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Abstract
Several conspiracy theories and hypotheses have been postulated by some individuals from various strata of governance globally
concerning the outbreak and spread of the novel coronavirus in the last quarter of 2019. A pertinent hypothesis is the correlation
of meteorological elements to the spread of the pandemic. To verify this claim and also confirm the initial findings of Tosepu
et al.’s (2020), this study investigated the Spearman rank-order correlation of the number of confirmed COVID-19 cases in the
Russian Federation with temperature—maximum, minimum, and average as well as precipitation. Our findings indicated a
stronger correlation between average temperature (rs = 0.75***) and also recorded significant correlations for the other variants
of temperature. Hence, the hypothesis of weather-induced COVID-19 spread is substantiated.
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Introduction

The first pneumonia cases with unknown etiology were first
discovered in Wuhan, China in early December 2019 (Guan
et al. 2020). This outbreak elicited intense cautionary notice
not only within China but across the world. The Chinese
health specialists carried out an urgent investigation to typify
and rheostat the disease; this includes isolating suspected dis-
eased individuals, meticulous monitoring of people that have
been in contact with the affected individuals, clinical and ep-
idemiological data collection, and spawning diagnostic and
treatment procedures (Wang et al. 2020). According to Li
et al. (2020), until early January 2020, the government of
China declared the pneumonia was coronavirus or COVID-
19, and the World Health Organization has declared the dis-
ease a pandemic of international concern (Sohrabi et al. 2020).

The first coronavirus case and death case in Russia was
discovered in Moscow on March 2 and 19, 2020 (The New
York Times 2020), and as of June 12, 2020, the confirmed
cases have increased to 511,423 (The Moscow Times 2020).
Six provinces with the highest number of coronavirus cases
are Moscow (202,935), Moscow Oblast (47,911), Saint
Petersburg (20,043), Nizhny Novgorod Oblast (13,562),
Sverdlovsk Oblast (8826), and Rostov Oblast (7152)
(Statista 2020). The rise in the cases occurred rapidly and
has since spread across the Federation (see Fig. 1).

There has been growing interest in the relationship between
climate variables and respiratory virus spread. According to
Baker et al. (2019), the respiratory syncytial virus (RSV) is depen-
dent on humidity and shows a correlationwith climate (Pitzer et al.
2015). Both RSV and influenza increases epidemics and transmis-
sion in low humidity and peaks during thewinter period; however,
enteroviruses mostly peak in the summer period (Martinez 2018).
With respect to the transmission of COVID-19 andmeteorological
conditions, several studies have been conducted in different coun-
tries such as Iran (Ahmadi et al. 2020), China (Ma et al. 2020; Liu
et al. 2020), the USA (Bashir et al. 2020). The inferences with
respect to the nexus between COVID-19 spread and meteorolog-
ical conditions have remained controversial.

While there have been several studies establishing the rela-
tionships between meteorological factors and COVID-19, none,
to our knowledge has been carried outwith respect to the Russian
Federation. Therefore, our study expects to offer new
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substantiation by examining the relationship between different
climatic factors such as precipitation (PREP) and temperature
(maximum temperature, T-MAX; minimum temperature, T-
MIN; and average temperature (T-AVG) with the novel corona-
virus (COVID-19 in the Russian Federation).

Methods

The current study employed data from the Russian Federation.
The Russian Federation is considered as the largest in the world
with over 17 million square kilometers in area and
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Fig. 1 Visual representation of variables for Russia from March to May, 2020

Table 1 Data notation and source

Variable name Notation Source

Number of coronavirus cases COVID-19 Statista (2020)

Maximum temperature (°C) T-MAX National Oceanic and Atmospheric Administration (2020)

Minimum temperature (°C) T-MIN National Oceanic and Atmospheric Administration (2020)

Average temperature (°C) T-AVG National Oceanic and Atmospheric Administration (2020)

Precipitation (mm) PREP National Oceanic and Atmospheric Administration (2020)

All variables are daily data
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pancontinental which is situated in Northern Asia and Eastern
Europe with 47 provinces and over 144million population with
an annual growth rate of − 0.013% as at 2018 (TheWorld Bank
2020). The data set for weather betweenMarch 21 andMay 28,
2020 were obtained from National Oceanic and Atmospheric
Administration (NOAA), while the daily COVID-19 data were
obtained from Statista for the same period. Also the data of
amount of precipitation (mm), average temperature (°C), min-
imum temperature (°C), and maximum temperature (°C) were
also sourced from NOAA (see Table 1).

As shown in Table 2, the data collected for the study were
not normally distributed as skewness and kurtosis values of
amount of precipitation were above the threshold absolute
values of 2 and 10 respectively. Given this realization,
Spearman’s rank-order correlation which take into account
the monotonic function among variables was considered ap-
propriate for the analysis of our data (Sahin 2020). The
Spearman’s correlation coeficient (rs) can be derived using
the following formulae:

rs ¼ 1−
6 ∑

n

i¼1
d2i

n3−n
ð1Þ

where di implies the difference between the ranks of two pa-
rameters and n is the number of alternatives.

Furthermore, Johansen’s (1992) cointegration analysis was
performed to determine the robustness of the variables of
concern.

Result and discussion

This study was designed to verify the weather-induced
COVID-19 spread hypothesis that suggests a significant corre-
lation between the number of confirmed cases and weather
elements such as temperature, humidity, precipitation, and rain-
fall. In this study, daily temperature—maximum, minimum,
and average and volume of precipitation were correlated with
the total number of confirmed cases using Spearman rank-order
correlation. This method is preferred based on the evidence
from descriptive statistics as documented in Table 2 shows that
our data are non-normally distributed. As reported in Table 3,
our findings indicated that all three forms of temperature sig-
nificantly correlated with the number of cases in the federation.
Specifically, the average daily temperature correlates the most
with the number of cases (rs = 0.75, p < .001). This finding
resonated with empirical conclusions of scholars (such as Sahin
2020; Tosepu et al. 2020) who both established that average
temperature as a meteorological element that contributes signif-
icantly to the spread of COVID-19 in Turkey and Indonesia
respectively. Unlike these studies, our result indicated a
stronger average temperature correlation coefficient than
Sahin (2020) at r = 0.483, and Tosepu et al. (2020) at r = 0.392.

In addition, our result indicated higher significant correlation
for minimum temperature (rs = 0.72, p < .001) than for maxi-
mum temperature (rs = 0.57, p < .001). This suggests that on the
day of confirmed cases, changing temperature is also attribut-
able to the incidence of the cases. In other words, with a degree
of Celcius reduction in temperature, there is an approximately
72% increase in the number of cases. This finding is in line with
those of Gupta et al. (2020), which posited that variation in
humidity and temperature affected the spread of COVID-19
in the USA. In a state-specific study of New York, Bashir
et al. (2020) also elicited similar findings for the correlation
between the minimum and maximum temperature. Their result
indicated that the COVID-19 case is only significantly corre-
lated with minimum temperature and not maximum

Table 2 Descriptive statistics
Variables COVID-19 T-MAX T-MIN T-AVG PREP

Mean 5489.826 55.52174 27.65217 41.42029 0.070145

Median 5849.000 57.00000 27.00000 39.00000 0.000000

Maximum 11656.00 81.00000 48.00000 61.00000 0.790000

Minimum 53.00000 33.00000 0.000000 27.00000 0.000000

Std. dev. 4037.380 11.75561 10.33388 8.384870 0.151633

Skewness − 0.057154 0.157673 − 0.449072 0.440757 2.821032

Kurtosis 1.448966 2.250585 3.494309 2.375944 11.36901

Jarqua-Bera 6.953968 1.900564 3.021634 3.353722 292.8853

Probability 0.030900 0.386632 0.220730 0.186960 0.000000

Sum 378,798.0 3831.000 1908.000 2858.000 4.840000

Sum sq. dev. 1.11E+09 9397.217 7261.652 4780.812 1.563499

Observations 69 69 69 69 69

Table 3 Spearman rank-order correlation of weather variables

Weather variables Spearman correlation coefficient t value P value

T-MAX 0.569*** 5.659 .000

T-MIN 0.720*** 8.480 .000

T-AVG 0.748*** 9.215 .000

PREP 0.131 1.082 .283
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temperature, thus, suggesting that with every degree reduction
in temperature will see some percentage increase in the number
of cases. Besides, the finding equally buttresses the argument of
(Sahin 2020), which concluded that the COVID-19 spread is
reduced with increasing value of temperature. However, pre-
cipitation does not significantly contribute to the spread of the
novel virus. This result mirrors that of Tosepu et al. (2020) that
found in the case of Jakarta, that neither humidity nor rainfall
significantly correlated to the number of cases.

Understanding the behavior of this novel viral infection is
crucial as it will not only help in the fight to overcome its spread
but also provide a valuable contribution to human-environment
interactions thatmay be essential in the preservation of our natural
resources. As pointed out by Zambrano-Monserrate et al. (2020),
COVID-19 has both negative and positive indirect effects on the
environment. Specifically, they highlighted the possible detri-
mental impact of waste disposal due to the rampaging spread of
the virus as well as its contribution to the reduction of the emis-
sion of greenhouse gases.While the study clearly articulated both
sides of the effect of the pandemic, they are also specific in stating
that the long-run negative effect may outweigh the positives.
Given these arguments, our environment is at greater risk of
environmental problems should we linger in dealing with the
spread of the pandemic. In addition, the result from Johansen
cointegration test showed that there are at most two cointegration
vectors among the series of COVID-19, T-Min, T-Max, T-AVG,
and precipitation as evidenced in Table 4 given in the appendix.

To summarize, this study validated the weather-induced
COVID-19 spread hypothesis by confirming the significant corre-
lation of all variants of temperature with the number of confirmed
cases in the Russian Federation. Also, this finding supports those
of extant literature, thereby validating the same hypothesis across
various countries as this study added Russia to the growing list of
countries (Indonesia, Turkey, and the USA) where empirical stud-
ies have been used to confirm the hypothesis.

This study included 69 observations of daily records from
March 21 to May 28, 2020. While this range represents a
critical period in the lifespan of COVID-19 cases in the
Russian Federation, it is also a tiny cross-section of time in
which the novel pandemic has been ravaging. Hence, the re-
sult of the study should be interpreted in lieu of this noted
limitation. The exploratory nature of the current study also
offers a future research avenue as the examination of other
factors such as governmental policy directions towards con-
taining the spread may be insightful.

Conclusion

In the ongoing global fight against the spread of COVID-19
pandemic, this study as well as several other scholarly works
have validated the weather-induced COVID-19 spread hy-
pothesis as true. That is, climate change and climatic condi-
tions such as daily minimum temperature, daily maximum
temperature, and daily average temperature among other ele-
ments are essential in minimizing the spread of the infectious
disease.
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Appendix

Table 4 Johansen cointegration result

Hypothesized no. of CE(s) Eigenvalue Trace statistic 0.05
Critical value

Prob.**

None* 0.369554 86.55792 69.81889 0.0013

At most 1* 0.353854 56.11031 47.85613 0.0069

At most 2 0.244343 27.28610 29.79707 0.0948

At most 3 0.104108 8.795007 15.49471 0.3847

At most 4 0.023053 1.539295 3.841465 0.2147

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level

*Denotes rejection of the hypothesis at the 0.05 level

**MacKinnon-Haug-Michelis (1999) p values
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