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Abstract

COVID-19 is an infectious disease that has been affecting millions of people across nations, leading to a pandemic. We

study the impact of climatic conditions, fiscal and developmental indices, population parameters and environmental
conditions of a country on COVID-19 spread. Using JHU CSSE COVID-19 time-series dataset, we find that while the

north temperate zone shows the highest increase in confirmed cases and deaths, the tropical zone has shown the highest

recovery rate. The polar zone is negligibly affected by the virus. The correlation between number of cases and gross

domestic product is 0.91. The Cases Per Population (CPP) and the country’s human development index show an

unexpected positive correlation of 0.73. There is a negligible correlation of -0.11 between population density and the total

cases. The correlation between urban population percent and CPP is 0.58. A weak correlation of 0.23 is obtained between

urban particulate matter and total cases.

Keywords: COVID-19, zones, gross domestic product, human development index, population density, urban population

percent, particulate matter, regression, correlation

1. Introduction

The COVID-19 pandemic is the defining global health
crisis of our time and the greatest challenge we have faced
since World War Two. Since its emergence in December
2019 in Asia, it has led to a dramatic loss of human life
worldwide and presents an unprecedented challenge to
public health, food systems and the world of work. This
paper presents an exploratory data analysis conducted to
find the effect of various factors such as a country’s
climatic zone, its Gross Domestic Product (GDP),
population parameters, its Human Development Index
(HDI) and pollution (particulate matter in the air) on their
rising COVID-19 cases.

The following definitions will be helpful in understanding
our paper better. The Earth has three main climatic zones:

tropical, temperate and polar zones. We classify the

countries based on their latitudes into six different climatic
zones, as given in Table 1. Gross Domestic Product (GDP)
is the total monetary value of all the goods and services
produced within the country in a year. We use the GDP
value for the year 2019 as it would explain the country's
economic state before the pandemic started. The Human
Development index is a measure of the three important
aspects required for human development: a long and
healthy life, access to education and a decent standard of
living [1]. Population density is the number of people per
unit area in a region [2]. Urban population percent is the
percentage of people living in urban areas out of the total
population in a country. Particulate matter 2.5 (PM2.5)
refers to tiny particles or droplets in the air that are two
and one half microns or less in width. Exposure to high
concentration of PM2.5 for a long period can be dangerous

to a person’s life. Here we use the PM2.5 % present in the
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air quality for the year 2016 as no other recent dataset of
all countries is available.

In our paper we have determined how the total number of
COVID-19 cases worldwide vary by climatic zones. The
countries have been split into six different climatic zones

based on their latitudes as shown in Table 1 and Figure 1:

Table 1 shows zones and their latitudes

Climatic zone Latitude

north temperate  zone | 30° N to 66.5° N
(NTE)
south temperate zone | 30°St0 66.5° S
(STE)
north subtropical zone | 23.5° N to 30° N
(NST)
south subtropical zone | 23.5° Sto 30° S
(SST)

tropical zone (TZ)

235°Nto23.5°S

66.5° N to 90° N and
66.5° S t0 90° S

polar zone (PZ)

Subtropical zone

emperate zone

66.5° S e ——— -
. _ Polar zone
90°s

Figure 1 shows classification of zones

To get a better understanding of how all the external

factors are related to the total number of COVID-19 cases,

the most contributing countries alone were taken into
consideration. These countries had their total cases above
the average COVID-19 cases.

e The study demonstrates how the Gross Domestic
Product (GDP) of each country is dependent on their
total number of cases.

e The relation between total number of cases and
population parameters country-wise was obtained.

e An analysis of how the particulate matter in the air of
each country affects the spread of the virus was
performed.

e We also analysed how the Human Development Index
(HDI) affects the total number of cases per population

in each country.

2. Literature Review

Malay Pramanik[3] studied the impact of climate on
COVID-19 transmission over 228 cities around the world.
Climatic factors average temperature, diurnal temperature
change, and relative humidity were negatively associated
whereas  temperature  seasonality —was  positively
associated with the total number of cases. Through
analysis they were able to observe the following as shown
in Table 2:

Table 2 show zones and their significant climatic
contributors

Zone Significant climatic con@riputors of
COVID-19 transmission

temperate average temperature  (42.9%),
average relative humidity (25.9%)

tropical mean diurnal range (52.2%) and
temperature seasonality (30.8%)

subtropical average temperature (61.7%) and
relative humidity (17.5%)

Miguel B.Araujo [4] performed an analysis on the spread
of COVID-19, and how it is constrained by climatic
factors. They noted that the virus thrives in cool and dry
conditions and detests extremely cold and very hot and wet

conditions.

Priyanka Bajaj et.al [5] studied the SARS-CoV2 evolution
in response to different latitudes and climatic conditions
(Koppen’s climate). When plotting per million active cases
with respect to climatic zones, they got the results as seen
in Table 3:

Table 3 shows zones and their percentage of per million
active cases

Zone P_er_centag_e of per
million active cases
NTZ (30°N-66.5°N) 81%
NSTZ (23.5°N-30°N) 4%
TZ (23.5°N-23.5°S) 14%
STZ (30°S-66.6°S) 1%
Others <0.5%

The two strains of the virus are G1 and G2. G1 strain
favours Koppen’s C climate, while G2 evolved to

overcome the climatic constraints of G1 and is able to
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survive in Koppen’s D and A climate. As a result, SARS-

CoV2 was able to spread to a large extent.

ArunavaBhadra et. al [6] found a moderate association
between Covid-19 spread and population density after a
detailed correlation and regression analysis of infection
and mortality rates due to Covid-19 at the district level in

India.

KushanTharukaLulbaddaet. al [7] explored the
association between the spread of COVID-19 of 58
different countries and the temperature, population size,
and median age and found that they are positively
associated with the spreading rate of COVID-19. There is
no evidence supporting that case counts of COVID-19
could decline in countries with better health care

facilities.

DimitarValev[8] studied the relation between total
COVID-19 cases and deaths per million populations with
10 demographic, economic and social indicators in 45
countries. Out of these 10 indicators, those of interest to

us are:

1. Population Density

2. Human Development Index

3. GDP PPP per capita

The resulted obtained when the above indicators were

analysed with Log cases are shown in Table 4:

Table 4 shows Indicator and their corresponding

correlation coefficient

) Correlation
Indicator N
coefficient
Human Development | 0.724
Index

Log GDP PPP per capita 0.687

Population Density No statistically
significant

correlation

Taking data from WHO reports, ZaherKhazaei et.al.[9]
examined the relationship between the incidence rate of
the disease and its relation to HDI in different countries.
They obtained a significant positive correlation between
the incidence of COVID-19 cases per million population
and the HDI in the world (r = 0.470, P < 0.0001).

3. Datasets Used in this Study

The John Hopkins University’s repository for the 2019
Novel Coronavirus Visual Dashboard is used to obtain
the time series dataset[10]. We extract the country/region,
their respective latitudes, and the number of confirmed
and death cases from January 22nd 2020 to March 28th
2021. The data for the recovered cases is taken from the
same from January 22nd 2020 until December 14th 2020
as there are multiple missing values present in the time
series recovered data set. Confirmed cases, recovered
cases and deaths due to COVID-19 country-wise are
visualised in Figure 2, 3 and 4. Heat map of confirmed
cases on 22/01/20 and 02/07/20 can be seen in Figure 5

and 6, respectively as well.
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Figure 2 shows confirmed cases country-wise
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Figure 3 shows recovered cases country-wise

Covid 19 Recovered Cases per Country

Figure 4 shows death cases country-wise
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Figure 6 shows the heap map of cases on 2nd June 2020

The Gross Density Product (GDP) dataset is taken from
the World Bank [11]. Extracting only the country name
and their GDP for the year 2019, the data is preprocessed
by dropping unwanted columns and changing a few
country names to match those present in the cases dataset.
GDP of various countries can be seen in Figure 7 and its

heat map can be visualized in Figure 8.

GOP (in millions}
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Figure 7 shows country-wise GDP

Figure 8 shows the heat of country-wise GDP

The 2020 Population density World Bank dataset [12] is
used for calculating the relationship of the various
population parameters to the total COVID-19 cases. Heat
map and population country-wise can be seen in Figure 9
and 10 respectively. The population density, total
population and the urban population percentage fields are
utilized and the total cases per population for each
country is found by dividing the total cases of that

country by their population in the year 2020. The urban
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population percent data is later right-stripped to remove
the ‘%’ sign and the string variables are converted into

integers.

Figure 9 shows the heat map of population country-wise

Uil | | I T R Y O ..|.. | A | . .||.|.‘.

Figure 10 shows country-wise population

The data for the concentrations of fine particulate matter
PM2.5 was obtained from the World Health Organization
for the year 2016. The data was pre-processed by taking
the average of the upper and lower limits and calculated
for each country. Below in Figure 11 we observe the air

quality of the various countries.

Figure 11 shows PM2.5 of each country

Human Development Index (HDI) value ranges from a
scale of 0-1. Higher the value, the better the country in its
overall key dimensions which include: a long and healthy
life, access to education and a decent standard of living.
The scores for the three HDI dimension indices are then
aggregated into a composite index using geometric
mean.The HDI dataset is obtained from United Nations
Development Programme, Human Development Reports
for the year 2019[13]. Each country’s HDI is visualised in
Figure 12. This dataset is then preprocessed by left-
stripping the space in the Country column and renaming a
few countries to merge with other datasets, to study the

relation between HDI and cases per population.

Figure 12 shows HDI of each country

The existing data is further filtered by taking only the
major contributing countries which have their total cases
above the average cases of the whole world. This list of

countries is shown in Figure 13.
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Figure 13 shows the most contributing countries

After obtaining these datasets and preprocessing them,
they are used for several analyses and their results can be

observed under Experimental Results.

Correlation and Regression Analysis - The Experimental
Study

In our paper we have employed correlation and regression
to analyse the dependence of the various external factors

to the increasing COVID-19 cases worldwide.

Correlation : The correlation coefficient is determined by
dividing the covariance by the product of the standard

deviations of the two variables [14] as given in (1).

Cov (xy)

Pry = 1)

OxOy

where,

Xy = Pearson product-moment correlation coefficient

Cov(x,y) = covariance of variables x and y

X = standard deviation of x

y = standard deviation of y

Standard deviation is a measure of the dispersion of data
from its mean and covariance is a measure of how two
random variables change together. By dividing
covariance by the product of the two standard deviations,

one calculates the correlation coefficient.

The correlation coefficient is a statistical measure which
determines the strength and direction of the linear
relationship between two variables. It ranges between -
1.0 and 1.0. If it is greater than 1.0 or less than -1.0
indicates an error in the correlation measurement. A
correlation of -1.0 shows a perfect negative correlation,
meaning the variables move in opposite directions—for
an increase in one variable, there is a decrease in the
second variable or vice-versa. While a correlation of 1.0
shows a perfect positive correlation, for a positive
increase in one variable, there is also a positive increase

in the second variable. A correlation of 0.0 implies there

is no linear relationship between the two variables. Some
of its limitations is that it cannot capture nonlinear
relationships between two variables and cannot
differentiate  between dependent and independent

variables.

The correlation coefficient is calculated between the total
confirmed cases country wise and their GDP to find the
relation between them. A high correlation coefficient
would indicate that the country’s GDP played a huge role
in their total COVID-19 cases. To indicate how well the
cases were dependent on the various population
parameters the correlation coefficient is found between
urban population percent and population density to the
country’s total cases per population. It is also calculated
for total cases in the country to their total population for
the year 2020. One can also understand how a country’s
overall education, standard of living and health, which is
basically their HDI, impacts the total number of cases per

population in that country.

Regression analysis is a statistical method that helps us to
analyze and understand the relationship between two or
more variables of interest[15].This method helps us
understand which factors influence each other, which can

be ignored and which factors are the most important.

The variable that we are trying to understand or forecast
is called the dependent variable. The factors that
influence the analysis or target variable and provide us
with information about the relationship between the
variables and the target variable is called the independent

variable.

Simple linear regression is a model that assesses the
relationship between a dependent variable and an
independent variable [16]. The simple linear model is

expressed using (2):

Y=a+bX + € 2)

where, Y — Dependent variable, X — Independent
(explanatory) variable, a — Intercept, b — Slope ande —

Residual (error)
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Figure 14 shows regression plot

Making use of a simple linear regression model,
regression analysis is done to find the relation between

the following parameters country-wise:

GDP and total cases

Population density and total cases

HDI and cases per population

Urban population percent cases per population

Here the former is the dependent variable and the latter is

the independent variable.

4.Experimental Results

We obtain the following graphs when we plot the time
series graph of confirmed and death cases from 22nd
January 2020 to 28th March 2021, and recovered cases
from 22nd January 2020 to 14th December 2020.
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Figure 15 shows the time series graph for confirmed

cases

The Northtemperate zone (NTE) has the highest number
of total cases as well as the highest rate of growth. This is
followed by tropical zone (TZ), south temperate zone
(STE), north subtropical zone (NST) and finally at the
bottom we have south subtropical zone (SST) and polar
zone (P2).
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Figure 16 shows the time series graph for recovered cases

When it comes to recovery rate, TZ is in the lead despite
the fact that NTE has the highest instances of COVID-19

cases. Most of the under-developing and

developing nations lie in TZ and in a study it was
revealed that people from such low income countries tend
to be exposed to more pathogens and as a result they have
better immunity response[17].This could explain why TZ
has the highest recovery rate. Following NTE, we have
STE, NST, SST and PZ.
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Figure 17 shows the time series graph for deaths due to
COVID-19

For deaths due to COVID-19, highest casualty is
observed in NTE, followed by TZ, NST, STE, SST and
PZ.
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Total cases

E Zone
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Figure 18 shows the average cases in each zone

In Figure 18,, we observe that NTE has the highest
average cases in each zone, followed by STE, TZ, NST,
SST and PZ.
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Figure 19 shows average cases vs average GDP in each

zone

We notice here that GDP and total cases follow the same
trend. This trajectory could explain the high instances of
cases in NTE as it contains most of the developed nations

implying high GDPs.
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Figure 20 shows average cases per population in each

zone

The plot above shows average cases per population in
each zone and here we are able to visibly discern the
difference between SST and PZ. This goes on to say at all
times PZ is the least affected zone. This could be
attributed to its harsh cold climate, where the average

temperature is less than 10 °C.

Table 5 shows average total cases and cases per

population zone wise in decreasing order

Average total cases Average cases
per population
NTE NTE
STE NST
Tz STE
NST 17
SST SST
Pz PZ

1e7

=0 6x4+-479821.4 !

20

= [
[=] [

GDP (in millions)

=
L

0.0

05 10 15 20 25 30
Total cases 1e7

Figure 21 shows regression plot of GDP vs Total cases

Total cases GDP (in millions)
Total cases 1.000000 0.914468
GDP (in millions) 0914468 1.000000

Figure 22 shows the correlation between total cases and
GDP

Computing the correlation between GDP and the total
cases in all the countries worldwide a correlation

coefficient of 0.914 is obtained as seen in Figure 22. This
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value indicates that countries with high GDP have seen
more COVID-19 cases and countries with low GDP had
fewer cases. This can be explained by the fact that
countries with high GDP are able to conduct more tests
and hence end up getting more confirmed cases. It can
also be understood that since a country has high GDP it
would have more economic activities which implies that
more gatherings and crowds would have taken place
which resulted in the further spreading of the virus. From
Figure 21 we observe that the total cases and GDP have a

linear relationship as the line is almost at 45°.
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Figure 23 shows the regression plot of population density

vs total cases
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Figure 24 shows the regression plot of urban population

percent vs cases per population

Cases/Population Urban Pop %
Cases/Population 1.000000 0587612
Urban Pop % 0.587612 1.000000

Figure 25 shows correlation between cases/population

and urban population percent

As we observe from Figure 25, the correlation between
the total cases and population density of each country is
achieved as -0.102. As the value is extremely small and
almost near to zero we can conclude that there is no
statistical relation between the population density and the
COVID-19 cases present in a country. The Figure 23 also
shows us that there is hardly any relation between the
two. This may be due to the reason that the population
density is calculated for the entire country, including all
the dense and sparsely populated areas which include
crowded cities, hilly mountainous regions, forests and so
on. As this is the case, we then see how much the urban
population percent is related to the total cases per
population country wise. Achieving a correlation
coefficient of 0.587 we understand that there is a
relatively better relation between them, which is also
visually depicted in Figure 24. As urban areas are the
hotspots in the country and are usually the most busiest
and crowded places, there is a higher possibility of people

being infected by the virus.
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Figure 26 shows urban particulate matter vs total cases

To check if the particulate matter in the air of each
country helps in the spreading of the virus we calculate
the correlation coefficient. A value of just 0.23 could lead
to a conclusion that the country’s air quality alone does
not affect the spread of the coronavirus, since
transmission of the virus by air alone may not be the
cause of the spread. From Figure 26 we observe that there
is hardly any relation between the two. However, here too
we have access to only the particulate matter of an entire

country, and not specifically crowded urban areas.
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Having an urban-rural divide in the data could throw
better light on this.
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Figure 27 shows regression plot of HDI vs cases per

population
Cases/Population HDI
Cases/Population 1.000000 0.731478
HDI 0.731478 1.000000

Figure 28 shows correlation between cases/population
and HDI

While calculating the correlation coefficient for Human
Development Index (HDI) and the cases per population
an unexpected positive correlation of 0.731 is found as
mentioned in Figure 28. This means that a country with a
high HDI gives more COVID-19 cases which is visually
represented by Figure 27. At first it might be surprising to
see such a good positive relation but HDI is actually a
cumulative index of three factors. A high HDI country
implies that the people have better access to educational
institutions, entertainment zones, supermarkets and
transport facilities. The crowding and frequent visits of
the people to the aforementioned areas could lead to the

increase in the spread of the coronavirus.

5.Discussion on the results

Our study gives a novel insight into the spread of
COVID-19 based on geographic, economic, demographic
and health indicators. The findings of this study can be
useful to provide constructive instructions for
governments on making efficient and effective public

health protection decisions. The knowledge about

different zones’ susceptibility to this kind of viruses can
allow drawing tailored preventive approaches based on
such specificities to avoid, or reduce, future relapse in the
COVID-19 pandemic or in future, somewhat similar
conditions that might occur [18]. Owing to the result
obtained from our research, that higher GDP countries
have a higher number of cases, the countries with a high
GDP must undertake appropriate measures to distribute
the vaccines faster and throughout the country. In
addition to that, these high income countries have more
urban areas resulting in faster transmission of the virus,

hence stricter lockdown measures must be employed.

6.Conclusion

The spread of COVID-19 has turned into a worldwide
pandemic thus far [19]. Therefore analysing the various
external factors such as GDP, population parameters and
HDI could contribute to a better understanding of the
increase in the cases worldwide.After studying the
relation between climatic zones and total cases it was
found that, the most affected and least affected zones are
the north temperate zone and polar zones, respectively.
The zone with highest recovery is the tropical zone. In
addition to this, correlation between GDP and total
number of cases is 0.914 and there exists a linear
relationship between them. Surprisingly, there is no
correlation between the population density and total
number of cases in a country. However, urban population
percent and cases per population in a country are
associated and have a correlation coefficient of 0.587. As
we took the particulate matter percentage of the entire
country only for the year 2016 a very negligible
correlation was found between the number of cases in
that country to their PM%. Once again unexpectedly,
HDI and cases per population are related by a correlation
factor of 0.731.

Further improvements on our study can be done to predict
the number of cases daily using state of the art machine
learning models and strive to get a good accuracy. The
time series analysis can be further studied to determine
how effective were the lockdowns in keeping the spread
of the virus under control. One can also further analyse

how the coronavirus impacted the GDP and HDI of a
ACORS



country. The impact of the air quality can also be

accurately found using newer and cleaner data.
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