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Abstract

There are confusion as to whether cold/hot weather can kill the new coronavirus (COVID-19) since most infectious disease have 
some form of seasonality and/or seasons at which they progress. The normal human body temperature remains around 36.5°C to 
37°C, regardless of the external temperature or weather. This paper considered the relationship between the weather parameters 
and the spread of COVID-19 since many of the largest outbreaks have been in regions where the weather is cooler, leading to specula-
tion that the disease might begin to tail off with the arrival of summer. Many experts, however, have already cautioned against bank-
ing too much on the virus dying down over the summer. The results based on the active and closed cases of COVID-19 showed that 
infected patients in mild condition and serious/critical condition under the active cases as at today 1st of April 2020 were 95% and 
5%, respectively while 81% (Recovered/discharged) and 19% (Deaths) were observed under the closed cases which was 229,344 in 
total as at 1st of April 2020. Also, the correlation coefficients showed that no relationship existed between the meteorological vari-
ables and the confirmed cases counts due to COVID-19. Count methodologies used showed significance of the weather parameters 
but gave a poor fit which is an indication of data needs as covariates to the already documented records of persons diagnosed to be 
COVID-19 positive.
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Introduction 
Coronavirus disease (COVID-19) caused by a newly discovered 

novel coronavirus is an infectious disease [1]. Mild to moderate 
symptoms and recovery without special treatment are what most 
people who fall sick with COVID-19 experience [1,2]. COVID-19 is 
mainly transmitted through droplets generated when an infected 
person coughs, sneezes, or exhales. These droplets are too heavy 
to hang in the air and quickly fall on floors or surfaces [2]. It has 

been discussed at different levels how one can be infected, which 
is majorly by breathing in the virus if you are within proximity of 
someone who has COVID-19, or by touching a contaminated sur-
face and then your eyes, nose, or mouth. Various strategies have 
since been put in place by affected countries. These included the 
regular use of face masks, social distancing, washing of hands regu-
larly and staying indoor among others. Most of these strategies are 
difficult to implement in Africa due to our limitations in terms of 
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health infrastructures, the culture of buying and selling, modes of 
transportation and bad data management policies among others. 
The Nigeria Centre for Disease Control (NCDC) through the na-
tional Emergency Operations Centre (EOC) has continued to lead 
the national public health response in Nigeria under the supervi-
sion of the Federal Ministry of Health and oversight of the Presi-
dential Task Force on COVID-19 (PTF-COVID-19). The NCDC is also 
working closely with all states of the Federation to support their 
response activities to the outbreak. Several measures have been 
instituted by the Federal Government of Nigeria through the PTF-
COVID-19 together with the Federal Ministry of Health to curtail 
the spread of the disease and protect the health of Nigerians. This 
includes an initial lockdown of non-essential activities; closure of 
schools; a ban on international flights etc. 

Many infectious diseases are perceived to be seasonal thereby 
showing great relationships with weather parameters. Flu typically 
arrives with the colder winter months, as does the norovirus vom-
iting bug. Others, such as typhoid, tend to peak during the sum-
mer. Measles cases drop during the summer in temperate climates, 
while in tropical regions they peak in the dry season. Hence, it is 
important to know whether we can expect similar seasonality with 
Covid-19. Since it first emerged in China around mid-December, the 
virus has spread quickly, with the number of cases now rising most 
sharply in Europe and the US. This paper considered the relation-
ship between the weather parameters and the spread of COVID-19 
since many of the largest outbreaks have been in regions where 
the weather is cooler, leading to speculation that the disease might 
begin to tail off with the arrival of summer. Many experts, however, 
have already cautioned against banking too much on the virus dy-
ing down over the summer.

Methods

Some models were selected for the reported cases and deaths 
since the reported cases and number of deaths are count data. 
Models like Poisson regression model, Negative Binomial model 
and Zero truncated Poisson regression model are employed to 
model the reported cases while hurdle model and Zero Inflated 
Poisson model to model the reported death cases.

Results and Discussion

The data on coronavirus comprises of the reported cases, the 
number of death and countries which the disease was reported [1]. 
In figure 1 below, the countries were grouped into continents com-
prising of 26 countries in Asia, 7 in America, 1 in Australia, 30 in 
Europe and 3 in Africa.

Figure 1: Distribution of reported cases and deaths due to 
COVID-19 by continents.

Mean Sd Median Trimmed Mad Min Max Range Skew Kurtosis SE
Reported cases 1316.54 9750.02 5 18.62 5.93 1 79824 79823 7.79 59.74 1191.15

Deaths 44.69 350.49 0 0.16 0 0 2870 2870 7.82 60.02 42.82

Table 1: Descriptive statistics of the variables.
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Table 1 above showed that there is over dispersion in the vari-
ables since the variance is larger than the mean. This is another 
reason of our choice of selected model.

The zero inflated poisson regression model and the hurdle 
model are used to model the reported death cases because it has 
an excess zero counts. Theory suggests that the excess zeros can 
be modeled independently. Thus, the ZIP and the hurdle model has 
two parts, a Poisson count model and the logit model for predicting 
excess zeros. Asia was chosen as the reference category.

Estimate Std. Error z value Pr(>|z|)
Intercept 8.103692 0.003411 2376.1 <2e-16 ***
America -5.42463 0.099074 -54.75 <2e-16 ***
Australia -4.8456 0.1961 -24.7 <2e-16 ***
Europe -3.8533 0.0221 -174.62 <2e-16 ***
Africa -15.2823 17.9285 -18.95 <2e-16 ***

Table 2: Modelling reported cases of coronavirus using zero  

truncated poisson regression model.

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1.

Table 2 suggests that if a coronavirus case is to be reported, the 
expected number of reported cases is expected number of reported 
cases in America will decrease by 5.4246 times compare to Asia 
while holding other variable in the model constant. Also, the ex-
pected number of reported cases is expected to decrease by 4.8456 
times in Australia compare to Asia while holding other variable in 
the model constant. The expected number of reported cases is ex-
pected to decrease by 3.8533 times in Europe compare to Asia while 
holding other variable in the model constant. Finally, the expected 
number of reported cases is expected to decrease by 15.2823 times 
in Africa compare to Asia while holding other variable in the model 
constant. The table also shows that there is a significant difference 
between the reported cases in Asia compare to other continent 
since their P-value is less than 0.05 level of significance.

Table 3 suggests that if a coronavirus case is to be reported, the 
expected number of reported cases is expected number of reported 

Estimate Std. Error z value Pr(>|z|)
Intercept 1 8.1037 0.4193 19.328 <2e-16 ***
Intercept 2 -1.5193 0.1617 -9.398 <2e-16 ***

America -5.4246 0.9157 -5.924 3.14e-09 ***
Australia -4.8456 2.1874 -2.215 0.0267 *
Europe -3.8533 0.5732 -6.722 1.79e-11 ***
Africa -8.1037 1.4257 -5.684 1.32e-08 ***

Table 3: Modelling reported cases of coronavirus using negative 
binomial regression model.

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1.

cases in America will decrease by 5.4246 times compare to Asia 
while holding other variable in the model constant. Also, the ex-
pected number of reported cases is expected to decrease by 4.8456 
times in Australia compare to Asia while holding other variable 
in the model constant. The expected number of reported cases is 
expected to decrease by 3.8533 times in Europe compare to Asia 
while holding other variable in the model constant. Finally, the ex-
pected number of reported cases is expected to decrease 8.1037 
times in Africa compare to Asia while holding other variable in the 
model constant. 

The table also shows that there is a significant difference be-
tween the reported cases in Asia compare to other continent since 
their P-value is less than 0.05 level of significance.

Estimate Std. Error z value Pr(>|z|)
Intercept 8.10369 0.00341 2376.1 <2e-16 ***
America -5.42463 0.0991 -54.75 <2e-16 ***
Australia -4.8456 0.1962 -24.7 <2e-16 ***
Europe -3.8533 0.0221 -174.62 <2e-16 ***
Africa -8.1037 0.5774 -14.04 <2e-16 ***

Table 4: Modelling reported cases of coronavirus using Poisson 
regression model.

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1.
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Table 4 suggests that if a coronavirus case is to be reported, the 
expected number of reported cases is expected number of reported 
cases in America will decrease by 5.4246 times compare to Asia 
while holding other variable in the model constant. Also, the ex-
pected number of reported cases is expected to decrease by 4.8456 
times in Australia compare to Asia while holding other variable 
in the model constant. The expected number of reported cases is 
expected to decrease by 3.8533 times in Europe compare to Asia 
while holding other variable in the model constant. Finally, the ex-
pected number of reported cases is expected to decrease 8.1037 
times in Africa compare to Asia while holding other variable in the 
model constant. 

The table also shows that there is a significant difference be-
tween the reported cases in Asia compare to other continent since 
their P-value is less than 0.05 level of significance.

Model Log-Lik AIC
ZTPM -255036.3 510083

Negbinomial -255033 510028
Poisson -255039.3 510088.7

Table 5: Model comparison between models for reported cases.

Table 5 shows the model comparison between Zero Truncated 
Poisson Model (ZIPM), Negative Binomial regression model and 
Poisson regression model. The model with the lowest AIC and high-
est log-likelihood is chosen to be the best model. Negative Binomial 
regression model is the best model among the selected model since 
it has the lowest AIC and highest log-likelihood model.

Count Model Coefficients (Poisson with Log Link)
Estimate Std. Error z value Pr(>|z|)

Intercept 5.9118 0.0184 321.369 <2e-16 ***
America -7.1645 0.7208 -9.939 <2e-16 ***
Europe -3.0219 0.1677 -18.018 <2e-16 ***
Others -7.5193 1.0812 -6.955 3.53e-12 ***

Zero-Inflation model coefficients (binomial with logit link)
Estimate Std. Error z value Pr(>|z|)

Intercept 0.812 0.425 1.91 0.0561
America -5.8876 21.1527 -0.278 0.7808
Europe 1.7913 0.8473 2.114 0.0345*
Others -4.6634 18.8887 -0.247 0.805

Table 6: Modelling reported cases of death from coronavirus  
using zero inflated Poisson (ZIP) model.

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1.

Table 6 shows the fitted model for the reported cases of death 
and the zero cases using ZIP model. The table suggests that if an 
infected person from coronavirus is reported dead, the expected 
number of death reported cases is expected to decrease in America 
by 7.1645 times compare to Asia while holding other variable in 
the model constant. Also, the expected number of reported cases of 
death is expected to decrease by 3.0219 times in Europe compare 
to Asia while holding other variable in the model constant. The ex-
pected number of reported cases of death is expected to decrease 
by 7.5193 times in other continents (Australia and Africa) compare 
to Asia while holding other variable in the model constant. The 
table shows that there is a significant difference between the re-
ported cases in Asia compare to other continent since their P-value 
is less than 0.05 level of significance.

The table also shows that there is a significance difference in 
none reported death cases in Asia and Europe since the p-value 
(0.0345) is less than 0.05 level of significance. This suggest that 
there is exp (1.7913) chance of no reported cases of death from 
coronavirus in Europe compare to Asia.

Count Model Coefficients (Truncated Poisson with Log 
Link)

Estimate Std. Error z value Pr(>|z|)
Intercept 5.9118 0.0184 321.365 <2e-16 ***

America -12.8178 31.5889 -0.406 0.685

Europe -3.0214 0.1677 -18.019 <2e-16 ***
Others -11.6475 24.8751 -0.468 0.64
Zero Hurdle Model Coefficients (Binomial with Logit Link)

Estimate Std. Error z value Pr(>|z|)
Intercept -0.8109 0.4249 -1.908 0.0563
America -0.1054 0.9384 -0.112 0.9106
Europe -1.7918 0.8471 -2.115 0.0344*
Others -0.5754 1.1961 -0.481 0.6305

Table 7: Modelling reported cases of death from coronavirus  
using Hurdle model.

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1.
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Table 7 shows the fitted model for the reported cases of death 
and the zero cases using Hurdle model. The table suggests that if 
an infected person from coronavirus is reported dead, the expected 
number of death reported cases is expected to decrease in America 
by 12.8178 times compare to Asia while holding other variable in 
the model constant. Also, the expected number of reported cases of 
death is expected to decrease by 3.0214 times in Europe compare 
to Asia while holding other variable in the model constant. The ex-
pected number of reported cases of death is expected to decrease 
by 11.6475 times in other continents (Australia and Africa) com-
pare to Asia while holding other variable in the model constant. 
The table shows that there is a significant difference between the 
reported cases in Asia compare to other continent since their P-
value is less than 0.05 level of significance.

The table also shows that there is a significance difference in 
none reported death cases in Asia and Europe since the p-value 
(0.0345) is less than 0.05 level of significance. This suggest that 
there is exp (-1.7918) chance of no reported cases of death from 
coronavirus in Europe compare to Asia.

Model Log-Lik AIC
ZIPM -5730.35 11476.69

HURDLE -5729.92 11475.84

Table 8: Model comparison for reported death.

Table 8 shows the model comparison between ZIPM and hurdle 
model. The model with the lower AIC and higher log-likelihood is 
chosen to be the better model. Hurdle model is the better model 
since it has the lower AIC and higher log-likelihood model.

Descriptive statistics, correlation and count methodologies 
such as Poisson and Negative binomial models were used in ana-
lyzing data generated till the 7th of March 2020. In this study, the 
variables considered were Meteorological variables such as pre-
cipitation, relative humidity, and average temperature of the 94 
countries where at least a case of COVID-19 was established as at 
7th of March 2020.

Table 9 below showed the correlation between confirmed cases 
and weather parameters such as average precipitation, relative hu-
midity and temperature.

Cases Precipitation RH Ave Temp
Confirmed Cases 1.00

Precipitation -0.04 1.00
RH 0.01 -0.59 1.00

Ave Temp -0.04 0.43 -0.55 1.00

Table 9: Correlation between confirmed cases  
and selected weather parameters.

In statistics, relationship between variables are of importance 
to policy makers in other to identify possible association for plan-
ning and decision making. the correlation coefficient r measures 
the strength and direction of this relationship. In this study, the 
variables considered were Meteorological variables such as pre-
cipitation, relative humidity, and average temperature of the 94 
countries where at least a case of COVID-19 was established as at 
7th of March 2020. The value of r is always between +1 and –1. Table 
1 contained the correlation coefficients which showed the strength 
and direction of the relationship between the weather parameters 
and confirmed cases counts due to COVID-19. This showed that no 
relationship existed between the meteorological variables and the 
confirmed cases counts due to COVID-19.

Figure 2: Average distribution of temperature across 94  
countries with at least a case as at 7th March 2020.

Figure 3: Average distribution of precipitation across 94 
countries with at least a case as at 7th March 2020.
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Figure 4: Average distribution of Relative Humidity across  
94 Countries with at least a case as at 7th March 2020.

Figure 5: Distribution of Confirmed Cases across 94  
Countries with at least a case as at 7th March 2020.

Considering figure 2-4, it is clear that none of the weather pa-
rameter exhibit the pattern observed in figure 5 which is the count 
of confirmed cases as at 7th of March 2020. It is believed that this 
might increase soon among countries where citizens are inter-
related within and without. It is also expected that major destina-
tions in the world might also experience increase in spread as a 
result of heavy migration, transit and business.

Figure 6 showed the active and closed cases of COVID-19, with 
infected patients in mild condition being 95% and 5% of the in-
fected being in serious/critical condition under the active cases as 
at today 1st of April 2020 while 81% (Recovered/discharged) and 
19% (Deaths) were observed under the closed cases which was 
229,344 in total as at 1st of April 2020 (Source: https://www.worl-
dometers.info/coronavirus/).

Further computation from the figure 6 revealed that 21% of the 
total count of confirmed cases have either recovered or discharged 

Figure 6: Chart showing the Active and closed cases  
of COVID-19 Pandemic.

Figure 7: Overview of COVID-19 Pandemic as at 
 1st of April 2020, 17:00 GMT.
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from COVID-19 while 5% of the confirmed cases have been lost to 
the virus.

Figure 8: Descriptive Statistics of Confirmed Cases  
of COVID-19 and Meteorological Variables.

As at March 7th 2020, 94 countries of the world have recorded 
at least one case of COVID-19. Hence, there were 94 valid obser-
vations and their count distributions seem quite reasonable with 
Europe taking the lead with 41 countries, followed by Asia with 30 
countries, Africa with 9 countries, North and South America with 6 
countries each and finally, Australia with 2 countries. The uncon-
ditional mean and variance of the confirmed cases were extremely 
different. Our model assumes that these values, conditioned on 
weather parameters, will be equal (or at least roughly so). Poisson 
regression was used for modeling the relationship because it has a 
number of extensions useful for count models. The overdispersion 
tests carried out suggested the use of a Negative binomial regres-
sion since it is primarily used for over-dispersed count data, that is 
when the conditional variance exceeds the conditional mean like 
the case, we have in the COVID-19 data. Count outcome variables 
are sometimes log-transformed and analyzed using OLS regres-
sion. Many issues arise with this approach, including loss of data 
due to undefined values generated by taking the log of zero (which 
is undefined) and biased estimates. Hence, OLS was not found suit-
able for this analysis.

Considering the p-values in the last column of figure 9, which 
are less than 0.05. This gave an impression that the impact of the 
meteorological variables on the confirmed cases of COVID-19 was 
significant. Hence, the meteorological variables considered have 
impact on the count of confirmed cases due to COVID-19 outbreak.

Figure 9: Estimates of the Poisson Regression Model  
with Meteorological Variables as Predictors.

Cameron and Trivedi (2009) recommended using robust stan-
dard errors for the parameter estimates to control for mild viola-
tion of the distribution assumption that the variance equals the 
mean. We obtain the robust standard errors and calculated the p-
values accordingly. Together with the p-values, we also calculated 
the 95% confidence interval using the parameter estimates and 
their robust standard errors as presented in figure 10.

Figure 10: Robust Estimates, Standard Error and  
Confidence Intervals of the Models in Table 1.

Looking at the outputs in figure 8-10 more closely, Deviance 
residuals are approximately normally distributed if the model is 
specified correctly, but in this study, it shows a bit of skewness since 
median is not quite zero (Median = -44.97). The Poisson regression 
coefficients for each of the meteorological variables along with the 
standard errors, z-scores, p-values and 95% confidence intervals 
for the coefficients. The coefficient for precipitation is -0.09. This 
means that the expected log count for a one-unit decrease in pre-
cipitation is 0.09, 0.01 and 0.04 for Relative humidity and Average 
Temperature, respectively. 
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The residual deviance is the difference between the deviance of 
the current model and the maximum deviance of the ideal model 
where the predicted values are identical to the observed. The anal-
ysis performed revealed residual differences that are small, hence, 
the goodness of fit tests was not significant for Poisson and nega-
tive binomial regression models, indicating that the model does not 
fits the COVID-19 data appropriately even though the weather pa-
rameters were all significant. We conclude that the models do not 
fit reasonably well because the goodness-of-fit chi-squared test is 
statistically significant which indicate that the data do not fit the 
models well [2-4].

Conclusion
From the study, the followings were observed:

•	 There are no indications that the spread of COVID-19 is sea-
sonal based on the correlation estimates

•	 For a one unit increase in precipitation, relative humid-
ity and average temperature, 0.09, 0.01 and 0.04 decrease 
would be observed in the number of confirmed cases due to 
COVID-19, respectively.

•	 The impact of the relative humidity to the spread cannot be 
ascertained to be statistically significant considering the ro-
bust estimates in table 3.

•	 Finally, it is expedient to note that meteorological variables 
alone may not explain the total variation in the confirmed 
cases of COVID-19.
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