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Abstract. A novel integrated approach was used to assess water quality in Taihu Lake in real-time using 

a radial basis function (RBF) network, structure index (SI) and principal component analysis (PCA). A 

total of eight sampling points covering an area of 2,338 km2 were sampled once weekly from 2000 to 

2005, except for 2003 and 2004. An RBF network was developed with 23 water quality parameters used 

as inputs. Then SI was applied to investigate main parameters. Parameters affecting water quality were 

also determined using PCA. The water quality of Taihu Lake was estimated by synthesizing the results of 

SI and PCA. Total nitrogen, with a weight of 0.34 for the first component, had the greatest negative effect 

on Taihu Lake water quality, being slighter than that of ammonia nitrogen, which had a weight of 0.324 

for the first component. Conductivity, total phosphorus and alkalinity had weights of 0.322 0.292 and 

0.267 for the first component, respectively. It is possible to identify potential sources of water pollution 

and the results indicated that the water quality of Taihu Lake in the study period was generally graded as 

Class V according to Environmental quality standards for surface water (GB 3838-2002). 

Keywords: PCA, RBF neural network, SI, water quality assessment, Taihu 

Introduction 

Environmental sustainability is among the most serious global issues being addressed 

by planners, policy analysts, political scientists and others (Gleeson, 2001). Water 

pollution is an increasing concern, threatening the ecological integrity and sustainability 

of some of the world’s largest water bodies (Havens et al., 2001). Lake water pollution 

is of particular concern because of its impact on fish habitats (Scavia et al., 2014) and 

human and animal health (Utah, 2016), and the fact that these are areas where there are 

complex interconnections between anthropogenic and climatic factors (Richards, 2010; 

Brooks, 2016). Harmful cyanobacterial blooms are one of the most significant markers 

of impaired lake water quality, especially in eastern China, a region with a rapidly 

growing economy (Paerl, 2011). 

Taihu Lake (Fig. 1), situated in the Yangtze delta with an area of 2,338 km2, is the 

most industrialized area in China, having a high population density and significant 

urbanization and economic development (Qin et al., 2002). The lake supports 10 million 

people working in tourism, fisheries, shipping and other industries. Taihu Lake also 

collects waste from urban, agricultural and industrial areas of surrounding cities, 

helping rapid growth in local economies (Qin et al., 1999; Qin, 2008). However, the 

increase of nutrients coming from urban and agricultural development in the watershed, 

has accelerated eutrophication (James et al., 2009; Duan et al., 2009). Cyanobacterial 

blooms, indicators of advanced eutrophication, in freshwater lakes impact fish, 
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recreational lake users, and the drinking water supply (Fogg, 1969; Paeral,1988). The 

water quality of the lake is closely related to public health in the local area. 

Prior to the 1970s, average water quality of Taihu Lake was classified as Grade II 

according to GB3838-88 (Groundwater Environmental Quality Standard. China: GB. 

2003). Since the 1980s, discharge of industrial waste water and domestic sewage has 

increased yearly while the water quality of Taihu Lake has dropped, on average, by one 

grade every 10 years. In the 1980s, the water quality was graded between the second 

and third levels; in the 1990s, the water quality decreased to the fifth level, and 

eutrophication had increased. Since the late 1990s, water quality deterioration has 

slowed and some key indicators, including TP, ammonia nitrogen and chemical oxygen 

demand of permanganate (Permanganate index), have improved (China Taihu 

Ecosystem Positioning Observation Data Query System. Taihu Lake Water Quality 

Inquiry System. Accessed 1990-2018, http://lake.data.ac.cn/taihu). 

 

 

Figure 1. Location of the study area 

 

 

Statistical techniques, visual modeling, prediction algorithms, and time-series 

analyses have been used to evaluate and monitor water quality, and inform policy-

makers (Junli et al., 2019; Jun et al.,2019; Taufiq et al., 2019; Dutta et al., 2018; Jabbar 

et al., 2018; Meng et al.,2018; Tong et al.,2018; Drakard et al., 2018; Shengli et al., 

2018; Omar et al., 2018; Putri et al., 2018; Kellner et al., 2018; Islam et al., 2018; 

Skowron et al., 2018; Masindi et al., 2018; Meifang et al., 2018; Guilin et al., 2018; 

Zhi-Qiang et al., 2018; Ju et al., 2018; Cecconello et al., 2018). Methods that have been 

proposed to assess water quality include Roveda’s water quality index (Roveda et al., 

2013), EFER (Aminravan et al., 2013) and use of ships with deliberative control 

architecture (Halal et al., 2014). A RBF network algorithm is commonly used because 

of its ability to learn, generalize, and adapt (Garrett, 1994). The RBF network algorithm 

used in this study combines several lake water quality parameters, enabling the most 

important parameters to be identified based on analysis of the neighboring nodes. It can 

efficiently describe the non-linear relationships among complex water quality datasets 

(Adel et al., 2018; Zheng et al., 2017; Alizamir et al., 2017; Asadollahfardi et al., 2017; 

Wu et al., 2016; Zounemat-Kermani et al., 2016; Shiau et al., 2016; Bagheri et al., 

2016). 

Combining RBF with SI and PCA (Dutta et al., 2018; Prusty, 2018; Sun et al., 2018; 

Xiaohu et al., 2018; Wang et al., 2019; Xiao et al., 2019; Zhaoxue et al., 2018) yields 

more accurate results and provides sufficient evidence to characterize lake water 
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quality. In this study, RBF, SI and PCA were applied to identify the main parameters 

affecting water quality. The primary objectives of this study were to assess water 

quality in Taihu Lake, identify the main parameters that damage the water quality, and 

investigate possible sources of pollution. 

Material and methods 

This study focused on Taihu Lake, which is located in the southern border of the 

Yangtze River Delta (Fig. 1). Taihu Lake is the third largest freshwater lake in China, 

covering an area of 2,338 km2. It has a length of 68.5 km from north to south, an 

average length of 34 km from east to west, and a coastline of 405 km. 

Taihu Lake has a complicated river and channel network, with a mean depth of 1.9 m 

and a maximum depth of 2.6 m. Pen fish is the main form of aquaculture in Taihu Lake. 

Marsh development occurs primarily along the eastern shoreline. Taihu Lake has many 

functions, including supplying drinking water, supporting fisheries, tourism and 

shipping, and retaining flood water. 

To evaluate the water quality of Taihu Lake, monthly data from eight sampling 

points in Taihu Lake were collected for the period 2000 to 2005, except for 2003 and 

2004. The data used in this study are from “Lake-Watershed Science Data Center, 

National Earth System Science Data Sharing Infrastructure, National Science & 

Technology Infrastructure of China” (http://lake.geodata.cn). Parameters evaluated 

included pH, total nitrogen, total phosphorus, Chlorophyll a, Demagnesium chlorophyl, 

permanganate index, dissolved oxygen, ammonia nitrogen, nitrite nitrogen, nitrate, 

phosphate, alkalinity, potassium, sodium ion, calcium ion, magnesium ion, fluorine ion, 

chloride, sulfate, silicate, Dissolved total nitrogen, Dissolved total phosphorus, and 

conductivity. The abbreviations of words used in this paper are shown in Table 1. 

This study combined RBF, SI and PCA to derive accurate results. Many parameters 

were included in our assessment of Taihu Lake water quality. Changes in parameter 

values were captured and analyzed in the MATLAB environment (MathWorks, Natick, 

MA, USA) using RBF algorithms to derive an accurate results. A novel three-layer RBF 

network was developed for this study. A confusion matrix was used to assess the 

performance of the RBF algorithm. 

After the RBF network was built, the weights of and links between nodes were 

ascertained. SI was used to determine the parameters contributing most significantly to 

the output neurons. SI shows a high value when a parameter makes a great contribution 

to the RBF network, even if it has a less weight. 

Following the above steps, the main parameters affecting each output neuron were 

determined. SPSS software (ver. 21.0; IBM Corp., Armonk, NY, USA) was used to 

compute the principal components, that is to seek projection directions with maximal 

variances which occupy bigger quantity (Flury, 1990; Joliffe, 2011). By investigating 

the principal components, the most important parameters affecting water quality can be 

identified using the RBF algorithm. A flow diagram illustrating the analysis process is 

shown in Figure 2. 

Assessment model of water quality based on RBF algorithm was used to estimate the 

percentage amounts of each measured parameter in the lake. All data were pre-

processed and separated into three data sets: training, test and verification sets. 

MATLAB was used for construction and analysis of the RBF network. There were 23 

input layer neurons and 1 neuron in the output layer was used to represent the actual 
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water quality shown in Figure 3. There can be up to 71 hidden layers in this network. 

The nodes in the input and output layers are arranged in one line. A confusion matrix 

was used to assess the performance of the network and indicated that most of the 

predicted data fit, or nearly fit, the actual results. 

The SI for the whole network was calculated as 

 

  
=

=
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j

j

k Djk

WikWij
 (Eq.1) 

 

where Wij and Wik are the connection weights of input variable i in neurons, and j and k 

of the RBF network, respectively; ||Djk|| is the topological distance between neurons j 

and k; and N is the total number of output neurons in the RBF network. 

 
Table 1. The abbreviations of words used in this paper 

Words Abbreviation Unit 

pH pH / 

Total nitrogen TN mg/L 

Total phosphorus TP mg/L 

 Chlorophyll a CHLA μg/L 

Demagnesium chlorophyl DC μg/L 

Permanganate index PI mg/L 

Dissolved oxygen DO mg/L 

Ammonia nitrogen NH3-N mg/L 

Nitrite nitrogen NN mg/L 

Nitrate  NNA mg/L 

Phosphate PO mg/L 

Alkalinity ALKY mmol/L 

Potassium ion K mg/L 

Sodium ion Na mg/L 

Calcium ion Ca mg/L 

Magnesium ion Mg mg/L 

Fluorine ion F mg/L 

Chloride Cl- mg/L 

Sulfate SO4 mg/L 

Silicate  SiO µmol/L 

Dissolved total nitrogen Dissolved TN mg/L 

Dissolved total phosphorus  Dissolved TP mg/L 

Conductivity EC µS/cm 

 

 

The SI of each input node is presented in Table 2. Input layer 14, which represents 

Na, was the parameter most critical to the performance of the whole network. Dissolved 

TP and F were the second and third most important parameters, respectively. Ca, with 

an SI of 21.437 was next, followed by TN, PI and DO. Dissolved TN, Mg, NH3-N, 



Hang et al.: Assessment of water quality in Taihu Lake using a radial basis function network, structure index, and principal 

component analysis 
- 14245 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14241-14258. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1424114258 

© 2019, ALÖKI Kft., Budapest, Hungary 

NNA, NN, pH, EC, ALKY, and TP had SIs above 5; SiO, Cl-, CHLA, PO, DC, K, and 

SO4 had SIs below 5. Garson’s Algorithm (Garson, 1991) and Connection weights 

approach (Olden, 2002b) are also presented as methods to study the relative importance 

of inputs on the output. The results are displayed in Table 2. Seven factors affecting 

water quality were identified by developing the network and analyzing the weight of 

each node by SI as well as synthesizing the results of Garson and Connection weights 

which was in the order of: TP, SiO, Ca, SO4, Na, K, and F. 

 
Table 2. The weight of each input node by different methods 

Input 

layer(s) 
Parameter(s) 

Weight(s) by SI 

algorithm 

Weight(s) by 

Garson’s algorithm 

Weight(s) by connection weights 

approach 

1 pH 6.556  589.59 0.801  

2 TN 20.016  247.61 0.300  

3 TP 5.145  9.663 0.012  

4 CHLA 3.521  1661.71 2.028  

5 DC 1.291  374.09 0.459  

6 PI 16.219  400.97 0.523  

7 DO 13.787  608.08 0.847  

8 NH3-N 8.251  80.472 0.086  

9 NN 6.644  5.041 0.006  

10 NNA 7.739  59.17 0.073  

11 PO 3.050  137.11 0.181  

12 ALKY 5.658  2558.9 3.323  

13 K 1.025  2160.1 2.897  

14 Na 43.750  603.89 0.809  

15 Ca 21.437  39.15 0.053  

16 Mg 8.386  3094.08 4.049  

17 F 23.735  4489.51 5.887  

18 Cl- 4.632  4050.9 5.185  

19 SO4 0.362  32.35 0.044  

20 SiO 4.880  2609.58 3.581  

21 Dissolved TN 9.444  0.933 0.001  

22 Dissolved TP 25.069  314.82 0.418  

23 EC 5.959  30309 39.439  

 

 

PCA was conducted to investigate the impacts of TN, NH3-N, PI, and ALKY. TN, 

TP, NN, K, SO4, SiO and PI were used to assess lake water quality according to 

Tables 3 and 4. 

 
Table 3. Relative importance of the studied components to water quality 

 Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8 Comp.9 Comp.10 

Proportion of 

variance 
0.3009486 0.1968562  0.1087038 0.07997529 0.06654579 0.0451578 0.03621469 0.03031488 0.02527567 0.02249223 

Cumulative 

proportion 
0.3009486  0.4978047 0.6065085 0.68648383 0.75302961 0.7981874 0.83440210 0.86471699 0.88999266 0.91248488 
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Table 4. Component matrix 

 Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8 

pH 0.179 0 0.41 0 -0.22 0 0.252 0.114 

TN -0.34 -0.124 0 0 0.167 0 0 0 

TP -0.292 0 0 0 0 -0.332 0 0.218 

CHLA 0 -0.421 0.37 0 -0.104 0 0 0 

DC -0.101 -0.381 0.223 0 -0.158 0.111 -0.28 0.108 

PI -0.199 -0.345 0.216 0 0 -0.18 0 0.158 

DO 0.173 0 0.225 -0.419 0 0.202 0 0.238 

NH3-N -0.324 0 -0.151 0 0.102 -0.125 0.131 0 

NN -0.201 -0.258 0 0.156 0.129 0.259 0 -0.257 

NNA -0.213 0 0.111 0 0.318 -0.204 -0.288 -0.288 

PO -0.23 0 -0.173 -0.105 -0.388 0.564 0.232 0 

ALKY -0.267 0 -0.138 0 0 -0.105 0 0 

K -0.241 0.292 0.263 0.159 -0.146 0 0 -0.104 

Na -0.247 0.276 0.255 0.103 0 0 0 0 

Ca -0.177 0.296 0 0.11 -0.347 0.136 -0.333 0.263 

Mg -0.217 0.377 0.253 0 -0.142 0 0 -0.1 

F 0 0 0 0.363 0.396 0.339 0.314 0.656 

Cl- -0.27 0.122 0 -0.467 0 0 0.113 0 

SO4 -0.258 0.109 0 -0.486 0.127 0 0 0 

SiO -0.104 0 -0.383 0 -0.237 0 -0.475 0.382 

Dissolved TN 0 -0.104 -0.173 -0.105 -0.338 0.564 0.232 0 

Dissolved TP 0 0 -0.232 0 -0.435 0.137 0.491 -0.132 

EC -0.322 0 0 0 0 0 0 -0.274 

 

 

 

Figure 2. Process flow diagram 



Hang et al.: Assessment of water quality in Taihu Lake using a radial basis function network, structure index, and principal 

component analysis 
- 14247 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14241-14258. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1424114258 

© 2019, ALÖKI Kft., Budapest, Hungary 

 

Figure 3. Basic network structure 

 

 

Some criteria were used to evaluate the performance of the RBF model. The sum-

squared error which can be calculated in Equation 2 show the total epochs (iterations) 

required for the function to converge on parameters. Fitness value, indicators used to 

measure the quality of individuals in a population, can be calculated in Equation 3. 

Mean square error calculated in Equation 4 was used to assess performance of each 

model. 

 

    value)predicted— value(actual =error -squared-Sum
2

  (Eq.2) 

 

 
error-squared-Sum

1
 = Fittting  (Eq.3) 

 

 
n

error-squared-Sum
 =error  squaremean  (Eq.4) 

Results 

Analysis of the main parameters affecting water quality 

During the study period, TP concentrations in the samples ranged from 0.013 to 

2.133 mg/L, with an average of 0.145 mg/L (Table 5). The peak concentrations in the 

third quarter of 2000 and 2002 may be due to the construction of new factories and the 

associated increase in the quantity of polluted water entering Taihu Lake during this 

period. 

Increasing temperatures in spring promote the release of TP and increase its 

concentration in water. Throughout the summer, the concentration of TP in water may 

decrease because aquatic plants consume nutrients (Fig. 4-1a). TP peaks in 2000 and 

2005 occurred in February, while the peaks in 2001 and 2002 occurred in July. 

The dissolution of SiO was relatively stable, ranging from 0 to 157 mg/L and with an 

average of 77.27 mg/L (Fig. 4-1b). The low SiO concentration observed in the fourth 

quarter of 2000 may have been related to diatom activity. However, the variation in SiO 

concentrations seen in 2002 and 2005 indicates that diatom activity is likely not the 



Hang et al.: Assessment of water quality in Taihu Lake using a radial basis function network, structure index, and principal 

component analysis 
- 14248 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14241-14258. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1424114258 

© 2019, ALÖKI Kft., Budapest, Hungary 

main factor affecting SiO concentrations; values were high all year round, particularly 

in the autumn and winter. Organic pollution of the water body is another possible factor 

influencing SiO concentrations, which were at an acceptable level for drinking water. 

 
Table 5. Statistical analysis of the main parameters affecting water quality in Taihu Lake 

Parameter Max Min Avg Var 

pH 9.44 7.25 8.20 6.43 

TN 13.34 0.39 6.32 309.40 

TP 2.133 0.013 0.145 0.35 

CHLA 521.73 0 33.77 16455.58 

DC 58.03 0 5.60 505.23 

PI 13.6 2.69 6.10 54.23 

DO 14.74 0.47 6.72 241.88 

NH3-N 6.95 0.001 3.33 230.21 

NN 10.54 0.002 0.10 0.13 

NNA 4.28 0.001 1.22 12.11 

PO 0.162 0 0.015679688 0.000690782 

ALKY 3.35 0.147 2.41 10.63 

K 10.33 1.73 5.72 65.93 

Na 210 4.4 77.65 16111 

Ca 125.4 14.3 32.14 2860 

Mg 49 2.2 10.58 159.4 

F 10.37 0 1.09 81.51 

Cl- 114.2 12 44.15463542 241.4987941 

SO4 174.6 24.1 58.12 10915.91 

SiO 157 0 77.27 8390.89 

Dissolved TN 11.31 0.2 1.673229167 3.581032365 

Dissolved TP 0.245 0.003 0.035744792 0.0015636 

EC 1100 195 195 121.74 

 

 

Ca concentrations ranged from 14.3 to 125.4 mg/L; Na concentrations ranged from 

4.4 to 210 mg/L; K concentrations ranged from 1.73 to 10.33 mg/L; and Flu 

concentrations ranged from 0 to 10.73 mg/L. 

Ca concentrations are expected to show opposite trends to SiO concentrations; this 

was observed in 2000 and 2001 in Figure 4-1c. The decrease in Ca concentration in 

2003 may have been caused by polluted water emanating from factories and a nearby 

residential development. By 2005, the effect of human and diatom activity had reached 

a balance, and minimal variation Ca concentrations was observed. 

SO4 is toxic to human health even at low concentrations. Over the study period, the 

SO4 concentration in Taihu Lake ranged from 24.1 to 174.6 mg/L, with an average 

value of 58.12 mg/L. SO4 concentrations declined through the middle part of the year, 

except in 2005 (Fig. 4-1d). The high SO4 concentration during the winter and spring 

from 2000 to 2002 may have been due to coal mine emissions. The peak SO4 

concentration was observed from 2000 to 2002, with the appearance of the peak varied 

from January to April. SO4 concentrations were consistent with SiO concentrations 

(Fig. 4-1b and d, respectively). 
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Figure 4-1. Variation in different parameters’ values by study year 

 

 

Nas are a common component of natural waterways. The most important 

characteristic of Nas in natural waterways is the wide variation in concentration under 

different conditions. Figure 4-2e shows that Na concentrations were low during the wet 

seasons. In the Earth’s crust, K and Na are similarly abundant (2.60% and 2.64%, 

respectively). Although they have similar chemical properties, K concentrations are 

generally much lower than Na concentrations in natural waterways. K and Na 

concentrations decreased from 10% to 4% from 2000 to 2005 (Fig. 4-2e and f, 

respectively). The K to Na quality ratio was 0.1028 in 2005, while the ratio was 0.118, 

0.120, 0.128 in 2003, 2001 and 2000 respectively. Ks are more mobile than Nas due to 

soil colloid adsorption, but are absorbed by plants. Increases in Na concentrations were 

mainly due to the drainage of sewage into the basin. 

An acceptable F concentration in drinking water is 0.5 - 1.0 mg/L; the F 

concentration in Taihu Lake was within this range (Fig. 4-2g). The peak high and low 

points in 2000 and 2001 were similar, although the peak occurred later in 2001. The F 

concentration trend in 2002 was opposite to that in 2001. 
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TN and SO4 concentration trends were opposite which are illustrated in Figures 4-2h 

and 4-1d. TN concentration was highest in the middle part of 2000, while in the 

following years there were low TN concentrations in the middle of the year. 

 

 

Figure 4-2. Variation in different parameters’ values by study year 

 

 

Formation of NH3-N is due to a lack of oxygen during the conversion of ammonia to 

nitrate. Over the study period, the NH3-N concentration varied from 0.001 mg/L to 

6.95 mg/L, with an average of 0.10 mg/L. The NH3-N concentration was high during 

autumn and winter (Fig. 4-3i) and has increased in recent years in Taihu Lake; this is 

directly related to the lack of oxygen in the water caused by eutrophication of the water 

body. 

PI is commonly used as a comprehensive indicator of the degree of contamination of 

surface water by organic and inorganic matter. The PI values ranged from 2.69 to 13.6 

over the study period. In 2000, the PI concentration was low but exhibited relatively 

large variation in the following years (Fig. 4-3j). In addition, in 2005, the PI 

concentrations were relatively high. 
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ALKY indicates that a water body contains a substance that can accept hydrogen 

ions. The ALKY of Lake Taihu in summer and autumn was lower than in winter and 

spring (Fig. 4-3k). Over the study period, the minimum value was 0.147, with an overall 

upward trend in recent years and a peak value of 3.35. The temperature in the Taihu 

Lake basin is relatively high in summer and autumn. When there are large numbers of 

plants, microorganisms will produce acidic substances that neutralize some alkaline 

substances. Additionally, the use of coal for heating in the winter and spring seasons has 

greatly increased. 

EC trends were consistent from 2000 to 2005 (Fig. 4-3l). In the spring and summer, 

as temperature increased, so too did EC. During the wet season, EC decreased due to 

density loss. 

 

 

Figure 4-3. Variation in different parameters’ values by study year 

 

 

Difference in the water quality index over time 

Differences in water quality parameters in Taihu Lake from 2000 to 2005, except for 

2003 and 2004 

Of the 23 chosen water quality indicators, 4 exhibited little variation over the study 

period, while 4 exhibited significant variation (Table 5). The factors affecting water 

quality showed similarities as well as differences; the difficulty of assessing water 

quality can be reduced by focusing only on the factors exhibiting significant changes. 



Hang et al.: Assessment of water quality in Taihu Lake using a radial basis function network, structure index, and principal 

component analysis 
- 14252 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14241-14258. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1424114258 

© 2019, ALÖKI Kft., Budapest, Hungary 

Water quality index 

The main factors influencing water quality, as calculated by the RBF network 

algorithm, PCA and SI algorithm, were included in the water quality index formula. 

This yielded a simple water quality index based on single water quality parameters, and 

a comprehensive index - water quality identification index of water samples which is 

the worst water quality index (Table 6). 

 
Table 6. Water quality index 

Model 

number 
Feature(s) Evaluation result 

1 Single index – TP IV 

2 Single index – K V 

3 Single index – SO4 V 

4 Single index – SiO V 

5 Single index – TN V 

6 Single index NN IV 

7 Single index – PI II 

8 Comprehensive index - water quality identification index V 

Discussion 

The sum-squared error graphs (Fig. 5) show the total epochs (iterations) required for 

the function to converge on TP, SO4, SiO and Ca. The red line indicates the ideal 

objective function evolution curve, and the blue line represents the objective function 

curve. Graphs of TP, total SO4, SiO and K were produced using BP-GA. 40 epochs 

(iterations) were required for TP, SO4, SiO and Ca to converge (Fig. 5). In Figure 6, the 

blue line indicates the ideal fitness evolution curve, and the other line indicates the 

actual fitness evolution curve. The fitness of individuals tends to plateau after 70 

generations, indicating that they have reached fitness. Figure 7 shows the performance 

of each model. The goal is set to 1e-028. All parameters reach their goals at 5 epochs 

(iterations). 

The error rate of the RBF algorithm used to assess the water quality of Taihu Lake in 

this study was compared to those of other prediction methods (Random Forest and 

LASSO) applied to the same data sets. The RBF network data were more accurate than 

those of the other methods. Under identical conditions and using the same data sets, the 

error rate was 0.032 for the RBF network, 0.093 for Random Forest, and 0.352 for 

LASSO. Random Forest is commonly used to make predictions and its results are 

generally accurate; however, the RBF method used in this study was significantly more 

accurate (Table 7). 

 
Table 7. RBF model error rate compared with other methods 

Method RBF network Random forest LASSO 

Error rate 0.032 0.093 0.352 



Hang et al.: Assessment of water quality in Taihu Lake using a radial basis function network, structure index, and principal 

component analysis 
- 14253 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):14241-14258. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1424114258 

© 2019, ALÖKI Kft., Budapest, Hungary 

 

Figure 5. Sum-squared error of TP, SO4, SiO and Ca affecting water quality 

 

 

 

Figure 6. Fitness of TP, SO4, SiO and Ca affecting water quality 
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Figure 7. Performance and goal for TP, SO4, SiO and Ca 

Conclusions 

This study proposed a lake water quality assessment method based on an RBF 

network, SI and PCA. The method is suitable for water quality assessment of large areas 

over a long period and can identify the most important factors damaging water quality 

via a comprehensive evaluation. Water quality can be evaluated over time and space and 

evaluation indexes comprising single and multiple factors can be generated, which 

avoids over-generalization and better reflects the overall water quality. 

The water quality of Taihu Lake for the period 2000 to 2005, except for 2003 and 

2004 was between Grade 4 and Grade 5. Thus, water quality satisfied established 

standards based on our evaluation results. Future water quality control and protection 

efforts directed toward Taihu Lake should focus on improving management and 

supervision, as well as water treatment technology; such treatments are expected to 

improve the water quality of Taihu Lake. 

The major environmental issue affecting Taihu Lake concerns control of pollution 

sources, particularly of Cl-, sulfides, etc. Control of pollution sources is a prerequisite 

for managing eutrophication in the lake. Ensuring safe drinking water requires point and 

non-point source pollution control, including a reduction in pollution from sewage. And 

adjustment of industrial practices and environmental management policies are 

necessary. 

In this study, we investigated the factors affecting the quality of Taihu Lake in the 

view of data miner. But it is really important to find the very pollution sources, the 

process in which pollution sources affect the water quality and the cause of pollution 

sources. 
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