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ABSTRACT 
 

Since the end of December 2019, the COrona VIrus Disease (COVID-19) is sweeping the world 
and has caused huge damage to the health, economy, and social life of the communities. 
Meteorological variables are among the factors influencing the spread of contagious diseases. The 
aim of this study was to explore the correlation between climatic parameters and COVID-19 spread 
in Tunisia. To do this, we designed a daily dataset including the number of confirmed and deaths 
cases, minimum temperature (°C), maximum temperature (°C), mean temperature (°C), rainfall 
(mm), and wind speed (km/h) during the period of June 27 to October 22, 2020. To investigate the 
association between climatic variables and COVID-19, the Spearman correlation test was 
employed. The Mann-Kendall test has been also used to detect the direction of the COVID-19 
trend. As many researchers have demonstrated that the incubation period of the ongoing pandemic 
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varies from 1 to 14 days, the correlation of each parameter with COVID-19 was examined on the 
day of the confirmed cases and deaths, and before 7 and 14 days.  The results showed that out of 
the five selected climatic variables, four variables were correlated with COVID-19 cases and deaths 
(statistically significant at a 99% confidence level). A positive correlation of the rainfall with COVID-
19 confirmed cases and deaths was observed, the highest was 14 days ago. However, negative 
correlations were observed for minimum, maximum, and mean temperature, the highest was on the 
day of the incident. Besides, the Mann-Kendall test showed increasing trends for COVID-19 cases 
and deaths (statistically significant at a 99% confidence level). The results of this study might be 
useful to understand the role of climatic factors in the spread of COVID-19 and provide insights for 
healthcare policymakers to well manage this global pandemic. 
  

 
Keywords: COVID-19; Tunisia; temperature; rainfall; wind speed; correlation. 
 
1. INTRODUCTION  
 

The novel Corona Virus Disease 19 (COVID-19) 
was first acknowledged in Wuhan city, China in 
late December 2019 [1,2]. COVID-19 has been 
acknowledged as a contagious disease that 
spreads rapidly around the globe [3]. Till 
December 5, 2020, the World Health 
Organization (WHO) has reported that globally 
the COVID-19 has affected 219 countries with a 
total of 66,501,425 confirmed cases and 
1,529,154 deaths [4]. On January 30, 2020, the 
WHO has declared the disease as an 
international public health emergency, and later, 
on March 11, 2020, the WHO recognized 
COVID-19 as a global pandemic [5]. Countries 
around the world have taken several actions to 
reduce the spread of the virus, for instance, 
border closure, national lockdown, teleworking, 
school fermeture, social distancing, self-isolation, 
closing of restaurants and coffee shops, etc. 
Although these measures have helped to control 
the disease, it was coupled with negative socio-
economic impacts, for example, an increase in 
public debt, a decline of investment, a high 
unemployment rate, and an increase in the 
poverty rate [6,7].  
 
COVID-19 spreads among the population, mainly 
through close contact with an infected person. 
The transmission can particularly occur in indoor, 
crowded and insufficiently ventilated spaces 
where one or more infected people spend long 
periods with other people, such as restaurants, 
classrooms, and offices [4]. Clinical and 
laboratory investigations of COVID-19 have 
discovered respiratory droplets as the most 
frequent agent of contamination [8]. Therefore, 
infected people could leave infectious droplets 
when they sneeze, cough, or touch objects or 
surfaces, such as tables, doorknobs, and 
handrails. Healthy people might then become 
infected with the virus if they touch these 

contaminated surfaces and then touch their eyes, 
nose, or mouth before washing their hands [4].  
 
In addition to person-to-person transmission, 
epidemiological researches have shown that 
meteorological parameters play an important role 
in the transmission of viruses [9,10]. 
Investigations on similar contagious diseases 
showed that seasonal variations may affect their 
incidence [11,12]. Infections with influenza virus, 
respiratory syncytial virus, human rhinovirus, and 
severe acute respiratory syndrome corona virus 
were directly related to ambient temperature and 
humidity [9]. It seems that earlier researches on 
previous infectious diseases have motivated 
further investigations on the new COVID-19. In 
fact, despite the novelty of COVID-19, there is a 
fast-growing body of literature that investigates 
its association with meteorological factors 
(Appendix 1).  
 
Meteorological factors that have been explored in 
most researches include temperature, rainfall, 
wind speed, and humidity. For instance, recent 
researches in China, Japan, Singapore, Rio de 
Janeiro, and other countries have investigated 
the impact of temperature on the transmission of 
COVID-19 [10,13,14]. Besides, other studies 
based on samples from Indonesia, Canada, 
Norway have revealed that rainfall is another 
contributor to the spread of COVID-19 [15,16]. 
Wind also acts as a crucial factor in the 
transmission of the virus [17]. Appendix 1 
provides results of investigations of such factors 
in many countries. Together, these studies 
indicate that the impact of meteorological factors 
on COVID-19 is controversial, ranging from 
positive, to negative, to insignificant (Appendix 
1).  
 

As climate factors vary throughout the world, the 
influence of climate parameters on the COVID-19 
spread needs to be explored in each country. To 
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the best of our knowledge, this is likely to be the 
first study that investigates the relationship 
between climate parameters and COVID-19 for 
the case of Tunisia.  
 

The aim of this study is to investigate the 
correlation between meteorological variables and 
the COVID-19 daily cases and deaths in Tunisia. 
The fact that we have limited our investigations 
on meteorological variables only does not mean 
that they are considered as primary factors of the 
COVID-19 transmission. Probably, several 
determinants other than meteorological ones 
could influence the COVID-19 spread.  
 

2. METHODOLOGY  
 

2.1 Study Area and Data Collection 
 

Tunisia is a country in North Africa at latitude 33 
° 58′48.00 ″ North and longitude 9 ° 32′24.00″ 
East. Its climate is Mediterranean, with mild and 
rainy winters and hot and sunny summers. In 
Tunisia, the spread of Covid-19 worries 
professionals in the health sector. The first 
announced COVID-19 case was on March 02, 
2020. Until June 27 only 1191 cases had been 
identified. The number of cumulative cases (Fig. 
1) and deaths (Fig. 2) detected from March 2 to 
October 22 was 48799 and 1039, respectively. In 
fact, from the beginning of the pandemic until 
June 27, the spread of the virus was slow 
because the State had taken strict measures to 
limit the spread. However, from June 27, the 
spread of the virus has accelerated. Thus the 
study period that we have considered in this 
paper is from June, 27 to October, 22 (118 days).  
The data of COVID-19 confirmed cases and 
deaths of Tunisia were collected from the official 
website of the Tunisian ministry of public health 
(https://covid-19.tn/fr/tableau-de-bord/)  [18].  
 
The daily meteorological data were collected 
from https://www.infoclimat.fr/  [19]. After an 
extensive literature review on the climatic 
parameters affecting the spread of COVID-19 
(Appendix 1) and in accordance to data 
availability, we considered the following five 
variables: minimum temperature (°C), maximum 
temperature (°C), mean temperature (°C), rainfall 
(mm), and wind speed (km/h). The gathered data 
have been analyzed with EXCEL spreadsheets 
to present graphs.  
 

2.2 Statistical Analysis 
 

In this study, the statistical analysis has been 
performed using two tests. First, the Mann- 

Kendall test [20,21] has been employed to detect 
the trends of COVID-19 daily confirmed cases 
and deaths. Second, the Spearman correlation 
test was used to explore the correlation between 
the climatic parameters and the COVID-19 
confirmed cases and deaths. The Spearman 
coefficient explores how properly the association 
between two variables can be specified. This test 
has been used in several previous studies to 
investigate the relationship between 
meteorological variables and COVID-19 [17,22, 
25]. The values of the Spearman coefficient are 
ranked between 1 and -1 (a perfect positive and 
negative correlation, respectively) and is 
calculated using the following equation:  

  
rs = 1 – 6 × (  ∑ 	di2   /  n (n2 – 1) )             (1) 

 
Where rs is the Spearman coefficient, di is the 
difference between the ranks of two parameters, 
and n represents the number of alternatives.  

 
The statistical tests were employed using the 
statistical software XLSTAT. 
 

3. RESULTS  
 

3.1 Descriptive Analysis of COVID-19 and 
Meteorological Variables 

 

As mentioned earlier, the count of COVID-19 
confirmed cases (Fig. 1) and deaths (Fig. 2) has 
been small up to June 27, which corresponds to 
the date of border opening by the State. 
Nevertheless, from June 27, an obvious rise in 
the COVID-19 transmission has been revealed.  
Fig. 3 and Fig. 4 show the COVID-19 confirmed 
cases and deaths during the study period, from 
June 27 to October 22 (118 days). To present an 
exhaustive picture of COVID-19 rapid spread, the 
118 days study period (from June 27 to October 
22) has been divided in four periods. From June 
27 to July 27, July 27 to August 27, August 27 to 
September 27, and September 27 to October 22, 
a total of 293, 1983, 14416, and 30916 COVID-
19 confirmed cases have been registered, 
respectively. Besides, the count of cumulative 
deaths has been rising rapidly. These findings 
could be supported by the results of Mann-
Kendall test that have shown a statistically 
significant increasing trends of COVID-19 
confirmed cases and deaths.  
 

Furthermore, Fig. 5, Fig. 6, and Fig. 7 shows the 
daily meteorological variables during 118 days 
study period from June 27 to October 22. During 
this period, the mean temperature was 27.19 °C 
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(the lowest mean was 17.47°C and the highest 
mean was 33.08°C), the mean minimum 
temperature was 21.42°C (the lowest minimum 
was 11.59°C and the highest minimum was 
26.56°C), the mean maximum temperature was 
32.91°C (the lowest maximum was 21.59°C and 
the highest maximum was 40.29°C). The mean 
rainfall was 1.08 mm (the lowest mean was 0 
mm and the highest mean was 16.98 mm). The 
mean wind speed was 32.58 km/h (the lowest 
mean was 17.89 km/h and the highest mean was 
55.25 km/h). 
 

3.2 Correlation between the Selected 
Metrological Parameters and COVID-
19 Pandemic 
 

The relationship between the five parameters 
and COVID-19 confirmed cases and deaths on 
the day is shown in Table 1 and Fig. 8. Among 
the selected parameters, the minimum 
temperature, maximum temperature, mean 
temperature, and rainfall were statistically 
significant at a 99% confidence level. However, 
the wind speed was not statistically significant.  

 
 

Fig. 1. Number of cumulative confirmed cases from March 2 to October 26, 2020, in Tunisia 
 

 
 

Fig. 2. Number of cumulative deaths because of COVID-19, from March 2 to October 26, 2020, 
in Tunisia 
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Fig. 3. Daily confirmed cases during 118 days period from June 27 to October 22, 2020, in 
Tunisia 

 

 
 

Fig. 4. Daily deaths due to COVID-19 during 118 days period from June 27 to October 22, 2020, 
in Tunisia 

 

 
 

Fig. 5. Daily pattern of temperature during 118 days period from June 27 to October 22, 2020, 
in Tunisia 
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Fig. 6. Daily pattern of rainfall during 118 days period from June 27 to October 22, 2020, in 
Tunisia 

 

 
 

Fig. 7. Daily pattern of rainfall during 118 days period from June 27 to October 22, 2020, in 
Tunisia 

 
Table 1. Spearman correlation coefficients of meteorological parameters with the COVID-19 

transmission in Tunisia 
 
Meteorological parameters Confirmed cases Deceased 
Minimum temperature  (°C) -0,527* -0,591* 
Maximum temperature  (°C) -0,605* -0,624* 
Mean temperature  (°C) -0,609* -0,641* 
Rainfall (mm) 0,325* 0,273* 
Wind Speed (Km/h) -0,048 -0,054 

* Statistically significant at 99% confidence level 
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Fig. 8. Correlation tests of number of daily cases and deceased on the day with the 
meteorological parameters during 118 days period from June 27 to October 22, 2020, in 

Tunisia 
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Fig. 9. Comparison of spearman correlation coefficients (Statistically significant at 99% 
confidence level) 

 
4. DISCUSSION 
 

A strong negative relationship of minimum 
temperature, maximum temperature, and mean 
temperature with the count of COVID-19 
confirmed cases and deaths was noted (Fig. 8). 
It suggests that when the temperature 
decreases, the count of patients and deaths 
increases. Interestingly, this result is in 
agreement with several previous studies. For 
instance, Rosario et al. [26]  have observed that 
the COVID-19 transmission is likely to increase 
with the decrease of temperature in the Rio de 
Janeiro State. Qi et al. [8] also examined the 
association of daily temperature with the daily 
COVID-19 confirmed cases in China and found a 
significant negative interaction between them. 
Besides, they demonstrated that for every 1°C 
increase in the average temperature, the daily 
confirmed cases decreased by 36%. In addition, 
Prata et al. [10]  have also demonstrated a 
negative relationship between temperatures and 
daily cumulative confirmed cases of COVID-19 in 
Brazil. Further, they found that each 1 °C rise of 
temperature was associated with a −4.8 % in the 
number of daily cumulative confirmed cases of 
COVID-19. Similarly, in a worldwide study, from 
166 countries, Wu et al. [27] have investigated 
the impact of climatic factors on the COVID-19 
spread, they found that the temperature was 
negatively associated with daily confirmed cases 
and deaths. They noted that a 1 °C increase in 

temperature was associated with a 3.08% 
reduction in daily new cases and a 1.19% 
reduction in daily new deaths.  
In addition to evidence from samples of different 
countries, our result is consistent with in vitro 
experimentations which suggests that warmer 
weather could decrease the spread of COVID-
19. In fact, Chan et al. [9]  have observed that 
coronavirus was stable for over five days on 
smooth surfaces when the temperature ranges 
between 22°C and 25°C. Keeping in touch with 
previous studies on other contagious diseases, 
Bi et al. [28]  have reported a negative correlation 
between temperature and SARS spread in 
Beijing and Hong Kong in 2003. Nevertheless, 
other researchers came to the contrary 
conclusion. In fact several other studies have 
shown that the ambient temperature is positively 
associated with the spread of COVID-19. Among 
others, Pani et al. [23]  have tested the 
correlation between COVID-19 and temperature 
in Singapore and found a significant positive 
association between them. Other investigations 
from samples in Turkey, Norway, and Indonesia 
revealed the same kind of correlation [15–17]. 
Apart from negative and positive correlations, 
other researchers, namely Ahmadi et al. [29] and 
Jamil et al. [30] have not found any association 
between temperature and COVID-19.  
 
Further, our results revealed a positive 
association of rainfall with COVID-19 confirmed 
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cases and deaths (Table 1). However, the 
Spearman coefficient for this correlation is weak 
(Fig. 9).  Similarly, in a worldwide study, Sobral 
et al. [31]  have witnessed that the count of 
COVID-19 confirmed cases and deaths is 
positively correlated with rainfall. Rosario et al. 
[26]  have also revealed a positive correlation 
between COVID-19 transmission and rainfall in 
the Rio de Janeiro State. Besides, our result may 
be supported by Raina et al. [32]  who have 
observed a higher count of COVID-19 patients 
and deaths in cold countries. Nonetheless, 
Ahmadi et al. [29] have registered an inverse 
correlation between COVID-19 incidences and 
rainfall. Moreover, studies based on samples 
from India, Indonesia have not shown an 
association between rainfall and COVID-19 
transmission [16,33]. 
  
Finally, our study has not registered any 
association between wind speed and COVID-19 
transmission (Table 1). This result is in 
agreement with Oliveiros et al. [34]  who have 
not identified any association between COVID-19 
and wind speed in China. Contrastingly, 
Rendana et al. [35]  has observed that the 
COVID-19 incidences decrease with the rise of 
wind speed. 

 
In view of all that has been mentioned so far, we 
can highlight that the results of previous studies 
have been controversial. Probably, this is due to 
weather specificities in each country. Therefore, 
authors need to be cautious when interpreting 
the findings given the possible influence              
of the statistical method on the results             
[36] . 

 
In addition, we have analyzed the selected 
climatic parameters for three timeframes, 
notably, on the day of the incidence, 7 days ago, 
and 14 days ago (Fig. 9). In fact, previous 
studies have highlighted the importance of 
considering the incubation period in COVID-19 
studies [37]. The results suggest that the 
maximum temperature, the minimum 
temperature, and the mean temperature on the 
day have the highest negative correlation with 
the count of COVID-19 confirmed cases. That is 
to say, the temperature on the day of the 
confirmed case is strongly related to the case. 
This result is consistent with Şahin [17]  who 
came to the same conclusion. Besides, the 
rainfall of 14 days ago has the highest correlation 
with the count of new cases. This          
correlation decreases as the timeframe 
diminishes.  

5. CONCLUSION 
 
The results have revealed that the COVID-19 
daily confirmed cases and deaths are negatively 
correlated with minimum temperature, maximum 
temperature, mean temperature. However, a 
negative correlation has been identified between 
the COVID-19 spread and rainfall. The study 
provided important insights that can help health 
authorities to strengthen the health system 
depending on temperature and rainfall variability.  
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APPENDIX 
 

A literature review of 21 published papers on the effect of climatic factors on the COVID-19 
transmission 

 
Title Author Country Method Main findings 
Impact of 
meteorological factors 
on the COVID-19 
transmission: A 
multicity study in China 

[15] China Generalized 
linear models 

COVID-19 transmission 
may be affected by 
meteorological factors, 
and a weather with low 
temperature, mild 
diurnal temperature 
range 
and low humidity likely 
favor its transmission. 

Effects of 
meteorological 
conditions and air 
pollution on COVID-19 
transmission: Evidence 
from 219 Chinese cities 

[38] China Multivariate 
regression 
model 

Daily maximum 
temperature,minimum 
temperature, and 
average temperature 
are negatively 
significantly correlated 
to the new cases. Air 
pollution indicators are 
all positively correlated 
to the new confirmed 
cases 

COVID-19 transmission 
in Mainland China is 
associated with 
temperature and 
humidity: a time-series 
analysis 

[8] China Generalized 
Additive 
Model 

The average 
temperature and 
relative humidity 
showed significantly 
negative associations 
with COVID-19. Every 
1°C increase in the 
average temperature 
led to a decrease in the 
daily confirmed cases 
by 36% to 57% when 
relative humidity was in 
the range from 67% to 
85.5%. 

Relationship between [26] Brazil Shapiro Solar radiation showed 
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Title Author Country Method Main findings 
COVID-19 and 
weather: Case study in 
a tropical country 

Wilk’s test;  
Spearman 
rank 
correlation 
test 

a strong negative 
correlation with the 
COVID-19. 
Temperature and wind 
speed showed negative 
correlation.  

A Preliminary 
Investigation on the 
Statistical 
Correlations between 
SARS-CoV-2 Spread 
and Local Meteorology 

[39] Italy Pearson 
correlation 
coefficient 

Strong positive 
correlations were 
observed between new 
cases and 
temperatures.  
Strong negative 
correlations were 
observed 
between the moving 
means of new cases 
and relative humidity 
values.  

Investigating the Effects 
of Meteorological 
Parameters on COVID-
19: Case 
Study of New Jersey, 
United States 

[22] United States Pearson 
correlation, 
Spearman 
correlation 
and Kendall’s 
rank 
correlation. 

Temperature (◦C) 
was found to have a 
negative correlation, 
while humidity and air 
quality highlighted a 
positive correlation with 
daily new cases of 
COVID-19.  

Maximum Daily 
Temperature, 
Precipitation, Ultraviolet 
Light, and Rates of 
Transmission of Severe 
Acute Respiratory 
Syndrome Coronavirus 
2 in the United States 

[40] United States Binomial 
regression 
model 

A maximum 
temperature above 52°F 
on a given day was 
associated with a lower 
rate of new cases at 5 
days. Among 
observations with daily 
temperatures below 
52°F, there was a 
significant inverse 
association between the 
maximum daily 
temperature and the 
rate of cases at 5 day. 
Precipitation was not 
associated with a 
greater 
rate of cases at 5 days 

Association between 
climatic variables and 
COVID 19 
pandemic in National 
Capital Territory of 
Delhi, India 

[33] India Karl 
Pearson’s 
correlation  

Maximum temperature, 
minimum temperature, 
mean temperature, 
relative humidity, 
evaporation, and wind 
speed are positively 
associated with 
coronavirus disease 
cases. No association 
of coronavirus disease 
has been found with 
bright sunshine hours 
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Title Author Country Method Main findings 
and rainfall.  

Effect of meteorological 
factors on COVID-19 
cases 
in Bangladesh 

[41] India Distributed 
lag nonlinear 
models, 
Pearson’s 
correlation 
coefficient 
and wavelet 
transform 
coherence 

Minimum and mean 
temperature, wind 
speed, relative humidity 
and absolute humidity 
had a significant 
positive correlation with 
the number of 
COVID-19 confirmed 
cases. 

Correlation between 
weather and Covid-19 
pandemic in 
Jakarta, Indonesia 

[16] Indonesia Spearman 
rank 
correlation 
test 

Temperature average 
(°C) was significantly 
correlated with covid-19 
pandemic. 

Impact of the wind 
conditions on COVID-
19 pandemic: A new 
insight for direction of 
the spread of the virus 
 

[35] Indonesia Spearman 
correlation 
test 

A low wind speed is 
significantly correlated 
with a higher COVID-19 
cases. Similarly, low 
temperatures and 
sunshine hours are 
correlated with a higher 
COVID-19 cases. There 
are not significant linear 
correlations between 
humidity and rainfall 
with COVID-19 cases.  

Impact of climate and 
ambient air pollution on 
the epidemic growth 
during 
COVID-19 outbreak in 
Japan 

[13] Japan Weighted 
random-
effects 
regression 
analysis 

Epidemic growth of 
COVID-19 was 
significantly associated 
with increase in daily 
temperature or 
sunshine hours. 

Temperature and 
precipitation associate 
with Covid-19 new daily 
cases: 
A correlation study 
between weather and 
Covid-19 pandemic in 
Oslo, Norway 

[15] Norway Spearman 
correlation 
coefficient 

Maximum temperature, 
normal temperature, 
and precipitation level 
were significantly 
correlated with covid-19 
pandemic. 

A correlation study 
between weather and 
atmosphere 
with COVID-19 
pandemic in Islamabad, 
Pakistan 

[42] Pakistan Spearman 
cor- 
relation 
coefficient 

Precipitation level, 
normal temperatureas 
well as the maximum 
temperature were very 
much associated with 
COVID-19 virus. 

Effects of weather and 
policy intervention on 
COVID-19 infection in 
Ghana 

[43] Ghana Generalized 
linear model 

Significant effects of 
maximum temperature, 
relative humidity and 
precipitation in 
predicting new cases of 
the disease. 

Effects of climatological 
parameters on the 
outbreak spread 
of COVID-19 in highly 

[24] Spain Pearson 
correlation, 
Spearman 
correlation, 

Temperature may not 
be a determinant to 
induce COVID-19 
spread in Spain, while 
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Title Author Country Method Main findings 
affected regions of 
Spain 

and robust 
panel 
regressions 

the rising temperature 
may reduce the virus 
transmission. 

Effect of Temperature 
on the Transmission of 
COVID-19: A Machine 
Learning Case Study in 
Spain 

[37] Spain A machine 
learning 
approach 

Inverse correlation 
between temperature 
and the daily number of 
infections 

Association of COVID-
19 pandemic with 
meteorological 
parameters 
over Singapore 

[23] Singapore Spearman 
and Kendall 
rank 
correlation 

Temperature, dew 
point, relative humidity, 
absolute humidity, and 
water vapor showed 
positive significant 
correlation with COVID-
19 pandemic.  

Meteorological impact 
on the COVID-19 
pandemic: A study 
across eight 
severely affected 
regions in South 
America 

[25]  South America Spearman's 
correlation 
coefficients 

A highly significant 
correlation between 
daily incubative cases 
and absolute humidity.  

Impact of weather on 
COVID-19 pandemic in 
Turkey 

[17] Turkey Spearman's 
correlation 
test 

The highest correlations 
were observed for 
population, wind speed 
14 days ago, and 
temperature on the day, 
respectively. 

Warmer weather 
unlikely to reduce the 
COVID-19 
transmission: An 
ecological study in 202 
locations in 8 countries 

[44] UK, US, Italy, 
Germany, 
Australia, 
Canada, 
China, Japan 

Multiple 
linear 
regression 
models 

Temperature did not 
exhibit significant 
association with 
COVID-19. Relative 
humidity, wind speed, 
and ultraviolet (UV) 
radiation were not 
significantly associated 
with COVID-19.  
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