2020 IEEE 3rd International Conference of Safe Production and Informatization (IICSPI) | 978-1-7281-7738-0/20/$31.00 ©2020 IEEE | DOI: 10.1109/1ICSP151290.2020.9332455

The Impact Analysis of COVID-19 on China
Various Industries Using Crawler Technology and
Data Visualization Technology

Charles Chen
School of Computer Science
and Engineering
Minnan Normal University

Ling Chen
School of Computer Science
and Engineering
Minnan Normal University

Zhangzhou City, China Zhangzhou City, China
Charles.chen@mnnu.edu.cn 2536554160@qq.com
2440216302@qq.com

Abstract—In order to stop the spread of COVID-19,
government has to lockdown of the city from all outside
contact. Most of business activities force to stop. This will have
an impact on the economic activities. In this paper, first we will
use the crawler technology to fetch company’s data from
Cninfo website. Second, we will use the big data analysis and
data visualization technology to analyze the impact of Covid-19
on China various industries. In comparing various industries’
profit in the first quarter of 2019 and 2020, we find that except
for agriculture, forestry, animal husbandry and fishery,
national defense and military, banking, food and beverage
industries, the profit value of other industries has declined,
with transportation, chemical industry, mining and non-
banking financial sector falling the most. On the whole, various
industries have been hit by the epidemic.

Keywords—COVID-19, Crawler technology, Data analysis,
Data visualization, Selenium framework

1. INTRODUCTION

Since December 2019, novel coronavirus infection cases
of acute respiratory tract infection have been confirmed by a
number of cases of unknown pneumonia in Wuhan, Hubei,
which have been found in many cases with exposure history
of Southern China seafood market [1-3]. This novel
coronavirus has been named as Corona Virus Disease 2019
(COVID-19) by WHO on February 12, 2020 [4]. Until
August 23, 2020,there are 23334458 confirmed cases and
807154 deaths in the world. Compared with the previous day,
265806 new confirmed cases and 5191 new deaths occurred
in a single day [5].

In order to prevent the spread of coronavirus, many
governments have to lockdown the city from all outside
contact. Various business activities are forced to stop. This
will have an impact on the economic growing. According to
the data released by the National Bureau of statistics on
March 16, from January to February 2020, the epidemic will
affect various indicators of China's economy to varying
degrees. Industrial production and service industry
production will decline, market consumption and investment
will decrease, and the purchasing manager's index (PMI) will
decline [6].

In order to accurately understand the influence of
COVID-19 on China’s economy, first, we will use the
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crawler technology to crawl company’s data (the first quarter
of 2019 and first quarter of 2020) from Cninfo website
(http://Wwww.cninfo.com.cn/new/index). Second, we will use
the data visualization technology to analyze the impact of
Covid-19 on China various industries via comparing various
industries’ profit in the first quarter of 2019 and 2020.

The structure of this paper is scheduled as follows. In the
second section, we will introduce the related works of big
data, Crawler technology, and Data visualization. In the third
section, we will introduce our research methods. The
experiment result is in fourth section. The conclusion is
stated in the final section.

II. RELATED WORK

A. Crawler Technology

Web crawler is an information acquisition technology
with the development of search engines and it is also an
important part of the index engine grabbing system [7]. It is
used to down load the webpages contents on the Internet to
the local area. Essentially, the function of Internet crawler is
to track the hyper link structure of the network, and combine
its own capture strategy, thus achieving the collection of web
resources information [8].

Jian and Qin [8] state that the architecture of web crawler
has four modules. There are download, subject content
extraction, webpage classifier, and link evaluation and
selection, as shown in Figurel.
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Page
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Webpage
Library

Fig. 1. The structure of network crawler.

Download module: The main work of the Web crawler is
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to download the web pages found. In the process of
downloading, a link scheduling process is needed, which
distributes links to all downloaded threads according to its
own search strategy. When downloading webpages through
web crawler system, each webpage has its own download
threads [9].

Content extraction: The purpose of extracting web
content is to select the links contained in the web pages.
There are some methods to select the links such as displaying
the web pages by structure tree or using the mode of pattern
matching to select the links directly. In this process, it is
necessary to delete the content that is irrelevant to the
required information through the processing of “denoising”

[9].

Webpage classifier: In this stage, the captured web pages
will compare with the information needed to determine
whether they meet the requirements. The user should provide
information close to the subject as far as possible according
to the general direction of the user [10].

Link selection and evaluation: In this final selection and
evaluation stage, the advertising links affecting information
content are removed first, and then the relative links are
converted into absolute links to determine the final links.
Finally, in the evaluation stage of links, those needed links
will be placed in the queue to be crawled, and then unified
evaluated.

B. Data Visualization Technology

Data visualization is a scientific and technological
research on the visual representation of data. Among them,
the visual representation of this kind of data is defined as a
kind of information extracted in a certain summary form,
including various attributes and variables of corresponding
information units [11]. Data visualization is the combination
of art and technology. It will be a variety of data graphical
way to show people.

1) Basic concepts
Data visualization technology includes the following
basic concepts [12].

e Data space: it is a multidimensional information
space composed of n-dimensional attributes and m
elements.

e Data development: it refers to the quantitative
deduction and calculation of data by using certain
algorithms and tools.

e Data analysis: it refers to the multi-dimensional data
slice, block, rotation and other actions to analyze
the data, so as to observe the data from multiple
angles and sides.

e Data visualization: it refers to the process that the
data in large data sets are represented in the form of
graphics and images, and the unknown information is
found by using data analysis and development tools.

2) Charts

Data visualization charts can be classified into the
following categories according to the functions and functions
of data: comparison, distribution, process, map, proportion,
interval, association, time and trend. Each type of chart can
contain different data visualization graphics, such as bar

chart, pie chart, bubble chart, thermal chart, trend chart,
histogram, radar chart, color block diagram, funnel chart,
chord chart, dashboard, area chart, broken line chart, K-line
chart, ring chart, word cloud, etc.

III. RESEARCH METHODS

In our research methods, we will create a Python file
using Selenium + BS4 framework to crawl the net profit of
companies in Shenzhen main board, Shanghai main board
and gem in the first quarter of 2019 and 2020. The URL
address is: http://webapi.cninfo.com.cn/#/thematicStatistics.
Then,we use Pandas, NumPy and Matplotlib libraries of
Python to extract crawled data, calculate cleaned data and
plot an visualizable graphic charts for analysis.

A. Crawler Framework and Python Library

1) Selenium

Selenium (https://www.selenium.dev/) is an open-source
framework mainly used for testing web applications. It was
originally an automated testing tool. But it is now used in
crawlers to solve the problem that requests cannot directly
execute JavaScript code. Selenium enables the impersonation
of users interacting with browsers such as Chrome, Firefox,
Edge, or Opera in an automated manner [13]. The essence of
selenium is to drive the browser, fully simulate the browser's
operation, such as jump, input, click, drop-down, etc., to get
the result of web page rendering.

Selenium can be run on operating system platforms like
Windows, Linux, and Macintosh etc. Selenium Suite is
composed of following components: Selenium IDE,
Selenium Core, Selenium 1 (also addressed as Selenium RC
or Remote Control), Selenium 2 (also addressed as Selenium
Web driver), and Selenium-Grid [14]. In our research, we
will use the Selenium Web driver to crawler website.

2) Beautifulsoup(BS4)

Beautifulsoup is a HTML parsing tool of python library
that can extract data from HTML or XML files. It provides
some simple and python functions to handle navigation,
search, and modify the analysis tree [15]. It can convert the
input HTML or XML data into "Unicode" code, and the
output HTML or XML data into "UTF-8" code. Therefore, it
is not necessary to consider the data encoding mode when
using the beautiful soup library to parse the data [16].

3) Matplotlib

Matplotlib is a Python 2D drawing library, which
generates publishing quality graphics in various hard copy
formats and cross platform interactive environment. With
Matplotlib, developers can generate graphs, histograms,
power spectra, bar graphs, error graphs, scatter charts, etc.
with just a few lines of code [17].

4) NumPy

Numpy (numerical Python) is an open source numerical
computation extension of Python. This tool can be used to
store and process large matrices, which is much more
efficient than Python's nested list structure (this structure can
also be used to represent matrix), and supports a large
number of dimensional arrays and matrix operations. In
addition, it also provides a large number of mathematical
function libraries for array operations [18].

5) Pandas
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Pandas is a tool based on Numpy, which is created to
solve data analysis tasks. Pandas includes a large number of
libraries and some standard data models, providing the tools
needed to operate large data sets efficiently. Functions and
methods of Pandas can enable us to process data quickly and
conveniently [19].

B. Crawler program coding and process flow

Before we start the coding, we have to use Python
command to install Selenium (pip install Selenium) and BS4
(pip install beautifulsoup4) frame first. After system
environment is built, we will use PyCharm (Python IDE) tool
to code Python program. Figure 2 is the process flow of
website crawler.

Start

Run Python program to Run BS4 frame to fetch
import Selenium & BS4 —» data from URL list and
frame and Numpy store to .CSV file

Matplotlib, Panda library l

|

Run Selenium frame to
load Cninfo website l

|

Crawl Cninfo website
according to company
profit. industry sector of
financial report from first

quarter oleozo &2019

Store crawled URL to
local file

Delete duplicate data and
re-index

Drawing bar chart &
scatter graph

Fig. 2. The process flow of website crawler & data visualization.

1) Get financial reportURL list
We will use Selenium to simulate the website operation,
and Google webdriver to fetch the webpages source codes.

Figure 3 is the program code of Python3.8 + Selenium +
Chrome explorer.

from selenium import webdriver

from bzd import BeautifulSoup

inport pandas as pd

import matplotlib. pyplot as plt

inport mumpy as np

fron selenium vebdriver, support.ui import Selectd & T H@i Frelecehidid &

import time

—1 T oem ae o e

Fig. 3. Python Program code.

Figure 4 is the Cninfo website which we will crawl. In
this website page, the net profit of each industry in the first
quarter of 2019 and 2020 can be crawled, and then the stock
code, company name and secondary industry category can be
retrieved also (Figure 5).

Because the web page is a single page application, it uses
selenium automatic positioning element. Therefore, it is
necessary to simulate and click (Financial analysis)—>
(Financial indicator by industry sector) by industry in the
header of the page. In this page, companies in each industry
need to be crawled. Therefore, we need selenium simulation
button, click the next page, and then use selenium to simulate
industry selection after crawling through an industry. Finally,

simulate search by pressing button to continue the new climb.
The taps which red underline marked in figure 6 is the
indication of selenium click and select simulation.
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Fig. 6. The indication of selenium click and select simulation.

After crawling the URL lists for the first quarter data of
2019 & 2020, Python program will store those URL list in
the Data Frame (df4) of Pandas. Figure 7 is part of source
codes.
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Crawl the first quarter profits of year 2019 & 2010

drimz=wbdriver, Chrone )
wl= http:/wehag
driver. get(i])

v, fod_claent by et
tise, sleep(l)
Salactls), select by_index(i) 2 FEUO T

tine. slesp(l)
prmE

et = driver, find_elenent_by_spath(
driver. execute_seript [ wpue "

Fig. 7. Source code of crawling & store URL.

2) Get financil data from URL list

Next, we will use BeautifulSoup fetch and delete
duplicated data embedded in the HTML or XML. Figure 8 is
part of source codes.

AR
for i in range (1) :#TEEEEF, BT s SEMAHIE
himl=driver.page_source
soup=ReautifulSoupthtml, 1xml’ )}
datas=soup. find_all (' thody’ ) #5548 thodpin A7 &
AR AT, AR, 201920205 —BE SR
for data in datas:
try:
a=data. find_all(" +d")
for j in range(0,len(a),19):
try:
code=aljl. a text
name=alj+1]. a. text
except:
code=aljl. text
name='none’
trade=al[j+2]. text
lr_2019_1=al[j+11]. text
1r_2020_1=a[3+10]. text
df4. loc[len(df4) ]=[trade, code, name, 1xr_2019_1, 1x_2020_1]
except IndexError:
pass
try:
time. sleep (1)
element = driver.find_element_by_class_name (’ page-next’ )
driver. execute_script ("argument=[0]. click():”, element)
print (trade)
except @
pass

Fig. 8. Source code of fetch and delete duplicate data.

Figure 9 is the example of crawled data which stored in
df4.

i 1 df4.head()
trade code name Ir_2019_1 Ir_2020_1
Planting 713 =Sl 3658.27 2096.69
Planting 098 EEFERETL 13428.82 2395.89
Planting 2041 FsmTl 471.15 3359.72
Planting 2772 L@l 6732.32 7465.27
Planting 300087 =:E=Efl 817.52 882.29

Fig. 9. Example of crawled data.

3) Pipes for storing crawling content
When crawling to the last web page, it will turn back to
first web page again. Since the number of companies in each

industry is different, so we should control the number of
normal cycles. If climbing down df4, we can find out the re
duplicate data. Therefore, we have to delete the duplicate
data. Figure 10 is the Python program for processing
duplicate data.

df4=df4. drop_duplicates() #0c/ete duplicate data
df4. head ()
trade code name Ir_2019_1 Ir_2020_1
Planting 713 =FEdy 3658.27 2096.69
P[a]]ting 998 EFEE 13438.8 2395.89
Plzmting 2041 =siedy 471.15 3359.72
Planting 2772 Soe<@mdk 673232 746527
Planting 300087 =Rt 817.52 88229

Fig. 10. Process duplicate data.

After deleting duplicate data, there will generate
discontinuous indexes. Hence, we have to reset the indexes
and drop original indexes. Figure 11 is the program of reset
and drop indexes.

1 dfd=df 4. re=zet_index ()
2 dfd=df4. drop ([’ index"1, axi==1)

Fig. 11. Program of reset and drop indexes.

Finally, the result will be converted to .csv file (df4.csv).
See figure 12.

2 df4. to_csv i’ df4. cav’ )

Fig. 12. . Program of convert df4 to df4.csv file.

IV. EXPERIMENT RESULTS

In this section, will use data visualization technology to
analyze the data. The total net profit of each industry is
obtained by grouping according to the first class industries,
and then the original ten thousand dollars unit is changed
into ten billion dollars unit. Figure 13 is the dollar unit
convert program. Figure 14 is the result.

ret=df4. groupby ([’ trade_first’ 1)['1r_2019 1", 1r_2020_1" ]

def convert_2(x):
return x. sum () /1000000% & 5 /2 % 5 £
ret=ret. applv{convert_2)

ret. head()

Fig. 13. Dollar unit converted program.

ret head()

Ir_2019_1 Ir_2020_1

trade_first

4.146119 -0.903266
0.338066 -0.172942
1.427027 0.534857
0.282018 1.4014344
2.934673 -1.188854

Transportation
Leisure services
Media
Agriculture, forestry. fish husbandry

Chemical industry

Fig. 14. Dollar unit converted result.
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A. Bar Chart of Industries’ Profit

Figure 15 is the bar chart drawing program. Figure 16 is
the bar chart.

| plt. Figure (figsize=(12,9))

plt. plot (ret. index, ret[" 1r 2019 1" 1)

plt. plot (ret. index, ret[" 1r 2020 1" 1)

plt. xlabel (" Industries')

| p1t. ylabel ( Profits (10 Billiens)')

| plt. title(' Profit comparison of various industries in first quarter of 2019 & 2020°)

inlt, legend ([* 2019
s=plt. xticks(rotat

Fig. 15. Bar chart drawing program.

Profit comparison of various industries in first quarter of 2019 & 2020
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Fig. 16. Bar chart of first quarter profit of 2019 & 2020.

It can be seen that in 2020, except for agriculture,
forestry, animal husbandry and fish industry, national
defense army industry, banking and food and beverage
industry, almost all industries have depressed due to the
epidemic situation. Because in this histogram, the first
quarter of 2020 presents at the upper level, and the first
quarter of 2019 presents at the lower level. When the data of
the first quarter of 2020 is greater than that of the first quarter
of 2019 for the same industry, the data histogram of the first
quarter of 2019 cannot be seen. Therefore, we use the scatter
plot to present.

B. Scatter Plot of Industries’ Profit

Figure 17 is the scatter plot drawing program. Figure 18
is the scatter plot.

plt. figure (figsize=(12,9))

plt. scatter (ret. index, ret[" 1r 2019 1], s=50, marker=">")

plt. scatter (ret. index, ret[" 1r 2020 1" ], s=50, marker="o")

plt. xlabel (" Industries’ )

plt. ylabel (' Profits (10 Billions)")

plt. title(' Profit comparison of various industries in first quarter of
2019 & 2020°)

plt. legend ([’ 2019", " 2020' ])

s=plt. xticks(rotation=90)

plt. savefig(’ D:\\comparel. png’)

Fig. 17. Scatter plot drawing program.

Profit comparison of various industries in first quarter of 2019 & 2020
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Fig. 18. Scatter plot of first quarter profit of 2019 & 2020.

C. Bar Chart of Profit Difference

In order to compare the decline of each industry in the
first quarter, we use the net profit of the first quarter of 2020
to minus the net profit of the first quarter of 2019 and get the
following result. Figure 19 is the program and result. Figure
20 is the bar chart drawing program and figure 21 is the
result.

In (3]} §:§['mw._m:9_zo:o']-:.d‘l:_m_f]—u:[‘lr;ma_rl FrMTEL
wasf%l 1120191 Ir_2020_1 compare_2019_2020
trade_first
Transportation 4146119 -0 903266 -5.049385
Leisure services 0 338066 -0.172942 -0.511008
Media 1427027 0534857 -0.892170
Agriculture, forestry, fish husbandry 0282018 1.401444 1.119426
Chemical indusiry 2934673 -1.188854 -4.123526
Medical Biology 2904820 2321258 -0.583561
Commercial trade  1,084364 0.361948 0722418
Defense industry 0365840 0.510929 0.145089
Household Electric Appliances  1.538804 0333901 -0.734903
Public utlity  1.851188  1.264403 -0.586785
Building material 1.087989 0.574580 -0.413401
Architectural omament 3266354 2274012 0992342
Real estate 1604500 0.307007 -0.797493
Wonferrous Metals  0.504544  0.400336 -0.504208
Mechanical equipment 0.900045 0436056 -0.463989
Automabile 1421762 -0.095357 4517128
Electromics 1267366 1188946 -0.078420
Electrical equipment 0626233 0481336 -0.134887
Textle & clothing 0544439 0.105428 -0.438011
Comprehensive 0072382 0080903 0.008511

Fig. 19. Profit difference of program and result.

plt. figure (figsize=(12, 6))

plt. bar (ret. index, ret[’ compare 2019 2020°])

plt. bar (ret. index, ret[’ compare 2019 2020°])

plt. xlabel (" Industries’)

plt. ylabel  Profits (10 Billions)")

plt. title(’ Profit difference of first quarter of year 2020 & 2019’)
s=plt. xticks(rotation=90)

Fig. 20. Bar chart drawing program for profit difference.
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Profit difference of first quarter of year 2020 & 2019
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Fig. 21. Profit difference of first quarter of 2020 & 2019.

V. CONCLUSION

In this paper, we use web crawl technology and data
visualization technology to crawl data from Cninfo website
(http://www.cninfo.com.cn/new/index). From figure 21, we
can see that most of industries’ profits have declined by
comparing the first quarter of 2020 and 2019 except for
agriculture, forestry, animal husbandry and fish industry,
national defense army industry, banking, and food and
beverage industry. Among them, transportation, chemical
industry, mining, non-banking and financial sector decreased
the most. Because governments lockdown of the city from all
outside contact and people have to stay at home. However,
people still need to eat and purchase stuff from the internet.
Government also invests money to rescue crisis enterprises.
Therefore, banking, food and beverage industry still grows.
On the whole, various industries have been hit by the
COVID-19 epidemic.
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