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Abstract
The outbreak of planktonic algae seriously affects the water environmental quality of the arti�cially
reformed rivers in the north of China, and it is di�cult to control. In this study, taking a typical small river
dam area in the north of China—Qingshui River dam area in Zhangjiakou City as an example, the
spatiotemporal variation characteristics of environmental factors were analyzed �rstly. On this basis, the
Chlorophyll-a (Chl-a) prediction model was established by using the Support Vector Regression (SVR).
Further, the sensitivity of Chl-a was analyzed, moreover, we con�rmed the main limiting factors of Chl-a.
The results showed that in 2018, the average content of Chl-a was 126.25ug/L, while the content of DO
and pH was also totally high. The maximum content of TN was 16.68mg/L and high in the whole year;
the maximum value of CODmn was 50.00mg/L, which was slightly higher in summer; the average value
of NH4

+-N and TP was only 0.78mg/L and 0.18mg/L. The eutrophication evaluation showed that the
proportion of areas with hyper eutrophication is 73%, and the most severe eutrophication was in summer.
We used the RBF kernel function SVR model and 10-fold cross-validation method to optimize the
parameters. The penalty parameter c is 1.4142, the kernel function parameter g is 1, and the training and
veri�cation errors were only 0.032 and 0.067. The application effect was good. Based on the sensitivity
analysis of SVR prediction model, the sensitivity coe�cients of Chl-a were TP, WT, DO, pH, TN, NH+ 4-N in
turn. According to the analysis of the present water pollution situation, TP is the limiting factor of Chl-a in
Qingshui River with 0.571 sensitive coe�cient and 33% contribution rate, and it is also the main
prevention and control factor of planktonic algae outbreak.

Highlights
1. The water quality of qingshui river is poor and the eutrophication is serious.

2. Using the SVR to establish a prediction model of Chlorophyll a is effectivt.

3. Sensitivity analysis and water pollution showed the limiting factor of Chl-a is TP.

4. Sensitivity coe�cient of TP is 0.751,and its contribution rate is 33%.

1. Introduction
Most cities in northern part of China are built by rivers. Rivers are often an important part of people's life
and entertainment. Therefore, there are more and more phenomena that urban inland rivers are arti�cially
reformed into landscape water bodies (Li Xu, 2019). However, due to the unreasonable reconstruction of
many rivers and increasing human interferences, the self-puri�cation capacity is reduced with the
enhancement of river closure and poor hydraulic condition. Some common human interferences include:
the hardening of urban inland rivers, the construction of bank protection and the setting of rubber dams
etc. (Hammock et al., 2019) Finally, the planktonic algae in the rubber dam area grew rapidly, the water
quality deteriorated seriously, and even local algal blooms occurred (B. Wu et al., 2022). In recent years,
the related departments of phytoplankton control have also invested a lot of manpower and material
resources to carry out the prediction and sensitivity analysis of Chl-a in arti�cially reformed rivers in
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northern part of China and to explore the limiting factors of planktonic algae growth scienti�cally. It has a
great signi�cance for water pollution prevention and control and early warning of local algae outbreak
(Bonsdorff, 2021; Kahru et al., 2020; Zaragüeta and Acebes, 2017; Zou et al., 2020).

In this study, a typical northern man-made urban inland river—Qingshui River in Zhangjiakou City was
taken as the research object. The relationship between environmental factors and the indicative index
(Chl-a) of planktonic algae was analyzed through sampling and monitoring for one year. On this basis,
some prevention and control factors of planktonic algae were explored by a prediction model of Chl-a,
which was established by the SVR algorithm, in order to provide a theoretical basis for scienti�cally and
effectively reducing the risk of algal blooms.

Zhangjiakou City is located in the core area of   water conservation of the capital in the northwest of Hebei
Province. It belongs to a semiarid zone with 330–400 mm annual precipitation and a serious shortage of
water resources. The average annual total water resources are 1.799 billion m3, of which the surface
water resources are only 1.162 billion m3 (Hongwei P et al., 2020). Qingshui River is a tributary of Yang
River which belongs to Yongding River System. It rises from the southern foot of Huapi Mountain in
Chongli County. It is an important sub-basin of Yongding River Basin and the primary source of Yongding
River Basin. It is a multi-functional water body such as drinking and entertainment, and it is also an
important watershed in the core area of   water conservation in the capital (Lei W et al., 2019). 31 rubber
dams have been built in Qingshui River in urban area. The total length of the rubber dams is 2,315km.
The maximum annual upstream supply is only 50,000 m3 per day. It is a typical northern arti�cially
reformed river, and it is also an ideal research object of Chl-a prediction and sensitivity analysis.

2. Material And Methods

2.1 Layout of sampling sites and Index Detection
The environmental factors and Chl-a in rubber dam area of Qingshui River were continuously monitored
from March to November 2018 (no sampling in winter because of freeze). 11 monitoring points were set
up, sampling twice a month (once in the middle of the month and once at the end of the month). The
speci�c location of the sampling point is shown in Fig. 1 The stainless-steel �ip river sampler was used to
collect subsurface water (0.5 m underwater). 1000 ml polyethylene bottle was used for water sample
storage. The clean sampling bottle were able to sample after three times of rinsing. The whole process of
transportation and preservation was in a 4 ℃ light-proof incubator, and the collected water samples were
tested within 24 hours. Among them, water temperature (WT), PH, dissolved oxygen (DO) was measured
by American HACH portable water quality meter. Total nitrogen (TN), ammonia nitrogen (NH4

+-N) and
total phosphorus (TP) were determined using the spectrophotometry according to environmental quality
standards of China for surface water (GB3838-2002). Permanganate index (CODmn) was determined
through the permanganate method according to national standard, and Chl-a was analyzed by repeated
freeze-thaw ethanol extraction. The correlation coe�cients “r” of calibration curves of environmental
factors experimental monitoring were all greater than or equal to 0.999, the accuracy of detection data



Page 4/18

met the requirements of national standards, and the chemicals used in the tests were all guaranteed
reagent.

2.2 Data analysis and statistics

Excel 2010 was used to collate and count the monitoring data of environmental factors. Origin8.0 was
applied to draw the spatiotemporal variation curve of environmental factors. The Pearson correlation
between Chl-a and environmental factors (selecting input factors of SVR, merging verbosity factors and
eliminating noise factors) were analyzed using SPSS18.0.

The universal index equation by a logarithmic power function was the way to assess the current situation
of regional eutrophication. Compared with other evaluation methods, this way can better consider the
comprehensive pollution of components in water with more applicable and objective.(Li Z et al., 2010)
Calculation formula:

EI = 10.77 × ∑ n
j=1Wj × lnXj

1.1826

Xj =

Cjo/Cj
2Cj ≤ Cjo(indexDO)

1Cj > Cjo(indexDO)

Cjo/CjCj ≥ Cjo(exceptDO)

1Cj < Cjo(exceptDO)

In the formula, Wj is the normalized weight value of environmental factor j. Xj represents the "standard
value" of environmental factor j. Cjo is the extremely poor reference value of environmental factor j (value
refer to Table 1-a). Cj describes the measured value of environmental factor j. According to the size of EI
comprehensive index, water eutrophication is divided into �ve categories: oligotrophic, mesotrophic,
eutrophic, hyper eutrophic, extreme eutrophic, as shown in Table 1-b.

Table 1. (a) reference values of eutrophication indicators; (b) Classi�cation standard of eutrophication of
water body

(a)

Project DO

(mg/L)

NH4
+-N

(mg/L)

TN

(mg/L)

TP

(ug/L)

CODmn

(mg/L)

Chl-a

(ug/L)

Cjo 40 0.01 0.02 1.00 0.12 0.4

( )

{ ( )
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 (b)

Nutrition degree EI

EI≤20 20
EI≤39.42

39.42
EI≤61.29

61.29
EI≤76.28

76.28 EI

Grading
standard

oligotrophic mesotrophic eutrophic hyper
eutrophic

extreme
eutrophic

2.3 SVR and Sensitivity Analysis

In this study, the SVR, which is widely used in other �elds, was the approach to build a Chl-a prediction
model, moreover, the sensitive factors of Chl-a in the model were analyzed. It further expanded the
application of traditional SVM in the analysis of Chl-a concentration prediction model (Azimi-Pour et al.,
2020; B. Wu et al., 2022; C.-C. Wu et al., 2022). The basic research approaches are as follows: �rst, the
measured data are normalized, and the input variables are determined by linear correlation. Second, the
kernel function is con�rmed as the RBF kernel function, and the optimal parameters C and g are selected
by 10-fold cross-veri�cation method. Finally, 80% of the measured data are used for model training, 20%
of the measured data are participated in model veri�cation, and �nally the optimal regression function of
Chl-a is solved.

The sensitivity analysis of Chl-a was based on the partial derivative method, and this model was used to
re�ect the in�uence of the change of environmental factors on Chl-a. The in�uence degree was measured
by the sensitivity coe�cient. Expression of sensitivity analysis:

Ki
t = [f x1, ⋯, xi + Δx, xn − f x1, ⋯, xn ]/Δx

Ki = ∑ t
t=1 Ki

t
2/t

In the formula: Ki
tis the sensitivity coe�cient of environmental factor i to Chl-a in t-th sample. 

f x1, ⋯, xi + Δx, xn  is the predicted value after the addition of the n-th environmental factor. 

f x1, ⋯, xn  is the output value of t sample. Ki is the whole sample sensitivity coe�cient of

environmental factor i.

3. Result And Discussion Coe�cient
3.1 Current status of water quality in the study area

The present situation of water environmental factors in Qingshui River dam area of Zhangjiakou City is
shown in Table 2. The pH values are between 7.33 and 10.35, and the average value is 8.76. It shows that

( ) ( )

√ ( )

( )
( )
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the Qingshui River dam area is an alkaline water body which is related to the proliferation of planktonic
algae in the study area and the consumption of CO2 by photosynthesis and the production of O2 and OH-

(Ding et al., 2020). The content of DO and pH are overall at a high level which is between
5.31~22.00mg/L, with an average value of 13.11mg/L. Most water bodies exceed the natural DO content
(8 ~ 9mg/L), therefore, it belongs to supersaturated dissolved oxygen water bodies. It also related to the
growth state of planktonic algae in the study area. NH+ 4-N and TN are the main indicative indexes of
nitrogen content in water. NH+ 4-N concentration in Qingshui River dam area is 0.01~3.89mg/L; the TN
concentrations are 1.34~16.68mg/L. The average concentration is 0.78mg/L (NH+ 4-N) and 5.87mg
/L(TN). TN concentration was much higher than NH+ 4, indicating that the contents of nitrate nitrogen
and organic nitrogen in water are relatively high. The concentrations of TP range from 0.01 to 0.46mg/L
with an average value of 0.18mg/L. The content of phosphorus in water varies greatly. CODmn content is
the amount of oxidant which consumed by reducing substances, which is an important and rapid
measured organic pollution parameter. CODmn in Qingshui River water sample are 0.10~50.00mg/L with
an average value of 9.26mg/L which indicates that the content of organic matter in the water was high
and the water quality was poor. Chl-a is an indicative index of planktonic algae, which directly re�ects the
abundance of algae in the water. The maximum value of concentration of Chl-a is 746.12ug/L with an
average value of 126.25ug/L. The overall content is obviously at a high level, and the abundance value of
planktonic algae is slightly large, mainly due to the poor hydrodynamic conditions and strong sealing of
arti�cially reformed rivers in the north of China. Meanwhile, it also re�ects that the external physical
interference of planktonic algae growth in arti�cially reformed rivers in the north of China is weak, and it
is strongly affected by the environmental factors of the water body itself.

According to the reference value of Class III water in the Chinese Surface Water Quality Standard (China
GB3838-2002), the overproof rate of pH was 30%, in particular, it was 50% in summer. The overproof rate
of NH+ 4-N and TP is 20% and 11%. And the maximum value exceeds the standard by 3.89 times (NH+ 4-
N) and 1.15 times (TP), which is acceptable. The overproof rate of CODmn is 67%. In spring and summer,
this rate is more than 70%, and the highest multiples of the over standard content is more than 8 times.
The TN content of all tested samples exceed the standard. The average multiple of the over standard
content is more than 5 times. From the overproof situation of the single environmental factor, the overall
water quality of Qingshui River was somewhat poor.

Table 2. present situation of water quality in Qingshui River Dam area



Page 7/18

Statistic
quantity

Period of
time

PH DO

(mg/L)

NH4
+

(mg/L)
TN

(mg/L)

TP

(mg/L)

CODmn

(mg/L)

Chl-a

(ug/L)

Average
value

Spring 7.59 12.60 0.78 4.67 0.12 6.17 75.23

Summer 9.08 13.59 0.80 4.39 0.12 11.27 231.82

Autumn 8.38 11.65 0.66 7.32 0.09 8.84 64.19

Synthesis 8.76 13.11 0.78 5.87 0.18 9.26 126.25

MAX Spring 10.35 22.00 1.92 11.15 0.46 13.00 215.04

Summer 10.34 22.00 2.82 10.09 0.36 50.00 746.12

Autumn 9.79 17.26 3.89 16.68 0.23 38.29 218.71

MIN Spring 8.08 7.74 0.46 1.49 0.05 1.40 3.49

Summer 7.96 7.04 0.09 1.34 0.03 0.80 3.83

Autumn 7.33 5.31 0.01 2.01 0.01 0.10 0.82

Over-
standard rate
%

Spring 42 0 30 100 27 72

Summer 50 0 18 100 9 75

Autumn 13 0 15 100 2 42

Synthesis 32 0 20 100 11 67

Quality standard of surface
water

6 9 ≥5 ≤1.0 ≤1.0 ≤0.2 ≤6

The concentration values of environmental factors in different locations during the same period are able
to re�ect the change law of spatial scale, as shown in Fig.2.. In different seasons, the spatial scale
change of NH+ 4-N concentration is obvious which increases gradually along the water �ow direction
with an average increase of 2 to 3 times. The spatial scale change of TN concentration is also evident,
and the trend is decreasing along the water �ow direction, with an average decrease of 2 to 3 times. On
this basis, it can be indicated, that the process of the nitrogen migration with the water �ow is slow, and
the nitrogen have a degradation trend. A part of organic nitrogen and nitrate nitrogen had a trend of
transformation to ammonia nitrogen. The change of TP and CODmn content in water body had a uniform
law to a certain extent, but the change along the water �ow direction was not obvious. TP had a slightly
decreasing trend. And the relative change trend of CODmn has no signi�cant law.

3.2 Analysis on the present situation of eutrophication in the study area

The universal index equation by a logarithmic power function is based on the eutrophication
classi�cation standard of rivers, lakes and reservoirs in China. And it is optimized by particle swarm
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optimization algorithm after standardized treatment. Therefore, the equation can be widely applied to the
eutrophication evaluation in lakes, reservoirs, surface water bodies and any type of water body in China
(Li Z et al., 2010; Xia Z. and Chen Y., 2020). Eutrophication evaluation is able to comprehensively re�ect
the current situation of water pollution (Cunha et al., 2021). According to the monitoring data of
environmental factors in Qingshui River dam area in 2018, the evaluation results are shown in Table 3.
The eutrophication of water body in Qingshui River dam area of Zhangjiakou city is serious. The whole
monitoring area is at the eutrophic level and hyper eutrophic level all the time, and the proportion of areas
at the hyper eutrophic level is 73%. Among them, the grade of eutrophication is the most serious in
summer, only S1 sampling site is at the eutrophic level, and all the other sampling sites are at the hyper
eutrophic level. The proportion of hyper eutrophic regions in spring and autumn was 72% and 55%. In the
eutrophication level of the sampling area, S2 and S8 were at the hyper eutrophic level during the whole
period of time. The other sampling areas showed the hyper eutrophic level in two seasons. The grade of
eutrophication of Qingshui River in Zhangjiakou City was overall serious, the problem was widely
distributed, and there may be a risk of further deterioration. We consider the reasons are as follows: (1)
this section of water body belongs to man-made modi�ed water body, which is strongly closed and
strongly affected by human activities, moreover, the water pollution is more serious (Tedengren, 2021); (2)
there is a recharge of renewable water body in the upstream of this section of water body, and the nutrient
content is higher than natural water body, resulting in the rapid accumulation of nutrients in small closed
water bodies downstream, which can easily lead to the aggravation of water eutrophication (Hartshorn et
al., 2016). Thus, it can be seen that, establish a suitable prediction model according to the strong closure
of man-made rivers in the north of China. Locate accurately the sensitive factors which affects
eutrophication, furthermore, reduce the exogenous input and endogenous release of sensitive factors. It is
helpful to scienti�cally solve the serious problem of eutrophication of man-made rivers in the north of
China.

Table 3. results of eutrophication assessment

3.3 Establishment of Chl-a prediction model and sensitivity analysis of Chl-a



Page 9/18

Chl-a is an indicator of planktonic algae outbreak, which is an important discriminant factor of water
eutrophication (Chen et al., 2020). The complex environmental factors in the water body are the main
factors that affect the concentration of Chl-a. Using environmental factors to predict Chl-a accurately, the
linear system is di�cult to realize perfectly. In contrast, it is more reasonable to use nonlinear system to
predict the concentration of Chl-a in water. In this study, we used the more mature SVR in other �elds to
build the Chl-a prediction model, and analyzed the sensitive factors of Chl-a in the model(Na et al., 2022).

3.3.1 Determining the input variables of the prediction model by correlation

In the process of building the SVR prediction model, use environmental factors as input variables to
predict Chl-a. How to select reasonable environmental factors as input variables is particularly important
to the accuracy of the SVR prediction model (Soranno et al., 2020). By using the correlation analysis
among environmental factors, the noise factor (the absolute value of correlation with Chl-a is less than
0.1) was eliminated, and the verbosity factor was merged (the absolute value of correlation between
environmental factors was greater than 0.8). And then reduced the in�uence of dependent input variables
on the prediction model.

The correlation of environmental factors in water in Qingshui River rubber dam area of Zhangjiakou City
is shown in Table 4. There is a signi�cant correlation between Chl-a and WT, DO, NH+ 4-N, TP. The
correlation coe�cients are 0.483, 0.460, 0.335 and 0.316, respectively, the absolute values are all greater
than 0.1. It shows that the four environmental factors have a strong correlation with Chl-a and meet the
requirements of model input. Chl-a is signi�cantly correlated with pH and TN, the correlation coe�cients
are 0.640 and-0.551, respectively, and the absolute values were all greater than 0.1. It indicates that pH
and TN had a certain correlation to Chl-a, which reached the requirements of model input. However, the
linear correlation shows no signi�cance of pH, TN and Chl-a, which may be due to the relatively complex
factors affecting pH value in water and the high content of TN. There is a weak correlation between Chl-a
and CODmn, and the correlation coe�cient is only 0.009, which belongs to the noise factor input by the
model. It may be due to the fact that the contribution of CODmn in water only comes from algae organic
compounds with Chl-a content. And the linear correlation between CODmn and Chl-a content is weak, so
CODmn cannot be used as the input variable of the model. It can also be seen from the table that the
correlation coe�cients between environmental factors are not greater than 0.8. It indicates that there is
no strong overlap between environmental factors as input variables of the model. According to the linear
correlation, it could be judged that the input variables of the SVR prediction model were WT, pH, DO, NH+
4-N, TN and TP.

Table 4. correlation coe�cient and signi�cance between Chl-a content and environmental factors in
Qingshui River rubber dam area
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  WT pH DO NH+ 4-N TN TP COD Chl-a

WT 1 0.511** 0.03 0.076 -0.482** 0.035 0.339** 0.483**

pH   1 0.458** 0.138 -0.687** 0.253** 0.337** 0.640*

DO     1 0.054 -0.228** 0.224** 0.065 0.460**

NH+ 4-N       1 -0.231 0.118 -0.028 0.335**

TN         1 -0.26** -0.354** -0.551*

TP           1 0.32 0.316**

CODmn             1 0.009

Chl-a               1

Note *P<0.05, Signi�cant correlation **P<0.01, Extremely signi�cant correlation Two-sided test
signi�cance

3.3.2 Model parameter optimization

There are two very important parameters c and g (gamma) in the SVR model, in which the penalty
parameter c is the tolerance to the error and affects the �tting end point of the model. The kernel function
parameter g is a parameter in the RBF kernel function formula, which determines the number of support
vectors after the data is mapped to the new feature space. Therefore, to establish the SVR prediction
model with the best �tting effect, it is necessary to adjust the parameters to reach the optimal value.

K-fold cross-validation is an important method for generalization ability estimation in machine learning,
and it has unbiasedness (Jian S et al., 2019). Finally, it is obtained that the k-fold cross-veri�cation error
is the average value of k times generalization errors, and the prediction model selects the parameters c
and g by 10-fold cross-validation comparison method. The optimization results of speci�c parameters
are shown in Fig.3(a), from which the optimal parameters can be seen: the penalty parameter c is 1.4142;
the kernel function parameter g is 1; and the mean square error is only 0.01975, which meets the
allowable error of model parameter optimization.

3.3.3 Model building and application

In the process of modeling, �rstly, the data set was randomly divided into training samples (80%) and
veri�cation samples (20%). The training samples were trained and studied through SVR, and then a
model with good �tting effect was established. The remaining veri�cation sample data were able to use
for model veri�cation. It can be seen from Fig.3(b.c) that the relative error between the real value and the
predicted value of the model training sample is only 0.032. The relative error between the real value of the
veri�cation sample and the predicted value is 0.067. It indicates: (1) the �tting effect of the prediction
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model of SVR is ideal;(2) the input variables of the model are reasonable;(3) the selection of kernel
function parameters and penalty parameters meet the requirements of the prediction model;(4) the
method of using SVR to predict Chl-a of man-made rivers in the north of China is feasible and effective. 

3.3.4 Chl-a sensitivity analysis

The prediction model of Chl-a is established to analyze the degree of change of Chl-a which is indicative
index of planktonic algae density, caused by the change of environmental factors. The method based on
partial derivative was able to use to analyze the sensitivity of a single sample, however, the particularity
of the environmental factor of a single sample was strong, so it was di�cult to re�ect the sensitivity of
Chl-a in entire Qingshui River. Therefore, this study made a comprehensive calculation of all the tested
samples to determine the sensitivity coe�cient of Chl-a to each environmental factor, and further
analyzed the sensitivity factor of Chl-a in Qingshui River. The percentage of the total sample sensitivity
coe�cient of a single environmental factor to the sum of all sensitivity coe�cient is the contribution of
environmental factors to the growth rate of Chl-a. And this contribution rate can  accurately re�ect the
relative contribution of a certain environmental factor to the growth of Chl-a.

Fig.4. Sensitivity coe�cient and contribution rate of environmental factors to Chl-a

As can be seen from Fig.4, the sensitivity coe�cient of Chl-a to TP and WT is 0.571 and 0.394,
respectively, the contribution rate is 33% and 22%. Followed by DO and pH, the sensitivity coe�cient is
0.281 and 0.243, and the contribution rate is 16% and 14%. The sensitivity to TN and NH+ 4-N is the
lowest, the sensitivity coe�cient is only 0.104 and 0.166, and the contribution rate is 6% and 9%.
Planktonic algae photosynthesis produces a large amount of organic matter, absorbs CO2 and releases a
large amount of O2, which increased the content of DO in water, and then Chl-a is sensitive to DO. The pH
value also affects the metabolic activity of planktonic algae, but the sensitivity is common and the
contribution rate is at a low level. WT as a factor 

that changes with the environmental temperature, the increase of temperature directly affects he activity
of algae enzymes, so it is highly sensitive. However, because WT is an external environmental factor,
which is di�cult for human intervention. When the growth of WT at a certain node causes a large change
in Chl-a, the content of limiting factors should be reduced to control the reproduction rate of planktonic
algae. TN and NH+ 4-N are necessary nutrients for the growth and reproduction of planktonic algae;
however, their sensitivity and contribution are weak. According to the analysis of the current situation of
water quality in Qingshui River, the content of TN and NH+ 4-N in Qingshui River were both high, therefore,
it belongs to nitrogen content rich type. It is very di�cult for nitrogen �uctuation to affect the growth of
planktonic algae in the water body which contains lots of nitrogen. Thus, TN and NH+ 4-N are the
in�uential contributing factors of eutrophication in the river.

TP, as another necessary nutrient for the growth and reproduction of planktonic algae, has the greatest
contribution to the growth rate of Chl-a, indicating that TP is the strongest sensitive factor of Chl-a.
According to the analysis of the current situation of water quality in Qingshui River, the concentration
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proportion of TP was slightly lower, which contributed greatly to the growth rate of Chl-a. It indicates that
the �uctuation of TP content in Qingshui River had the greatest in�uence on the indicative index of
planktonic algae, i.e., Chl-a. And Chl-a restrict the growth and reproduction of planktonic algae directly.
When a large amount of phosphorus enters the river water body, it may lead to the proliferation of
planktonic algae and the rapid deterioration of eutrophication-condition. Therefore, through the SVR
prediction model combined with the analysis of the present situation of water quality, TP is the sensitive
factor and limiting factor of Chl-a in Qingshui River, which is the prevention and control factor of
planktonic algae outbreak.

4. Conclusion
(1) First, the water quality of Qingshui River in Zhangjiakou City was poor, and the average content of Chl-
a was 126.25mg/L, which re�ected the abundance of planktonic algae and affected the overall content
of DO and pH. The content of TN exceeded the standard in the whole year. The maximum value was
16.68mg/L, and attenuated obviously along the water �ow direction. The content in autumn was higher
than in the other seasons. Second, the annual over-standard rate of CODmn was 67%, and the maximum
value was 50.00mg/L, which in summer was slightly higher than the others, and the spatial change was
not obvious. Third, compared with NH + 4-N and TP, the average value was only 0.78mg/L, 0.18mg/L. The
NH + 4-N content was higher in spring and increased signi�cantly along the water �ow direction. The
seasonal change of TP was not obvious, therefore, decreased lightly along the water �ow direction.

(2) The universal index formula by logarithmic power function was used to evaluate the eutrophication of
Qingshui River. The results showed that the eutrophication of Qingshui River reached extremely high
levels, and the whole monitoring area was a at the level of eutrophication and hyper eutrophication all the
time. The proportion of areas at the level of hyper eutrophication was 73%, among which the degree of
eutrophication in summer was the most serious.

(3) The prediction model of Chl-a of arti�cially reconstructed water bodies in the north of China was
established with the method of SVR. After normalization at �rst, there was a weak correlation between
Chl-a and CODmn through correlation analysis. CODmn belonged to noise factor and was not used as the
input variable of the model. Then the parameter optimization of 10-fold cross-veri�cation method was as
the way to determine that the penalty parameter c was 1.4142 and the kernel function parameter g was
1.4142. Finally, the training samples and veri�cation samples were studied by RBF kernel function SVR.
The results showed that the error was small, therefore, the training and veri�cation errors were only 0.032
and 0.067 respectively.

(4) The sensitivity of Chl-a to environmental factors was analyzed based on SVR prediction model. The
results showed that Chl-a was the most sensitive to TP and WT, followed by DO and pH, and the lowest to
TN and NH + 4-N. According to the present situation of water pollution, the content of TN and NH + 4-N in
Qingshui River was high, which belonged to the type of extremely rich in nitrogen. In the water with high
nitrogen content, nitrogen �uctuation was di�cult to affect the growth of planktonic algae. TP was the
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sensitive factor and limiting factor of Chl-a in Qingshui River, furthermore, it was also the prevention and
control factor of planktonic algae outbreak.
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Figures

Figure 1
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Layout of sampling sites

Figure 2

Spatial variation of NH+ 4-N(a), TN(b), TP(c) and COD(d)
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Figure 3

(a) 3D view of SVR parameter optimization result; (b) Error between the real value and the predicted value
of the model training sample; (c)Error between the real value of the veri�cation sample and the predicted
value



Page 18/18

Figure 4

Sensitivity coe�cient and contribution rate of environmental factors to Chl-a
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