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Evaluation and Prediction of Water Quality in Hanfeng Lake Based on
Improved Principal Component Analysis and Multivariate Regression Model
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Abstract; Based on the water quality monitoring data in Hanfeng Lake from 2015 to 2017, the water envi-
ronmental quality was evaluated by improved principal component analysis and multivariate regression model.
First, the major influence factors were performed to reduce the dimension by improved PCA, the scores of the
principal components were calculated. Then, the water quality prediction model was established by multiple line-
ar regressions analysis on the selected principal components. The model was applied in evaluating and predicting
the water quality in the study area. The results indicated that the cumulative variance of 4 selected principal
component factors reached 87.3% . This simplified the data structure. Meanwhile, the prediction value from im-
proved principal component regression was generally close to the measured value, the maximum relative error was
less than 4% . With conventional method, the relative error was close to 10% , showing that the model had high
prediction accuracy.
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Table 1 Raw data of water quality
SD o(WT) pH fE p(TN) p(TP) p(DO) p(TSS) p(NH;—=N) p(NO; —N) p(Ly,)
/m /C /(mg-L7") /(mg-L') /(mg-L") /(mg-L7') /(mg-L7") /(mg-L™ ") /(mg-L7")
1.27 20. 60 8.38 1.61 0.12 5.63 26. 18 0.16 0.57 3.30
1.17 20. 15 8.36 1.94 0.16 5.50 16. 15 0.20 0. 81 4.17
1.10 20. 12 8.51 1.40 0.11 6. 10 19. 08 0.18 0.47 2.92
0.96 21.04 8.35 1.93 0.17 5.67 16.22 0.26 0.81 4.37
0.83 20. 95 8.31 1.20 0.18 5.49 22.19 0.17 0.77 4.55
1.22 20. 31 8.48 1. 80 0.16 5.59 27.96 0.19 0. 64 3.92
1.23 21.05 8.23 1.81 0.12 5.73 21.80 0.16 0. 69 3.84
1. 10 19. 81 8.37 1. 69 0.13 5.79 18.39 0. 19 0.70 3.36
R2 OELEHKREE"
Table 2 Standardized water quality data®
X, X, 7X, X, X, X, X, X, X, 7X,
0. 296 0.258 0.258 0.234 0.209 0.252 0.321 0.219 0.216 0.217
0.273 0.253 0.258 0.282 0.278 0.246 0.198 0.273 0. 306 0.274
0.257 0.252 0.262 0.203 0.191 0.273 0.234 0.246 0.178 0.192
0.257 0.235 0.258 0.227 0.278 0.258 0.201 0.328 0.261 0.260
0.224 0.264 0.258 0.280 0.295 0.254 0. 199 0.355 0.306 0.287
0. 194 0.263 0.256 0.289 0.313 0.246 0.272 0.232 0.291 0.299
0.285 0. 255 0.262 0.262 0.278 0.250 0.343 0.260 0.242 0.258
0.257 0. 248 0.258 0. 246 0.226 0.259 0.225 0.260 0.264 0.221
DZX, —7ZX,, 53 HI48 3R SD WT pH {if [TN TP DO TSS \NH,—N NO; =N Iy, b5l b5 i &4l
x3 HEXREIERE
Table 3  Correlation coefficient matrix
Wy X, 7X, 7X, X, 7X X, 7X, 7X, X, 7X,,
7X, 1 -0.187 0.206 -0.450 -0.521 0.188 0.362 -0.345 -0.382 -0.574
7X, -0.187 1 0.159 0. 444 0.078 -0.031 0.268 -0.417 0.175 0.365
7X,4 0.206 0.159 1 -0.402 —-0.455 0.089 0 0. 094 -0.295 -0.249
7X, -0.450 0. 444 -0.402 1 0.810 -0.596 0. 049 0. 050 0.787 0. 856
ZX; -0.521 0.078 —-0.455 0.810 1 -0.556 0. 004 0. 306 0.709 0. 890
7ZX¢ 0.188 -0.031 0. 089 -0.596 -0.556 1 -0.203 -0.201 -0.622 -0.59%
7X, 0.362 0.268 0 0. 049 0. 004 -0.203 1 -0.644 -0.299 -0.037
A -0. 345 -0.417 0. 094 0. 050 0.306 -0.201 -0. 644 1 0.332 0.239
7X, -0.382 0.175 -0.295 0.787 0.709 -0.622 -0.299 0.332 1 0.791
7ZX, -0.574 0. 365 -0.249 0. 856 0. 890 -0.5% -0.037 0.239 0.791 1
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Table 4 Eigenvalue and variance contribution rate Table 5 Initial factor loading matrix
%y AL R i TR/ % BRI R/ % By 1 2 3 4
7X, 4.507 45.067 45.067 7X, -0.621 0.272 -0.330 0. 387
7X, 2.041 20. 405 65.472 7X, 0.250 0. 646 0. 650 -0.182
X, 1. 158 11.582 77. 054 ZX, -0.397 -0.046 0.677 0.580
ZX, 1.023 10. 231 87.285 ZX, 0.912 0. 281 0.017 -0.061
7ZXs 0.567 5.671 92.956 7ZXs 0.912 0.010 -0.198 -0.022
7ZX¢ 0.333 3.333 96. 289 7ZX -0.671 -0. 146 0. 191 -0.602
X, 0.179 1.793 98. 082 X, -0.137 0. 848 -0.263 0.231
7Xq 0. 096 0.961 99. 043 7Xg 0.325 -0.840 0.077 0.262
7X, 0. 067 0. 667 99.710 7X, 0.877 -0.100 0.012 0.119
ZX o 0. 029 0.290 100. 000 ZX o 0.945 0.110 0. 130 0.032

F, = —0.29ZX, +0.12ZX, - 0. 192X, + 0.43ZX, + 0.43ZX, — 0.32ZX, - 0.06ZX, + 0. 152X, +

0.41ZX, + 0.45ZX,, (4)

F, = 0.19ZX, + 0.45ZX, - 0.03ZX, + 0.20ZX, +0.01ZX, — 0. 10ZX, + 0.59ZX, — 0. 59ZX, -

0.07ZX, + 0.08ZX,,

(5)

F, =-0.31ZX, +0.60ZX, +0.63ZX, + 0.02ZX, — 0. 182X, + 0. 18ZX, - 0.24ZX, +0.07ZX, +

0.01ZX, + 0. 127X,,

(6)

F, = 0.38ZX, - 0.18ZX, +0.57ZX, — 0. 06ZX, - 0. 02ZX, — 0. 60ZX, + 0.23ZX, + 0. 26ZX, +

0.12ZX, +0.03ZX,,
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Table 6 Parameters of PCA regression model
Ak MIHRE ARiEIRZE t r FoooREME
Bo -3.943 11.261 -0.350 0.892 8.742 0.004
By 8.970 4.833 1.856
B 12. 001 7.757 1.547
B, 51.103  29.424 1.737
By -29.468 23.862 -1.235
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Fig. 1 Comparison of prediction results
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