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Introduction: In the current context of the COVID-19 pandemic, researchers are working
with health professionals to inform governments to slow the virus’s spread. The extant
research contribution has been dedicated to examining the impact of climate indicators
such as temperature, humidity, and rainfall. However, there is a lack of evidence regarding
their combined association between environmental quality and climate indicators to combat
COVID-19 in the South American context.

Methods: In this study, we collected data for environmental pollution indicators for the
South America region, and correlation analysis and wavelet transform coherence were used
as the analytical tools.

Results: Empirical estimates conclude that PM;4, NO,, CO, and Oj are significant factors in
the fight against the COVID-19 pandemic in South America.

Implications: Our findings will serve as policy implications for the state, health officials,
and regulators to combat the COVID-19 pandemic outbreak in South America.
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Introduction

The novel coronavirus 2019 (COVID-19) is a pandemic caused by Severe Acute
Respiratory Syndrome Coronavirus 2 and was first reported in Wuhan, China.'
Prior studies have reported that COVID-19 mainly transmits by respiratory dro-

2447 and its rapid spread led to World

plets, as well as human-human transmission,
Health Organization (WHO) declare it as a pandemic.’ Higher transmissibility of
COVID-19, lack of medical facilities, and unstoppable spread have created psy-
chological fear among the general public.®’ Like COVID-19, other coronaviruses
such as Middle East Respiratory Syndrome Coronavirus (MERS), Severe Acute
Respiratory Syndrome Coronavirus (SARS), and Ebola have caused outbreaks in
recent history.® Consequently, these pandemics caused a large number of deaths,
caused a shortage of medical supplies, and cost billions of dollars to businesses
worldwide.”"

Recent research shows that several climate and environmental pollution factors
affect the diffusion of COVID-19.""'? Coccia'’® suggested that urban areas with
higher environmental pollution had higher infection levels and deaths due to
exceedingly high levels of particulate matter or Ozone levels. Researchers strongly

believe that air pollution is one of the determining indicators affecting the spread of
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COVID-19."* Furthermore, geographical, demographic,
environmental and climatological factors, influence the
spread of infectious diseases, especially in the urban

areas. Zhong et al"

indicated that static meteorological
conditions might explain the existence of bacterial infec-
tions in the presence of higher environmental and air
pollution. Tan et al,'® suggested that the outbreak of
SARS in four major cities in China was significantly
correlated with temperature; the lower temperature
resulted in higher reported cases. Recent studies from
Triplett;'” Wang et al,'® and Wang et al,'” indicated that
low temperatures are beneficial to a viral transmission.
Although few recent studies contributed to the matter,
however, there is still a lack of evidence in the contem-
porary literature on environmental indicators and the
COVID-19 pandemic. Therefore, it is essential to under-
stand how environmental conditions affect outbreaks, such
as COVID-19, hence, motivating us to analyze the role of
environmental and climate variables in the spread of infec-
tious diseases such as COVID-19.

The positive diagnosis of COVID-19 ranges between 0%
and 60% and maximum temperature in-between 12.2°C and
22.8°C contributes most to such diagnosis. Additionally, a 1°C
increase in maximum temperature reduces the fatality rate by
7.5%.%° As the living environment is greatly affected by
temperature, hence making it one of the critical determinants
to control the developments of infectious diseases.”!
According to the findings of recent research, the transmission
of infectious diseases is higher at lower temperatures because
of the human body’s vulnerability at such temperatures.
Therefore, there is a consensus that transmission of COVID-
19 may slowdown in the coming months due to the arrival of
summer.

In South America, Brazil was the first territory to
report patients with COVID-19 diagnosis on
February 26, 2020,22 and lack of coordinated efforts at
regional and state levels resulted in widespread outbreak
with South America having the second most number of
infected people and deaths.? Brazil, Peru, Chile,
Colombia, and Argentina are states with the most cases
and deaths from COVID-19. Similar widespread outbreaks
in other countries such as Italy, South Korea, Spain, and
France led to WHO declaring COVID-19 as a pandemic.**
However, the South America region and especially Brazil
are the epicentres of the COVID-19 in the world due to the
higher number of cases and deaths.*

Environmental pollutants are divided into various
types. Environmental agencies regulate the emission

quantities of each pollutant to record their impact on
human and environmental health. In comparison to other
pollutants, fine particles generally cause several chronic
diseases as they can penetrate deeper into the respiratory

system. Furthermore, environmental pollution~%4®

con-
tributes to 3 million deaths each year and is ranked among
ten risk factors which most contribute to the global burden

of disease,>”>°

this risk can only be reduced if emerging
economies like the South American continent introduce
environmental and institutional reforms to reduce the
greenhouse gas (GHG) emissions.**>'*’

Air pollutants are a key risk factor, considered critical
respiratory and cardiovascular diseases.’*>? International
Agency for Research on Cancer has classified environ-
mental pollutants such as PM;o, NO,, SO, and 0,.%°
Higher emissions of environmental pollutants in South
America means that a significant portion of the urban
population suffers from eye irritation to coryza, and in
many cases even to death. It also contributes to outbreaks
of infectious diseases such as COVID-19, where chronic
illnesses exacerbate the existing burden on health
infrastructure.”’ According to recent statistics, about
64,000 die prematurely from exposure to environmental
pollution and tropospheric Ozone each year in the south
American region, which also is responsible for the loss of
7.4 million tonnes of crops. Prior research suggests that if
no action is taken then the mortality rate from exposure to
pollutants will double in the next three decades, and crop
loss likely to rise to 9 million tonnes each year.** On the
other hand, environmental reforms would reduce prema-
ture deaths by at least 26% and avoid 4 million tonnes of
crop losses. South America, mainly from the transporta-
tion sector, is also one of the largest emitters of methane,
hydrofluorocarbons, and black carbon. Environmental pro-
tection efforts will likely reduce methane emissions by at
least 40% until 2050, improving the treatment of solid
waste, biodegradable materials, and recovering biogas
from livestock manure. Furthermore, by ending the use
of diesel, black carbon emissions can be reduced by 80%
until 2050, eliminating high emitting vehicles and introdu-

cing mandatory use of clean energy sources.**

Study Design

Sample and Data

To examine the impact of COVID-19 in South America,
we consider 12 South American states. The motive behind
choosing South America is the urbanization, condition of
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health facilities, and global economic influence of the
region. This study aims to highlight an analysis for the
outbreak of COVID-19 in South America; we included
a total number of infected, recovered, and dead people
and their possible association with environmental
pollutants.

Measures of Variables

Current research analyzes the impact of environmental
pollutants such as PM;q, PM, 5, NO,, SO,, CO, and O;
released from the transportation sector in the South
American capital cities and their association with active
cases, recoveries, total confirmed cases, and deaths from
COVID-19 pandemic from January 22, 2020, until
October 8, 2020. The primary reason to select emissions
of environmental pollutants from the transportation sector
is domestic economic progress in developing economies.
South American countries are significantly tied with
higher consumption of fossil fuel which emits the highest
level of GHG emissions than any other economic sector.*®
The dataset for total cases, deaths, recoveries, and active
cases has been taken from the John Hopkins coronavirus
reach database. While the data for environmental pollutant
indicators of the transportation sector has been taken from

. . . 1
national environmental agencies.'*~*

Data Analysis

Our estimation strategy is based on Kendall’s rank corre-
lation coefficient and Wavelet transform coherence.
Kendall rank coefficient is a non-parametric test to evalu-
ate the degree of association based on observation pairs.

Table | How COVID-19 Affects Countries in South America

The application of Kendall’s rank correlation checks the
similarities in ordering data when quantities rank it. Other
correlation coefficients use the observations as the basis of
the correlation; on the other hand, the Kendall correlation
test controls the association’s strength based on discor-
dance amongst pairs. Kendall rank correlation test is esti-
mated through the following formula:

T = ;L(’ni_ndl) (equation 1)
In equation (1), n., ny; and n indicate the number of
concordant, the number of discordant (ordered in
a different way), and the total number of observations.
The coefficient findings of Kenall are generally smaller
than the commonly used Spearman correlation test, and
the probability values are most accurate with a smaller
sample size.

Our main analytical structure is based on Wavelet
transform coherence, an econometric analytical tool that
utilizes graphical correlation to show the association
between data variables, where the small arrow indicates
the direction and impact correlation from one variable to
another. Strength of association between data variables is
highlighted by the colour in the graphical representation,
where colour movement from blue to yellow highlights
strong association or vice versa. Cone of influence sepa-
rates the significant region from the rest with a thick black

lining drawn from top to bottom on both sides.'**%*’

Results and Discussion
Table 1 presents the descriptive statistics of the COVID-19
pandemic outbreak in 12 south American states. Brazil,

No. State Cases Deaths Recoveries Population (Millions)
| Brazil 6,087,608 169,485 5,481,184 211.5
2 Argentina 1,374,615 37,122 1,203,800 494
3 Colombia 1,254,979 35,479 1,158,897 449
4 Peru 949,670 35,595 879,439 32.1
5 Chile 542,080 15,106 517,524 19.1
6 Ecuador 185,944 13,225 164,009 17.5
7 Bolivia 144,034 8916 119,548 1.5
8 Venezuela 100,143 873 94,985 322
9 Paraguay 77,072 1665 55,046 72
10 French Guiana 11,042 70 9995 0.3
I Suriname 5297 116 5173 0.6
12 Guyana 5154 146 4034 0.8
13 Uruguay 4763 71 3764 35
Note: Data from John Hopkins University & Medicine.*?
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Argentina, and Colombia have been the most affected
countries by the COVID-19 outbreak, where lack of health
facilities and state response have contributed to the most
infections in these countries.

We utilized the Kendall correlation coefficient to
examine the correlation association between variables
included in the study. The Kendall correlation analysis
reported findings are reported in Table 2, where the coeffi-
cient values for the transportation sector, PM;,, CO, and
O; are significant for total cases, deaths, recovered, and
active cases. The value for NO is significant for total
cases, fatalities, and active cases, PM, 5 is only significant
for recovered patients, while SO, is insignificant for total
cases, deaths, recovered, and active cases.

Next, we present the findings of Wavelet transform
coherence. Appendix 1 provides the results of the associa-
tion of PM;, with active cases, recoveries, total confirmed
cases, and deaths from the COVID-19 pandemic in South
America. Figure la in Appendix 1 shows undecisive

coherence between PM, 5 and active cases from corona-
virus pandemic, though a significant impact can be
observed between the scale of 4 and 32 as various yellow
regions are seen scattered throughout the figure,
a thorough significant impact cannot be ascertained.
Similar coherence results have been reported in Figure

1b in Appendix 1 between recoveries and PM;,, though

the most significant impact can be observed between the
left-hand scale of 8 and 32.
Figure 1c in Appendix 1 represents the coherence

association between total confirmed cases and COVID-
19, where the scale of 0—4 and 8-32 shows inconclusive
coherence. This finding highlights that though environ-
mental pollutants have played a significant role in chronic
illnesses in the South America region, there is a need for
more research to be undertaken to derive a decisive nature
of the impact. Figure 1d in Appendix 1 portrays the

graphical representation of coherence between total deaths

Table 2 Correlation Analysis

and COVID-19 pandemic in South America, where the
most significant area of observation lies between 8 and
64. This finding is indicative of the nature that PM;, has
a weak impact on deaths from COVID-19 pandemic in
South American countries.

Figure 2a in Appendix 1| reports a significant and

positive coherence between NO, emissions and their
impact on the number of active cases from coronavirus
pandemic. The most notable area covered from the scale of
4 to 64 on the left-hand side. Next, Figure 2b in Appendix
1 shows mixed results, where the left-hand scale shows

inconclusive. The scale of 8 to 64 highlights significant
and positive impact, detailing that lowered NO, emissions
can be attributed to the considerable number of recoveries
in the South America continent. Additionally, we also
observe similar coherence between total confirmed cases
and NO, emissions, as in recent times, a significant num-
ber of countries have reported greater recoveries from the
pandemic in Figure 2c in Appendix 1. Lastly, we observe
the coherence between the COVID-19 pandemic and NO,
in the region, where Figure 2d in Appendix 1 highlights

inconclusive coherence between the scale of 8 and 32.
Next, we observe the coherence between the CO and
total active cases, recoveries, total confirmed cases, and
deaths from the COVID-19 pandemic in the region.
Though insignificant coherence can be observed between
the CO emissions and active vases, the left scale shows
a significant and positive coherence in Figure 3a in
Appendix 1. Moving forward, Figure 3b in Appendix 1

portrays the association of total recoveries and CO emis-
sions, where the scale of 832 shows the positive coher-
ence, which implies that the decline in CO emissions has
contributed greatly to the recoveries from the COVID-19
pandemic. Figure 3¢ in Appendix 1 depicts strong positive

coherence between total confirmed cases and COVID-19
pandemic in the South America region. Lastly, Figure 3d
in Appendix 1 showcases the coherence between total

Correlation Variables Total Cases Deaths Recovered Active Cases
Kendall Correlation Coefficient Transportation —0.437+* —0.401** —0.456%* —0.429%*

PMy 5 0.074 0.066 0.082* 0.069

PMio 0.277** 0.192%* 0.29** 0.269%*

NO, 0.093* 0.087* 0.047 0.103**

cO 0.208** 0.246** 0.172%* 0.224+*

O3 0.106** 0.134** 0.082* 0.106%**

SO, —-0.002 —-0.036 —0.004 0.002

Note: **, * stands for 5% and 10% level of significant.
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confirmed deaths and CO emissions in the region, where
the area between 0 and 16 shows inconclusive coherence,
but the left-hand scale finally.

These findings show a significant coherence between
total active cases, recoveries, total confirmed cases and
deaths and emissions of O3 in the south America region.
Figure 4a in Appendix 1 shows moderate coherence

between active cases and O; emissions in the South
American countries, which highlights that O; has no sig-
nificant association with active cases. Next, Figure 4b in
Appendix 1 shows similar findings between recoveries
from COVID-19 and O; emissions, though a slightly posi-
tive impact can be observed between the left-hand scale of
8 to 16. Next, Figure 4¢ in Appendix 1 mainly showcases

inconclusive between total confirmed cases and COVID-
19 pandemic in the regions, which indicates that more
should
between O3 emissions and COVID-19 pandemic. Finally,

scientific studies investigate the association
the coherence between O; and total deaths from the
COVID-19 pandemic, which portrays mostly inconclusive
coherence in Figure 4d in Appendix 1.

Our study findings suggest that PM;o, NO,, O3, and

CO emissions are the main determinants of the COVID-19

pandemic in South American countries. Our results are in
line with prior literature that suggests that air and environ-
mental pollutants cause several chronic illnesses and are
detrimental to the human immune system and environmen-
tal quality in south America.’®*’ These environmental
pollutants significantly contributed to the spread of
COVID-19 in the region. Also, long-term exposure to
various environmental pollutants is the reason for several
pre-existing medical conditions, which are harmful, espe-
cially for the vulnerable section of the population, ie,
children and elderly.

In one of the pioneering studies, Wu et al,** empiri-
cally analyzed data from more than 300 USA counties that
long-term exposure to fine particulate matter increases the
chances of dying by up to 15% and is responsible for 20
times higher death rate from viral illnesses such as
COVID-19. Bilal et al*® and Xu et al*> also supported
similar findings by pointing out that PM, 5 and PM,, are
key contributors to the COVID-19 pandemic in the spread
of COVID-19 in high pollutant countries. Zhu et al*’
extended this discussion by investigating the spread of
COVID-19 in 120 major Chinese cities. The application
of the Generalized Additive Model revealed that the effect
of PM, 5 on daily confirmed new cases was higher than
PMo.

There has been a significant shift in social demo-
graphics in recent times, as there is an upward shift in
the urban population. This is why several research pub-
lications have explored the impact of environmental pol-
lutants in urban areas. Bashir et al’ investigated the NO,
concentration and COVID-19 outbreak in California and
concluded that children ad elderly citizens in industrial and
residential areas are at higher risk of chronic illnesses due
to large emissions of NO, and HR values of NO, was 22
times than safety. In similar research, Jaiswal et al*> ana-
lyzed theoretical literature regarding NO,, environmental
pollution, and COVID-19. They concluded that environ-
mental pollution indicators such as NO, are primary indi-
cators regarding lethality and spread of COVID-19,
especially in the emerging economies. Bernardini et al*'
explored the impact of Ozone on the number of patients in
the emergency section of hospitals in Northern Italy. They
suggested that environmental pollutants are directly corre-
lated with the spread of respiratory illnesses. Sarkodie and
Owusu,*? and Dominguez-Amarillo et al** reported simi-
lar research results.

Sulfur dioxide (SO,) and carbon monoxide (CO) are
the most common ambient air pollutants in developing
economies such as South America, where environmental
regulations are generally set aside to sustain economic
growth policies. In recent times, a significant number of
studies have investigated the association of SO, and CO
over the outbreak of COVID-19. Xu et al*® investigated
the short-term exposure between environmental pollution
and COVID-19 spread in 120 major Chinese cities and
suggested that PM,o, PM; 5 and CO were positively asso-
ciated with the COVID-19 outbreak in Chinese cities.
However, the researchers were unable to establish the
same association between NO, and COVID-19. Ran et al**
investigated the impact of environmental pollution over an
early outbreak of COVID-19 in China from
December 2019 to February 2020. The research team
investigated Chinese data but were unable to establish
a direct association between CO, NO, and COVID-19
cases. Ogen® investigated the association between long-
term exposure from NO, and the fatality rate from
COVID-19 in 66 administrative regions in Germany,
France, Spain, and Italy. The analytical analysis of spatial
analysis revealed that downward airflow and higher NO,
concentration prevented an efficient dispersion of environ-
mental pollution in the sampled administrative regions and

indicated that long-term exposure to environmental
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pollutants might be the leading contributing factor in
a higher fatality from COVID-19.

Conclusion

Air pollution carries a significant impact on human health,
and at times the costs of economic progress far outweigh the
benefits. Surely, the outbreak of COVID-19 has highlighted
how environmental research is critical in improving the
knowledge concerning infectious diseases and how eco-
nomic and intellectual resources are to be spent to imple-
ment environmental policies to reduce the impact of air
pollution over infectious diseases. The current study inves-
tigates the emission of environmental pollution such as
PM,; 5, PMg, NO,, CO, O;, and SO, from the transportation
sector in South American economies and their association
with the COVID-19 pandemic in the region.

South America region has become the epicentre of the
COVID-19 pandemic in recent months, as COVID-19 has
an ever-increasing infectious rate; thus, the chance of
getting infected remains significant in these countries.
The case study of South America offers a unique scenario,
where not only the region is facing an increasingly dan-
gerous trend of infections, but unlike other regions, it is
also reporting a significant number of deaths for corona-
virus pandemic. Our analysis reveals that PM;o, NO,, Os,
of the
in South American countries.

and CO emissions are the main determinants
COVID-19 pandemic
Furthermore, data analysis confirms that higher environ-
mental pollution in South America has contributed signifi-
cantly to the spread of COVID-19. Slow governmental
response and lack of public safety initiatives are a key
part of our analysis, where increased exposure to environ-
mental pollutants and limited public health facilities are
causing a great risk of getting infected, especially among
the elderly and children. We further suggest that emerging
economies like south America should follow the lead of
Germany and China’s successful response, where state and
local officials acted simultaneously by providing medical
and financial reforms to limit the exposure from the
COVID-19 pandemic.**>%!

Although we provide rather interesting results, we
would also highlight some limitations in the existing
research. First of all, the current study only investigates
the South American region, which is also facing shortages
of medical and financial resources to overcome this pan-
demic. Hence, we urge future research to study the expo-
sure of global pandemics such as COVID-19 over a larger
dataset to investigate environmental pollutants’ role in

spreading the current pandemic. Further research is
required to clarify the association between air pollution
and COVID-19 outbreak, especially multi-disciplinary stu-
dies or multi-pollutants’ influence to strengthen the scien-
tific evidence further so that new health emergencies are
effectively dealt with. Additionally, although the wavelet
coherence is a widely used analytical technique in recent
literature, empirical findings should be carefully inter-
preted. Lastly, we urge researchers to investigate the inter-
regional comparison of the COVID-19 pandemic as it
would provide better insight in analyzing the response of
governments from different regions around the world to
formulate a comprehensive response to overcome the
COVID-19 pandemic.
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