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Abstract

We have evaluated the spread of SARS-CoV-2 through Latin America and the Caribbean (LAC)
region by means of a correlation between climate and air pollution indicators, namely, average
temperature, minimum temperature, maximum temperature, rainfall, average relative humidity, wind
speed, and air pollution indicators PMip, PM2s, and NO, with the COVID-19 daily new cases and
deaths. The study focuses in the following LAC cities: Mexico City (Mexico), Santo Domingo
(Dominican Republic), San Juan (Puerto Rico), Bogota (Colombia), Guayaquil (Ecuador), Manaus
(Brazil), Lima (Peru), Santiago (Chile), Sdo Paulo (Brazil) and Buenos Aires (Argentina). The results
show that average temperature, minimum temperature, and air quality were significantly associated
with the spread of COVID-19 in LAC. Additionally, humidity, wind speed and rainfall showed a
significant relationship with daily cases, total cases and mortality for various cities. Income
inequality and poverty levels were also considered as a variable for qualitative analysis. Our
findings suggest that and income inequality and poverty levels in the cities analyzed were related to
the spread of COVID-19 positive and negative, respectively. These results might help decision-

makers to design future strategies to tackle the spread of COVID-19 in LAC and around the world.

Keywords: COVID-19; Latin America and the Caribbean; Wind speed; Pollution indicators;

Economic conditions
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1. Introduction

The outbreak of the new Coronavirus Disease 2019 (COVID-19), caused by the Severe Acute
Respiratory Syndrome - Corona Virus 2 (SARS-CoV-2) likely started in the city of Wuhan, China, at
the end of 2019. The virus spread rapidly, becoming an epidemic event in almost all countries and,
on March 11, 2020, the World Health Organization (WHO) declared it a pandemic (WHO, 2020). By
May 31, 2020, there were 5,934,936 confirmed cases of COVID-19 and 367,166 deaths reported
globally (WHO, 2020). COVID-19 is an acute respiratory disease, some of its most frequent
manifestations are pneumonia that includes fever, cough and dyspnea (Jiang et al., 2020). In
addition, some studies show that it has an approximate mortality rate of 2 to 3% (Rodriguez-Morales

et al., 2020).

In Latin America and the Caribbean (LAC), the first confirmed case of COVID-19 was reported in
Sao Paulo (Brazil) on February 25, 2020, and other hotspots of the disease were identified later
throughout different LAC countries. Argentina reported the first death on March 7, 2020. By the end
of May 2020, LAC was recognized as the new focus of the COVID-19, led by Brazil (465,166), Peru
(148,285) and Chile (94,858) with the highest number of confirmed cases. Across the LAC region,

there are 932,807 confirmed cases and 48,936 deaths (WHO, 2020).

Dalziel et al. (2018) found that climatic conditions are the main predictors of coronavirus diseases.
Beelen et at. (2014) showed how important the continuing effects of air pollution are on people's
health. Other studies show that air pollution increases hospitalizations for respiratory virus

bronchiolitis (Carugno et al., 2018; Nenna et al., 2017), damages the immune system of people



(Liao et al., 2011) and increases asthma incidence (Glencross et al.,, 2020). Yuan et al. (2006)
showed that wind speed, humidity and temperature are relevant in the transmission of infectious
diseases. In addition, the increase in the mortality rate from pneumonia is highly correlated with
climatic changes (Bull, 1980). Recently, several studies demonstrate significant relationships
between COVID-19 spread with temperature, humidity, rainfall, and wind speed (Bashir et al.,
2020b; Coccia, 2020a; Tosepu et al., 2020; Xie and Zhu, 2020). COVID-19 pandemic lockdowns
generates have generated improvements in air quality (Collivignarelli et al., 2020; Dantas et al.,
2020; Mahato et al., 2020; Nakada and Urban, 2020; Sharma et al., 2020; Zambrano-Monserrate et
al., 2020). Nevertheless, air quality is alse-important in the control of COVID-19. Fattorini et al
(2020) provides evidence on the possible influence of air quality, particularly in terms of chronicity of
exposure to disseminated viral infection in Italian regions. Studies conducted in Italy show that
accelerated transmission dynamics of COVID-19 is mainly due to the mechanism of air pollution-to-
human transmission, rather than human-to-human transmission (Coccia, 2020b). Zhu et at. (2020)
found a significant relationship and positive associations of NO,, PMiy, PM,s, CO, and Oz with
COVID-19 confirmed cases in China. While Wu et at. (2020) showed that airborne concentration of
PMs is associated with an increase in the COVID-19 death rate in the United States. High
atmospheric concentrations of NO, indicate that long-term exposure to this pollutant may be one of
the most important contributors to mortality caused by the COVID-19 virus in several countries in
Europe (Ogen, 2020). Although several studies have found viral material in suspended aerosol
particles, the viability of infectious virus embedded on airborne particles is still under debate (Lewis,

2020).

Socioeconomic conditions also demonstrate to play a role in the spread of infectious viral diseases

such as COVID-19. Social distancing and emergency shutdown measures due to the COVID-19



pandemic lead to other impacts, such as job loss, sudden fall into extreme poverty, economic crisis,
hunger and inability to face social hatred (Shammi et al., 2020). Furthermore, Sarmadi et at. (2020)
analyzed the global correlation of COVID-19 cases and deaths with the gross domestic product
(GDP) per capita. Their results showed a significant correlation in GDP per capita with cases and

deaths due to COVID-19.

Previous studies exposed that; in many LAC countries, mortality from respiratory disease gradually
fell between 1998 and 2008. Nevertheless, this downward trend came to a halt in 2009, probably as
a result of the 2009 global HIN1 influenza virus pandemic (WHO, 2013). COVID-19 is spreading
throughout LAC and worldwide, in addition, a second wave of COVID-19 seems possible (Leung et
al., 2020; Price et al., 2019). Several studies display that many regional and local factors could mark
the rapid spread of COVID-19 (Y. Wu et al., 2020a; Yuan et al., 2006). Recent studies have shown
that climate and air pollution indicators are correlated with the spread of COVID-19 in Oslo, Norway,
Jakarta, Indonesia, New York City, and California in the United States (Bashir et al., 2020b, 2020a;
Menebo, 2020; Tosepu et al., 2020). On the other hand, Bontempi et al. (2020) found that detailed
COVID-19 data should be taken in to account, at least at the regional level, considering that there is
inequality and heterogeneity in international trade relations. Thus, it is important to analyze the
relationship between climate and air pollution indicators with the spread of COVID-19, to expand
knowledge and predict the possible scenarios in the next weeks and months. Here we present a
study of the correlation of average temperature, minimum temperature, maximum temperature,
rainfall, average relative humidity, wind speed, and air quality (PMio, PM25, and NO;) with the new
cases, total cases, and new deaths from COVID-19 in 10 cities located in LAC. In addition, we also
analyzed the relationship of COVID-19 cases with various socioeconomic indicators. Our study

focuses on statistical analyzes of the association between COVID-19 cases and deaths with



climatic, air quality, and socioeconomic indicators. Particularly, this study can explain, some of the
factors that control the acceleration of infection and mortality of the COVIC-19 pandemic in specific
regions of LAC, and guide policymakers to prevent future epidemics similar to COVID-19 (Coccia,
2020b; Cooper et al., 2006; Kucharski et al., 2015). This study delivers results to design a strategy
to tackle the current COVID-19 pandemic and prevent future epidemics similar to COVID-19, that

generate health and socioeconomic problems for nations and the world (Coccia, 2020b; EIU, 2020).

2. Study design

LAC comprises more than 20 million km? of surface (Fig. 1. Location of cities under study in the
Latin America and the Caribbean (LAC) region. Number of COVID-19 confirmed cases as of 31 May
2020 are indicated by color scale.), which corresponds to approximately 13.5% of the emerging
surface of the planet. It has a population, based on projections, of more than 650 million inhabitants
(ECLA, 2020) distributed in several countries linked by historical, cultural and economic ties.
According to the World Bank (WBG, 2020), its largest cities are Mexico City, Sdo Paulo, and
Buenos Aires. The economy of LAC, assuming market prices (purchasing power parity), is the third

largest in the world. Also, LAC has great diversity and geographical extension (32.5° N - 55.3° S).

2.1 Data and sources

The data for COVID-19 were collected from April 1 to May 31, 2020 (N=61), using available data
(see Table 1. Population, Population density, Human Development Index of cities analyzed and Gini
index by LAC countries. The dates of the first case and the start of activities or measures
implemented to prevent the spread of COVID-1) for the different LAC cities as shown in Fig. 1.
Location of cities under study in the Latin America and the Caribbean (LAC) region. Number of

COVID-19 confirmed cases as of 31 May 2020 are indicated by color scale.. The data of the climate
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indicators and cases of COVID-19 from each city are from the offices of the National Meteorological
Service, the Ministry of Health, Ministry of Environment, Air Quality Monitoring Network in operation,
and other related institutions of each country. Data for climate indicators included average
temperature, minimum temperature, maximum temperature, rainfall, average relative humidity, wind
speed, and urban air quality (PMo, PM,s, and NO,). In addition, COVID-19 data included the
number of new cases, total cases, and mortality. The dataset of COVID-19 infections and their
deaths, were reported by the date of diagnosis (day 0), so to assume that the infection was on
previous days, it was also correlated with climate and pollution indicators of 5, 6 and 14 days prior.
The data for the economic analysis used the Gini index from the United Nations Development
Program in Latin America and the Caribbean, and poverty levels from the Economic Commission for
Latin America (ECLAC), as one of the five regional commissions of the United Nations (ECLAC,

2020a, 2020Db).

2.2 Measures of the study

The Spearman rank correlation tests were used to examine the correlation between climate
indicators and COVID-19 variables (daily cases and deaths), because the dataset had a non-normal
distribution. This was verified previously by the Shapiro-Wilk normality test. Finally, the spread of

COVID-19 is related to the economic characteristics observed in LAC.
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First

2 Population Popula_tlon Human Gini identified Confinement
Cities “ (country) - density Development . 4 .
(millions) (po /kmz) Index index case in measures
pop country
. . . Feb 28,
Mexico City (Mexico) 8.855 5966 0.885 53.7 2020 Mar 16, 2020*
Santo Domingo (Dominican Rep.) 2.581 1982.67 0.734 514 Mar 1, 2020 Mar 19, 2020**
3 . Mar 13,
San Juan® (Puerto Rico) 2.478 1983.45 0.854 54.9 2020 Mar 16, 2020**
Bogoté (Colombia) 7.413 4907.45 0.792 51.5  Mar 6, 2020 Mar 24, 2020**
. Feb 29,
Guayaquil (Ecuador) 2.654 7917.63 0.863 53.4 2020 Apr 12, 2020**
. Feb 25,
Manaus (Brazil) 1.802 158.06 0.737 53.2 2020 Mar 24, 2020***
Lima® (Peru) 9.674 3620.41 0.900 53.7  Mar 6, 2020 Mar 16, 2020**
~ . Feb 25,
Séo Paulo (Brazil) 12.176 8005.25 0.843 53.2 2020 Mar 24, 2020***
Santiago® (Chile) 6.257 8497 0.916 57.2  Mar3,2020 Mar 14, 2020***
Buenos Aires (Argentina) 3.063 15070 0.925 46.8 Mar 3, 2020 Mar 20, 2020**

* Only partial measures that include closing educational centers and social distancing recommendations.
** Complete quarantine.
*** Only some areas have been under lockdown.

2 Weather and pollution database used were obtained from: Servicio Meteorol6gico Nacional, Secretaria de Salud, Gobierno de la
Ciudad de Mexico and Secretaria de Salud (Mexico City); Oficina Nacional de Meteorologia and Ministerio de Salud Publica (Santo
Domingo); EcoExploratorio, Departamento de Salud de Puerto Rico and University of Puerto Rico (San Juan); Secretaria de
Ambiente of Alcaldia Mayor de Bogot4 and Datos Abiertos Colombia (Bogota); Instituto Nacional de Meteorologia e Hidrologia and
Ministerio de Salud Publica (Guayaquil); Instituto Nacional de Meteorologia and Governo do Amazonas (Manaus); Ministerio de
Salud and Servicio Nacional de Meteorologia e Hidrologia del Perd (Lima), Ministerio de Ciencia, Tecnologia, Conocimiento e
Innovacion and Sistema de Informacién Nacional de Calidad del Aire — Ministerio de Medio Ambiente (Santiago); Ministerio de Salud,
Servicio Meteorolégico Nacional and Buenos Aires Ciudad (Buenos Aires); Governo do S&o Paulo and Instituto Nacional de
Meteorologia (S&o Paulo).

% Includes the cities that are part of the metropolitan area.

* Gini index was obtained from the United Nations Development Program in Latin America and the Caribbean (UNDP, 2020). This
index is a measure of statistical dispersion intended to represent the income or wealth distribution of the people of a country. Also, it
is often used as a gauge of economic inequality (Farris, 2010).

Table 1. Population, Population density, Human Development Index of cities analyzed and Gini
index by LAC countries. The dates of the first case and the start of activities or measures

implemented to prevent the spread of COVID-19, are also shown.
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2.3 Data analysis procedure

During the studied period, we analyzed the daily behavior of total cases and deaths from COVID-19
in the 10 LAC cities (Fig. 2. Cases of COVID-19 in several cities of Latin America and the
Caribbean. Green and blue lines indicate the total confirmed cases and total deaths, respectively).
The climate indicator data analyzed (shown in Table 2), consisted of minimum temperature (°C),
maximum temperature (°C), average temperature (°C), humidity (%), rainfall (mm/day) and wind
speed (m/s). In addition, air quality indicators such as PMso (ug/m®), PM, s (ug/m?), and NO, mixing
ratio (ppb) from the cities that had these data available, were used. The statistical correlation was
done by using Spearman rank correlation tests between these variables and new cases of COVID-
19 (Table 3. Empirical results of the Spearman rank correlation tests for new cases on every city
analyzed), total cases of COVID-19 (Table 4), and new deaths of COVID-19 (Table 5). Moreover,
the infection rate by COVID-19 in each city (per 100,000 inhabitants) was related to socioeconomic

indicators, such as the Gini index and the levels of poverty in the countries analyzed in LAC.

3. Results and discussion

As of May 31, 2020, a total of 316,358 confirmed cumulative cases and 12,005 cumulative deaths
were documented in the 10 LAC cities analyzed, being Lima, Santiago, Sdo Paulo and Mexico City
the cities with more cases of infections and deaths in LAC (WHO, 2020). All cities showed an
accelerated increase in cases and deaths, except Guayaquil, which began to flatten the curve of
cases and deaths since the beginning of May. Santiago and Lima were the two cities with the
highest daily increase in infections (Fig. 2. Cases of COVID-19 in several cities of Latin America and
the Caribbean. Green and blue lines indicate the total confirmed cases and total deaths,

respectively). Santiago, Lima and Manaus showed the highest infection rate by COVID-19 (per
11



100,000 inhabitants) with 1286.62, 1023.88 and 839.13 respectively. While the cities with the lowest
infection rate by COVID-19 were San Juan, Bogota and Santo Domingo with 43.18, 140.13 and

173.92 respectively (as shown in Suppl. Mat. Table S1).
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Fig. 2. Cases of COVID-19 in several cities of Latin America and the Caribbean. Green and blue

lines indicate the total confirmed cases and total deaths, respectively

Santiago has the lowest average minimum temperature (4.64 °C), average maximum temperature
occurs in San Juan (35.11 °C), while average temperature varies between 9.58 °C in Santiago to
31.50 °C in Santo Domingo (see Table 2). Some of the cities studied are in the extratropical zone
and present seasonal variations. On April and May 2020, such as, it is spring on Mexico City and
autumn on Santiago. For this reason, a decrease in temperature was observed in Lima, Santiago,
Sé&o Paulo and Buenos Aires (shown in Suppl. Mat. Fig. S1). This explains their temperatures, that

are related to the seasonal changes (Poole, 2020).
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Average temperature, minimum temperature and maximum temperature, presented a significant
correlation with daily cases in Mexico City, Santo Domingo, San Juan, Guayaquil, Lima, Sao Paulo,
Santiago and Buenos Aires (Table 3). Significant correlations were also found between those
parameters and the total cases in Mexico City, Santo Domingo, San Juan, Guayaquil, Lima, S&o
Paulo, Santiago and Buenos Aires (Table 4). Mortality also showed correlation with the temperature
in Mexico City, Guayaquil, Lima, Santiago and Buenos Aires (Table 5). The cities located in the
tropical zone (Santo Domingo, San Juan and Guayaquil) showed a significant positive correlation
with temperature. These results coincide with previous research, that exposes the correlation
between climate transmission and respiration of some viruses (Bashir et al., 2020b; Tan et al.,
2005; Tosepu et al., 2020). Meanwhile, contagion cases show significant negative correlation with
temperature in Mexico City, Lima, Sado Paulo, Santiago and Buenos Aires. Particularly, for number
of the new and total cases, Lima, Sdo Paulo, Santiago and Buenos Aires were the cities with the
highest negative correlation (<-0.6; p <0.01), these cities were entering their winter season, so
temperatures were decreasing. Thus, these correlations suggest that COVID-19 cases increase
with the temperature decrease observed (Suppl. Mat. Fig. S1). This is consistent with other studies
that have examined the association between the circulation of the respiratory virus and climatic
factors, showing that the epidemiology related to these viral diseases has a peak incidence in the
winter months (Dowell et al., 2003; Kim et al., 1996; Talbot et al., 2005). Moreover, other recent
studies showed that temperature was negatively related to the daily new cases and daily new
deaths of COVID-19 (Coccia, 2020b; Y. Wu et al., 2020b). However, new cases showed that they
had no relationship with temperature in Bogotd and Manaus, nor did mortality with temperature in
Santo Domingo and Lima (Table 3 and Table 4). These findings were steady with other studies
(Yao et al.,, 2020a) that reported no association of COVID-19 transmission with temperature in

various cities in China.
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Mexico City, Santo Domingo, San Juan, Bogoté, Guayaquil, Manaus, Sdo Paulo and Buenos Aires

showed that temperature has greater significant correlation (between 5 and 14 days) prior to the

day of COVID-19 diagnosis for new cases. While Lima and Santiago showed the highest correlation

on day 0, these two cities are part of the two LAC countries (JHU, 2020) that make the most

COVID-19 tests per 1000 people (Chile: 17.02 and Peru: 16.78) as of May 31, 2020. Thus, our

findings suggest that doing more tests allows a diagnosis near te the contagion date, and, therefore,

the identification of the infected people to prevent them from infecting more people.

Weather indicators Air Quality
(°C) (°C) (m/s)
Minimum 15.94 10.00 21.61 16.43 0.00 1.74 12.80 2316 821
Mgii;o Mean 20.70 14.43 27.29 39.57 0.29 2.42 2393 4108 1585
Maximum 23.06 18.00 30.00 76.52 5.08 3.53 4331 6405 2265
Minimum 26.50 19.00 29.00 60.28 0.00 0.89 -
Dg%?gzo Mean 29.67 24.62 32.59 68.48 0.22 2.86 -
Maximum 31.50 27.00 35.00 82.05 6.10 4.34 -
Minimum 26.28 22.11 28.72 44.80 0.00 0.00 - 8.51
San Juan Mean 28.78 25.12 32.40 73.09 2.44 5.33 - 10.77
Maximum 30.67 27.00 35.11 89.90 4216 11.18 - 12.29
Minimum 13.00 5.40 13.00 59.00 0.00 0.70 1.10 371 3.10
Bogota Mean 15.57 10.65 21.79 67.57 173 1.24 1179 1249 852
Maximum 17.29 13.10 26.00 85.00 11.00 1.80 3850 3133 18.40
Minimum 25.54 21.39 27.85 60.14 0.00 0.83 -
Guayaquil Mean 28.05 23.91 31.76 75.22 251 2,50 -
Maximum 30.57 27.00 35.00 89.00 66.20 427 -
Minimum 24.97 22.20 26.00 73.75 0.00 0.76 -
Manaus Mean 26.95 24.21 31.53 81.32 9.96 1.18 -
Maximum 28.90 25.70 33.70 9096 17280  1.79 -
Minimum 16.91 15.60 18.60 68.13 0.00 1.43 -
Lima Mean 20.43 18.37 23.77 80.62 0.00 2.16 -
Maximum 24.29 21.10 28.40 88.21 0.00 2.82 -
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Weather indicators Air Quality

arf;rﬁséd D;zfirs'ﬁg\s'e Temperature Tmﬁiﬁ:ﬁ#re Tiﬂn;?(?r;it;re Humidity  Rainfall g’g iened d PM;s PMjo NO,
Average (°C) Q) C) (%) (mm) (m/s) (ug/m3)  (ug/m3)  (ppb)

Minimum 13.72 9.60 16.38 46.63 0.00 0.86 5.13 888 556

Pii(l’o Mean 18.77 14.84 24.70 70.45 0.30 1.77 1530 2918  16.03
Maximum 24.07 20.28 30.80 88.54 6.60 4.04 4216 7278  32.63

Minimum 9.59 4.64 11.18 31.40 0.00 0.37 7.00 2700  3.38

Santiago Mean 15.66 10.08 22.99 56.58 0.07 058 2662 6984  6.86
Maximum 21.70 14.27 33.15 91.17 2.00 0.91 4804  108.00 12.13

Minimum 10.06 7.00 15.39 48.25 0.00 1.08 - 733 435

BXﬁggs Mean 1655 13.05 20.68 73.74 1.45 3.12 - 1637  16.81
Maximum 21.63 19.70 27.28 92.68 34.04 7.11 - 3882 3223

Table 2. Descriptive statistics variables for all the climatic and air quality indicators of the LAC cities

analyzed. The middle hyphen (-) indicates the data was not available.

Several of the cities in LAC showed significant correlations between humidity, wind speed and
rainfall with new cases (Table 3), total cases (Table 4), and mortality of COVID-19, which are shown
on Table 5. In the case of Santo Domingo, San Juan, and S&o Paulo, a negative correlation was
found between total cases and humidity. Furthermore, previous studies (Dalziel et al., 2018; Tosepu
et al., 2020; Y. Wu et al., 2020a; Yuan et al., 2006) showed that humidity is negatively correlated
with new cases and daily new deaths. These results are consistent with our findings in Santo
Domingo, San Juan, and S&o Paulo. Regarding the amount of rainfall, Buenos Aires presented the
highest precipitation during this study with 41.9 mm (Table 2) and presented a negative correlation
with new cases. This suggests that precipitation had a significant effect in stopping infections, which
was also observed in Hong Kong, associated more rainfall with fewer coronavirus-like viruses
(Wang et al., 2018). Although México City, Bogota, Guayaquil, and Sdo Paulo showed a positive

correlation, this is related to the increase of respiratory illness caused by virus during the rainy
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season (Fares, 2013; Fisman, 2012). This study also found that wind speed presented significant
correlations with new cases, total cases and mortality, for various cities. Santiago was the city that
showed, on lag day -14, the highest negative correlations for new cases (-0.72; p < 0.01), total
cases (-0.76; p < 0.01), and mortality (-0.60; p < 0.01). This is in line with previous studies
(Ellwanger and Chies, 2018). Furthermore, the investigation by Coccia (2020b, 2020a), carried out
in Italy, showed that low wind speed increases COVID-19 infections. His research demonstrated
that Italian cities with low wind speed (2.02 m/s) have a higher average level of infected individuals
than cities with higher wind speed (average 3.54 m/s). Also, he found that cities with lower intensity
of wind speed also have a higher level of air pollution. This is related to our findings for Santiago,
the lowest average wind speed (0.58 m/s), that showed the highest contagion rate for COVID-19
(1286.62 per 100,000 inhabitants). As well, San Juan with the highest average wind speed of 5.33
m/s showed the lowest contagion rate for COVID-19 (43.18 per 100,000 inhabitants) within the LAC
cities analyzed. Besides that, considering location, inland polluting cities with low wind speeds have
shown a higher number of infected individuals than coastal cities (Coccia, 2020b). In this direction,
our study showed similar results. For instance, Santiago and Buenos Aires, both cities are located
at mid latitude in South America. However, Santiago (inland) showed maximum values of PM;, (108
pg/m3), while Buenos Aires (coastal city) showed maximum values in 38.82 |.Jg/m3 of PMyo, and a
low contagion rate (269 per 100,000 inhabitants). In fact, our results also suggest that wind speed
cleanses the air of contaminants associated with possible transmission dynamics of viral infectivity

(Coccia, 2020a, 2020b; Xu et al., 2020).

The air quality data, including PM,s, PMjp and NO, mixing ratios was only available for six of the
cities under study: México City, San Juan, Bogota, Santiago, Sao Paulo, and Buenos Aires. The air

quality in terms of PM;g and PM,s has improved during COVID-19 pandemic lockdown in LAC
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(shown in Suppl. Mat. Fig. S2 and Fig. S3). In general, significant correlations were found in these
cities, for the number of new cases (Table 3), total cases (Table 4) and mortality (Table 5), with
pollutant indicators. Mexico City and Bogotd showed negative correlations between the polluting
indicators and spread of COVID-19. Mainly in total cases for PMyo (-0.44; p<0.05; lag day -14) in
Mexico City and PM,s (-0.70; p<0.01; lag day -5) in Bogota. These results are consistent with
recent studies conducted in New York City and the State of California in the United States. Bashir et
al. (2020b, 2020a) showed significantly negative correlations between air pollutants and COVID-19,
and they also concluded that the reduction of economic activities, less traffic and the mandatory
measures of staying at home on the local level have contributed to reducing emissions of PMas,
PMjo, NO,, CO and SO,, as other investigations have also shown (Collivignarelli et al., 2020;
Dantas et al., 2020; Nakada and Urban, 2020; Zambrano-Monserrate et al., 2020). Other studies
show positive correlation between viral disease infections and pollution indicators. Carugno et
al.(2018) found an association between short and medium term PM;o exposures and an increased
risk of hospitalization due to respiratory syncytial virus bronchiolitis among infants. Zhu et al.(2020)
studied the daily number of COVID-19 cases, and the concentration of air pollution and
meteorological variables in 120 cities in China. They found that short-term exposure to higher
concentrations of PMs, PM1p, CO, NO; and O3 is associated with an increased risk of COVID-19
infection. Researchers analyzed the confirmed cases of COVID-19 with air quality data of 71
provinces in Italy. Their results showed that long-term air quality was significantly correlated with
COVID-19 cases, providing additional evidence that chronic exposure to air pollution may represent
a favorable context for the spread of the SARS-CoV-2 virus (Fattorini and Regoli, 2020). These
works, on the positive incidence between the cases of COVID-19 and pollution indicators, are
related to our results observed in San Juan, Sdo Paulo, Santiago and Buenos Aires. There, new

and total cases showed the highest positive correlations with particulate matter PM;o (Sao Paulo
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and Santiago (0.35; p<0.01; lag day -14, and Buenos Aires 0.54; p<0.01; lag day -5). Meanwhile,
the particulate matter PM, s showed highest correlations in S&o Paulo (0.35; p<0.01; lag day -14)
and Santiago (0.58; p<0.01; day 0). In addition, NO, highest correlations were observed in San
Juan (0.63; p<0.01; lag day -14), Sdo Paulo (0.51; p<0.01; lag day -14), and Santiago (0.55;

p<0.01; lag day -14) and Buenos Aires (0.62; p<0.01; lag day -5).

Otherwise, the correlation of air pollution with COVID-19 morbidity showed the highest significantly
negative correlations in Mexico City and Bogota. Our results are consistent with previous studies
that found a negative relationship between COVID-19 morbidity and air pollution indicators in New
York city and California in the United States (Bashir et al., 2020b, 2020a). On the contrary, S&o
Paulo, Santiago and Buenos Aires showed a significant positive correlation between deaths from
COVID-19 and the analyzed air pollution indicators (Table 5). These correlations are in the same
direction as recent research. Research conducted in China, that found COVID-19 had higher
mortality rates with increasing concentration of PM, s and PMjq levels on the spatial scale (Wang et
al., 2020). Similarly, in the United States, a 15% increase in the COVID-19 death rate related to
increases that only 1 ug/m® in PM,s was observed (Wu et al., 2020). In addition to this, other

studies found similar results (Yao et al., 2020b).

In this direction, the lockdown is also important because it reduces the generation of pollution and
reduces social contact. Recent studies showed reductions in atmospheric emissions due to
comprehensive lockdown measures in Europe and China (Collivignarelli et al., 2020; Muhammad et
al., 2020). It is important to note that the correlation between air pollutant indicators and COVID-19
cases and mortality, can be misleading given the diversity of mobility restriction measures in the
different cities. A recent study conducted in Italy showed that the role of airborne PMjy for the

SARS-CoV-2 virus diffusion is not evident (E Bontempi, 2020). Our findings supported that, in most
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of the analyzed cities, the fine particulate matter (PMs) is better correlated with the SARS-CoV-2
virus than PMjo. Other studies (Ogen, 2020) have shown that the combination of high
concentrations of NO, and descending air flow that prevents an efficient dispersion of air pollution,
is related to 78% of deaths from COVID-19 in Europe, especially in central Spain and northern Italy.
Therefore, lockdown and movement restriction measures can improve air quality and avoid spread
of infectious diseases (Coccia, 2020b; Fattorini and Regoli, 2020; Filippini et al., 2020; Lau et al.,

2020; Pirouz et al., 2020; Shen et al., 2020; Zambrano-Monserrate et al., 2020).

The LAC cities analyzed have a high and very high Human Development Index. However, they
have a large inequality gap as shown by the Gini index (Table 1). Furthermore, the correlation
between the COVID-19 infection rate of each city analyzed in LAC and their socioeconomic
indicators showed a correlation, in particular for the Gini index of each country (r = 0.51; p= 0.13),
the urban poverty rate (r = -0.77; p = 0.01) and the urban extreme poverty rate (r = -0.79; p = 0.01),
as shown in see Suppl. Mat. Table S1. Biggs et al. (2010) studied the impact of national income
level, inequality, and poverty on public health in Latin America. They found that the health benefits
of wealth depend largely on how that wealth is distributed. Some studies suggest that periodic
appearance of viruses and their infectious diseases present an increasing correlation with
socioeconomic, environmental and ecological aspects (Jones et al., 2008; Morens et al., 2004). In
this sense, Anser et a. (2020) identified the potential risk of communicable diseases, including
COVID-19, that greatly affect poor communities in 76 countries. Other studies in Italy suggest that in
order to study COVID-19, other parameters than environmental pollution should be considered, for
example, parameters involving commercial exchanges should be included to represent person-to-
person transmission mechanisms (Elza Bontempi, 2020). As well, researchers in England have

considered socioeconomic factors including the highest educational level, family income, occupation
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and the number of people living in a house, they detected ethnic disparities in hospitalization for
COVID-19 (Lassale et al., 2020). Sarmadi et at. (2020) carried out a global study with data from
COVID-19 reported by WHO and economic data reported by World Bank, they found a positive
correlation between GDP with the cases and deaths rate by COVID-19. The Inter-American
Development Bank (IDB) has projected LAC regional GDP growth of 1.6% during 2020, however,
now estimates a drop of between 1.8% and 5.5% due to the COVID-19 pandemic (IDB, 2020).
Research based on data from a group of 12 middle-income countries in East Asia and Latin
America showed that economic growth and trade openness are associated with lower poverty
(Huang et al., 2010). Establishing new businesses in cities is often proposed as an alternative to
reduce their poverty levels (Bartik, 2005). Additionally, other studies indicate that cities are strategic
spaces for LAC societies to move towards sustainable development. Furthermore, it estimates that
more than 80% of the region's population is urban, and cities of the continent concentrate economic,
political, and administrative power (CEPAL, 2017). Under this condition, our results show that low
poverty rates were related to high rates of COVID-19 infection in the LAC cities analyzed. We show
also that many people who have informal jobs cannot stay in their homes during the COVID-19
pandemic in LAC. Thus, countries such as Chile (57.2), Brazil (53.2) and Pera (53.7) have the
highest Gini index values in LAC and this coincide with those with the highest number of infections
(shown in Fig. 2). In addition, among the cities analyzed, these three countries have the three cities
with the highest infection rate by COVID-19 per 100,000 inhabitants: Santiago (1,286.62), Lima

(1,023.88) and Manaus (839.13) as shown in Suppl. Mat. Table S1.

Cities

analyzed Lag Climate indicators Air Quality
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Temperature

Temperature

Temperature

Wind

Average Minimum Masimum Humidity ~ Rainfall Speed PM2.5 PM10 NO2
-14 -0.110 0.025 -0.268 0.261 0.353 0.123 -0.327 -0.206
Mexico -6 0.059 -0.508 0.271 0.332 -0.145 -0.114 -0.316 -0.038
Cit
y -5 -0.264 0.027 -0.532 0.253 0.278 -0.166 -0.059 -0.286 -0.093
0 0.103 0.066 -0.005 -0.194 0.017 -0.124 0.121 0.090
-14 0.322 0.373 -0.184 -0.026 -0.088 - - -
Santo -6 0.340 0.048 -0.096 0.037 0.162 - - -
Domingo 0.295 0139  0.031 . - .
0 0.174 0.352 0.046 -0.080 0.107 0.430 - - -
-14 0.178 0.075 0.298 -0.196 0.015 -0.154 - - 0.367
-6 0.313 0.277 0.034 -0.093 0.029 - - -0.020
San Juan
-5 0.408 0.412 -0.060 -0.068 0.116 - - 0.066
0 0.210 0.172 0.084 -0.077 0.094 0.153 - - -0.033
-14 -0.147 -0.051 -0.076 0.086 -0.140 -0.414 -0.150 0.009
-6 0.005 0.043 -0.208 -0.194 -0.079 0.070 -0.608 -0.179 -0.116
Bogota
-5 0.031 0.073 -0.195 -0.131 0.032 0.066 -0.624 -0.176
0 0.069 0.059 -0.112 -0.054 0.089 -0.046 -0.588 -0.167 -0.001
-14 -0.202 -0.045 0.003 0.073 0.272 - - -
-6 -0.193 0.082 -0.293 0.066 -0.259 - - -
Guayaquil
-5 -0.137 0.201 -0.024 -0.294 - - -
0 0.074 0.336 -0.017 -0.038 -0.510 - - -
-14 -0.186 -0.162 -0.192 0.253 0.066 -0.182 - - -
-6 -0.063 -0.177 -0.032 0.147 0.118 -0.016 - - -
Manaus
-5 -0.069 -0.124 -0.049 0.172 0.121 0.112 - - -
0 0.147 0.036 -0.094 0.024 0.085 0.014 - - -
-14 -0.675 -0.744 -0.539 -0.129 0.000 -0.173 - - -
Lima -6 -0.670 -0.735 -0.586 -0.101 0.000 -0.108 - - -
-5 -0.649 -0.699 -0.547 0.029 0.000 -0.103 - - -
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Climate indicators Air Quality

Cities
Lag )
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
0 -0.691 -0.733 -0.599 0.263 0.000 - - -
-14 -0.412 -0.411 -0.310 -0.028 -0.142 -0.352 0.350 0.354 0.506
-6 -0.420 -0.410 -0.379 -0.015 0.009 0.071 -0.038 -0.011 0.100
Sao Paulo
-5 -0.423 -0.528 -0.093 -0.022 -0.001  -0.048 0.003 0.041
0 -0.263 -0.155 0.259 0.276 0.445
-14 -0.570 -0.679 -0.351 0.009 -0.066 -0.725 0.466 0.351 0.547
-6 -0.598 -0.739 -0.316 0.037 0.061 -0.631 0.492 0.121 0.432
Santiago
-5 -0.601 -0.704 -0.342 0.063 0.089 -0.568 0.430 0.036 0.392
0 -0.705 -0.749 -0.500 0.311 0.029 -0.540 0.579 0.083 0.196
-14 -0.607 -0.641 -0.383 -0.199 -0.105 -0.146 - 0.414 0.274
BUENOS -6 -0.456 -0.503 -0.174 -0.132 -0.277 -0.254 - 0.493 0.609
Alres 5 -0.405 -0.458 0.127 0.118 0175 - 0540 0.616
0 -0.507 -0.510 -0.292 0.027 -0.306  -0.115 - 0.531 0.466

Table 3. Empirical results of the Spearman rank correlation tests for new cases on every city
analyzed. The colors indicate stands for 1%, 5%, and 10% level of significance, respectively. The

middle hyphen (-) indicates the data was not available.

Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity  Rainfall Speed PM2.5 PM10 NO2
-14 -0.133 0.212 -0.464 0.207 0.294 -0.053 -0.124 -0.444 -0.446
Mexico
City -6 -0.101 0.165 -0.345 0.062 0.094 -0.107 -0.330 -0.115
-5 -0.029 0.159 -0.257 -0.028 0.069 -0.194 -0.061 -0.276 -0.057
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Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity  Rainfall Speed PM2.5 PM10 NO2
0 -0.071 -0.019 -0.025 0.031 -0.106 -0.041 -0.149 -0.012
-14 0.462 0.573 0.279 -0.110 0.076 -0.057 - - -
Santo -6 0.437 0.513 0.309 -0.193 0.117 0.338 - - -
Domingo g 0.445 0.516 0.316 0094  0.385 - - -
0 0.371 0.437 -0.131 0.056 0.414 - - -
-14 0.746 0.730 0.623 -0.609 -0.331 0.012 - - 0.636
-6 0.756 0.725 0.557 -0.471 -0.215 0.031 - - 0.525
San Juan
-5 0.755 0.724 0.560 -0.486 -0.255 -0.024 - - 0.545
0 0.669 0.564 0.529 -0.471 -0.146 -0.043 - - 0.389
-14 0.041 0.023 -0.079 -0.082 0.107 -0.151 0 é93 -0.438 -0.190
-6 -0.016 0.024 -0.262 -0.200 -0.056 0.106 0 é94 -0.293 -0.154
Bogota -
-5 0.009 0.016 -0.195 -0.158 -0.002 0.116 0.696 -0.290 -0.154
0 -0.132 -0.088 -0.206 0.048 0.133 -0.022 0.552 -0.040 0.014
-14 0.017 0.047 -0.210 - - -
-6 0.153 0.014 0.320 - - -
Guayaquil
-5 0.097 -0.045 -0.267 0.387 - - -
0 -0.033 -0.389 0.094 -0.076 -0.378 0.535 - - -
-14 -0.125 -0.058 -0.198 0.305 0.062 -0.290 - - -
-6 -0.099 -0.159 -0.061 0.186 0.093 -0.011 - - -
Manaus
-5 -0.039 -0.106 -0.021 0.104 0.023 0.048 - - -
0 0.098 0.036 -0.096 -0.040 -0.107 0.146 - - -
-14 -0.863 -0.936 -0.713 -0.068 0.000 -0.158 - - -
-6 -0.882 -0.935 -0.771 0.108 0.000 -0.097 - - -
Lima
-5 -0.885 -0.936 -0.773 0.168 0.000 -0.110 - - -
0 -0.883 -0.916 -0.811 0.326 0.000 -0.139 - - -
-14 -0.644 -0.683 -0.411 -0.144 -0.167 -0.384 0.261 0.277 0.337
-6 -0.553 -0.593 -0.456 -0.109 -0.009 -0.165 0.188 0.214 0.315
Sao Paulo
-5 -0.575 -0.647 -0.463 -0.171 -0.040 -0.111 0.152 0.208 0.333
0 -0.576 -0.675 -0.370 0.147 -0.309 0.271 0.288 0.371
-14 -0.558 -0.666 -0.331 -0.028 -0.039 -0.760 0.481 0.353 0.547
Santiago
-6 -0.615 -0.765 -0.322 0.024 0.107 -0.689 0.476 0.085 0.462
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Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity  Rainfall Speed PM2.5 PM10 NO2
-5 -0.600 -0.740 -0.321 0.031 0.092 -0.620 0.467  0.077 0.471
0 -0.665 -0.688 -0.456 0.279 0.012 -0.598 0.557  0.086 0.212
-14 -0.670 -0.699 -0.442 -0.185  -0.086  -0.148 0.434 0.195
Buenos -6 -0.564 -0.598 -0.301 -0.171  -0.190  -0.209 0.494 0.559
Aires -5 -0.563 -0.593 -0.303 -0.142 -0.203 0.471 0.593
0 -0.535 -0.541 -0.302 0.099  -0.300 0.524 0.566
Table 4. Empirical results of the Spearman rank correlation tests for total cases on every city

analyzed. The colors indicate stands for 1%, 5%, and 10% level of significance, respectively. The

middle hyphen (-) indicates the data was not available.

Climate indicators Air Quality
ancailt;ezsed Lag Temperature Temperature Temperature e : Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
-14 -0.080 0.073 -0.282 0.196 0.420 0.131 -0.256 -0.395 -0.462
Mexico -6 -0.361 -0.003 -0.587 0.348 0.328 -0.116 -0.289 -0.491
City -5 -0.379 -0.028 -0.623 0.343 0.360 -0.138  -0.225 -0.449 -0.175
0 -0.114 -0.004 -0.075 0.123 -0.134 -0.084 -0.163 -0.087
-14 0.001 -0.095 -0.019 0.015 0.153 -0.163 - - -
Santo -6 -0.012 0.136 -0.134 0.142 0.121 -0.150 - - -
Domingo 5 -0.021 -0.059 -0.116 -0.043  -0.004  -0.040 - - -
0 -0.048 0.046 -0.043 -0.057 0.102 0.033 - - -
-14 -0.162 -0.086 0.042 -0.024 0.106 - - -0.194
-6 -0.166 -0.184 -0.084 0.260 -0.028 0.012 - - -0.111
San Juan
-5 -0.165 -0.062 0.194 0.060 0.187 - - -0.055
0 -0.287 -0.176 0.176 0.278 0.008 - - 0.074
Bogota -14 -0.177 -0.098 -0.148 0.119 0.124 0.175 0.050  0.097 0.182

25



Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - h Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
-6 0.001 0.090 -0.047 -0.039 -0.146 -0.151 0.040 0.099 0.126
-5 0.000 0.102 -0.080 0.061 -0.208 0.021 0.025 0.080
0 0.189 -0.057 0.044 -0.198 -0.069 0.124 -0.205 -0.103
-14 -0.268 0.292 -0.136 0.066 -0.087 0.214 - - -
-6 -0.207 0.121 0.067 0.206 -0.138 - - -
Guayaquil
-5 -0.190 0.101 0.092 -0.187 - - -
0 -0.015 -0.061 0.001 0.319 -0.402 - - -
-14 -0.203 -0.182 -0.186 0.040 -0.262 - - -
-6 -0.113 -0.069 -0.097 0.097 -0.123 - - -
Manaus
-5 -0.080 0.059 0.172 0.197 -0.049 - - -
0 0.100 -0.043 -0.086 0.029 0.054 0.003 - - -
-14 -0.162 -0.206 -0.204 0.171 0.000 0.070 - - -
) -6 -0.036 -0.083 0.051 -0.163 0.000 -0.320 - - -
Lima
-5 -0.013 -0.026 0.029 -0.187 0.000 -0.254 - - -
0 0.006 -0.002 0.037 -0.227 0.000 0.114 - - -
-14 -0.405 -0.393 -0.343 -0.012 -0.134 -0.197 0.203 0.354
-6 -0.318 -0.295 -0.298 0.033 0.003 -0.104 0.103 0.106 0.186
Sao Paulo
-5 -0.429 -0.464 -0.320 0.056 0.056 0.096 -0.067 -0.036 -0.034
0 -0.098 -0.141 -0.085 -0.064 0.066 0.301 0.322 0.516
-14 -0.378 -0.547 -0.194 -0.105 -0.175 -0.602 0.478 0.404 0.569
-6 -0.616 -0.687 -0.380 0.131 0.185 -0.500 0.502 0.045 0.300
Santiago
-5 -0.530 -0.634 -0.309 0.095 0.151 -0.439 0.369 -0.038 0.334
0 -0.568 -0.529 -0.409 0.346 0.030 -0.399 0.565 0.064 0.089
-14 -0.297 -0.295 -0.180 -0.087 -0.068 -0.004 - 0.157 0.056
Buenos -6 -0.210 -0.124 -0.029 -0.009 -0.076 - 0.291 0.204
Aires -5 -0.190 -0.096 0.066 -0.034  -0.068 - 0.147  0.192
0 -0.377 -0.358 -0.068 -0.177  -0.162 - 0.329
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Table 5. Empirical results of the Spearman rank correlation tests for mortality on every city
analyzed. The colors indicate stands for 1%, 5%, and 10% level of significance, respectively. The

middle hyphen (-) indicates the data was not available.

Our findings, if confirmed by future studies, provide strong evidence regarding the association of
COVID-19 spread with various socioeconomic, pollutants and climate indicators in the LAC region.
However, it presents limitations. COVID-19 is an infectious disease that is related to additional
variables that must be considered in a comprehensive study. Also, in future research, it would be
interesting to study relations between air pollutants such as SO, black carbon and SARS-CoV-2
embedded in PM,s particles. In addition, socio-economic aspects such as measures of social

distancing, full and partial shutdown, personal hygiene, among others, should also be explored.

4. Conclusions and outlook

This study was an exploratory approach to correlate climatic indicators like average temperature,
minimum temperature, maximum temperature, humidity, rain, wind speed, and air quality indicators
for PMjo, PM,5, and NO, with the incidence of COVID-19 daily cases and the mortality rate in
different cities in the LAC region. We have found that the incidence rate of COVID-19 cases shows
a negative correlation with wind speed, whereas with air pollution indicators, there was a positive
correlation in several LAC cities. One could hypothesize that low wind speed generates less
ventilation, therefore, a higher concentration of pollutants or air contaminated with the SARS-CoV-2
virus can be inhaled. Our results show that the countries that apply the most COVID-19 tests make

the diagnosis near to the date of infection. Also, our findings suggest that income inequality and
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poverty levels in the cities analyzed were correlated with the spread of COVID-19. These findings
can be used by researchers and policymakers as a starting point for supporting further research and
measures, in order to stop and prevent the spread of COVID-19 in the LAC region. This study has
explored the evolution of COVID-19 through LAC and provides interesting insights that should be
further explored. Furthermore, future research should carry out a comprehensive study that
considers epidemiological aspects, social distancing policies, socioeconomic issues, different air
pollutants, and the different lockdown and mobility restriction measures implemented in each

country.
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First

Cities ? (country) Population P%[;L:]I;ttlon De\l/-lelf(r)nﬁent Gini identified Confinement
y (millions) (po /km}g) Indgx index* casein measures
Pop country
. . . Feb 28,
Mexico City (Mexico) 8.855 5966 0.885 53.7 2020 Mar 16, 2020*
Santo Domingo (Dominican Rep.) 2.581 1982.67 0.734 51.4 Mar 1, 2020 Mar 19, 2020**
3 . Mar 13,
San Juan® (Puerto Rico) 2.478 1983.45 0.854 54.9 2020 Mar 16, 2020**
Bogota (Colombia) 7.413 4907.45 0.792 515  Mar 6, 2020 Mar 24, 2020**
. Feb 29,
Guayaquil (Ecuador) 2.654 7917.63 0.863 53.4 2020 Apr 12, 2020**
. Feb 25,
Manaus (Brazil) 1.802 158.06 0.737 53.2 2020 Mar 24, 2020***
Lima® (Pert) 9.674 3620.41 0.900 53.7  Mar 6, 2020 Mar 16, 2020**
~ . Feb 25,
Sé&o Paulo (Brazil) 12.176 8005.25 0.843 53.2 2020 Mar 24, 2020%**
Santiago® (Chile) 6.257 8497 0.916 57.2  Mar 3,2020 Mar 14, 2020***
Buenos Aires (Argentina) 3.063 15070 0.925 46.8 Mar 3, 2020 Mar 20, 2020**

* Only partial measures that include closing educational centers and social distancing recommendations.
** Complete quarantine.
*** Only some areas have been under lockdown.

2 Weather and pollution database used were obtained from: Servicio Meteoroldgico Nacional, Secretaria de Salud,
Gobierno de la Ciudad de Mexico and Secretaria de Salud (Mexico City); Oficina Nacional de Meteorologia and
Ministerio de Salud Publica (Santo Domingo); EcoExploratorio, Departamento de Salud de Puerto Rico and
University of Puerto Rico (San Juan); Secretaria de Ambiente of Alcaldia Mayor de Bogotd and Datos Abiertos
Colombia (Bogotd); Instituto Nacional de Meteorologia e Hidrologia and Ministerio de Salud Publica (Guayaquil);
Instituto Nacional de Meteorologia and Governo do Amazonas (Manaus); Ministerio de Salud and Servicio Nacional
de Meteorologia e Hidrologia del Perd (Lima), Ministerio de Ciencia, Tecnologia, Conocimiento e Innovaciéon and
Sistema de Informacién Nacional de Calidad del Aire — Ministerio de Medio Ambiente (Santiago); Ministerio de Salud,
Servicio Meteorologico Nacional and Buenos Aires Ciudad (Buenos Aires); Governo do S&o Paulo and Instituto
Nacional de Meteorologia (S&o Paulo).

% Includes the cities that are part of the metropolitan area.

* Gini index was obtained from the United Nations Development Program in Latin America and the Caribbean (UNDP,
2020). This index is a measure of statistical dispersion intended to represent the income or wealth distribution of the
people of a country. Also, it is often used as a gauge of economic inequality (Farris, 2010).



Weather indicators Air Quality
argﬂgséd D;Z%Zgg:e Temperature Te,\mr?i?rﬁ#re Ti/lrgﬁ)(ienzaut;re Humidity  Rainfall gg i:g d PM;s PMio NO,
Average (°C) ¢C) “C) (%) (mm) (m/s) (ug/m3)  (ug/m3) (ppb)
Minimum 15.94 10.00 21.61 16.43 0.00 1.74 1280 2316 821
Mgféfo Mean 20.70 14.43 27.29 39.57 0.29 2.42 2393  41.08 1585
Maximum 23.06 18.00 30.00 76.52 5.08 3.53 4331 6405 2265
Minimum 26.50 19.00 29.00 60.28 0.00 0.89 - - -
Dgr?q’i‘rt]go Mean 29.67 24.62 32.59 68.48 0.22 2.86 - - -
Maximum 31.50 27.00 35.00 82.05 6.10 4.34 - - -
Minimum 26.28 22.11 28.72 44.80 0.00 0.00 - - 8.51
San Juan Mean 28.78 25.12 32.40 73.09 2.44 5.33 - - 10.77
Maximum 30.67 27.00 35.11 89.90 4216 1118 - - 12.29
Minimum 13.00 5.40 13.00 59.00 0.00 0.70 1.10 371 3.10
Bogota Mean 15.57 10.65 21.79 67.57 173 1.24 1179 1249 852
Maximum 17.29 13.10 26.00 85.00 11.00 1.80 3850  31.33  18.40
Minimum 25.54 21.39 27.85 60.14 0.00 0.83 - - -
Guayaquil Mean 28.05 23.91 31.76 75.22 251 250 - - -
Maximum 30.57 27.00 35.00 89.00 66.20 4.27 - - -
Minimum 24.97 22.20 26.00 73.75 0.00 0.76 - - -
Manaus Mean 26.95 24.21 31.53 81.32 9.96 1.18 - - -
Maximum 28.90 25.70 33.70 90.96 17280  1.79 - - -
Minimum 16.91 15.60 18.60 68.13 0.00 1.43 - - -
Lima Mean 20.43 18.37 23.77 80.62 0.00 2.16 - - -
Maximum 24.29 21.10 28.40 88.21 0.00 2.82 - - -
Minimum 13.72 9.60 16.38 46.63 0.00 0.86 5.13 888 556
Piicl’o Mean 18.77 14.84 24.70 70.45 0.30 1.77 1530  29.18  16.03
Maximum 24.07 20.28 30.80 88.54 6.60 404 4216 7278 3263
Minimum 9.59 464 11.18 31.40 0.00 0.37 7.00 27.00  3.38
Santiago Mean 15.66 10.08 22.99 56.58 0.07 0.58 26.62  69.84  6.86
Maximum 21.70 14.27 33.15 91.17 2.00 0.91 4804 10800 1213
Minimum 10.06 7.00 15.39 48.25 0.00 1.08 - 733 435
BX?;Z‘S’S Mean 16.55 13.05 20.68 73.74 1.45 3.12 - 16.37  16.81
Maximum 21.63 19.70 27.28 92.68 34.04 7.11 - 38.82  32.23




Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
-14 -0.110 0.025 -0.268 0.261 0.353 0.123 -0.327 -0.206
Mexico -6 0.059 -0.508 0.271 0.332 -0.145 -0.114 -0.316 -0.038
Cit
y -5 -0.264 0.027 -0.532 0.253 0.278 -0.166 -0.059 -0.286 -0.093
0 0.103 0.066 -0.005 -0.194 0.017 -0.124 0.121 0.090
-14 0.322 0.373 -0.184 -0.026 -0.088 - - -
-6 0.340 0.048 -0.096 0.037 0.162 - - -
Santo
Domingo g 0.295 0139 0.031 - - -
0 0.174 0.352 0.046 -0.080 0.107 0.430 - - -
-14 0.178 0.075 0.298 -0.196 0.015 -0.154 - - 0.367
-6 0.313 0.277 0.034 -0.093 0.029 - - -0.020
San Juan
-5 0.408 0.412 -0.060 -0.068 0.116 - - 0.066
0 0.210 0.172 0.084 -0.077 0.094 0.153 - - -0.033
-14 -0.147 -0.051 -0.076 0.086 -0.140 -0.414 -0.150 0.009
-6 0.005 0.043 -0.208 -0.194 -0.079 0.070 -0.608 -0.179 -0.116
Bogota
-5 0.031 0.073 -0.195 -0.131 0.032 0.066 -0.624 -0.176
0 0.069 0.059 -0.112 -0.054 0.089 -0.046 -0.588 -0.167 -0.001
-14 -0.202 -0.045 0.003 0.073 0.272 - - -
-6 -0.193 0.082 -0.293 0.066 -0.259 - - -
Guayaquil
-5 -0.137 0.201 -0.024 -0.294 - - -
0 0.074 0.336 -0.017 -0.038 -0.510 - - -
-14 -0.186 -0.162 -0.192 0.253 0.066 -0.182 - - -
-6 -0.063 -0.177 -0.032 0.147 0.118 -0.016 - - -
Manaus
-5 -0.069 -0.124 -0.049 0.172 0.121 0.112 - - -
0 0.147 0.036 -0.094 0.024 0.085 0.014 - - -
-14 -0.675 -0.744 -0.539 -0.129 0.000 -0.173 - - -
-6 -0.670 -0.735 -0.586 -0.101 0.000 -0.108 - - -
Lima
-5 -0.649 -0.699 -0.547 0.029 0.000 -0.103 - - -
0 -0.691 -0.733 -0.599 0.263 0.000 - - -
-14 -0.412 -0.411 -0.310 -0.028 -0.142 -0.352 0.350 0.354 0.506
Sao Paulo
-6 -0.420 -0.410 -0.379 -0.015 0.009 0.071 -0.038 -0.011 0.100



Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
-5 -0.423 -0.528 -0.093 -0.022 -0.001 -0.048 0.003 0.041
0 -0.263 -0.155 0.259 0.276 0.445
-14 -0.570 -0.679 -0.351 0.009 -0.066 -0.725 0.466 0.351 0.547
-6 -0.598 -0.739 -0.316 0.037 0.061 -0.631 0.492 0.121 0.432
Santiago
-5 -0.601 -0.704 -0.342 0.063 0.089 -0.568 0.430 0.036 0.392
0 -0.705 -0.749 -0.500 0.311 0.029 -0.540 0.579 0.083 0.196
-14 -0.607 -0.641 -0.383 -0.199 -0.105 -0.146 - 0.414 0.274
-6 -0.456 -0.503 -0.174 -0.132 -0.277 -0.254 - 0.493 0.609
Buenos
Alres 5 -0.405 -0.458 0.127 0.118 0175 - 0540 0.616
0 -0.507 -0.510 -0.292 0.027 -0.306  -0.115 - 0.531 0.466




Climate indicators Air Quality
Cities Lag
analyzed Temperature  Temperature  Temperature - ) Wind
Average Minimum Maximum Humidity  Rainfall Speed PM2.5 PM10 NO2
-14 -0.133 0.212 -0.464 0.207 0.294 -0.053 -0.124 -0.444 -0.446
Mexico -6 -0.101 0.165 -0.345 0.062 0.094 -0.107 -0.330 -0.115
City -5 -0.029 0.159 -0.257 -0.028 0.069 -0.194 -0.061 -0.276 -0.057
0 -0.071 -0.019 -0.025 0.031 -0.106 -0.041 -0.149 -0.012
-14 0.462 0.573 0.279 -0.110 0.076 -0.057 - - -
Santo 6 0.437 0.513 0.309 -0.193 0117  0.338 - - -
Domingo 5 0.445 0.516 0.316 0.094  0.385 - - -
0 0.371 0.437 -0.131 0.056 0.414 - - -
-14 0.746 0.730 0.623 -0.609 -0.331 0.012 - - 0.636
-6 0.756 0.725 0.557 -0.471 -0.215 0.031 - - 0.525
San Juan
-5 0.755 0.724 0.560 -0.486 -0.255 -0.024 - - 0.545
0 0.669 0.564 0.529 -0.471 -0.146 -0.043 - - 0.389
-14 0.041 0.023 -0.079 -0.082 0.107 -0.151 0 6_93 -0.438 -0.190
-6 -0.016 0.024 -0.262 -0.200 -0.056 0.106 0 6-94 -0.293 -0.154
Bogota -
-5 0.009 0.016 -0.195 -0.158 -0.002 0.116 0.696 -0.290 -0.154
0 -0.132 -0.088 -0.206 0.048 0.133 -0.022 0.552 -0.040 0.014
-14 0.017 0.047 -0.210 - - -
-6 0.153 0.014 0.320 - - -
Guayaquil
-5 0.097 -0.045 -0.267 0.387 - - -
0 -0.033 -0.389 0.094 -0.076 -0.378 0.535 - - -
-14 -0.125 -0.058 -0.198 0.305 0.062 -0.290 - - -
-6 -0.099 -0.159 -0.061 0.186 0.093 -0.011 - - -
Manaus
-5 -0.039 -0.106 -0.021 0.104 0.023 0.048 - - -
0 0.098 0.036 -0.096 -0.040 -0.107 0.146 - - -
-14 -0.863 -0.936 -0.713 -0.068 0.000 -0.158 - - -
-6 -0.882 -0.935 -0.771 0.108 0.000 -0.097 - - -
Lima
-5 -0.885 -0.936 -0.773 0.168 0.000 -0.110 - - -
0 -0.883 -0.916 -0.811 0.326 0.000 -0.139 - - -
-14 -0.644 -0.683 -0.411 -0.144 -0.167 -0.384 0.261 0.277 0.337
-6 -0.553 -0.593 -0.456 -0.109 -0.009 -0.165 0.188 0.214 0.315
Sao Paulo
-5 -0.575 -0.647 -0.463 -0.171 -0.040 -0.111 0.152 0.208 0.333
0 -0.576 -0.675 -0.370 0.147 -0.309 0.271 0.288 0.371
-14 -0.558 -0.666 -0.331 -0.028 -0.039 -0.760 0.481 0.353 0.547
-6 -0.615 -0.765 -0.322 0.024 0.107 -0.689 0.476 0.085 0.462
Santiago
- -0.600 -0.740 -0.321 0.031 0.092 -0.620 0.467 0.077 0.471
0 -0.665 -0.688 -0.456 0.279 0.012 -0.598 0.557 0.086 0.212




Climate indicators Air Quality
Cities Lag
analyzed Temperature  Temperature  Temperature - ) Wind
Average Minimum Maximum Humidity  Rainfall Speed PM2.5 PM10 NO2
-14 -0.670 -0.699 -0.442 -0.185 -0.086 -0.148 - 0.434 0.195
Buenos 6 -0.564 -0.598 -0.301 0171 -0.190  -0.209 - 0.494 0.559
Alres -5 -0.563 -0.593 -0.303 -0.142 -0.203 - 0.471 0.593
0 -0.535 -0.541 -0.302 0.099 -0.300 - 0.524 0.566




Climate indicators Air Quality
Cities Lag
analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
-14 -0.080 0.073 -0.282 0.196 0.420 0.131 -0.256 -0.395 -0.462
Mexico  © -0.361 -0.003 -0.587 0.348 0328 -0.116 -0.289 -0.491
City 5 -0.379 -0.028 -0.623 0.343 0.360 -0.138 -0.225 -0.449 -0.175
0 -0.114 -0.004 -0.075 0.123 -0.134 -0.084 -0.163 -0.087
-14 0.001 -0.095 -0.019 0.015 0.153 -0.163 - - -
Santo -6 -0.012 0.136 -0.134 0.142 0.121 -0.150 - - -
Domingo g -0.021 -0.059 -0.116 -0.043 -0.004  -0.040 - - -
0 -0.048 0.046 -0.043 -0.057 0.102 0.033 - - -
-14 -0.162 -0.086 0.042 -0.024 0.106 - - -0.194
-6 -0.166 -0.184 -0.084 0.260 -0.028 0.012 - - -0.111
San Juan
-5 -0.165 -0.062 0.194 0.060 0.187 - - -0.055
0 -0.287 -0.176 0.176 0.278 0.008 - - 0.074
-14 -0.177 -0.098 -0.148 0.119 0.124 0.175 0.050 0.097 0.182
-6 0.001 0.090 -0.047 -0.039 -0.146 -0.151 0.040 0.099 0.126
Bogota
-5 0.000 0.102 -0.080 0.061 -0.208 0.021 0.025 0.080
0 0.189 -0.057 0.044 -0.198 -0.069 0.124 -0.205 -0.103
-14 -0.268 0.292 -0.136 0.066 -0.087 0.214 - - -
-6 -0.207 0.121 0.067 0.206 -0.138 - - -
Guayaquil
-5 -0.190 0.101 0.092 -0.187 - - -
0 -0.015 -0.061 0.001 0.319 -0.402 - - -
-14 -0.203 -0.182 -0.186 0.040 -0.262 - - -
-6 -0.113 -0.069 -0.097 0.097 -0.123 - - -
Manaus
-5 -0.080 0.059 0.172 0.197 -0.049 - - -
0 0.100 -0.043 -0.086 0.029 0.054 0.003 - - -
-14 -0.162 -0.206 -0.204 0.171 0.000 0.070 - - -
] -6 -0.036 -0.083 0.051 -0.163 0.000 -0.320 - - -
Lima
-5 -0.013 -0.026 0.029 -0.187 0.000 -0.254 - - -
0 0.006 -0.002 0.037 -0.227 0.000 0.114 - - -
-14 -0.405 -0.393 -0.343 -0.012 -0.134 -0.197 0.203 0.354
-6 -0.318 -0.295 -0.298 0.033 0.003 -0.104 0.103 0.106 0.186
Sao Paulo
-5 -0.429 -0.464 -0.320 0.056 0.056 0.096 -0.067 -0.036 -0.034
0 -0.098 -0.141 -0.085 -0.064 0.066 0.301 0.322 0.516
-14 -0.378 -0.547 -0.194 -0.105 -0.175 -0.602 0.478 0.404 0.569
Santiago -6 -0.616 -0.687 -0.380 0.131 0.185 -0.500 0.502 0.045 0.300
-5 -0.530 -0.634 -0.309 0.095 0.151 -0.439 0.369 -0.038 0.334



Climate indicators

Air Quality

Cities Lag

analyzed Temperature Temperature Temperature - . Wind
Average Minimum Maximum Humidity Rainfall Speed PM2.5 PM10 NO2
0 -0.568 -0.529 -0.409 0.346 0.030 -0.399 0.565 0.064 0.089
-14 -0.297 -0.295 -0.180 -0.087 -0.068 -0.004 - 0.157 0.056
Buenos -6 -0.210 -0.124 -0.029 -0.009 -0.076 - 0.291 0.204
Aires -5 -0.190 -0.096 0.066 -0.034  -0.068 - 0.147  0.192
0 -0.377 -0.358 -0.068 -0.177  -0.162 - 0.329
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Highlights

The study analyzes the impact of climate and pollution indicators on COVID-19

pandemic in Latin America and the Caribbean.

The low wind speed generates less ventilation, then a higher concentration of
pollutants or air contaminated with the SARS-CoV-2 virus can be inhaled in

various cities of Latin America and the Caribbean.

The climate and pollution indicators are one of the factors that triggered the

spread of Covid-19 through Latin America and the Caribbean.

The COVID-19 spread is significantly correlated with PM;9, PM,5s and NO; in
several cities of Latin America and the Caribbean.

The income inequality and poverty levels of the cities analyzed in Latin America
and the Caribbean are related to the spread of COVID-19.
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