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Applications of back propagation neural network for predicting the

concentration of chlorophyll-a in West Lake

PEI Hong-Ping, LUO Ni-Na", JIANG Yong (Department of Environmental Science, College of Environment and Resource,
Xixi Campus Zhejiang University, Hangzhou 310028, China). Acta Ecologica Sinica,2004,24(2) :246~251.

Abstract: We have established 8 sampling spots in West Lake, and selected spot 7 which can most represent the water quality
status of it as study object by principal component analysis. With sufficient samples got by the inserted method, based on the
aquatic data (2000. 1~2001.4) of West Lake by routine measurement, we studied the feasibility of using Back propagation
(BP) neural network to predict the short term trends of the state of aquatic ecology (the concentration of chlorophyll-a), and
looked for the most influential elements which can reflect the trends of aquatic ecology in West Lake for modeling. At the same
time, we used the data of spot 3 to test the universality of the network, and found the outputs tallied with the measured values
very well. The results show that water temperature and chlorophyll-a affect the concentration of chlorophyll-a of next week
most greatly. The network using them as input variables is simple and prompt, having greater advantage than other linearity
numeric modeling. This indicates that artificial neural network is an effective method for forecasting the concentration of
chlorophyll-a. And it can provide the scientific basis for the control of the eutrophication of West Lake.
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Table 1 Variation of annual mean values of main water quality factors at each sampling spot
Spot 1 2 3 4 5 6 7 8
T Average 18.13 18.16 18. 26 18. 31 18. 31 18. 49 18.55 18.53
w
Range(C) 6.1~32.8 6.4~33.2 6.4~33.3 Gy Sl ) 6.1~32.8 5.8~33.2 6.2~33.1 7~33.4
SD Average 49.5 46. 8 50. 8 54.7 55.2 50. 3 51.3 77.5
) Range (cm) 30~85 26~80 30913 32~98 32~98 30~92 31~92 56~90
DO Average 7.33 6. 47 7.68 7.07 9.18 8. 87 8.85 7.04
Range(mg/L) 3.05~10.26 4.23~9.71 4.5~10.57 3.73~9.66 4.67~11.96 6.18~12.68 5.41~11.17 3.87~9.72
E Average 206. 1 220. 4 209. 8 251.9 234.0 215.2 209. 3 260. 1
C
Range (m/s) 168~261 161~315 172~253 200~315 195~293 168~262 175~253 145~455
o Average 8.81 8.74 8.57 8. 08 8. 47 8.58 8. 46 7.92
p
Range 7.6~11 7.5~10.6 7.4~10.3 7.3~10.3 7.2~10.1 7.5~10.2 7.5~10.3 7.1~9.5
TP Average 0.154 0.177 0.162 0.177 0.145 0.147 0.135 0.105
Range (mg/L.) 0.07~0.21 0.07~0.27 0.09~0.22 0.13~0.24 0.06~0.21 0.09~0.20 0.11~0.20 0.06~0.18
TN Average 2.10 2.06 2.19 2.96 2.59 2.42 2.37 2. 64
Range(mg/L)  1.66~2.96 1.36~2.95 1.35~3.54 1.82~3.80 1.86~3.52 1.32~3.26 1.63~3.42 1.43~3.96
Chl Average 83.3 101.7 78. 6 83.7 71.0 75. 4 82.0 20. 6
-a
Range (ng/1) 24.0~153 31.8~181 28.6~169 34.3~181 35.3~123 34.2~149 24.5~176 5.4~46.8
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Table 2 Principal component analysis at center of lake (spot 7)
Correlation coefficients
Tw SD DO Ec pH TP TN Chl-a
Tw 1. 00
SD —0.77 1. 00
DO —0.42 0.28 1. 00
Ec —0.81 0. 69 0.34 1. 00
pH 0.68 —0. 64 0. 08 —0. 54 1.00
TP 0.15 —0.2 —0.04 —0.19 —0.08 1. 00
TN —0.09 0.32 —0.02 0.47 —0.07 —0.54 1. 00
Chl-a 0.75 —0.77 —0.6 —0.73 0. 47 0. 08 —0.29 1. 00
Contribution of various principal components
Principal component coefficient
Component Ei | Cumulative
number Tw SD DO Ec pH TP TN Chl-a genvatue percentage
First 0. 45 —0. 44 —0.23 —0. 44 0. 33 0.12 —0.19 0. 44 4.08 0.51
Second —0.17 0.02 0.14 —0.07 —0.25 0.67 —0.65 —0.09 1.52 0.7
Third 0. 04 —0.13 0.78 —0. 04 0.55 —0.06 —0.08 —0.24 1.17 0. 84
Fourth 0.32 —0.08 —0. 04 0.27 0.11 0. 68 0.55 —0.19 0. 54 0.91
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Table 3 The test results of variations of Chl-a at lake center (spot 7) of various network
Percentage error (%)
. Input variable 1 2 3 Square root error
Scenario . .
First week Second week Third week (pg/L)
1 Tw,SD,DO,Ec,pH,TP,Chl-a —13.0 —17.5 —11.6 3. 67
2 Tw,SD,DO,Ec,pH,Chl-a 6.0 5.0 —7.3 1.56
3 Tw,SD.,DO,Ec,Chl-a —0.07 —6.7 —8.6 1.55
4 Tw,SD,Ec,Chl-a 0.27 3. 67 13. 4 1.91
5 Tw,Ec,Chl-a 7.3 —2.6 8.28 1. 66
6 Tw.Chl-a 7.3 6.2 1.5 1.48
7 Chl-a —0.9 3.1 10 1.47
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