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a b s t r a c t
The rational surface water resources evaluation and research is a prerequisite for the development, 
utilization, and protection of water resources. The amount of water resources is an important fac-
tor related to the socio-economic development and ecological security of a region. Accordingly, this 
paper aims to establish a suitable water quality and quantity coupling model based on the current 
situation of river pollution in the Shenfu section of the Hunhe River basin, with the prediction of 
surface water resources as the objective function. The research compares the model simulation 
results with the hydrological data of Fushun No. 2 Station and Cheung Tsing Bridge Station in rel-
evant hydrological data and observes the water quality stations in the basin. Then it sets a conver-
sion coefficient ratio based on common indicators for water quality discrimination and converts 
the available amount of surface water resources in the study area. The results showed that the error 
between the simulated and actual measured values of the water station flow and section water level 
in the study area was 8%, which was within the range specified by the state. Due to water pollu-
tion, the amount of locally available water resources were reduced by 16.18% compared to the total 
amount of surface water resources after conversion. The research results proved that the model 
constructed in this study had excellent performance in the calculation and evaluation of surface  
water resources.
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1. Introduction

Industrialization and urbanization have led to increas-
ingly intense human activities and an increasing demand 
for water resources. China is facing a severe water short-
age, with a per capita water resource of only 2,200  m2. 
Moreover, water resources distribution is very uneven, 
making the development of groundwater difficult. In the 
context of water shortage, only by reasonably evaluating, 
planning, and managing the limited amount of surface 
water resources can their maximum social and ecological 

value be brought into play. Water quality and quantity are 
two important attributes for evaluating water resources, 
and they complement each other. In terms of water quan-
tity, human activities, including farmland irrigation, land 
development and utilization, and water regulation, mainly 
lead to water resource shortages; In terms of water quality, 
the discharge of domestic and industrial water, the continu-
ous growth of population, and weak awareness of ecologi-
cal environmental protection have caused pollution to the 
water body and ecological environment [1,2]. Water qual-
ity factors were not taken into account in previous water 



35R. Feng et al. / Desalination and Water Treatment 303 (2023) 34–43

resource quantity evaluation simulations. Therefore, adding 
water quality as a variable to water resource quantity eval-
uation can more accurately determine the available amount 
of water resources in a certain region, which is more in line 
with the requirements of water resource protection and 
allocation [3]. Due to the continuous development and con-
struction of the Shenfu reach of the Hunshui River basin, 
the vegetation and land along the reach have been gradu-
ally destroyed, and the integrity of the water ecosystem has 
been constantly destroyed. Therefore, this article selects the 
Shenfu reach of the Hunshui River basin as the research 
object, simulates hydrodynamic and quality of the water 
from a one-dimensional perspective, and couples water 
quantity models based on this, in order to comprehensively 
reflect the available amount of surface water resources.

2. Related work

Hydrodynamic water quality models offers a trust-
worthy foundation for predicting the water pollution 
degree, which has been studied by domestic and foreign 
scholars. To efficiently utilize water sources in plain areas 
and scientifically allocate water, Meijun et al. established 
a river network hydrodynamic model to simulate Haishu 
Plain’s water intake location, water volume, and water 
transfer impact range. The model results showed a small 
error, which can provide a scientific basis for water transfer 
projects and have a certain reference value for the study of 
water transfer schemes in the Haishu Plain [4]. Peng et al. 
[5] proposed a bidirectional method for simulating urban 
water flow based on coupling SWMM and ANUGA mod-
els. A hydraulic model based on unstructured triangles was 
used as a spatial discretization scheme to capture the spa-
tial heterogeneity of urban surfaces. The research results 
showed that the coupled model can accurately describe 
surface water logging areas, and urban flood models based 
on heterogeneous characteristics can be used to determine 
different types of urban water flow processes. Moghaddam 
et al. [6] used the Sobol method for sensitivity analysis of 
hydraulics. The best location in the water network was then 
selected using sensitivity and cost criteria. The head drive 
simulation method (HDSM) and various parameters were 
utilized to assess the impact on the standard deviation (SD) 
of hydraulic and mass models. The analysis was applied to 
the combined SD, and the outcomes demonstrated notable 
shifts in priority for specific selected points as a result of 
implementing the Sobol method and HDSM. Heidarzadeh 
et al. [7] used a simple mathematical model to simulate the 
water quality of the Seymareh reservoir, predicting total 
solution solids (TDS), biochemical oxygen demand (BOD), 
and nitrate (NO3

–) content. Experimental data showed that 
the average relative errors of TDS, BOD, and NO3

– predicted 
by this model were 10.8%, 31.5%, and 16.5%, respectively, 
which was similar to the prediction results of the complex 
model CE-Qual-W73 model and the actual reservoir sam-
pling data, and the simple mathematical model took less 
time. Sudhir et al. [8] evaluated northern India groundwa-
ter by the WATEQ4F geochemical model. In the compo-
nent analysis results, PC1 explained 34.066% of the total 
variance, followed by PC2 with 20.65%, PC3 14.29%, PC4 
9.62%, PC5 7.44%, and the cumulative variance was 86.088%. 

The r1 and r2 indices indicated that the groundwater in the 
investigated region belonged to Na-SO4

2− and deep mete-
oric infiltration types, which were basically consistent with 
the groundwater sample dataset, indicating that the model 
had good applicability in groundwater quality analysis.

Water quality and quantity jointly affect the utilization 
rate of water resources. Coupling them can optimize the 
utilization of water resources and solve problems such as 
water shortage. Domestic and foreign scholars have also 
conducted a large amount of research on water quality and 
quantity coupling simulation. Masoumi et al. [9] for the first 
time introduced a sustainable water quality and quantity 
management model into the Karkh River Reservoir sys-
tem in Iran, combining two-dimensional fluid dynamics 
and water quality simulation models with multi-objective 
particle swarm optimization to develop a simulation opti-
mization method. The outcomes demonstrated that utiliz-
ing ANN in a dynamic form as opposed to CE-QUAL-W2 
could substantially impacted the computation time, while 
also factoring in the precision of the developed simulation 
optimization model. In addition, the use of sustainability 
indices significantly reduced the severity and sequence of 
failure periods in water quality and quantity. Golzari et al. 
[10] used the Soil and Water Assessment Tool for the water 
volume and quality of basins in northwestern Iran simu-
lation and determine the impact of dam construction and 
land use changes on river flow, evapotranspiration, ground-
water recharge, and nitrate loading. Dam construction and 
land use not only significantly reduced the amount of 
water flowing into the Zarina River, and dried up the lake, 
but also increased the nitrate load. Hence, it was advised 
to implement remedial measures within the watershed 
region to enhance the ecological condition of Urmia Lake. 
Shihab et al. [11] used factor analysis techniques to study 
the water quality and quantity changes after influencing 
Qaber Al Abid Village and Dwezat Village downstream 
of Mosul City with the Upper Zabu River. To conduct sea-
sonal analysis, two to four factors were derived from the 
measured water quality parameters and flow data to test 
the pH value, electrical conductivity, total alkalinity, etc. of 
the samples. The results showed that pH, electrical conduc-
tivity, and PO4

–3 were the biggest factors leading to changes 
in water quality at the two locations. Azadi et al. [12] sug-
gested a simulation optimization technique that merged 
the CE-QUAL-W2 hydrodynamic model with the k-near-
est firefly algorithm model. This method was employed to 
attain the best reservoir flow rate for meeting water qual-
ity targets in the face of changing climatic conditions. To 
evaluate The 36 dry and wet year simulation optimization 
scenarios under both baseline and climate change scenar-
ios, the assessment was conducted by taking into account 
three initial water levels (minimum, average, and normal) 
and three reservoir thresholds. The results showed that 
this algorithm overcome the computational burden of 
CE-QUAL-W2, and optimized the total dissolved solids 
calculation efficiency. It provided a feasible scheme for res-
ervoir operation in combination with water quantity and 
quality and optimized water supply response methods in  
different climates.

The research on hydrodynamic and water qual-
ity at home and abroad mainly focused on model 
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solving, practicality, and comprehensiveness. This article 
will improve the hydrodynamic equations based on the 
current situation of the selected waters, using implicit dif-
ference methods to solve the Saint Venant equations, ensur-
ing the stability of the model, and obtaining more accurate 
simulation data. In terms of water quality and quantity 
models, research has focused on improving different algo-
rithms and models to simulate water areas. This article 
will establish a water quality and quantity coupling model 
for the selected water areas during the flood season and 
non-flood season as the research object.

3. Water quality and quantity coupling model

3.1. One-dimensional hydrodynamic model

In reality, the depth of a river is smaller than its length 
and width. Assuming that the distribution of hydrodynamic 
elements in the water body on the section perpendicular 
to the river and the surface is balanced, a two-dimensional 
model can be built on the length and section to analyze 
the water body [13]. In this paper, the Saint Venant equa-
tion is used to simulate the flow state. Before establishing 
the model, certain idealized assumptions need to be made. 
First, the flow velocity of the river is uniform, which can 
be replaced by the average flow velocity; Second, the water 
pressure is proportional to the water depth, ignoring the 
flow velocity and acceleration on the river section; Third, the 
surface of the river is horizontal, ignoring the partial head 
generated during the flow movement; Last, the riverbed 
slope is assumed to be zero [14].

Considering that the branching points of the flow 
segments in the study area may have some interference 
with the hydrodynamic analysis, this paper improves the 
Saint Venant equation based on the above assumptions, 
and the improved equation is as follows:

The flow continuity equation is:
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where Q in Eqs. (1) and (2) refer to the flow through the 
river section, with the unit of m3/s; x is the coordinate 
length with the water flow direction as the coordinate axis, 
and the unit is m; t is the time allotted for the study, in sec-
onds; q is the side inflow, in m3/(s·m); z is the average of the 
river digits; R is the hydraulic radius (m); Sf represents the 
frictional gradient; n represents the Manning coefficient.

Research suggests that when there is a side inflow flow, 
the dynamic equation needs to add additional value to the 
side flow. However, in reality, this impact is relatively small 
and can be ignored [15]. However, rivers with side inflow 
flow injection also have branching points, so it is also nec-
essary to meet the connection conditions of the branch-
ing points. The branching point equation is as follows:

Mass conservation equation:
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Momentum conservation equation:
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where Qi represents the flow of the i-th tributary into the 
river channel, in unit m3/s; n is the number of tributaries, 
and V is the water storage capacity of the junction, expressed 
in m3. zi in Eq. (4) represents the river water level; E is 
the total energy contained in the studied river water body.

This study uses the implicit difference method to solve 
the equations formed by the above formulas, and the dis-
crete diagram is shown in Fig. 1:

In Fig. 1 Δx is the spatial step size, and Δt is the time 
step size, which is biased towards the time of m  +  1; n 
refers to the quantity of the river node, and m refers to that 
of the time step; θ is the weight coefficient, with a value 
between 0–1.

The functional expressions of L, R, U, and D can be 
obtained from the image:
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The point M in the grid is located in the middle of 
the spatial step size, so the function value and derivative 
value obtained from the point M can be obtained through 
Eqs. (5)–(8), thereby obtaining the discrete-continuous 
equation expression:
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Fig. 1. Schematic diagram of four-point implicit difference 
separation.
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The expression of the dynamic equation is shown below:
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The three-level solution of the river network is used 
to solve Eqs. (9) and (10), and the equations of river sec-
tions, micro sections, and branching points are processed 
step by step, followed by joint operations. Finally, the 
water level and flow relationship equations of the head 
and end sections of the river are obtained as follows:
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3.2. One-dimensional water quality model for unsteady flow

After pollutants enter the river, the water body will 
purify the pollutants through physical or chemical pro-
cesses until the concentration of the pollutants is controlled 
within the normal range [16]. When constructing a river 
water quality model, it is necessary to consider the impact 
of three dimensions of pollutants on water quality. The con-
centration of pollutants in the section along the water flow 
direction changes more significantly than the concentra-
tion of pollutants in the transverse and longitudinal direc-
tions of the section. Therefore, it is only possible to take 
into account the concentration of pollutants within the sec-
tion that is aligned with the direction of water flow, that is, 
a one-dimensional water quality model is constructed [17]. 
The convection–diffusion equation is shown below:
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where c is the concentration of the pollutant, in mg/L; u is the 
water flow velocity, in m/s; Ex is the pollutant diffusion coef-
ficient, and Kc is the comprehensive attenuation coefficient; S 
represents the impact of source and sink terms such as tribu-
taries and sewage outlets on the concentration of pollutants.

The main pollutants in the Shenfu section of the Hunhe 
River basin are chemical oxygen demand (COD) and 
NH3–N. Assuming that the river section in the study area 
is in an aerobic state and that the attenuation of the two 
pollutants conforms to the first-order reaction kinetics, 
Eq. (12) can be improved:
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where D, N, and O in Eq. (13) represent the concentra-
tion values of the pollutants COD, NH3–N, and dissolved 
oxygen in the river, respectively, in mg/L; Os is the con-
centration of dissolved oxygen at a given temperature, 
in mg/L; K is the attenuation coefficient; A represents the 
cross-sectional area, in m2.

Eq. (13) is discretized and solved using an implicit differ-
ence method. The discretization diagram is shown in Fig. 2:

Fig. 2 is a discrete diagram of implicit difference. The 
implicit difference discrete method builds a linear equa-
tion set to solve the equation [18]. Implicit difference dis-
persion is performed on the convection diffusion equation:
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Eq. (14) is constrained with boundary conditions:
When i = 1,
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By discretizing a one-dimensional water quality model, 
a discrete matrix equation can be obtained, and each equa-
tion can form a complete solution matrix to obtain the 
concentration of pollutants at each cross-section.

3.3. Water quality and quantity coupling model

The hydrodynamic model provides the required hydrau-
lic parameters for the water quality model. The coupling 
of the water quality and quantity coupling model with the 
same time step jointly evaluates water resources [19].

The goal of the water quality and water quantity cou-
pling model built in this study is to obtain a model with 
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Fig. 2. Schematic diagram of implicit differential separation.
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greater improvement in river water quality and smaller 
water demand. The objective function is shown below:

min min .
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i j

ji j
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where G is the square sum of deviations from the water qual-
ity target, and θi is i-th water quality weight; ci,j is the con-
centration value of the j-th parameter at time i, and cj

θ is j-th 
water quality standard concentration, both in units of mg/L.
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where W is the minimum recharge water required for the 
river channel, in m3; Wi is the amount of water required for 
the river channel under the i-th regulation scheme.

You also need to add constraints to the model, where 
the water balance equation is:

Q Q Q Qin out m out� �� � � � � 	 (19)

where Qin is the flow at the river starting section, Qout is the 
flow at the river end section, ΔQm is the flow at the river side, 
and ΔQout is the water outflow at the river side, all in units 
of m3/s.

The water level constraint expression is shown:

h h h≤ ≤1 	 (20)

where h represents the lowest allowable water level of the 
river section, and h1 represents the normal water level; h  is 
the highest water level in meters.

3.4. Calculation method of water resource availability based on 
water quality conversion

The water resources obtained by conventional meth-
ods include a combination of water quantities of different 
water quality categories, which can be divided into five 
categories according to the surface water use. Generally 
speaking, Class II and Class III water are suitable for human 
consumption; Class IV water is used as industrial water; 
Class V water can be used for agricultural irrigation. The 
standards for various types of water quality specified in 
the Environmental Quality Standard for Surface Water 
(GB3838-2002) are as follows [20]:

The environmental quality standards for surface water 
include a variety of chemical substances such as COD, 
NH3–N, BOD5, etc. In this study, other indicators are ignored 
using the actual situation, and surface water use levels are 
classified based on the content of COD, NH3–N. The classi-
fication results are shown in Fig. 3. Maintaining a dynamic 
balance in the available amount of water resources, increas-
ing the amount of Class I, II, and III water resources avail-
able for human consumption, and reducing the amount 
of Class IV and V water resources can improve water 
resource management. Therefore, the proportion also needs 
to be comprehensively considered when assessing water 
resources. The specific water quality conversion calculation 

method is designed as follows: First, the amount of surface 
water resources are calculated; Second, the distribution of 
available water quality categories and water quality cate-
gories is calculated; Third, the amount of available water 
resources is calculated based on the proportional conversion 
method. In the third step of conversion, the conversion coef-
ficient needs to be reasonably set based on commonly used 
indicators for water quality discrimination. The conversion 
coefficients for the five types of water resources k1, k2, k3, k4, 
k5 are set as follows based on their water quality content 
with a ratio of 1:2:4:6:9. Class I, II, and III water resources 
available for human consumption are set as standard groups 
with a coefficient of 1. Class IV and V water resources 
used in industry and agriculture are dynamically adjusted 
based on total balance. The coefficient table is as follows:

Table 1 is a conversion table that converts all water 
qualities into the same water quality. According to the stan-
dard, Class III water can be consumed by humans, so in 
this study, Class I, II, III, IV, and V water resources are con-
verted into Class III water at a ratio of 6:6:6:4:3.

4. Evaluation of surface water resources

4.1. Study area

The area studied in this study is the Shenfu River sec-
tion of the Hunhe River basin, with an annual average 
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Fig. 3. Standard limits of surface water environmental quality 
impact factors.

Table 1
Conversion factors for conversion of various types of water 
into different types of water

Conversion factor k1 k2 k3 k4 k5

Class I water conversion 1 1/2 1/4 1/6 1/9
Class II water conversion 1 1 1/2 1/3 2/9
Class III water conversion 1 1 1 2/3 1/2
Class IV water conversion 6 3 3/2 1 2/3
Class V water conversion 9 9/2 9/4 3/2 1
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precipitation of about 720 mm, and most of the precipitation 
is concentrated in summer, generally speaking, in a state of 
water resource shortage. The ice cover period in Liaoning 
Province lasts for four months. During this period, the 
number of microorganisms and the concentration of pol-
lutants in the rivers will have certain changes. According 
to the statistical data in 2016, the total amount of industrial 
sewage and domestic sewage from the Shenfu reach of the 
Hun River was 12.6543  million tons. Most of these sewage 
was directly discharged into the Hun River, placing a great 
burden on the river’s self purification. The sewage from 
the tributaries mainly came from the drainage flowing 
through urban and rural areas.

Fig. 4 shows the change of COD concentration of pol-
lutants in Shenfu River’s mainstream section from 2014 
to 2016. The change of pollutant concentration in the five 
selected sections was basically consistent in each month, 
with the concentration of pollutants rising first and then 
falling. The peak concentration period was mainly concen-
trated in January to March, with the highest concentration 
being Gaoyang Rubber Dam, with the COD concentration 
reaching 42.32 mg/L. The pollutant concentration from May 
to September was significantly lower than that in other 
months, due to the flood season from May to September 
each year, and the lowest COD concentration was Gaoyang 
Rubber Dam, as low as 21.56 mg/L. According to the water 
quality classification standards, the section water quality in 
the flood season was mainly detected as Class III and Class 
IV, distributed in May to August; During non-flood sea-
son, its water quality exceeded the Class IV standard, and 
even in the Class V standard, it was at a poor level, reaching 
Class V, mainly from September to April of the next year.

4.2. Water quality and quantity coupling model verification

Setting a reasonable water quality and quantity cou-
pling model can reflect the available amount of surface 
water resources in the region. When performing the water 
quantity simulation calculation, the time step was selected 
as 30  s, and the simulation results were saved every other 
day. Fig. 4 shows the results of calibration and verification of 
the water volume at Fushun No. 2 Station:

Fig. 5 shows the calibration and verification images of 
the cross-sectional flow at Fushun No. 2 Station. The model 
simulation and calibration images had the same change 
trend, but there were certain errors. When the flow rate was 

small, the error was relatively large, but overall, the flow rate 
simulated by the model can reflect the actual river flow rate:

The section water level at Fushun Station is shown in 
Fig. 6. In March 2015, the section water level at the sta-
tion dropped sharply. Based on the information in Fig. 5, 
this was the flood discharge stage of the river section. The 
water level value obtained by coupling the water quality 
and quantity model was in good agreement with the actual 
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Fig. 5. Flow calibration and verification image of the section of 
Fushun second station.
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Fig. 6. Water level calibration and verification image of Fushun 
No. 2 station section.



R. Feng et al. / Desalination and Water Treatment 303 (2023) 34–4340

situation. According to the provisions of the “Specifications 
for Hydrological Information and Prediction”, the simu-
lated value and the actual value of the section water level 
were below 10  cm. The relative error in Fig. 6  meets the 
requirements of the specification, so it can be used as a the-
oretical model for evaluating and predicting section water 
levels. The error between the simulated value and the actual 
value may be due to data errors caused by operational 
issues during the measurement process. According to its 
water level and flow, the total amount of water resources in 
the basin at a certain time period can be comprehensively 
obtained, and the hydrodynamic force of the flow section 
can be simulated.

Next, the water quality calculation of the model was con-
ducted, with five sections as the detection objects, and the 
time step was selected as 30  s. The data was saved every 

30  d. Fig. 6 is the validation diagram of COD calibration 
for the section of Changqing Bridge.

In Fig. 7 the trend of the data coupled by the model is 
basically consistent with the actual data, with an error of 
around 8%, meeting the requirements of the “Hydrological 
Information Forecast Specification”. According to analysis, 
the error mainly came from the fuzzy positioning of sewage 
outlets and the highly restrictive one-dimensional model 
that ignored the complex components of the ecosystem.

Then, the error between the coupling data and the actual 
data is calculated and analyzed, and the relative error is 
used to compare the flow rate, and the absolute error is 
used to compare the water level. The monthly average 
flow and water level values of Fushun No. 2 Station section 
and Changqing Bridge section are compared, and Table 2 
shows the result:

Table 2
Comparison of flow accuracy between Fushun second station section and Changqing bridge section

Month Fushun second station section Changqing bridge section

Analog 
value (m3/s)

Measured 
value (m3/s)

Relative 
error (%)

Analog 
value (m3/s)

Measured 
value (m3/s)

Relative 
error (%)

1 3.45 3.02 1.42 3.53 3.02 1.44
2 4.22 3.99 0.58 4.78 5.61 –0.42
3 28.36 27.85 0.18 24.35 26.44 –0.24
4 53.48 51.03 0.47 53.52 50.45 0.53
5 114.36 118.05 –0.31 119.25 115.34 0.62
6 49.32 49.98 –0.13 35.34 43.58 –0.48
7 81.76 85.09 –0.39 72.34 80.34 –0.37
8 50.78 49.33 0.29 64.21 58.52 0.71
9 16.25 17.35 –0.63 30.25 25.12 0.55
10 5.59 5.32 0.50 12.45 8.65 0.50
11 5.32 6.48 –0.31 7.25 8.31 –0.35
12 4.02 5.01 –0.25 3.22 4.54 –0.40

Table 3
Comparison of water level accuracy between Fushun second station section and Changqing bridge section

Month Fushun second station section Changqing bridge section

Analog  
value (m)

Measured  
value (m)

Absolute  
error (m)

Analog  
value (m)

Measured  
value (m)

Absolute 
error (m)

1 74.63 74.66 –0.03 37.53 37.52 0.02
2 77.34 77.35 –0.01 37.69 37.67 0.02
3 74.74 74.81 –0.07 37.25 37.27 –0.02
4 75.44 75.50 –0.06 37.04 37.18 –0.06
5 75.33 75.38 –0.05 37.53 37.50 0.03
6 75.06 75.07 –0.01 37.38 37.35 0.03
7 75.51 75.50 0.01 37.49 37.49 0.00
8 75.47 75.49 –0.01 37.04 37.05 –0.01
9 75.82 75.33 0.10 35.87 35.86 0.02
10 75.44 75.49 –0.05 36.29 36.27 0.02
11 75.42 75.48 –0.06 36.29 36.27 0.02
12 75.42 75.48 –0.06 36.30 36.28 0.02
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In Tables 2 and 3, the maximum relative error of the sec-
tional flow accuracy of Fushun No. 2 Station is 1.42%, and 
the minimum relative error is 0.13%; The maximum rela-
tive error of the section of Changqing Bridge is 1.44%, and 
the minimum relative error is 0.24%. In the comparison of 
water level accuracy, the maximum absolute error of Fushun 
No. 2 Station is 0.10 m, and the minimum absolute error is 
0.01  m; The maximum absolute error of the cross section 
of Changqing Bridge is 0.06 m, and the minimum absolute 
error is 0.00 m.

According to the above data, the relative error of flow 
was below 3%, the absolute error of water level was about 
5  cm, and the concentration error of COD and NH3–N 
was also kept below 8%. Therefore, the accuracy of the 
model proposed in this paper can be verified.

4.3. Available amount of surface water resources converted by 
water quality

Referring to the surface water quality assessment of 
Hunhe River, 42 water quality assessment and monitoring 
stations were selected. Among them, 10 were mainstream 
monitoring stations, with a total length of 94.5  km in the 
assessed river section. The distribution map is shown in 
Fig. 8. The water quality assessment was as follows: The 
water quality belonged to three mainstream monitoring 
points of Class V; The water quality belonged to Class IV 
at two main stream monitoring points; The water quality 
belonged to Class III and 4 monitoring points; The water 
quality belonged to Class II and one monitoring point; No 
water quality belonged to Class I.

The amount of surface water resources in the current year 
can be determined based on the pollutant concentrations, 
water levels, and cross-sectional flows of water resources in 
the different time periods mentioned above. However, the 
Fushun River section was polluted by industrial wastewater 
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Fig. 7. Verification diagram for chemical oxygen demand and NH3–N calibration of Changqing bridge section.

Fig. 8. Water quality monitoring stations in Shenfu River 
section distribution.
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and residential drainage. Due to the impact of climate, flood 
discharge, residential water consumption, and industrial 
drainage, the water quality varied at different times of the 
year. Through model coupling, the surface water resources 
classified by different water quality in the study area from 
October 2014 to September 2016 are obtained as follows:

Fig. 9 shows the quality of surface water resources in the 
Shenfu section of the Hunhe River during the past 2 y. Class 
III water in the study area had the largest amount, followed 
by Class V water. The total amount of local surface water 
resources was 1,672.545  million cubic meters, which was 
converted based on the quality of Class III water. The selec-
tion of conversion factors is shown in Table 1. The amount 
of local available water resources was 1,401.87482  million 
cubic meters, a decrease of 16.18% compared to the total 
amount of surface water resources, indicating the serious-
ness of local water pollution.

5. Conclusion

The climate in the northern region is arid and precip-
itation is scarce. The process of urbanization has led to a 
sharp increase in water consumption for residents, indus-
try, and agriculture, resulting in extreme scarcity of water 
resources. At the same time, wastewater generated by 
many residents and factories enters rivers, which has a 
serious impact on river water quality. Studying the avail-
able amount of surface water resources is related to regional 
water use and scheduling planning. In view of this, this 
paper constructs a water quality and water quantity cou-
pling model to simulate and calculate the amount of surface 
water resources in the study area, and ultimately convert 
it into a usable amount. During the model validation pro-
cess, the average relative error at the Fushun Second Station 
section and the Changqing Bridge section was below 3%, 
the average absolute error was around 5 cm, and the aver-
age relative error of the COD and NH3–N concentrations 
at the Changqing Bridge section was also kept below 8%. 
The results showed that the converted utilization amount 
of surface water resources decreased by 16.18% compared 
to the total amount of surface water, and the relative error 
between the simulation results and the actual situation was 
within the allowable range. This indicated that the model 
was more accurate in simulating the hydrodynamic, water 
quantity, and water quality changed in the Shenfu section 
of the Hunhe River, which can provide a certain reference 

for future research on surface water resources. Due to hor-
izontal constraints, there were still some shortcomings in 
this article, such as a lack of more detailed and comprehen-
sive data, and a long time for monitoring the water qual-
ity of the river basin under study, ignoring the impact of 
many tributaries, resulting in error instability. In the future 
study, it is necessary to strengthen the collection of river 
basin data and calibrate and verify the coupling degree of 
the model to the surface water resources in other years and  
regions.

References
[1]	 Q. Yue, Q. Wen, Y. He, P. Tian, Q. Wang, J. Yu, Z. Zhu, Influence 

of water ecological civilization city construction on urban 
water ecological carrying capacity: a case study of Wuhan City, 
Acta Ecol. Sin., 41 (2021) 5586–5597.

[2]	 L.A. Virpi, L.B. Pauliina, Does conservation in Natura 2000 
areas promote water quality improvement? Findings from 
a contingent valuation study on environmental benefits and 
residents’ preferences, Environ. Sci. Policy, 124 (2021) 226–234.

[3]	 Y. Song, L. Wang, X. Yang, Study on ecological carrying capacity 
of land in Henan Province, Meteorol. Environ. Res., 13 (2022) 
40–47.

[4]	 M. Huang, S. Chu, D. Jin, Application of river network 
hydrodynamic model in determining water distribution scale 
of Haishu Plain, J. Water Resour. Prot., 4 (2022) 334–348.

[5]	 G. Peng, Z. Zhang, T. Zhang, Z. Song, A. Masrur, Bi-directional 
coupling of an open-source unstructured triangular meshes-
based integrated hydrodynamic model for heterogeneous 
feature-based urban flood simulation, Nat. Hazards: J. Int. Soc. 
Prevent. Mitigation Nat. Hazards, 110 (2022) 719–740.

[6]	 V.A. Moghaddam, M. Tabesh, Sampling design of hydraulic 
and quality model calibration based on a global sensitivity 
analysis method, J. Water Resour. Plann. Manage., 147 (2021) 
1–8.

[7]	 N. Heidarzadeh, H. Mahdavi, M. Yaghouti, Reservoir water-
quality simulation using simplified mathematical models (case 
study: Seymareh Reservoir), Mar. Freshwater Res., 72 (2021) 
1533–1545.

[8]	 K.S. Sudhir, B. Ram, N. Jasna, S. Kishan, K.S. Rawat, D. Singh, 
Chapter 7 – Irrigation Water Quality Appraisal Using Statistical 
Methods and WATEQ4F Geochemical Model, P.K. Srivastava, 
M. Gupta, G. Tsakiris, N.W. Quinn, Eds., Agricultural Water 
Management: Theories and Practices, Academic Press, 2021, 
pp. 101–138.

[9]	 F. Masoumi, S. Najjar-Ghabel, S.N.B. Azghadi, Water quality-
quantity management in river-reservoir system using 
sustainability-based simulation-optimization meta-model 
approach, Water Environ. J.: J. Chartered Inst. Water Environ. 
Manage., 36 (2022) 67–76.

[10]	 S. Golzari, H.Z. Abyaneh, N.M. Dinan, M. Delavar, P.D. Wagner, 
Modeling the effects of human influences on water quality and 
quantity in the Zarrineh River Basin, Iran, J. Hydro-environ. 
Res., 40 (2022) 51–63.

[11]	 A.S. Shihab, Factor analysis for water quality and quantity of 
Tigris River at selected sites South Mosul City, Tikrit J. Eng. Sci., 
14 (2021) 35–53.

[12]	 F. Azadi, P.S. Ashofteh, A. Shokri, H.A. Loaiciga, Simulation-
optimization of reservoir water quality under climate change, 
J. Water Resour. Plann. Manage., 147 (2021) 1–16.

[13]	 H. Huang, C. Chen, X. Mo, D. Wu, Y. Liu, M. Liu, H. Chen, 
Changes of groundwater flow field of Luanhe River Delta 
under the human activities and its impact on the ecological 
environment in the past 30 years, China Geol., 4 (2021) 455–462.

[14]	 A.G. Sheik, M.M. Seepana, S.R. Ambati, Supervisory control 
configurations design for nitrogen and phosphorus removal 
in wastewater treatment plants, Water Environ. Res., 93 (2021) 
1289–1302.

7.60%

56.20%
11.50%

24.70%

ClassII

ClassIII

ClassIV

ClassV

Fig. 9. Surface water resources by water quality.



43R. Feng et al. / Desalination and Water Treatment 303 (2023) 34–43

[15]	 H. Han, L. Guo, J. Zhang, K. Zhang, N. Cui, Spatiotemporal 
analysis of the coordination of economic development, resource 
utilization, and environmental quality in the Beijing-Tianjin-
Hebei urban agglomeration, Ecol. Indic., 127 (2021) 1–13.

[16]	 N. Awal, A.K. Sher, Agricultural wastes as renewable biomass 
to remediate water pollution, Sustainability, 15 (2023) 1–19.

[17]	 C. Lu, R. Xi, Z. Hei, L. Tang, Safety evaluation of water 
environment carrying capacity of five cities in Ningxia based 
on ecological footprint of water resources, Asian Agric. Res., 
14 (2022) 11–16.

[18]	 J. Xie, Q. Wang, Z. Zhang, Linear implicit finite difference 
methods with energy conservation property for space fractional 

Klein-Gordon-Zakharov system, Appl. Numer. Math.: Trans. 
IMACS, 167 (2021) 389–419.

[19]	 M.S. Pleasants, F. dos A. Neves, A.D. Parsekian, K.M. Befus, 
T.J. Kelleners, Hydrogeophysical inversion of time-lapse ERT 
data to determine hillslope subsurface hydraulic properties, 
Water Resour. Res., 58 (2022) 1–26.

[20]	 Y. He, Z. Wang, Water-land resource carrying capacity in 
China: changing trends, main driving forces, and implications, 
J. Cleaner Prod., 331 (2022) 1–14.


