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Abstract 

The Novel Coronavirus 2019 is a crucial issue that has been a major global concern over 
the recent months. Visualizing its current situation and predicting its future 
development is beneficial for people to accurately recognize the circumstance and to 
take effective measures accordingly. This work uses novel charts to visualize Covid-19 
on the global scale and continental scale with correlation analysis among and spread 
analysis. K-means clustering is also applied to group countries by number of infections 
and linking them with the countries’ unique policies in combating the virus. An 
innovative method to predict the short evolution future of the virus is provided using a 
regression with Leaky ReLu. Shelford’s law of tolerance is referred to and compared with. 
The visualization suggests that North America has the greatest number of confirmed 
cases, and the situation is worsening over time. A positive relation between the numbers 
for confirmed, deaths, and recovered cases is observed. The approximate burst time and 
spread route of the virus in different continents can also be derived. The country policy 
analysis compares the measures taken by various countries around the world with its 
results and concludes that more rigorous measures are generally more effective at 
controlling the spread of the virus. The future evolution trend of the virus is dependent 
on the behaviors of people is implied from the prediction analysis. This work aims to 
help people gain a better understanding of the current situation and the future evolution 
of Covid-19 as well as providing insights for improving measures adopted by countries 
in combating the virus. 
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1. Introduction 

1.1 Our work 

This work uses the up-to-date Novel Coronavirus 2019 data [1] to create an analysis through Python. 

The analysis is made in the form of visualization and prediction. In total there are three sets of data: 

global time series data of confirmed, recovered, and deaths numbers, each consisting of five attributes. 

In the visualization part, the analysis was made both on the continental scale and for a few specific 

countries combined with their government’s policy in fighting against this epidemic. While in the 

prediction part, only the results of each continent are studied separately. 

The main libraries applied in the visualization part are Pyecharts, Plotly and Matplotlib. Pyecharts is 

top notch at making various types of visualizations and Plotly is widely used to make interactive 

graphs. Matplotlib is used to perform K-means clustering. In the prediction part, the Leaky ReLu 

model of Keras is applied for the global spread prediction.  
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1.2 Data Preprocessing  

The data of this work consists of csv files which provide very comprehensive oversight on the Covid-

19 situation, with time series data tracking daily updates on Confirmed Cases, Deaths, and Recovered 

Cases, all of which are marked with their respective countries, continents, and latitude and longitude 

values. Because of how encompassing and well organized the data is, it is able to provide a solid basis 

for performing analyses and for making use of the daily update statistics in the visualizations.  

This work uses the pycountry_convert library, which provided some conversion functions, and some 

of the countries in the data were renamed afterwards in order to fit into the format required. This work 

organized the data into countries and continents, and removed the unnecessary latitude and longitude 

values to complete the data preprocessing. 

2. Visualization 

2.1 Overview 

The visualization component began by displaying the overview statistics of worldwide coronavirus 

cases. This was demonstrated through a global heatmap that was created using the Plotly library. It 

follows a red color scheme and indicates the severity of the coronavirus(determined based on total 

confirmed cases in a country) using shades and tints. The heatmap format allows for comparisons 

between countries to be easily observed and for viewers to quickly discern between regions that are 

impacted more and less by the coronavirus. Through the visualization, it can be seen that the United 

States and Brazil are among the countries with the highest confirmed cases.  

 

 

Figure 1. Heatmap of confirmed cases worldwide 

 

This work continued by categorizing the visualization by continent. The library used to create this 

diagram is Pyecharts. A stacked area polar chart was chosen as it can display the confirmed cases, 

recovered cases, and deaths all together while ensuring that comparisons can be easily made between 

the various continents. Another benefit of this diagram is that the ratio of the three aforementioned 

values for each continent can be perceived through this setup. Due to the large disparity between the 

number of deaths and the number of confirmed cases for each continent and how they follow the same 

y-axis, the sector representing deaths is very small and barely visible for each continent. In the chart, 

it can be observed that the values for Australia and Others are significantly lower than the other 

continents with its total confirmed cases being even lower than the recovered cases of other continents 

such as Asia and Europe. This is illustrated in Figure 2. 
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Figure 2. Polar chart of confirmed cases, recovered cases, and deaths by continent 

 

2.2 Correlation analysis 

A 3D scatter plot is used to demonstrate the correlation between the total numbers of confirmed, 

recovered and deaths. Pyecharts is the main library used to draw this graph. Each point represents the 

total number of confirmed, recovered and death cases in that continent. Due to the relative low 

numbers of total cases in Australia and others, their locations on the plot are approximately around 

zero. As seen through the representations of North America, Asia, South America and Europe, there 

is always a positive correlation between any two of the three variables, and these continents are 

relatively high in all three values.  

 

Figure 3. 3D scatter plot of the total number of confirmed, recovered and death cases in each 

continent 

 

2.3 Spread analysis 

The spread analysis is made using Plotly to visualize the spread progression of the coronavirus on the 

world map as well as create a 2D scatter plot of the change in death rates and confirmed cases in each 

continent. Both of which are interactive graphs that the time-line can be dragged to view the spread 

progression of confirmed cases and death rates in each continent. Figure 4 and Figure 5 illustrate the 
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situation up to July 8, 2020. From Figure 4, the outbreak sites in different time periods and the 

approximate spread route of the virus globally can be observed.  

 

Figure 4. Progression of spread of the Novel Coronavirus 2019 on world map 

 

Figure 5 illustrates the results of tracking confirmed cases and death rates in each country and 

classified by different continents. The result implies the spread trend in different continents and 

through the comparisons of which, the distribution range of death rates and confirmed cases for each 

continent are perceivable. Also, seen from the graph below, there is a positive linear relation between 

confirmed cases and death rate. 

 

Figure 5. 2D scatter plot of change in death rates and confirmed cases in each continent 

 

Pyecharts is used to make the following stacked area curve(Figure 6) and line plot(Figure 7). The 

stacked area curve demonstrates the change in total confirmed cases in each continent over time. 

Since the number of total confirmed cases in Australia and Others are insignificant compared to the 

remaining continents, their growth line is close to the horizontal axis. Rest of the continents all have 

an upward trend, among which North America, Asia and South America are increasing more rapidly 
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while Europe and Africa increase smoothly. Over time, the growth rate is slowing down for Europe 

and Africa. However, for North America, Asia and South America, the total confirmed cases are 

rising at an increasing speed. The difference in total confirmed cases among continents is becoming 

larger and larger as time goes by. Furthermore, it can be observed that on average, the outbreak of 

the virus started in April and evolved into a serious global issue afterwards. 

 

 

Figure 6. Stacked area curve of change in confirmed cases in each continent 

 

The daily new confirmed numbers are calculated in order to illustrate the increase more directly and 

concretely. 

𝑫𝒂𝒊𝒍𝒚 𝒏𝒆𝒘 𝒄𝒐𝒏𝒇𝒊𝒓𝒎𝒆𝒅 𝒄𝒂𝒔𝒆𝒔𝒕 = 𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒏𝒇𝒊𝒓𝒎𝒆𝒅 𝒄𝒂𝒔𝒆𝒔𝒕 − 𝑻𝒐𝒕𝒂𝒍 𝒄𝒐𝒏𝒇𝒊𝒓𝒎𝒆𝒅 𝒄𝒂𝒔𝒆𝒔𝒕−𝟏              (𝟏) 

The following line plot (Figure 7) shows the change in daily new confirmed cases in each continent. 

From which it can be seen that North America, Asia, and South America have a similar trend, where 

the daily new confirmed cases are quite volatile but still in a rising trend. Europe and Africa have a 

similar trend, which moves more steadily. Under this comparison, Figure 7 indicates that the daily 

new confirmed cases in North America, Asia and South America are still increasing sharply, while 

the daily new confirmed cases in Europe and Africa increase less dramatically.  

 

 

Figure 7. Line plot of change in daily new confirmed cases in each continent 
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The above analysis induces that in the early period of the epidemic, from January to March, the virus 

broke out in Asia initially. In April, the virus began to ravage the entire world. Currently, the situation 

is improving in Europe and Africa while it is worsening in North America, Asia and South America. 

Among those, North America is experiencing the worst impact. 

2.4 Case study: specific country analysis based on their policies 

To gain a better understanding of the present situation in each country, K-means clustering is applied 

to group each country based on their respective confirmed and death cases. Given that the USA and 

Brazil have much more confirmed and death cases compared to other countries, they are in a cluster 

separate from all other countries. India and Russia also have noticeably high numbers and belong to 

one cluster. What leads to the significant difference in cases between countries is closely related to 

their established government policies to combat the virus.  

 

Figure 8. K-means Clustering of confirmed and deaths cases in each country 

 

2.4.1 The USA and China 

 

Figure 9. Protesters gather for the “Unmask Us” protest in Scottsdale, USA [4] 
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China is the country with the earliest outbreak of the virus. However, up to July 2020, China is in the 

cluster of colour red with relatively low numbers of confirmed and death cases, while the USA is in 

the green cluster with the highest numbers of both confirmed cases and deaths in the world. This large 

disparity results from their varied responses to the virus. First, in the early stage of the epidemic, 

China decisively took measures to close down the cities, which, to a certain extent, curbed the 

outbreak of the virus in China. However, the USA did not make the greatest use of the best epidemic 

prevention period by learning from the experience of China. When they started to take action later, 

the situation had spread to an extent that was very difficult to contain. Second, during the epidemic, 

Chinese people resolutely carried out the virus prevention work by following the government’s appeal 

to wear masks and not gathering together. [2] On the contrary, many Americans do not wear masks, 

as many believe that wearing masks hinders their right to breathe freely. Also, they do not consider 

wearing masks to be necessary and helpful in preventing the spread of the virus. Third, many 

Americans were initially unsupportive of the home quarantine order. The U.S. government is largely 

at fault for the situation as it does not recognize the severity of the epidemic and advocate enough to 

its citizens. [3] 

2.4.2 France and Spain 

From Figure 8, France and Spain are in the same cluster, marked by the colour orange. Both countries 

have strict policies that restrict the citizens to stay at home as much as possible. Spain was once one 

of the countries most affected by the virus. At the peak of the crisis, Spain reported nearly 10,000 

newly confirmed cases in one day. Since then, the country, guided by strong surveillance, testing, 

contact tracing, treatment and isolation, has made considerable efforts to curb transmission. The shift 

resulted from the strong determination of the Spanish public to comply with tight restrictions, 

including blockades, physical distance and other important measures to control transmission. 

Together, these efforts have successfully changed the direction of the epidemic in the country. [5]  

2.4.3 Other countries 

According to the latest data, the USA, Brazil, India and Russia accounted for over 50% of the total 

confirmed cases globally (up to the end of July 2020). [6] Passive and layback policy is the main 

reason for the surge of confirmed cases in recent time periods. Rigorous policies should be enforced 

accordingly in order to prevent the situation from getting worse. 

3. Global trend prediction  

Predictions are made based on past data and events. All the information about the spread of the virus 

is concluded and a pattern is found, where the change of the spread in the short future constructed 

from  past and current data can be inferred, however the outcome that results from data that will be 

generated in the future cannot be provided. 

Based on the data obtained from Github, the trends are able to be analyzed on global scale and 

continental scale. This prediction is only based on the current spread trend, and since no other factor 

is included, this trend may be quite different from reality. Also, the testing capacity will become the 

limiting factor, so it may affect the actual figure a lot. This is to estimate the possible values that 

could be reached with the consideration of any measures taken by different countries to control the 

spread. The Artificial Neural Network is applied to construct the prediction model. Leaky Rectified 

Linear Unit (Leaky ReLu) is chosen as the activation function, which has the mathematical formula 

of the form: 

𝑓(𝑥) = 𝑥+ = 𝑚𝑎𝑥 (0, 𝑥)                                                        (2) 

 

Leaky ReLu is a preferred activation function that looks and acts like a linear function, however is 

indeed a nonlinear function allowing complex relationships in the data to be learned. It provides more 

sensitivity to the activation sum input and avoids easy saturation as well. [7]  
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From Figure 10, the slope of the line is decreasing, which means that as time goes by, the growth 

rate will become approximately zero as expected. From Figure 11, the prediction model using the 

Leaky ReLu shows an exponential trend. Comparing it with Shelford’s law of tolerance, as shown in 

Figure 12, which states that an organism's success is based on a complex set of conditions and that 

each organism has a certain minimum, maximum, and optimum environmental factor or combination 

of factors that determine success [8], the future evolution pattern can be approximately predicted. 

Though a virus cannot be considered as an organism, the Shelford’s law of tolerance could be a decent 

reference. 

 

Figure 10. Spread trend of Covid-19 in different continents 

 

 

Figure 11. Prediction model of confirmed cases for Covid-19 
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From Figure 12, the first part of the curve in the optimal zone is quite similar to the exponential trend 

we have in the spread of the virus and this part represents the burst time throughout the world. The 

growth rate is relatively high during that time. After the critical point, which is the highest point in 

the curve, the spread will have two patterns. The first pattern is staying at the highest level as the red 

line shows, which means that the virus will still exist and won't be exterminated. In this case, people 

retain their normal lifestyles and take no actions in combating the virus. The second pattern is that 

the curve is decreasing and going to the stress zone, which means people are washing their hands, 

wearing masks and keeping social distance. Under this circumstance, the virus will come into the 

stress zone, the population of which will decrease into a low quantity. However, the virus cannot step 

into the intolerance zone because of two reasons. First, the vaccine hasn't come up so the virus cannot 

be totally exterminated. Second, the government of each country's own strategy will also affect the 

trend of the spread.  

 

Figure 12. Shelford’s law of tolerance [9] 

 

Strategies of each country and their own situation also affect the spread of the virus. Take India as 

the first example. According to some research, India has issues in controlling the spread of the virus. 

The number of confirmed cases reported by India is quite small and the world is misled by this number. 

In fact, India has many hiding cases. Only their upper level classes can have the opportunity to get 

tested for the virus. For the poor, they are not able to protect themselves as their government does not 

have the ability to offer enough medical care for them.[10] Let England be the second example. The 

British government essentially allowed all their citizens to get infected and announced that all of them 

would be immune to this virus after being infected, also known as herd immunity. [11] This policy 

has resulted in high infection numbers. Other countries have attempted to curb the spread of the virus 

and keep infection cases as low as possible. For instance, the Chinese government has come up with 

some policies to help their citizens survive under this virus. People are asked to stay at home and 

keep social distance. Also, they are advised to wash hands frequently and wear masks when going 

outside. The strict enforcement of these policies has resulted in a relatively low amount of cases in 

the country. 

4. Conclusion 

This work studies the Novel Coronavirus 2019 through the analysis of visualization and prediction. 

The visualization provides a global overview of Covid-19, a correlation analysis, a spread analysis, 

as well as a discussion of the specific policies of various countries in combating the virus. The 

visualization provides a clear demonstration of the current situation of Covid-19 and its impact on 

people’s life. In the prediction part, with the application of the Leaky ReLu, the future spread trend 

of the virus is predicted. Also, compared with the Shelford’s law of tolerance, the future evolution 

pattern of this epidemic has been analyzed. Seen from the visualization, North America has the 

greatest confirmed cases and the situation of which is getting worse. A positive relation between the 

numbers for confirmed, deaths, and recovered cases is observed. The approximate burst time and 
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spread route of the virus in different continents can also be derived. Concluded from the countries’ 

policy analysis, for several countries in severe epidemic, more rigorous measures should be enforced 

in order to prevent the situation from getting worse. From the prediction, the future evolution trend 

of the virus depends on the behaviors of people. This work aims to help people gain a better 

understanding of the current situation and the future development of Covid-19 as well as providing 

insights for improving measures adopted by countries in combating the virus. Later studies may 

include the latest measures undertaken by countries and learn the future evolution pattern of the 

epidemic by constructing more advanced models, rather than the method derived in this work 

(comparing with the Shelford’s law of tolerance) [12]. Various regression models should be tested in 

order to discover the best fit. For instance, Random Forest Regression [13], Bayesian Ridge 

Regression [14] and Logistic curve [15]. 
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