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a b s t r a c t
In order to solve the water environment problems in China, it is necessary to rely on the adjust-
ment of policy and scientific evaluation and prediction technology. After empirical research, the 
practical operation content of the geographic information system (GIS) applied to regional surface 
water environmental impact evaluation has been pointed out. Based on the environmental monitor-
ing data, the computer software ArcView is used to analyze the spatial distribution of monitoring 
values of two evaluation parameters, biochemical oxygen demand and chemical oxygen demand 
in the water area and generate the regional isopleth. According to the evaluation standards of sur-
face water, the water quality is analyzed to determine the spatial distribution of different grades 
of water quality. Finally, the problems that should be paid attention to in the application of GIS 
technology are put forward.
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1. Introduction

Human reproduction and progress are closely related 
to the environment. Water, atmosphere and soil are the 
three essential conditions of the natural environment. In 
particular, the water environment plays a decisive role in 
the continuation and development of biology, industry 
and agriculture. The water environment includes all kinds 
of surface water bodies, such as oceans, lakes, reservoirs, 
rivers, and groundwater in the soil and rock pores. Water 
environment information reflects the distribution character-
istics and variation rules of the quality and quantity of atmo-
spheric precipitation, surface water and groundwater in a 
certain space [1]. Water is one of the necessary conditions 
for human survival. At present, with the rapid develop-
ment of industrialization and urbanization in China, water 
quality safety has become a very important factor affecting 
economic and social development and threatening people’s 
normal life. The continuous progress of the economy and 

society and the acceleration of the urbanization process, 
such as the increase of urban population density, lead to 
the resource shortage of energy, transportation, housing, 
and sewage; moreover, the increasingly acute contradiction 
between supply and demand of drinking water has become 
one of the main reasons for the decline of urban residents’ 
living conditions and social satisfaction.

Meanwhile, with the rapid development of the social 
economy, a lot of industrial and agricultural domestic waste 
has been discharged into the water, and the water pollu-
tion caused by human production activities has seriously 
damaged the ecological environment. At present, more than 
420 billion m3 of sewage are discharged into rivers, lakes 
and oceans every year, polluting 5.5 trillion m3 of fresh-
water, which is equivalent to more than 14% of the total 
global runoff [2]. Therefore, in order to solve the problem 
of the national water environment, it is necessary to rely 
on policy adjustment and scientific evaluation and predic-
tion technology. Geographic information system (GIS) is an 



231H. Chen, Y. Lin / Desalination and Water Treatment 241 (2021) 230–235

effective tool for water quality prediction, because it has the 
advantages of spatial data analysis and spatial data man-
agement. All the query and analysis results can be visual-
ized in the form of map, text, chart and multimedia, and 
it can provide technical support for the data management 
function, change prediction function and visual display 
results of the model [3].

GIS is applied to the comprehensive evaluation of sur-
face water environmental impact, which can combine a 
large number of spatial data, attribute data and regional 
geographical environment, quickly draw the thematic 
map of the environmental evaluation results of the eval-
uated area, and display the evaluation results in the form 
of figures to visually display the distribution, quantity 
and environmental impact of surface water environmental 
pollutants in the area.

2. Method

2.1. Basic introduction of GIS

GIS is a computer technology system that takes the 
spatial data with geographical location attributes as the 
research object, takes the spatial database as the main core, 
uses the spatial analysis method and spatial modeling 
method, and obtains various spatial and dynamic resources 
and environment-related information in time. In the 1960s, 
GIS technology was first proposed, which is the combination 
of traditional disciplines (such as geography, cartology, and 
geomatics) and modern science-related technologies (such 
as remote sensing technology and computer science). The 
statistics and calculation of a large number of spatial data is 
a common technology. GIS technology can be used for the 
dynamic analysis of spatial information, and it can simulate 
and show the development and change of things through 
space-time modeling, so as to provide a reference for future 
scientific research management and decision-making ser-
vices. Its main feature is that it can effectively integrate all 
kinds of data in people’s daily activities with the graphic 
data reflecting the geographical location, which makes it 
possible to effectively solve complex spatial problems. GIS 
is a new frontier subject integrating environmental science, 
management science, geomatics, remote sensing, computer 
science and geographic science. The system aims to support 
the collection, management, processing, analysis, modeling 
and display of spatial data, so as to solve complicated plan-
ning and management problems. GIS can timely and accu-
rately provide geoscientists and production departments 
with reliable spatial data for regional analysis, scheme 
optimization and strategic decision-making. It becomes 
one of the driving forces for the spatial development of 
the IT industry. It is widely used in resource evaluation, 
environmental supervision, disaster early warning, land 
management, urban planning, communication engineer-
ing, transportation, military, public security, water conser-
vancy, electric power, public facilities, agriculture, animal 
husbandry, forestry, statistics, finance and other fields [4].

2.2. Importance of water quality safety

At present, China is developing a well-off society in 
an all-around way. The safety of residents has become the 

focus of the government. Water quality safety is of great 
significance to the safety of residents. In the process of 
rural economic development, it will also become one of the 
important factors affecting its development [5]. Therefore, 
water quality safety has become an important problem to be 
solved by society and the public. According to the investi-
gation report of water quality in recent years, the quality of 
rural water resources has declined seriously. First, it is due 
to the environmental problems caused by natural disasters 
in recent years. Moreover, the rapid development of indus-
try has caused serious environmental pollution. Then, the 
sources of rural water resources are complex. The above-re-
lated reasons lead to the decline of rural water quality 
year by year. For the sake of national development, social 
progress and the improvement of residents’ daily living 
standards, analyzing the causes of water pollution, strength-
ening water quality supervision, improving the quality 
of water resources and ensuring water quality safety has 
become one of the important issues in the current national  
development [6].

2.3. Application of GIS technology in water environment 
evaluation

The following analysis from four points shows the appli-
cation status of GIS technology in water environment eval-
uation. The first is to analyze the current situation of the 
ecological environment and water quality characteristics in 
different areas. According to the monitoring data of differ-
ent areas, the correct water environment evaluation factor 
is selected. The second is to decide the final water environ-
ment evaluation standard. The third is to use the professional 
model method of water environment evaluation, supple-
mented by a thematic map and distribution map to make 
an accurate evaluation of the water environment. Moreover, 
the analysis results are converted into quantitative data, 
which provides convenience for comparative analysis in 
the future. The fourth is to grade the results of the evalua-
tion and analysis to more accurately determine the severity 
of water environmental pollution [7].

2.4. Application of GIS technology in water quality safety 
management

The application of GIS technology in water resources 
management can not only help professionals to develop 
and utilize water resources reasonably and effectively, but 
also effectively enhance the deep research and analysis of 
water resources and improve the effective supervision of 
water resources. In the actual work of water resources man-
agement, GIS technology can be effectively used to estab-
lish a reasonable water resources information management 
system, and a large number of water resources monitoring 
data can be used to realize the effective development and 
utilization of water resources. Meanwhile, in the appli-
cation of GIS, the water resources management model is 
established, the effective development of water resources 
is improved, the invalid utilization of water resources 
is reduced, and the management efficiency of managers 
is improved, so that water resources can be effectively 
allocated and used [8].
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2.5. Application of GIS technology in simulating surface water 
flow and groundwater flow

Generally, the implementation of surface water simu-
lation is complex. It is not only necessary to clearly show 
the runoff relationship between surface water and rivers 
and lakes, but also need to use the corresponding surface 
runoff parameters to analyze the local geographical char-
acteristics and geological conditions, so as to improve 
the effective use of land resources by relevant depart-
ments. In addition, GIS can also process and analyze data 
information, which can effectively complete the statis-
tics and calculation of surface water flow parameters [9]. 
Furthermore, the importance of this method for groundwa-
ter flow simulation modeling cannot be ignored. It can not 
only improve the accuracy of input data, but also ensure 
the accuracy of modeling data [10].

2.6. Application of GIS technology in environmental impact 
evaluation of surface water

Because GIS has no data prediction function, it is in the 
process of environmental impact analysis. First, the envi-
ronmental prediction model is used to predict and analyze 
the environment, and then the special spatial analysis func-
tion of GIS is used to complete the regional environmental 
evaluation and analysis [11].

2.6.1. Drawing electronic map of the evaluated area

According to the evaluation scope, the digitizer has the 
function of making an electronic map on the initial map; 
based on the scanned image, GIS graphics editing software 
and computer screen drawing method are used to make an 
electronic map of the evaluated area.

2.6.2. Build-up layer and database

The analysis results of surface water environmental 
impact are closely related to the social, economic, environ-
mental and other aspects. To make the information effec-
tively combined, a consistent data format should be adopted 
to standardize the data, and then store it in the relational 
database. When the database is established, the associ-
ated field and spatial index field must be set up to search 
information. The spatial database is related to the attribute 
database by specific fields, and the attribute database is 
managed by layer. In the design of the GIS spatial database, 
layers must be set up reasonably according to the evaluation 
object and environment characteristics.

2.6.3. Drawing single factor spatial isopleth

For the indexes of surface water environmental impact 
evaluation, based on the existing information or prediction 
data, the spatial interpolation method can be applied to 
make the spatial isopleth of each index, and then analyze 
the spatial distribution of each index. If there are many com-
prehensive isopleth indexes to be analyzed, the method of 
graph superposition can be used.

2.6.4. Single-factor evaluation

Gray or color grading is used, and the environmen-
tal information of existing spatial points is used to make a 
single factor spatial distribution map. Then, according to 
the environmental standards, the legend is adjusted to get 
the environmental quality grade map of each grade. On 
the graph, the environmental quality intervals of different 
grades in different regions can be known.

2.6.5. Comprehensive evaluation of the environmental 
impact of surface water

There are two different ways to complete the compre-
hensive evaluation of surface water environmental impact. 
First, the graph superposition analysis is completed on the 
basis of single-factor environmental evaluation. The stack-
ing chart can be used as an evaluation map of environmental 
impact; second, the comprehensive analysis of the environ-
mental impact of surface water is made by using the model, 
and then the spatial interpolation analysis is used to make 
a gray or color evaluation map for the calculation results 
of the model. Then, the comprehensive evaluation grade 
standard is compared to improve the evaluation chart, and 
the comprehensive evaluation is performed to obtain the 
impact evaluation results [12].

3. Results and discussion

Environmental supervision is a common way to get envi-
ronmental information, which can quickly and quickly get 
the initial data information. Because of financial, human, 
material and other constraints, it is impossible to set up 
too many monitoring points. Therefore, it is difficult to 
determine the location and distribution of monitoring objects 
with common data analysis methods. GIS has a powerful 
spatial interpolation analysis function, which can make the 
spatial distribution isopleth of regional monitoring objects 
based on existing monitoring data, and realize regional envi-
ronmental quality evaluation. It can be confirmed by many 
foreign research results [13]. In the use of GIS technology to 
complete environmental impact evaluation analysis, how to 
make the current data or forecast data associated with the 
geographical location and carry out the spatial analysis of 
environmental quality is the most important.

3.1. Application premise of the practical application of GIS 
technology

The specific calculation shows that GIS has strong spa-
tial analysis ability. The essence of GIS is the computer pro-
gram code of the algorithm, which does not have the ability 
of intelligent analysis and judgment. Therefore, the appli-
cation of GIS technology in surface water environmental 
impact evaluation should have a certain application premise, 
that is, constraints [14]. If it is applied under the condition 
of not conforming to the restriction factors, although it can 
get the results, it does not have the opposite ability, and the 
information and data it provides are wrong.

•	 The gradual change of data. Spatial analysis data 
must have continuous spatial changes, but they are not 
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scattered and abrupt spatial data, which is the primary 
condition for GIS application in spatial data analysis. 
For the distribution of pollutants in the water and air 
environment, the medium is single, and it is usually 
characterized by continuous change. Therefore, it can be 
statistically analyzed by GIS.

•	 The representativeness of the data. The information of 
spatial analysis is usually from environmental monitor-
ing and prediction, remote sensing images and aerial 
photos of monitoring points. The research object is envi-
ronmental monitoring. The basic data of spatial analysis 
must be representative, that is, the maximum and min-
imum value of the regional evaluation index must be 
included, and the monitoring point must be arranged on 
the representative data point. Otherwise, GIS will gen-
erate the data that is not in accordance with the actual 
situation independently, and provide the wrong index 
map for the results. In practice, this problem is very dif-
ficult. The solution is to divide the evaluation area into 
functional areas, and then arrange monitoring points 
at the core and edge of the functional area, or analyze 
them by remote sensing images.

•	 The accuracy of spatial position. When the monitoring 
points are associated with the regional electronic map, 
the spatial position must be accurate. If necessary, GPS 
can be used to determine the spatial position.

3.2. Establishing a spatial database

ArcView is used, based on the electronic map of a certain 
water area, through the biochemical oxygen demand (BOD5) 
and chemical oxygen demand (COD) monitoring data of 10 
monitoring points in a certain water area (Table 1), a rela-
tively perfect spatial database is established. BOD5 and COD 
are taken as the research objects. In the process of setting up 
the spatial database, monitoring points and data can be mod-
ified at any time. According to the research requirements, 
the monitoring points can be added or deleted to dynami-
cally achieve the purpose of data addition and deletion. 
In practical application, the number of parameters can be 
determined according to the research needs.

3.3. Regional digital analysis

The spatial database is set up to realize the association 
between the monitoring point and its geographical location 
(Fig. 1). In this way, according to the information of mon-
itoring points, the spatial analysis ability of ArcView can 
be used for digital analysis of the regional water environ-
ment. In the analysis process, the software grid the research 
scope, and then calculate and count the data in each grid. 
The size of the grid will reflect the accuracy of regional 
digitization. If different grids have the same value, it will 
lead to the failure of regional digitization [15]. Therefore, 
the size of the grid must be set reasonably. According to 
the monitoring data of the existing monitoring points, the 
spatial interpolation analysis method is adopted to obtain 
the isopleth of BOD5 and COD in the water area, as shown 
in Figs. 2 and 3. After spatial digital analysis, the query 
function of GIS is used to get any parameter value at any 
position in the water area. After the row spacing of the 

isopleth (the row spacing in Figs. 2 and 3 is 0.5 mg L–1) is 
adjusted, the dynamic analysis of isopleth can be used to 
clarify the spatial distribution of pollution parameters, so as 
to formulate pollution control measures and optimize the 
decision-making scheme [16–19].

3.4. Evaluation of environmental quality

Based on the digitization of the regional water environ-
ment, the spatial distribution of the evaluation index values 

Table 1
Monitoring data of monitoring points

Monitoring stations BOD5 (mg L–1) COD (mg L–1)

1 2.18 14.19
2 3.26 15.58
3 3.18 16.27
4 2.39 15.09
5 2.61 16.27
6 3.38 17.58
7 1.99 14.79
8 1.95 14.51
9 2.16 15.48
10 3.59 16.79

 
Fig. 1. Spatial coding of monitoring points.

 Fig. 2. Isopleth of BOD5 evaluation parameters.
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can be displayed on the map. The water quality grade of 
the area can be judged according to the environmental 
specifications.

ArcView can be used to get the spatial distribution map 
of different value segments of the single factor evaluation 
index in the evaluation area, and different gray levels are 
used to represent the different value range. Moreover, it can 
be explained in the legend. After the legend is improved, 
the spatial distribution map of any selected value range in 
the evaluation area can be made. During the environmental 
quality evaluation, the legend can be improved according 
to the evaluation standard, and the grade distribution map 
of any evaluation factor in the water area can be obtained, 
such as BOD5 and COD environmental quality evaluation 
map, as shown in Figs. 4 and 5 [20–22].

In the comprehensive evaluation of environmental qual-
ity, the comprehensive evaluation model can be used to cal-
culate the environmental comprehensive evaluation index, 
and associate the index value of different monitoring points 
with the geographical location. In this way, the spatial dis-
tribution map of the comprehensive evaluation index can 
be set up. After that, the legend is changed according to the 
grade value of the comprehensive index, and the compre-
hensive evaluation result chart is obtained. The operation 
process is consistent with the law of single factor environ-
mental quality evaluation.

3.5. Query of evaluation results

ArcView can make the isopleth, evaluation results and 
comprehensive evaluation charts of all evaluation factors 
be stored in the independent thematic map. In the spatial 
query, the thematic map or isopleth of the evaluation index 
can be used to show and study its spatial distribution. In 
addition, it can also use the spatial measurement ability of 
GIS to calculate and statistics the different evaluation grade 
area, and get the proportion of the space pollution area in 
the total area of the evaluation water area, which is conve-
nient for decision-making; moreover, it can also calculate 
the range between the edge line of a pollution level and the 
environmental sensitive point, so as to facilitate the rapid 
implementation of the solution to prevent environmental 
pollution accidents.

4. Conclusion

The water environmental impact evaluation based on 
GIS has the ability to analyze various environmental infor-
mation and graphic data, improves the digital display of 
evaluation results, overcomes the problem of insufficient 
spatial digital ability to exist environmental impact evalu-
ation methods, enriches the methodology of environmental 
impact evaluation, and has the characteristics of compre-
hensive evaluation method and graphic display function. 
However, in the spatial analysis, graphic display and other 
functions of GIS technology, it is necessary to comprehen-
sively evaluate the characteristics and significance of data. 
For the evaluation results without temporal and spatial 
gradient and continuous distribution, the spatial analysis 
function cannot be applied to the spatial analysis of data. 
Otherwise, the result will deviate. In the research process, 
there may be a result deviation caused by data error. In 
future research, a more rigorous attitude will be adopted to 
reduce the error. Although some achievements have been 
made in water environmental impact evaluation, due to the 
constraints of time and actual working conditions, the above 
conclusions are only preliminary results. With the further 
deepening of the research and the continuous expansion 
of the actual scope, a series of new problems will inevita-
bly appear. In future work, it is necessary to improve and 
carry out more in-depth research. This exploration is a broad 

 
Fig. 3. Isopleth of COD evaluation parameters.

 Fig. 4. BOD5 environmental quality evaluation chart.  Fig. 5. COD environmental quality evaluation chart.
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proposition involving the interdisciplinary and penetration 
of intelligent computing science, hydrogeology, environ-
mental science and other disciplines. In terms of pollutant 
attenuation, precipitation and generation, it needs to be 
discussed in combination with chemical reaction dynamics, 
mechanics, biology, meteorology and other interdisciplinary 
directions. It is not easy to integrate the above knowledge 
in a short time, so some understanding is superficial. With 
the rapid development of computer science, object-oriented 
technology, three-dimensional technology, image processing 
technology, modeling technology and artificial intelligence 
technology can be directly applied to GIS. As a highly applied 
subject, GIS will promote the development of the national 
economy and the improvement of people’s living standards. 
It will maintain the momentum of rapid development and 
become the core technology in the field of high technology.
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