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In recent decades, the Yangtze River Basin, which carries hundreds of millions of 
people and a substantial economic scale, has been plagued by water quality dete-
rioration, threatening considerably sustainable development. In this paper, a 
sample set is established based on the water quality indexes of chemical oxygen 
demand and dissolved oxygen obtained by week-by-week monitoring on the main 
stream of the Yangtze River in Panzhihua, Yueyang, Jiujiang, and Nanjing from 
2006 to 2018. The twelve characteristic variables are selected by random forest 
technique, and the week-by-week dynamic prediction models of chemical oxygen 
demand and dissolved oxygen at each section of main stream are established by 
the projection pursuit regression, which can effectively predict the water quality 
dynamics of the Yangtze River main stream.  
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Introduction 

Water resources are primary natural resources and strategic economic resources, 

which are irreplaceable essential elements of human survival and social development. Good 

water quality is of great significance to realize the sustainable development of society [1, 2]. 

With economic development, population expansion, and the decline of river self-purification 

capacity, the Yangtze River Basin, which carries hundreds of millions of people and a large 

economic scale, has also suffered varying degrees of pollution [3]. Water pollution reduces 

the function of water use and intensifies the shortage of water resources, which is a threat to 

sustainable development [4].  

In order to solve this problem effectively, reasonable planning and integrated man-

agement of water resources in the Yangtze River Basin is imperative [5]. The reliable and ac-

curate prediction of water quality dynamics is an important basis for maintaining and improv-

ing the water quality of the Yangtze River.  

Water quality prediction is to establish the corresponding mapping relationship be-

tween the multivariate monitoring data and the change of water quality parameters [6]. The 

methods can be classified into two categories. One is to use mathematical statistics or statisti-
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cal learning methods combined with water quality series data to predict. The other method is 

to use a water quality model to predict. The advantage of the former is that the method is sim-

ple and the required parameters are less, and the disadvantage is that a long series of measured 

water quality data is needed, and sometimes missing data distribution is not known [7] or the 

data are stochastically uncertain [8, 9]. The latter method is more complex and requires more 

parameters, but it is theoretical [10]. In practice, however, the first method is more applied in 

water quality prediction because of fewer demand parameters. At present, the most repre-

sentative methods are machine learning, such as the neural network method, swarm intelli-

gence algorithm, etc. [11, 12]. These methods have strong non-linear mapping ability, learn-

ing ability, and fault tolerance.  

Projection pursuit is a kind of statistical method to process and analyze high-

dimensional data. Its basic idea is to project high-dimensional data onto low-dimensional (1~3 

dimensional) subspaces to find a projection that reflects the structure or features of the origi-

nal high-dimensional data in order to achieve the purpose of research and analysis of high-di-

mensional data [13]. At present, projection pursuit regression is less used in prediction. Ac-

cording to previous attempts, the effect of projection pursuit regression in water quality pre-

diction is often better than that of statistical learning methods such as back propagation neural 

network. Therefore, this study attempts to apply it to the prediction of water quality in the 

Yangtze River main stream.  

The chemical oxygen demand (COD) and dissolved oxygen (DO) are the most com-

prehensive and effective indicators to reflect the water quality [14]. Therefore, this study sim-

ulates the COD and DO dynamics of the four representative national monitoring sections on 

the Yangtze River main stream by projection pursuit regression, which is helpful to evaluate 

the applicability of projection pursuit regression in river water quality prediction. Combined 

with random forest to screen characteristic variables, the input of projection pursuit regression 

prediction model is adjusted in order to predict the water quality change of the Yangtze River 

main stream more accurately.  

Data and methods 

Data description 

This study collected the COD and DO values of the key national water quality moni-

toring sections on the main stream of the Yangtze River from 2006 to 2018, and Panzhihua, 

Yueyang, Jiujiang, and Nanjing were selected to compare the reliability of water quality pre-

diction models, which are arranged as fig. 1.  

The data were obtained from the automatic water quality monitoring weekly reports 

published on China National Environmental Monitoring Centre, and some of them were from 

the Economic Forum of RUC.  

Projection pursuit regression and random forest 

Projection pursuit regression is proposed by Peter Hall in its basic form:  

 E(Y | X1, X2, … , Xp) = μy + 
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Figure 1. Water quality dynamics of the main stream of the Yangtze River during 2006-2018 

Projection pursuit regression modeling is to choose the very m , m and ma with a 

minimized objective function:  
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During the analysis, another group of samples that did not participate in the training 

can be applied to test the reliability of the model. According to the projection pursuit regres-

sion model established by the training sample, the average relative error between the simulat-

ed predicted value and the actual observed value can be calculated by mean absolute percent-

age error (MAPE).  

Random forest is a classification and prediction model proposed by Breiman [15]. 

The new training sample set is generated by repeated random sampling of n samples from the 

original training sample set N by bootstrap method, and then k classification trees are generat-

ed according to the bootstrap sample set to form the random forest. 

Random forests can estimate the importance of variables by random sampling, so 

they can be used to screen characteristic variables so that the overfitting caused by the relative 

shortage of sample size can be effectively avoided in the training of subsequent prediction 

models [16].  

Methodology 

The COD and DO dynamics of each water quality monitoring section are found to 

be periodic, among which the annual cycle is the most significant [17]. Therefore, we se-

lected the COD and DO of all 24 weeks before the prediction period as the feature variables 

and selected some variables from the 48 feature variables as the input variables of the pre-

diction model through the variable importance estimation method of random forest. Some of 

the importance ranking results of characteristic variables are shown in tab. 1. Finally, we use 

the same water quality indicators in the previous 12 weeks to predict the COD and DO in 

the current week.  
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Table 1. Importance ranking of feature variables 

DO COD DO COD 

Degree of 
importance 

Characteristic 
variable 

Degree of 
importance 

Characteristic 
variable 

Degree of 
importance 

Characteristic 
variable 

Degree of 
importance 

Characteristic 
variable 

0.328 X48 0.274 X24 0.117 X37 0.107 X14 

0.248 X47 0.220 X23 0.113 X9 0.106 X12 

0.215 X46 0.211 X22 0.111 X24 0.105 X37 

0.195 X45 0.169 X21 0.109 X23 0.105 X17 

0.183 X44 0.141 X20 0.107 X17 0.105 X16 

0.145 X43 0.121 X18 0.105 X8 0.103 X36 

0.130 X42 0.120 X19 0.104 X38 0.102 X10 

0.120 X41 0.112 X13 0.104 X4 0.102 X33 

0.118 X36 0.107 X15 0.103 X40 0.101 X30 

This study is expected to establish a dynamic prediction model of the COD and DO 

of the four key national water quality control sections on the main streams of the Yangtze 

River in Panzhihua, Yueyang, Jiujiang, and Nanjing, so as to predict the water quality of the 

Yangtze River at the sections next week to provide key data input for the water quality warn-

ing system of the main stream.  

Results and discussion 

The simulation of the training set 

On the basis of incomplete weekly water quality data from 2006 to 2018, a total of 

484 samples meet the requirements of the prediction model. The last 48 weeks of continuous 

water quality data were selected as the verification set or prediction period, and the other 436 

samples formed a training set. The COD and DO dynamics of main stream water quality sec-

tion were fitted by projection pursuit regression. The simulation effect of projection pursuit 

regression on water quality dynamics is shown in fig. 2.  

Judging from the fitting curve, the water quality prediction models established at the 

four sections can effectively simulate the water quality dynamics, but it is obvious that the fit-

ting accuracy of projection pursuit regression to the DO dynamics is higher than that of the 

COD dynamics simulation. In order to measure the reliability of the model, we characterize 

the water quality simulation accuracy by calculating the coefficient of determination and rela-

tive error of the proposed sample, as shown in tab. 2.  

Table 2. Coefficient of determination and relative error of the proposed samples 

Water quality  
monitoring section 

COD DO 

R MAPE R MAPE 

Panzhihua 0.869 9.69% 0.835 2.41% 

Yueyang 0.731 9.91% 0.924 3.87% 

Jiujiang 0.635 8.39% 0.916 3.07% 

Nanjing 0.694 14.92% 0.931 4.71% 
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Figure 2. The simulation effects of projection pursuit regression on water quality dynamics; COD and 
DO dynamics of the national water quality monitoring sections on the main stream of the Yangtze 
River in Panzhihua (a, e), Yueyang (b, f), Jiujiang (c, g), and Nanjing(d, h) 

Table 2 evaluates the reliability of the water quality prediction model based on pro-

jection pursuit regression from 2-D of coefficient of determination and relative error and con-

firms the above judgment. The coefficient of determination of the prediction model for the 

main stream COD is relatively lower, and the relative error of that is relatively higher. The re-

sults of the main stream water quality simulation at the four key monitoring water quality sec-

tions support this conclusion. According to commonly used standards, the MAPE of the main 

stream COD simulation at the four water quality sections are more than 5%, while the MAPE 

of the main stream DO simulation are less than 5%, so only the prediction models for DO can 

be considered reliable.  

To explain its reasons, the types and quantities of data needed for COD prediction at 

a section of the Yangtze River main stream in the current week are large, and the characteris-

tic variables of the water quality prediction model have very limited ability to explain the ex-

planatory variables. According to the laws of pollutant migration and transformation in the 

river water body, for the weekly COD prediction, the ability of the relevant data of pollutants 

in the upstream water body to explain the prediction variables should be greater than the COD 

data in the early stage at the river sections. Moreover, compared with DO prediction, the un-

certain effects of human activities such as sewage discharge in COD prediction are more di-

rect, and these effects are rarely reflected in the characteristic variables of the model.  
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The simulation of the validation set  

The DO of the continuous 48 week verification set selected in this paper was pre-

dicted according to the trained prediction models of the main stream DO. The test results of 

the predicted values compared with the actual values of the prediction period are shown in 

fig. 3.  

 

Figure 3. Simulation results of DO prediction models during validation period 

According to the previous verification results of model prediction, the model can 

meet the weekly forecast demand of the Yangtze River main stream DO and contribute to the 

early warning of the main stream water quality. Compared to COD, the dynamics of the DO 

are more closely related to the ecological hydraulic characteristics of a particular river reach, 

so the characteristic variables containing the relevant characteristic information of the river 

reach have a stronger ability to explain the prediction variables. This may be an important 

reason for the relative reliability of the main stream DO prediction model. Furthermore, sig-

nificant annual cycles of dissolved oxygen dynamics in surface rivers also improve the accu-

racy of DO prediction.  

Conclusions 

The week-by-week dynamic prediction models of COD and DO at four national wa-

ter quality monitoring sections on the main stream of the Yangtze River were established by 

projection pursuit regression based on the characteristic variables selected by random forest. 

According to the aforementioned research, projection pursuit regression can effectively pre-

dict the water quality dynamics of the Yangtze River main stream. Compared with the COD 

dynamics, the DO dynamics in the early stage of the same sections contain more information 

that can effectively explain the current DO at the water quality sections, so the main stream 

DO prediction model is better fitted and the prediction accuracy is higher. A reliable predic-

tion model for DO dynamics is constructed, and the output results can provide effective sup-

port for the Yangtze River water quality warning system.  
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