.770 
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7 Wilk’s Lambda  

 
Wilk’s  

Lambda  
   

1 2 0.231 160.682 28 0.000 

2 0.743  32.517 13 0.002 

 
8  

 
 

1 2 
a 0.553* 0.166 

 0.502* 0.304 
a 0.487* 0.108 

 0.308* 0.281 

 0.260* -0.045 

pH a 0.218* 0.095 

 0.036 0.693* 
a -0.233 0.663* 

a -0.070 0.596* 
a 0.045 0.292* 
a -0.177 -0.258* 

a -0.023 0.148* 

 
 

1 2 

 -0.894 1.139 

 1.245 0.133 

 0.462 -0.950 

 0.931 0.453 

( ) -8.348 -8.920 
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 -0.894 1.139 

 1.245 0.133 

 0.462 -0.950 

 0.931 0.453 
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11  

    P 

1 A001 1 1 0.978 

2 A002 1 1 1.000 

3 A003 1 1 0.979 

4 A004 1 1 0.999 

5 A005 1 1 1.000 

6 A006 1 1 0.991 

7 A007 1 1 1.000 

8 A008 1 1 1.000 

9 A009 1 1 0.998 

10 A010 1 1 0.771 

11 A011 1 1 1.000 

12 A013 1 1 0.911 

13 B001 2 2 0.910 

14 B002 2 2 1.000 

15 B003 2 2 0.999 

16 B004 2 2 0.734 

17 B005 2 2 1.000 

18 B006 2 2 1.000 

19 C001 3 3 0.998 

20 C002 3 3 0.924 

21 C003 3 3 0.998 

22 C004 3 3 0.538 

23 C005 3 3 1.000 
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4.3.1  

( 12) pH
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13 12

4

1 (Filik Iscen et 

al., 2008; Xu et al., 2009; Zhang et al., 2011)

5 67.26%  



12  

 DO BOD COD pH Cond. WTemp. MPN Tur. TP NH3-H SS Rain

DO -1.000            

BOD -0.308* -1.000           

COD -0.097** 0.553* -1.000          

pH -0.021 -0.028 -0.055 -1.000         

Cond. -0.123* -0.045 -0.045 -0.182* -1.000        

Wtemp -0.109** -0.045 -0.039 -0.160* 0.288* -1.000       

MPN -0.107** -0.248* - .181* -0.078 -0.080 -0.027 -1.000      

Tur. -0.102** -0.243* -0.026 -0.058 -0.013 0.237* - 0.154* -1.000     

TP -0.508* -0.070 .323* -0.069 -0.010 -0.168* -0.035 -0.012 -1.000    

NH3-H -0.155* -0.016 -0.171 -0.038 -0.036 -0.009 .110** -0.072 -0.456* -1.000   

SS -0.169* 0.292* -0.214* -0.001 -0.008 -0.097* -0.356* -0.575* -0.049 -0.077 -1.000  

Rain -0.138* -0.031 -0.025 -0.128** 0.227* -0.010 -0.205* -0.134* -0.070 -0.025 -0.084 -1.000

** 0.01 99%  

* 0.05 95%  

 

 

13 

 

  (%) (%)

1 2.274 18.947 18.947 

2 1.973 16.445 35.393 

3 1.613 13.444 48.837 

4 1.193 9.942 58.779 

5 1.018 8.481 67.260 

6 0.854 7.120 74.379 

7 0.785 6.541 80.920 

8 0.728 6.067 86.987 

9 0.595 4.961 91.948 

10 0.410 3.421 95.369 

11 0.339 2.825 98.194 

12 0.217 1.806 100.000 

4  
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14

13 14

18.947%

16.445%

 

13.444% pH

pH

pH

9.942%

8.481%

 

4.3.2  

( 15)
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14  

 
 

1 2 3 4 5 

 -0.451 0.550 0.310 0.135 -0.166 

 0.709 0.156 -0.055 -0.532 0.176 

 0.444 0.599 0.040 -0.413 0.280 

pH  -0.046 -0.201 0.490 -0.068 0.248 

 -0.107 -0.136 0.671 -0.046 0.332 

 0.179 -0.328 0.503 0.334 0.382 

 0.565 0.147 -0.176 0.321 0.196 

 0.610 -0.091 0.405 0.191 -0.520 

 -0.187 0.835 0.187 0.116 -0.083 

 -0.004 0.624 0.073 0.356 0.222 

 0.761 0.056 0.168 0.279 -0.265 

 0.135 -0.039 -0.553 0.495 0.358 

 
15  

 DO BOD COD pH Cond. WTemp. MPN Tur. TP NH3-H SS Rain

DO 1.000            

BOD -0.246** 1.000           

COD 0.043 0.469** 1.000          

pH -0.021 -0.056 0.045 1.000         

Cond. 0.027 -0.108 -0.121 0.162* 1.000        

Wtemp -0.171* 0.044 0.055 0.190** 0.040 1.000       

MPN -0.122 0.050 0.088 -0.056 -0.027 0.106 1.000      

Tur. -0.066 0.034 -0.068 -0.028 0.039 0.152* -0.051 1.000     

TP 0.229 0.052 0.206 -0.187** -0.070 -0.113 -0.076 0.069 1.000    

NH3-H 0.188** -0.091 0.132 -0.105 0.074 -0.087 -0.008 0.064 0.219** 1.000   

SS -0.141 0.077 -0.019 -0.092 -0.008* 0.143 -0.026 0.947** 0.178* 0.097  1.000  

Rain -0.210** 0.073 0.059 -0.176* 0.078 -0.015 0.375** -0.092 -0.056 0.039 -0.077 1.000

** 0.01 99%  

* 0.05 95%  

 

 

pH

 

 

 

16 14

5

1 5

66.624%  

17

16 17

17.251%  



 

16 

 

  (%) (%)

1 2.070 17.251  17.251 

2 1.743 14.524  31.774 

3 1.662 13.849  45.623 

4 1.358 11.315  56.938 

5 1.162  9.685  66.624 

6 0.918  7.647  74.271 

7 0.745  6.210  80.480 

8 0.729  6.074  86.554 

9 0.633  5.274  91.828 

10 0.543  4.526  96.353 

11 0.399  3.325  99.679 

12 0.039  0.321 100.000 

5  

 

9.685%

 

 

17  

 
 

1 2 3 4 5 

 -0.143 -0.655 0.266 -0.028 0.227

 0.157 0.560 0.413 -0.427 -0.071

 0.048 0.330 0.627 -0.445 0.305

pH  -0.106 0.020 -0.449 -0.494 0.469

 -0.019 -0.102 -0.314 0.188 0.622

 0.232 0.347 -0.336 -0.233 0.329

 -0.078 0.540 0.095 0.443 0.215

 0.948 -0.043 -0.164 0.082 -0.005

 0.248 -0.309 0.615 -0.009 0.086

 0.149 -0.302 0.412 0.261 0.470

 0.975 -0.003 -0.064 0.093 -0.036

 -0.133 0.529 0.162 0.602 0.149

4.3.3  

( 18)

 

 

 

14.524%

13.849%

11.315% pH

pH  

 

pH

pH  
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18  

 DO BOD COD pH Cond. WTemp. MPN Tur. TP NH3-H SS Rain

DO 1.000            

BOD -0.212** 1.000           

COD -0.084 0.822 1.000          

pH -0.046 -0.097 -0.084 1.000         

Cond. 0.017 0.073 -0.030 0.111 1.000        

Wtemp -0.207** 0.040 -0.038 0.306** 0.123 1.000       

MPN -0.254** 0.371** 0.416** -0.013 0.003 0.072 1.000      

Tur. -0.053 0.195** 0.122 -0.062 -0.052 0.059 0.205** 1.000     

TP 0.640** 0.091 0.215** -0.193* -0.042 -0.245** -0.107 0.046  1.000    

NH3-H 0.146 0.210** 0.143 0.003 -0.011 -0.018 -0.074 -0.035  0.031  1.000   

SS -0.169* 0.353** 0.301** -0.087 -0.091 0.037 0.290** 0.888**  0.030 -0.046 1.000  

Rain -0.215** 0.195** 0.243** -0.107 0.332** -0.053 0.314** -0.011 -0.122 -0.033 0.085 1.000

** 0.01 99%  

*  0.05 95%  

 

 

19 

 

  (%) (%)

1 2.791 23.259  23.259 

2 1.975 16.454  39.714 

3 1.598 13.321  53.034 

4 1.247 10.390  63.424 

5 1.152  9.600  73.024 

6 0.925  7.706  80.730 

7 0.700  5.836  86.566 

8 0.633  5.276  91.842 

9 0.488  4.068  95.910 

10 0.266  2.219  98.129 

11 0.140  1.165  99.293 

12 0.085  0.707 100.000 

6  
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19 12

6

1 5

73.024%  

20

19 20

23.259%

 

16.454%

10.390%

9.600% pH

pH

8.481%

 

 

4.4  

2008

2010



Method)

K

 

Anderberg (1973)
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(Squared 

Edclidean Distance) (Ward’s  

 

20  

 
 

1 2 3 4 5 

 -0.366 0.722 0.024 0.186 0.355

 0.786 0.150 0.341 0.251 -0.145

 0.748 0.265 0.393 0.196 -0.158

pH  -0.133 -0.417 -0.054 0.599 0.214

 0.033 -0.232 0.389 -0.008 0.770

 0.076 -0.521 -0.125 0.530 0.172

 0.646 -0.174 0.136 -0.122 -0.049

 0.586 0.129 -0.702 0.003 0.265

 -0.035 0.835 0.070 0.079 0.265

 0.056 0.229 0.262 0.514 -0.184

 0.733 0.111 -0.593 -0.025 0.162

 0.389 -0.228 0.470 -0.429 0.330
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CA 4  A009 A010  A009  A009 

*  

 
 

 

7 2008-2010  



22 2008-2010  

 2008  2009  2010  

CA 1 B001 B001 B001 B005  
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CA 3 B006 B003 B004  B003 B004 
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