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Abstract: Since the outbreak of the coronavirus disease 2019 (COVID-19) pandemic, the pandemic situation has begun 
to undergo positive changes with the joint efforts of various countries and world organizations. However, pressures 
such as the COVID-19 mutations and the sharp rise in confirmed cases have brought uncertainties to the prevention 
and control of the pandemic. The overall situation is still severe and complex. Based on the multi-dimensional spatial-
temporal COVID-19 data collected by the open-source NetEase News (NEN) website and a real-time dynamic website, 
it is to explore the characteristics of the pandemic data, visualize the development trend, and analyze the spread of the 
pandemic in this paper. Moreover, it is to provide a rule basis for the prevention and control of the COVID-19 pandemic 
by constructing the decision tree model. From the results, some suggestions are provided for decision-makers.
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1. Introduction
At the end of December 2019, Wuhan City, Hubei Province in China, was the first to report new coronavirus 

pneumonia called Corona Virus Disease 2019 (COVID-19). Thereafter, Wuhan city was locked down on January 
23, 2020. The nationwide COVID-19 prevention and control measures have been rapidly upgraded, and the Chinese 
government has organized more than 40,000 medical staff across the country to support Wuhan city, Hubei. Thanks 
to the joint efforts of the people across the country, the pandemic has finally been effectively controlled. Since late 
February 2020, the foreign pandemic situation has developed rapidly. The cumulative number of confirmed new cases 
worldwide has exceeded 200 million after August 5, 2021, and more than 4.25 million people have died [1-3]. The 
global pandemic prevention and control situation is unprecedentedly severe. 

This paper comprehensively studies the multi-dimensional space-time characteristics of COVID-19 pandemic data 
to analyze the future trends hidden in the data and then data visualization [4-5]. It first uses Python powerful module to 
actively capture NEN-related data through web crawlers, complete the acquisition of new coronavirus-related pandemic 
data, use Tableau for data analysis and visualization, and intuitively express the characteristics of the COVID-19 
pandemic [6]. Moreover, the construction of the decision tree model focuses on mining the characteristics of the 
COVID-19 pandemic, the developing situation, and analyzing its trend. 

This paper is organized as follows. Section 2 describes the data collection and preprocessing. Data visualization is 
presented in Section 3. The introduction of the decision tree, data analytics, and simulation results are shown in Section 4. 
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Finally, Section 5 is the conclusion. 

2. Data collection and preprocess
The dataset in this paper was collected using python language to process a crawler based on the dynamics of the 

COVID-19 pandemic in NEN and a real-time dynamic website [7-8]. In python language, a third-party module is used 
to process the content of the webpage, and then the format of JSON data is analyzed. At the same time, the Timer class 
is used to periodically update the captured webpage data. The Python crawler crawls the dynamic data of the COVID-19 
pandemic updated on its web page. The paper selects the cumulative data of the worldwide pandemic and that of data in 
China.

Table 1. The field name and annotation of the used data in China

Field Name Annotation

date Date

province_code Chinese province code

province_name Province (city/autonomous region/special administrative region) name

today_newly Cases-newly reported in last 24 hours

today_healed Cases-newly healed in last 24 hours

today_deaths Cases-newly deaths in last 24 hours

month_newly Cases-newly reported in one month

total_confirm Cases-a cumulative total

total_healed Healed-a cumulative total

total_deaths Deaths-a cumulative total

total_newly Newly Reported Cases-a cumulative total

Table 2. The field name and annotation of the used data in the worldwide

Field Name Annotation

date Date 

month_newly Cases-newly reported in one month

total_deaths Deaths-a cumulative total

total_healed Healed-a cumulative total

total_confirm Cases-a cumulative total

In the data preprocessing, the missing value is deleted and a series of pandemic-related data such as confirm, heal, 
dead, and severe is selected. To better observe the distribution of the pandemic status, the article uses the province 
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code of each province to classify the pandemic status of each region (province, city, autonomous region, and special 
administrative region) and province name in China. For the crawled pandemic data, this article selects the data of 
today_newly, today_healed, today_deaths, total_confirm, total_healed, total_deaths, total_newly, and month_newly. The 
field name and annotation of the used data in China are listed in Table 1. In order to study the overall dynamics of the 
COVID-19 pandemic, this article also crawled the worldwide pandemic data. After deleting the missing value, it is to 
analyze and predict the worldwide pandemic data. Using a python crawler to crawl the data, it facilitates data collection 
to a large extent. These collected data are date, month_newly, total_deaths, total_healed, and total_confirm. The field 
name and annotation of the used data worldwide are shown in Table 2.

3. Data visualization
The visual analysis of major event data can achieve the effects of intuitive expression and the exchange of 

ideas. Since the outbreak of the COVID-19 pandemic, a lot of work has been done on the visualization of COVID-19 
pandemic data. It is to enhance persuasiveness, which is more helpful to discover hidden events and trends [9]. Based 
on the collected pandemic data, with the help of visualization tools, the data of worldwide and China are presented in a 
graphical form. From the beginning of the COVID-19 pandemic on January 1, 2020, to October 3, 2021, it is to explore 
the characteristics, development, and evolution of pandemic data. Since the outbreak of the pandemic, the number of 
cumulative global cases has continued to grow rapidly. The number of new cases per day has increased in stages, and 
the overall situation is not optimistic as shown in Figure 1. As of August 29, 2021, the global healed rate of COVID-19 
cases is about 76.39%, and the deaths rate is about 1.85%. The current healed rate is maintained at a good level, and the 
deaths rate is low, but there are still about 21.76% of confirmed cases, and the burden of the pandemic is heavy.
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Figure 1. Global development trend of COVID-19

Among the cumulative global cases, the number of confirmed cases in the United States and India topped the list, 
accounting for 33.28% of the total number of confirmed cases in the world. China’s pandemic prevention and control 
have achieved remarkable results, and the overall situation is relatively optimistic. Therefore, the follow-up study 
focuses on the comparison of the development situation of the pandemic situation in the United States, India, and China. 
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As shown in Figure 2, the early stage of the pandemic was dominated by the pandemic in China. During this period, 
the number of confirmed cases in China increased significantly, reaching the highest number of newly confirmed cases 
in February. In the face of the sudden pandemic, the Chinese government quickly introduced a series of prevention and 
control policies such as restrictions on travel, implementation of lockdowns, and consolidation of the medical system to 
effectively block the spread of the pandemic, normalize the prevention and control of the national pandemic, and then 
gradually stabilize. The whole domestic area is in a sporadic outbreak state, and imported cases have been controlled 
basically. The cumulative cases in China have been basically at a level, and the development trend of the pandemic is 
developing in a good direction. Obvious results have been achieved in prevention and control. In contrast, the pandemic 
in the United States and India spread rapidly and the situation gradually deteriorated. After surpassing China for the first 
time in late March and May respectively, the cumulative number of confirmed cases in the two countries has continued 
to increase substantially, and the cumulative number of confirmed cases far exceeds that of China. The pandemic 
situation is gradually deteriorating [10]. Among them, the number of newly diagnosed cases in the United States in 
a single month can reach up to 228 thousand, and the peak of newly confirmed cases in India in a single month can 
even reach 386 thousand, which is about a hundred times the peak of new cases in China in a single month. With the 
advancement of pandemic prevention and control work in the later period, the severe situation has eased. However, due 
to the pandemic of COVID-19 mutations and the imbalance of vaccine supply, the COVID-19 pandemic in the United 
States and India still faces complex and severe challenges.
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Figure 2. The COVID-19 development trend of China, India, and the USA
Noted: (a) is the cumulative total cases;
            (b) is the cumulative total healed cases;
            (c) is the cumulative total deaths;
            (d) is the monthly new reported cases.

In the map of confirmed pandemic cases in all provinces (except Taiwan Province) in China as shown in Figure 3. 
The cumulative total confirmed cases in Hubei Province is quite different from that of other provinces. To better observe 
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the trend of data changes in other provinces, Hubei Province is extracted separately. It can be seen from Figure 3(a) that 
Hubei Province is the most serious pandemic in China. The cumulative total confirmed cases is 68,298, far exceeding 
other provinces, followed by Guangdong, Heilongjiang, and Shanghai Provinces. Observing from Figure 3(b), it can 
be concluded that the current pandemic prevention and control trends in various provinces are relatively good, and 
the current confirmed cases are within the three-digit range. Due to the pressure of overseas imports and the impact 
of population movements, there have been sporadic outbreaks in some areas. Fujian is the most serious, followed by 
Yunnan and Heilongjiang Provinces.

total_confirm total_newly Heilongjiang
total_newly: 83

Fujian
total_newly: 281

Yunnan
total_newly: 214Hubei

68,298

1 012,226

(a) (b)

281

Figure 3. The confirmed cases of COVID-19 in China
Note: (a) is the cumulative total confirmed cases
          (b) is the cumulative total newly reported cases

Observing the statistical data of new cases in China as shown in Figure 4, it can be roughly divided into three 
stages, which are the initial outbreak stage, the control stage, and the closing stage. At the initial stage of the outbreak, 
the cases were mainly from Hubei Province, with Wuhan city being the most serious. No similar cases or low-risk cases 
have been found in other areas, but there is a trend of spreading at this time. Affected by the large-scale population 
movement during the Chinese Lunar New Year, the pandemic has spread across the country. The number of newly 
reported cases nationwide continues to rise, reaching a peak on February 12, 2020, with 15,159 newly reported cases, 
the medical burden is too heavy and the pandemic situation is not optimistic. During the pandemic control stage, as the 
pandemic prevention and control measures continued to deepen, the number of newly reported cases per day gradually 
decreased, and it had gradually stabilized by March. At the sametime, the number of newly healed cases on a single day 
continues to increase up to 3,605 cases. Obvious results have been achieved in pandemic prevention and control. At 
the end of the pandemic, pandemic prevention and control across the country have become normalized with sporadic 
outbreaks in some areas. Due to the less optimistic situation of the pandemic situation overseas, the mutation of 
COVID-19 is complicated and the pressure on the imported cases is gradually increasing. At this stage, the main focus is 
on the prevention and control of overseas imports. Although the pandemic has broken out in some parts of the country, 
the situation can be quickly controlled.
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Figure 4. China’s COVID-19 development trend
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Figure 5. The COVID-19 development trend of Heilongjiang, Yunnan, and Fujian

In this article, the authors also focus on the pandemics in Fujian, Yunnan, and Heilongjiang Provinces in the past 
10 months in China. Observing the changes in the pandemic case data in these three provinces, as shown in Figure 5, 
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the overall pandemic prevention and control situation is good. Judging from the number of new cases, in early 2021, 
the outbreak in Heilongjiang Province rebounded strongly, while only sporadic outbreaks occurred in the other two 
provinces. After about two consecutive months, the pandemic situation in the three provinces was in a state of easing. 
In the later period, affected by the sudden change of COVID-19 and the pressure of overseas import, certain areas of 
Yunnan and Fujian began to experience a certain scale of pandemic rebound. At this time, the risk of the pandemic in 
Heilongjiang Province is relatively small. In terms of the number of newly healed cases, the number of healed cases 
in the three provinces is almost the same as the number of reported cases, indicating that the confirmed patients have 
received effective treatment and the overall medical burden is relatively small.

4. Data analytics and simulation results
Some useful methods have been proposed to deal with data classification and prediction [11-14]. The decision tree 

is one of the most useful methods and has been widely used in the field of medical disease prediction [15]. It is a tree 
structure composed of internal nodes, branches, and leaves. The decision tree algorithm can be used for regression, in 
which the decision tree uses the squared difference minimization criterion to perform feature selection to generate a 
binary tree. It. The decision tree is used when the target variable is continuous. Assuming that X and Y are input and 
output variables respectively, and Y is continuous, the given data is T = {(x1, y1), (x2, y2) ... (xn, yn)}. A decision tree is 
generated according to the training data set T. The generation criterion according to the decision tree is based on the 
square difference minimization criterion, that is, the prediction error is minimized. Find the dividing point, use this point 
as the dividing line to divide the training set T into two subsets T1 and T2, and minimize the square difference between 
the data sets T1 and T2. Then find similar demarcation points in T1 and T2, and continue to process until the termination 
condition is met [16-18]. Letting a leaf is labeled as class for the decision tree T. The information gain (IG) is shown as 
follows [18-20]:
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where Info(T) is the average amount of information needed to identify the class of instances in T, Info(T) is the expected 
information value for attribute X to the partition T, |T | is the number of cases in T, freq(Ti, T ) is the number of cases 
included in T, n is the number of outputs for attribute X, Ti is a subset of T corresponding to the ith output, and |Tj| is the 
number of instances in Tj. 

Based on the pandemic data collected by the crawler, it is to build a decision tree to obtain the development trend 
of the COVID-19 pandemic. Based on the current severe development of the pandemic situation in the worldwide and 
Fujian Province of China, the analysis of worldwide and Fujian Province is mainly carried out. 

4.1 The data analytics of worldwide pandemic

Taking the number of newly reported cases per day (today_newly) as the output variable, and the rest as input 
variables for a worldwide pandemic. Up to August 29, 2021, the cases of total_deaths is 4,504,961 and total_confirm is 
216,512,035. The rate of total_deaths is defined as = cases of total_deaths/4504961 × 100%, and the rate of total_newly 
is defined as = cases of today_newly/216512035 × 100%. The rules of the decision tree are obtained as follows:

Rule 1: If 83% ≤ rate of total_deaths < 89%, 
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             rate of today_newly = 0.17%;

Rule 2: If 89% ≤ rate of total_deaths < 90%,
             rate of today_newly = 0.203%;

Rule 3: If 93% ≤ rate of total_deaths < 96%,
             rate of today_newly = 0.26%;

Rule 4: If 96% ≤ rate of total_deaths < 97%,
             rate today_newly = 0.339%.

From the rules of the decision tree, the variable of cumulative total deaths (total_deaths) has the greatest impact on 
the newly reported cases (today_newly) worldwide. When the rate of total_deaths is between 83% and 97%, the more of 
the rate of total_deaths and the more of the rate of today_newly. 

4.2 The data analytics of Fujian pandemic

Taking the number of newly reported cases per day (today_newly) as the output variable, and the rest as input 
variables for the Fujian pandemic. Up to October 4, 2021, the cases of total_deaths is 1 and total_confirm is 1,287. The 
rate of today_newly is defined as = cases of today_newly/1287 × 100%. The rules of the decision tree are obtained as 
follows:

Rule 1: If rate of total_confirm < 63.2%,
             rate of today_newly = 0.12%;

Rule 2: If 63.2% ≤ rate of total_confirm < 67.2%,
             rate of today_newly = 1.79%;

Rule 3: If 68.2% ≤ rate of total_confirm < 84%,
             rate of today_newly = 4.27%.

From the rules of the decision tree, the total_confirm has the greatest impact on today_newly in Fujian Province, 
China. When the rate of total_confirm is between 63.2% and 84%, the more of the rate of total_confirm, the more of the 
rate of today_newly. 

5. Conclusions
Based on the pandemic-related data collected by the web crawler technology, this paper conducts a data 

visualization and analytics of pandemic situations in worldwide and China. The decision tree for the current 
development situation of Fujian and the worldwide are constructed for decision-makers. From the rules of the decision 
tree worldwide, the variable of cumulative total deaths has the greatest impact on the newly reported cases. When the 
rate of total_deaths is between 83% and 97%, the more of the rate of total_deaths, the more of the rate of today_newly. 
For Fujian Province, the case of total_deaths is only one person, and the total_confirm has the greatest impact on the 
today_newly. However, it is similar to worldwide situation. When the rate of total_confirm is between 63.2% and 84%, 
the more of the rate of total_confirm, the more of the rate of today_newly.

The risk of a rebound in some areas due to uncertain factors such as the imported cases and the mutation of 
COVID-19 virus still exists. It is recommended to maintain the necessary pandemic prevention and control measures 
and strengthen the control of imported personnel. With the implementation of pandemic prevention and control 
measures and vaccination work in various countries around the world, the COVID-19 pandemic in most countries has 
been alleviated. However, due to the prevalence of mutation COVID-19 and the uneven supply of vaccines, the global 
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COVID-19 pandemic still faces complex and severe challenges. It needs to adjust prevention and control measures in a 
timely and dynamic manner in response to the new characteristics of the mutation of COVID-19.
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