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A B S T R A C T   

This study aimed to evaluate the relationship between weather factors (temperature, humidity, solar radiation, 
wind speed, and rainfall) and COVID-19 infection in the State of Rio de Janeiro, Brazil. Solar radiation showed a 
strong (� 0.609, p < 0.01) negative correlation with the incidence of novel coronavirus (SARS-CoV-2). Tem
perature (maximum and average) and wind speed showed negative correlation (p < 0.01). Therefore, in this 
studied tropical state, high solar radiation can be indicated as the main climatic factor that suppress the spread of 
COVID-19. High temperatures, and wind speed also are potential factors. Therefore, the findings of this study 
show the ability to improve the organizational system of strategies to combat the pandemic in the State of Rio de 
Janeiro, Brazil, and other tropical countries around the word.   

1. Introduction 

In December 2019, an outbreak of coronavirus disease 2019 (COVID- 
19) broke out in Wuhan, China (Xu et al., 2020). The novel coronavirus, 
severe acute respiratory disease coronavirus 2 (SARS-CoV-2), is the 
seventh known to cause human disease (Cui et al., 2019; Zhu et al., 
2020). The spread of the disease achieved a global scale quickly, and as 
of March 11, 2020, the world health organization declared COVID-19 as 
a pandemic (WHO, 2020). The virus is highly transmissible, and cases of 
COVID-19 have already been reported in 185 countries (Dong et al., 
2020). However, the new dynamics of the outbreaks seem highly vari
able amongst countries (Dong et al., 2020). The course of an epidemic is 
defined by several factors, including demographic and environmental, 
many of which have an unknown correlation for COVID-19 (Anderson 
et al., 2020). Among the extra-human factors, climatic factors can play 
an important role in the spread of the coronavirus, which makes it 
crucial to understand the drivers of the disease spread, as they are vital 
to guide the imposition of restrictive measures. 

Environmental conditions are known to have an impact on the 
transmission and survival of viruses responsible for respiratory diseases 
such as influenza and SARS viruses (Tamerius et al., 2013; Yuan et al., 

2006). Further, conditions as temperature, air humidity, and air pollu
tion vary among the different countries affected by the pandemic. In 
Brazil, the number of COVID-19 cases has reached 55,995 cases. Only in 
the city of Rio de Janeiro, the number of cases was 6,828 on April 26, 
2020, according to the Secretariat of Health of the Government of the 
State of Rio de Janeiro (SHGRJ, 2020). The early stages of the epidemics 
in Brazil happened during March as the country as in the summer. With 
the following changes in the seasons towards more temperate weather, it 
is of pivotal importance to know the role of environmental conditions in 
the transmission of the virus to raise awareness on the prevention of 
disease spread. Therefore, this paper evaluated the relationship between 
weather and COVID-19 in Rio de Janeiro, Brazil. 

2. Methods 

2.1. Study area 

The Rio de Janeiro state consists of an area of 43,750,423 km2 and a 
population 17,264,943 in 2019 with data projection of the 2010 popu
lation census (IBGE, 2020) and a total of 92 cities. The weather is 
tropical and with high temperatures summers (humid air) and mild 
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temperatures winters (dry air). Six cities were selected (Table 1) in this 
study, representing 59.8% of the total population of the state. 

2.2. Data collection 

The number of cases of the COVID-19 was collected from the data
base of the Secretariat of Health of the Government of the State of Rio de 
Janeiro (SHGRJ, 2020). The six cities in the state of Rio de Janeiro, with 
the highest number of cases in COVID-19, were selected for this study. 
Infection data were collected after March 12, 2020, the date on which 
local transmission between people started. The sum of the number of 
cases in these cities represents 79.8% (6,789 cases) of the total number 
of positives (8,504 cases) on April 28, 2020. 

The meteorological data were obtained from six monitoring centers 
of the National Institute of Meteorology (INMET, 2020) located in the 
cities studied: Forte de Copacabana, Jacar�epagua, Marambaia, Niter�oi, 
Vila Militar and Rio Claro (Passa Três) (Fig. 1). Data were collected after 
March 6, 2020. Due to the delay between infection and diagnosis, the 
initial collection date was equivalent to six days prior to the first day of 
collection of the COVID-19 case number. The data consist of tempera
ture maximum (�C), temperature minimum (�C), temperature average 
(�C), solar radiation (kJ/m2), relative humidity (%), wind speed (m/s) 

and Rainfall (mm). 

2.3. Statistical analysis 

Shapiro Wilk’s test was applied to evaluate the normality of the data. 
The data on daily cases of the COVID-19 showed non-normal distribu
tion, so the relationship between weather and COVID-19 incidence was 
studied using the Spearman rank correlation test. A descriptive study of 
the data was performed using the median and quartiles represented by a 
box-plot graph. The arithmetic mean was used to obtain a single and 
representative data set for the six meteorological centers per day. Sta
tistica 12® (Statsoft, Tulsa, OK, USA) software and the significance level 
of 0.01 were used. 

3. Results 

Table 1 contains the number of COVID-19 cases per city and Fig. 2a 
shows the number of cases over time. The spread of COVID-19 began 
slowly in the State of Rio de Janeiro with 14 days to reach a lower value 
of 50 cases, after March 5, 2020, the day of occurrence of the first case 
(Fig. 2). However, with an additional 14 days (28 days after the first 
case), the exponential growth became evident, with nearly 1,000 
confirmed cases. The latest epidemiological data describes a total of 
6,828 on April 26, 2020, cases statewide. During the 47 days evaluated 
in this study, the climatic data presented highest temperature maximum 
of 34.2 �C (with the lowest temperature maximum of 23.1 �C), the 
highest minimum temperature of 23.9 �C (with the lowest minimum 
temperature of 16.9 �C), the highest average temperature of 27.0 �C 
(with the lowest average temperature of 20.9 �C), the highest humidity 
of 90.8% (with the lowest humidity of 69.5%), and the highest rainfall of 
1.6 mm (with the lowest of 0 mm), the highest solar radiation of 1,017.6 
kJ/m2 (with the lowest of 189.2 kJ/m2) and the highest wind speed of 
2.6 m/s (with the lowest of 0.9 m/s). 

Descriptive analysis indicates that the maximum temperature has a 
high proportion of high values and showed more considerable vari
ability among temperatures (Fig. 3a). Concerning COVID-19 cases, 
greater variability in data is already expected as the disease spread 
progress exponentially. The maximum humidity showed high data ho
mogeneity. Solar radiation showed a high amount of low values 

Table 1 
Geographic and epidemiologic information of the six cities studied in Rio de 
Janeiro state, Brazil.  

City Latitude and 
longitude 

Area 
(km2) 

Population Cases of the 
COVID-19 

Rio de 
Janeiro 

� 22.921474, 
� 43.196084 

1,200.3 6,718,903 5,554 

Niter�oi � 22.889506, 
� 43.118780 

133.8 513,584 282 

Duque de 
Caxias 

� 22.789661, 
� 43.308106 

467.1 919,596 337 

Nova Iguaçu � 22.760855, 
� 43.456078 

520.8 821,128 196 

Volta 
Redonda 

� 22.512245, 
� 44.090516 

182.1 273,012 202 

S~ao Gonçalo � 22.823642, 
� 43.046810 

248.2 1,084,839 218 

According IBGE (2020) and SHGRJ (2020). 

Fig. 1. Geographic patterns of COVID-19 confirmed case counts in six cities of Rio de Janeiro State in Brazil, on April 28, 2020. RJ: Rio de Janeiro city, NT: Niter�oi, 
DC: Duque de Caxias, NI: Nova Iguaçu, VR: Volta Redonda, SG: S~ao Gonçalo. 
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indicated by the prolongation of the third and fourth quartiles (Fig. 3c). 
Higher wind speeds were more frequent. 

The correlation coefficients are shown in Table 2. Between nine 
climatic factors studied, four were significant (temperature maximum 
and average, radiation and wind speed). In addition, all significative 
variables show a negative correlation with the number of cases. Evans 
(1996) classified the correlation levels at 0.00–0.19 as “very weak”, 
0.20–0.39 “weak”, 0.40–0.59 “moderate”, 0.60–0.79 “strong” and 
0.80–1.0 “very strong”. Hence, solar radiation showed a strong negative 
correlation with COVID-19. Wind speed and temperature average pre
sented a negative moderate correlation, and temperature maximum a 
weak negative correlation. 

4. Discussion 

The behavior of an enveloped virus is affected by extra-human 
conditions, such as climatic conditions (Cohen, 2020). In this study, 
solar radiation plays an important role in the propagation of COVID-19 
in Brazil. In Iran, Ahmadi et al. (2020) found that radiation was 

inversely related to COVID-19 infection, using a linear correlation tool 
(Pearson’s correlation). However, it was not significant (p > 0.05). In 
the present study, the relationship between these two variables was 
inverse and significative (p < 0.01). A non-linear correlation tool 
(Spearman rank correlation) was used to analyze the data from Rio de 
Janeiro. Therefore, although Iran (an arid or semi-arid and subtropical 
country) presented approximately twice more solar radiation in a 
similar period to Rio de Janeiro (Ahmadi et al., 2020), radiation can be 
effective in lower conditions in Brazil. Hence, it is possible to suggest 
that the increase in the doses of solar radiation may collaborate with the 
virus reduction in the environment of a tropical region in a non-linear 
way. On the other hand, vitamin D production by human metabolism 
may be an underlying connection linked to the interpretations described 
above. Solar radiation plays an important role in vitamin D production, 
and scientific evidence supports the role of this compound in preventing 
COVID-19 infections (Grant et al., 2020). 

Among weather features, the influence of temperature has been the 
most studied (Tosepu et al., 2020; Liu et al., 2020; Prata et al., 2020). In 
this study, temperature (average and maximum) was associated (p <

Fig. 2. Cases of the COVID-19 (a), solar radiation (kJ/m2) (b), temperature average (�C) (c), and wind speed (m/s) (d) in Rio de Janeiro (average of six meteo
rological centers) between March 06, 2020 and April 21, 2020. 
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0.01) with lower number of COVID-19 infection. High temperatures 
damage the virus lipid layer decreasing its stability and infection po
tential and may even cause virus inactivation, therefore lowering the 
transmission rate (Moriyama et al., 2020; Sol�a et al., 2020). In a survival 
test, Prussin II et al. (2018), using an enveloped virus, suggested as 
“equivalent to influenza and coronavirus” (bacteriophage Phi6), verified 
the temperature effect on the virus inactivation. The increase from 14 to 
34 �C caused the 6-log reduction of the microorganism studied (Prussin 
II et al., 2018). The previous findings corroborate with the significant 
and negative correlation found for temperature (average and maximum) 
and the number of cases in Rio de Janeiro. 

The wind was implied as a critical climatic factor for the transmission 
of COVID-19; however, studies on this factor are scarce (She et al., 
2020). Yuan et al. (2006) found that wind speed was a significate factor 
for the SARS-CoV outbreak in Beijing, China. In Rio de Janeiro, higher 

speed winds were associated with lower incidences of COVID-19, due to 
the significative (p < 0.01) negative correlation (Table 2). In an external 
environment, higher wind speed contributes to the dilution and removal 
of the droplets that decrease the concentration of the virus in the air, 
thus reducing the transmission potential of the SARS (WHO, 2003; Cai 
et al., 2007). Indeed, studies are suggesting that the concentration of 
atmospheric pollutants is an important contributor to SARS-CoV-2 
spread (Martelletti and Martelletti, 2020; Ogen, 2020). In an internal 
environment, Jiang et al. (2003) found that higher wind speeds decrease 
the viral load of indoor environments, which can prevent SARS out
breaks. In addition, we suggest that the wind renew the air and also 
increase the exposure of the virus to the solar radiation effects, a factor 
of strong negative correlation in the present study. 

The understanding obtained in this study of the climatic effect on the 
spread of coronavirus in a tropical state such as Rio Janeiro can 
collaborate with the decision-making process to control the pandemic, 
indicating the locations with weather more susceptible to the disease 
spreading. In addition, it is noteworthy that, currently, the Northern 
Hemisphere is on its way to summer, a time when COVID-19 may lose 
strength due to climatic effects. However, the Southern Hemisphere is 
close to entering winter, where climatic factors increase the spread of 
the virus. This study demonstrates the association of COVID-19 with 
climatic characteristics in an alarming way for tropical regions of the 
Southern Hemisphere. Unlike the other countries of the Northern 
Hemisphere, it is predicted that Brazil will enter the winter near the 
major epidemic stage. Hence, considering the climatic conditions, there 
is a high potential for Brazil to be the main country affected by COVID- 
19, mainly also due to its high population density. Worldwide, the 
growth in the number of COVID-19 cases is a highly non-linear process, 
where each day of inertia results in a significant impact on future health 
and economic prospects. Just a few inert days down the road can mean 
the difference between a controllable process and an inevitably over
burdened health system. Furthermore, in times of urgency, even the 
most straightforward study can be very advanced, and small gaps be
tween different fields of research may appear to be precipices. 

5. Conclusion 

The weather plays a critical role in the spread of COVID-19 in Rio de 
Janeiro, Brazil. Solar radiation was the most critical weather factor, 
presenting a significantly strong correlation with the incidence of 
COVID-19. Notwithstanding, temperature average and wind speed 
showed moderate correlation. In general, temperature, wind speed, and 
solar radiation increases are potential climatic factors that gradually 
reduce the effects of the pandemic in Rio de Janeiro. Finally, our find
ings have the potential to collaborate with strategies to suppress the 
SAR-CoV-2 epidemic in an important tropical region of Brazil and other 
tropical countries around the world. 
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Fig. 3. Box-plot of the weather conditions in Rio de Janeiro State for 47 days. 
TMAx: temperature maximum (�C), TMin: temperature minimum (�C) and TAv: 
temperature average (�C) (a). HMax: humidity maximum (%), HMin: humidity 
minimum (%), HMed: humidity average (%) and SR: solar radiation ( � 10 kJ/ 
m2) (c). WS: wind speed (m/s) (d). 

Table 2 
The correlation coefficients of the Spearman rank test between COVID-19 and 
weather variables.  

Weather variables Spearman correlation coefficient 

Temperature maximum (�C) � 0.332a 

Temperature minimum (�C) � 0.243 
Temperature average (�C) � 0.406a 

Humidity maximum (%) 0.174 
Humidity minimum (%) 0.112 
Humidity average (%) 0.265 
Rainfall (mm) 0.127 
Solar radiation (kJ/m2) � 0.609a 

Wind speed (m/s) � 0.440a  

a Significative value (p < 0.01). 
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Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijheh.2020.113587. 
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