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Abstract: Many countries are paying more and more attention to the
protection of water resources at present, and how to protect water resources
has received extensive attention from society. Water quality monitoring is the
key work to water resources protection. How to efficiently collect and analyze
water quality monitoring data is an important aspect of water resources
protection. In this paper, python programming tools and regular expressions
were used to design a web crawler for the acquisition of water quality
monitoring data from Global Freshwater Quality Database (GEMStat) sites,
and the multi-thread parallelism was added to improve the efficiency in
the process of downloading and parsing. In order to analyze and process
the crawled water quality data, Pandas and Pyecharts are used to visualize
the water quality data to show the intrinsic correlation and spatiotemporal
relationship of the data.
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1 Introduction

Water is one of the important natural resources on which all life depends, the survival and
development of human beings are inseparable from it [1,2]. According to surveys, as many as 25
million people around the world get sick and die from drinking polluted water every year [2]. However,
most of these people live in developing countries. In some developing countries, because the quality of
drinking water cannot be guaranteed, 70% of the people get sick and 30% die because of it [2]. Now
countries are paying more and more attention to the protection of water resources, and how to protect
water resources has received extensive attention from the society. Water quality monitoring is the key
work of water resources protection. How to efficiently collect and analyze water quality monitoring
data is an important aspect of water resources protection. However, water quality monitoring data
is complex, time-sensitive, and diverse, and there are still problems such as incomplete data and
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insufficient intelligence [3]. How to efficiently obtain water quality monitoring data and analyze, and
process it has become an urgent problem to be solved.

2 Related Works
2.1 Web Crawler

As one of the core elements of search engine technology, the crawler was invented by Alan Emtage
at the University of Montreal in 1990 [4,5]. Since then, crawler technology has begun to develop rapidly.
The current web crawlers can be divided into general web crawlers, focused web crawlers, incremental
web crawlers, and Deep Web crawlers [6].

A general web crawler can start information crawling from an initial uniform resource locator
(URL), and save the URL obtained on the page for information crawling, which is usually used for
large-scale data collection [7]. This kind of crawler is simple in design and easy to implement, but
inefficient, and there are many duplicate pages and junk pages.

Focused web crawlers can selectively access web pages and links on the internet according to the
target URL that has been determined to obtain data information [8,9]. This is a conditional crawler
that only collects useful information for users, which greatly improves the efficiency in both space and
time [10].

Incremental web crawler only crawls newly added web content each time [9], through continuous
superposition, the information crawling is completed [10]. The information pages crawled by Deep
Web crawlers are deep web pages that require users to submit certain keywords to obtain relevant
information [11]. The most important thing about this kind of web crawler is the form that the user
needs to fill out [10], such as username, password, verification code, etc.

A complete web crawler program is mainly composed of three parts: the crawler scheduling
terminal, the crawler core module, and the storage data module [12]. As shown in Fig. 1, the crawler
scheduling terminal is the entrance of the entire crawler program, which is mainly used to control
the start, execution, and stop of the entire crawler program, and to monitor the running status of the
crawler [12]. The core module of the crawler is composed of three parts: the URL management part,
the webpage download part, and the webpage analysis part. The URL management part transmits the
URL waiting to be crawled to the webpage download part for webpage download, and then transmits
the downloaded webpage content to the webpage analysis part to parse. Obtain the information that
we need, and transmit the information to the data storage module for storage. In addition, each web
page may have URLs pointing to other pages, and the web page parsing part will also parse these
URLs and transmit them to the URL management part. For further crawling [12].

Figure 1: Working principle of crawler
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2.2 Data Visualization Technology
2.2.1 Data Visualization Technology

In the human cognitive system, people’s cognition of most things begins with visual cognition.
Vision transmits the specific shape of things to the brain, and the brain conducts in-depth analysis
[13]. Data visualization is a science of technology research, its direction is the visual representation of
data, a science and technology that assists users in analyzing and reasoning complex data through an
interactive visual interface [14]. The basic process of data visualization is divided into the following
steps: (1) Obtaining or collecting raw monitoring data; (2) Clearing useless data and outliers, and
filling empty values; (3) Processing data by means of data mining, data integration, etc.; (4) The data
results correspond to the visual structure; (5) Analyze the visualization results and study the inherent
objective laws of the data [15]. To put it simply, through data and visualization, the rich and complex
data collected is gathered into a chart and graphical display form, and the inherent information of the
data is conveyed in this way process.

2.2.2 Common Data Visualization Methods and Tools

Data visualization is mainly aimed at conveying and communicating information clearly and
effectively by means of graphical means. Common data visualization tools have many open-source
tools and software such as R language, D3.js, Tableau, processing.js, Datawatch, Microsoft Excel,
SAS, Infogram, Matplotlib and, Pyecharts in Python language.

These tools are used to deal with relatively complex and large-scale unstructured data. Their main
purpose and function are to help users visualize the various attribute values of the data in the form of
multi-dimensional data through intuitive observation of the data. It directly displays various attributes
and variables of data, helps users observe and analyze data from different dimensions, and assists data
users to observe and analyze data in a more in-depth, comprehensive, and detailed manner.

2.3 Python Language
Python is an open-source computer programming language, which can optimize the quality of

software and improve the work efficiency of software developers, and the programs written in Python
are highly portable and robust. At the same time, Python is a dynamic computer programming
language that can be used in software development, data processing, multimedia applications, and
other fields.

3 Web Crawler Design
3.1 GEMStat Data Portal

GEMStat provides scientific data and information on the status and trends of inland water
quality worldwide. Currently, the growing database contains more than 4 million rivers, lake, reservoir,
wetland, and groundwater system entries from 75 countries and approximately 4,000 sites.

Enter the World Environmental Status Room through the Firefox browser, and then enter the
GEMStat data portal to obtain the global water quality monitoring data, as shown in Fig. 2. The
method of obtaining water quality monitoring data on this webpage is mainly by clicking on a certain
site on the map or in the table, and a window will pop up to display the water quality information of
the site, as shown in Fig. 3.
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Figure 2: GEMStat data portal

Figure 3: GEMStat water quality information

Therefore, before obtaining the data of this website, we must first obtain the information of each
site. Through observation, we found that each site has a number: Station Number. So, we first need
to find the file that stores this site number. And after entering developer mode, I found such a URL.
The URL is requested in the browser and the page is shown in Fig. 4.
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Figure 4: Site information page

3.2 Crawler Process Designing
According to the basic process of the crawler, the data crawler design of this website is shown

in Fig. 5. The crawler design also includes four parts: preparation module, download module, parsing
module, and data saving module. In the crawler program, the site information of all the sites monitored
by the website and the index information of the detection indicators will be crawled first. After the user
selects the crawling method, the URL formation to be crawled is listed according to the rules of the
website data storage address URL, make a request to each URL, download the data, parse and save
the data. After the crawling is over, the saved data page is shown in Fig. 6.

Figure 5: GEMStat data portal crawler design
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Figure 6: Partial data of GEMStat data portal

4 Discussions

In order to test the designed crawler program, we use this program to crawl the data of the national
water quality monitoring website and the data of the Asia and the Pacific region on the GEMStat
website respectively and analyze the operation situation.

4.1 Code Runtime Analysis
It took about 5 min to crawl all the data of the national water quality monitoring website, and it

took about 27 min to crawl the data of the Asia and the Pacific region on the GEMStat website. This
means it takes an hour to crawl the GEMStat. For further optimization, the time consumed by the
crawler system to crawl two websites is analyzed separately.

(1) National water quality monitoring website

In order to facilitate time-consuming analysis, the time-consuming and total time-consuming of
each module is displayed and shown in the following Table 1.

Table 1: Time-consuming of each module-National water quality monitoring website

Module name Start time End time

Download module 21:14:42 21:30:16
Parsing module 21:30:16 21:30:17
Save the module 21:30:17 21:30:18
All module 21:14:42 21:20:18

As shown in Table 1, it took 5 min and 36 s to crawl all the data from the national water quality
monitoring website. Among them, it took 5 min and 34 s to download the module, while the parsing
module and saving only took 1 s respectively. That is to say, in the running process of this crawler
program, the time is mainly consumed in downloading the module, which is mainly because of in the
crawler design, a delay of 0–3 s is added to the download part, which slows down the crawler speed. In
the subsequent optimization process, an IP proxy can be set to shorten the delay, which can prevent
IP from being blocked and improve crawler efficiency.
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(2) GEMStat data portal

Running the crawler program, the time-consuming and total time-consuming of each module is
shown in Table 2. It can be seen from Table 2 that it took 30 min and 50 s to crawl part of the data
in Asia and the Pacific region of the GEMStat data portal. Among them, it takes 30 min and 47 s to
download, and 1 s to analyze and save. Therefore, the crawler running time is mainly consumed by the
delay setting of the download module.

Table 2: Time consumption of each module-GEMStat data portal

Module name Start time End time

Download module 22:12:19 22:43:06
Parsing module 22:43:06 22:43:07
Save the module 22:43:07 22:43:08
All module 22:12:18 22:43:08

4.2 Database Comparative Analysis
Comparing the water quality monitoring data crawling time of the National water quality

monitoring station and the GEMStat data portal, when crawling all the data of the National water
quality monitoring station, 1464 site data will be crawled. When crawling the Asia and the Pacific
region data in the GEMStat data portal, it only needs to crawl the data of 617 sites, but it takes 25 min
more than the previous crawler.

After analysis, there are a total of the following factors: GEMStat is an overseas website When
downloading the data page of the National water quality monitoring station, generally one page will
contain the information of dozens of sites, but the data page of this website can only be accessed
through a single data page of a certain site, and the page will only have data of one site information.
Therefore, even if the water quality monitoring information of the same number of sites on two
websites is crawled, the time spent crawling the GEMStat website data is several times longer than
the time spent crawling the National Water Quality Monitoring Station; In addition, the website
contains water quality monitoring data of more than 12,000 sites around the world. Compared with
the National Water Quality Monitoring Station, which only needs to monitor more than 1,400 sites
across the country, when all the data is crawled, the amount of engineering is also larger.

4.3 Data Visualization
For data visualization, two extension libraries, Matplotlib and Pyecharts in the Python library, are

used to visualize the water quality monitoring data respectively. The Matplotlib drawing is shown in
Fig. 7, and the Pyecharts drawing is shown in Fig. 8. Both visualization tools have their advantages, but
through the comparison of the two visualization results, it is found that the interaction and readability
of visualizing data using Pyecharts is stronger than the chart drawn by Matplotlib, the process of
drawing a large amount of water quality data in Matplotlib is slow, and the visualization results are
not beautiful, and Pyecharts has functions such as setting data axes, displaying data values in real-
time, and configuring widgets. The line graph is drawn by Matplotlib simply displays the data. Due
to too much data, only the basic change trend of water quality data can be seen from the graph, it is
difficult to obtain effective information, and the user viewing experience is very poor.
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Figure 7: Matplotlib draws a line graph (dissolved oxygen)

Figure 8: Pyecharts draws a line graph (dissolved oxygen)

5 Conclusion

In order to efficiently obtain water quality monitoring data and help water resources protection
and utilization. In this paper, by using python programming tools and the regular expressions, we
introduced how to design a web crawler for the acquisition of water quality monitoring data from
GEMStat (Global Freshwater Quality Database) sites, and added multi-thread parallelism in the
process of downloading and parsing to improve crawler efficiency; In order to analyze and process
the crawled water quality data, the Pandas and Pyecharts libraries in Python are used to visualize the
water quality data, so as to show the intrinsic correlation and spatiotemporal relationship of the data.
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