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Abstract

A contagious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is known as Coronavirus

disease 2019 (Covid-19). It engendered the whole civilization within a couple of months over the globe since it was first

detected in Wuhan, China in late December 2019. Variation of proliferation rates in different regions assume that climatic

parameters might have a vital role in Covid-19 transmission. In this study, the correlation between Covid-19 proliferation

with demographic parameter (population density), and weather parameters (temperature, humidity, precipitation, wind speed,

and sunshine hour) were investigated separately within the first 60 days of Covid-19 cases. To obtain a precedent correlation,

weather and infection-related data of eight different geographically coordinated regions such as Alberta (Canada), Barcelona

(Spain), Dhaka (Bangladesh), Île-de-France (France), Lombardy (Italy), New York (USA), Rio de Janeiro (Brazil) and West

Bengal (India) having the diversity of climates were considered. It was observed that less densely populated regions (New

York, Lombardy, Barcelona) were even highly affected than the highly populated regions like Bangladesh, West Bengal. A

negative correlation between total cases and temperature perhaps made this difference. The higher the wind speed perhaps

accountable for long-distance viral transmission. The non-steady humidity tentatively makes the people vulnerable towards

Covid-19 infections. Higher precipitation may positively affect viral infection. Sunshine along with the higher temperatures are

suspected to impede the contagion by Covid-19. Consequently, peoples in the regions of lower temperatures, higher wind speed,

and unstable humidity have higher risks of Covid-19 infection.

Abstract

A contagious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is known as
Coronavirus disease 2019 (Covid-19). It engendered the whole civilization within a couple of months over
the globe since it was first detected in Wuhan, China in late December 2019. Variation of proliferation rates
in different regions assume that climatic parameters might have a vital role in Covid-19 transmission. In
this study, the correlation between Covid-19 proliferation with demographic parameter (population densi-
ty), and weather parameters (temperature, humidity, precipitation, wind speed, and sunshine hour) were
investigated separately within the first 60 days of Covid-19 cases. To obtain a precedent correlation, weather
and infection-related data of eight different geographically coordinated regions such as Alberta (Canada),
Barcelona (Spain), Dhaka (Bangladesh), Île-de-France (France), Lombardy (Italy), New York (USA), Rio de
Janeiro (Brazil) and West Bengal (India) having the diversity of climates were considered. It was observed
that less densely populated regions (New York, Lombardy, Barcelona) were even highly affected than the
highly populated regions like Bangladesh, West Bengal. A negative correlation between total cases and tem-
perature perhaps made this difference. The higher wind speed perhaps accountable for long distance viral
transmission. The non-steady humidity tentatively makes the people vulnerable towards Covid-19 infections.
Higher precipitation may positively affect viral infection. Sunshine along with the higher temperatures are
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suspected to impede the contagion by Covid-19. Consequently, peoples in the regions of lower temperatures,
higher wind speed, and unstable humidity have higher risks of Covid-19 infection.

Keywords: Covid-19; population; viral proliferation; weather parameters; contagion.

Introduction

Covid-19 is one of the most uttered word since the outbreak of a contagious disease proliferated from the
virus called SARS-CoV-2 in late December 2019. It was first detected at Wuhan in the Hubei province of
China in December 20191 23. The Covid-19 has been regarded as history broken contagious disease as no
other viral disease proliferated across the globe in the history at the same time. Despite taking immediate
cautions to stop proliferation of this virus, it has travelled almost all over the globe through human to human
interactions and engendered a pandemic situation threatening the healthcare systems of many countries. This
virus is proved to be a highly contagious and proliferated more rapidly compared to any the other viruses of
the Corona virus family4. Scientists around the world believe that this virus is spreading from the droplets
thrown by coughing or sneezing by the infected individuals. These droplets may survive in air and in different
types of surfaces for several hours and can potentially affect even healthy peoples come in contact5. However,
the survival of these viral droplets may depend on some weather parameters like; temperature, humidity,
and wind speed and of combined effects6 7 8. At high temperature, the viral proliferation may significantly
be impeded as it deactivates the pathogen by decomposing the protecting protein layer9. Humidity can also
be an integrated factor with wind speed as the droplets may survive extensive amount of time in dry, cold
air and along with high speed wind that will cause faster transmission comparing to no humid areas10.

Meanwhile, the human immune system can play an intricate role during the spreading of such contagious
diseases. Some infected individuals may not have explicit symptoms, whereas others may face serious health
conditions. Basically, immune response depends on how quickly human body can prepare its biological
defenders for viral attack. These responses may be influenced by a bunch of factors specially the availability
of vitamins C and D in our body. However, we all aware of the fact that the source of vitamin D is mainly
sunlight where in presence of photons, the cholesterol underneath our skin converted into cholecalciferol or
vitamin D11. Note that the average sunshine hour within any infected region can largely affect the immune
response developed against infectious diseases12. In case of Covid-19, it can remain incubated inside human
body up to 14 days13. During this incubation period, active immune response may suppress the replication
of this virus and substantially leading to no visible symptoms and these cases are not likely to appear into
the total number of cases identified14.

However, since Covid-19 is a global issue and is a threat for whole human being, thus in the present research
work, we attempted to unveil the relation between Covid-19 proliferation and various climatic parameters
based on metrological data obtained from different zones over the globe as shown in global map in Fig.1 .
For analysis, the geographically different eight locations such as Alberta (Canada), New York (USA), Rio
de Janeiro (Brazil), Barcelona (Spain), Île-de-France (France), Lombardy (Italy), West Bengal (India), and
Dhaka (Bangladesh) were selected based on the diversity of weather, Covid-19 cases and population. In this
study, we considered first 60 days of Covid-19 proliferation since most of the local authorities paid their best
efforts to sluggish/stop the proliferation within this period.
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Fig. 1. Global map and the locations of the study areas.

Methodology

Several meteorological data such as temperature, humidity, wind speed, total precipitations and average
sunshine hour of March to mid-May, 2020 were gleaned from different authentic web sources such as
(https://www.accuweather.com/), (https://www.timeanddate.com/) and (https://www.meteoblue.com/).
We collected Covid-19 cases for first 60 days of proliferation of geographically different eight lo-
cations such as Alberta (Canada), New York (USA), Rio de Janeiro (Brazil), Barcelona (Spain),
Île-de-France (France), Lombardy (Italy), West Bengal (India), and Dhaka (Bangladesh) from
trusted sources [(https://www.bing.com/covid/), (https://www.gouvernement.fr/info-coronavirus), (htt-
ps://www1.nyc.gov/site/doh/covid), and (https://www.catalannews.com/)]. We selected these locations
(shown in global map in Fig. 1) as of having diversity of weather during the Covid-19 proliferation and
the people of the cited areas faced serious viral infections. Unlike previous specific geographical cases, we
explained the nexus between Covid-19 cases with different kinds of weather parameters. As social distance
and quarantine can reduce contact rates in a notable manner, hence, population density has direct effect on
spreading Covid-19 infection. To inspect these phenomena, we collected population density data from (htt-
ps://worldpopulationreview.com) to assume how people in these regions can maintain minimum distance if
they stay homogenously so that they can follow social distancing manners properly. A correlation between
temperature, humidity, wind speed, precipitation, sunshine hour and day by day identified infected cases of
Covid-19 within 15 days interval was calculated by applying Spearman’s rank correlation formula15.

3.0 Results and discussion

3.1 Population density and Covid-19 cases

Table 1 represents geographical coordinates and demographic information of the regions under study. As
Covid-19 is a highly contagious disease, the rate of proliferation may depend on the rate of contact between
the infected individuals in different places across the globe. It is analogous to the collision between particles in
any confined system, which means that higher the number of particles, higher will be the collision frequency.
From this viewpoint, we considered different geographical regions those have diversity in climate parameters
(such as temperature, humidity, wind speed, sunshine hour, and total precipitation), population densities
and urban structures.

Table 1. Cordinates and demographic data of of the study areasa
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. Region Coordinates
Population
(Millions) Area (km2) MDIb (m)

Period of
studies (2020)

Alberta
(Canada)

53.9333°N,
116.5765° W

4.37 661848 408 8th Mar - 7th

May
Barcelona
(Spain)

41.3851° N,
2.1734° E

5.75 101.9 4.24 1st Mar - 30th

Apr
Dhaka
(Bangladesh)

23.8103°N,
90.4125° E

21.05 306.4 3.81 8th Mar - 7th

May

Île-de-France
(France)

48.8499° N,
2.6370° E

12.21 12012 31.35 10th Mar - 9th

May
Lombardy
(Italy)

45.4791° N,
9.8452° E

10.06 23844 48.68 2nd Feb - 19th

Apr
New York
(USA)

40.7128°N,
74.0060° W

19.44 783.8 9.70 1st Mar - 30th

Apr
Rio de Janeiro
(Brazil)

22.9068°S,
43.1729° W

13.46 1255 9.50 6th Mar - 5th

May
West Bengal
(India)

22.9868°N,
87.8550° E

91.34 88752 3.11 20th Mar-19th

May

aSource:[ https://www.gps-coordinates.net/ ], [https://worldpopulationreview.com]

bMDI = (Theoretical Minimum Distance of Interaction)

Considering the total number of people live in these regions, West Bengal, Dhaka, and Barcelona own
the most density than rest of the others and minimum theoretical distance of Interaction (MDI) can be
maintained almost within 3.0 to 4.5m between two individuals in hypothetical homogenous condition. This
MDI is seemingly enough for the cited regions to keep themselves isolated according to the instruction
of World Health Organization (WHO) which is at least 3.0m to reduce the risk of transmission among
individuals16. But in real life scenario, it is almost impossible to maintain such homogenous interpersonal
distance. In fact, people have general tendency to interact with each other making it extremely difficult
to maintain minimum distance particularly in Dhaka and West Bengal, whereas people in Alberta, Île-de-
France, Lombardy and even in New York may maintain large extent of interpersonal distances. However, in
conjunction to the total number of Covid-19 cases identified in New York, Lombardy and Île-de-France, Dhaka
and West Bengal encountered a limited number of cases in the first 60 days from the very first day of infection
as shown in Figure 2 . It can be seen from this Figure that Covid-19 cases increased alarmingly around after
15 days of first Covid-19 detection and Covid-19 case vs. time curves resemble to an exponential factor. Based
on average proliferation rate, the study areas could be arranged with an decreasing order; New York (3125
day1) > Lombardy (1720day-1) > Barcelona (1375day-1) > Île-de-France (560day-1) > Dhaka (418day-1)
> Rio de Janeiro (140day-1) > Alberta (64day-1) > West Bengal (44day-1). This order of proliferation is
incongruous with the population density argument. Hence, the basis of discussion is impertinent in terms
of calculating minimum distance of interpersonal interactions. This means that there must have some other
factors beyond population density related to such catastrophic surge of Covid-19 cases across the globe. To
resolve this incongruity, the influences of weather parameters such as temperature, humidity, wind speed,
and sunshine might have influences on the rate of Covid-19 proliferation across the globe. In this conjunction,
we analyzed the impacts of weather parameters on the total number of Covid-19 cases.
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Fig. 2. Proliferation of Covid-19 cases in the study areas within the first 60 days. The inset
shows the expanded view of Covid-19 cases between 10 and 25 days.

3.2 Analysis of weather parameters

The most influential factors may be the total weather conditions and related parameters such as temperature,
humidity, total rainfall, wind speed, and sunshine. The average temperature and sunshine hour variation
within the study regions were compared to each other along with other crucial environmental parameters
those proved to have an intricate influence on spreading of the virus.
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Fig. 3. Variation of average temperature in the study areas for first 60 days of Covid-19
proliferation.

Figure 3 shows that within first 60 days of first detection, the average temperature of less affected regions
such as Dhaka, West Bengal and Rio de Janeiro was comparatively higher than that of New York, Barcelona,
Île-de-France, and Lombardy. This observation clearly infers that the diversity of temperature must have a
momentous influence on Covid-19 transmission. Although temperature can play as an integral part of curbing
Covid-19 transmission, it is not the sole determining parameter where other parameters such as humidity,
wind speed, sunshine, precipitation may also have potential impact on this unprecedented situation.
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Fig 4. Variation of relative humidity in the study areas for first 60 days of Covid -19 prolifer-
ation.

Figure 4 shows the variation of humidity within first 60 days of Covid-19 proliferation across the study
areas. The relative humidity variation for the first 60 days was observed stable for Dhaka and Rio de Janeiro
whereas, huge fluctuation is explicit for other regions with relatively low temperatures. Apparently, lower
temperature along with humidity imbalance have acute effect on respiration process ultimately driving people
more vulnerable state to be affected by SARS-CoV-2 Virus.
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Fig 5. Variation of wind speed in the study areas for first 60 days of Covid-19 proliferation.

Meanwhile, considering the wind speed shown in Figure 5, in the affected regions, Barcelona shows frequent
spikes with high speed of wind per kilometre. On stark contrast, Rio di Janeiro remained under low average
air movement in its atmosphere, which may be attributed to the lower number of cases detected in referred
time length. It is thus probable that high wind speed combined with unsteady humidity might cause
augmentation in number of cases.

Fig. 6. Pie chart of total precipitation in the study areas within first 60 days of Covid-19
proliferation.
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Next, we attempted to document total precipitation data for first 60 days regarding eight regions in different
parts of the globe. From the visualization of Fig. 6 , it is confirmed that the total precipitation is another key
factor in parallel with temperature considering the total number of Covid-19 cases in regions (with average
lower temperatures) such as New York, Barcelona, and Île-de-France. On quite contrary, other regions with
average lower amount of precipitation counts relatively insignificant amount of cases.

Fig. 7. Total sunshine hours (March and April) in the study areas within the first 60 days of
Covid-19 proliferation.

Lastly, we counted the influence of sunshine hours on Covid-19 proliferation as shown in Fig. 7 . It is a
citing concern that average sunshine may have an impact on Covid-19 cases. The average total sunshine
period may be quite an influential factor in March and April considering the number of Covid-19 cases.
We already know that exposure to sunshine catalyse the conversion of cholesterol into cholecalciferol which
is known as Vitamin D strengthen human immune system to fight against any infectious disease. But, at
lower temperatures such catalytic conversion into vitamin D may be impeded even in presence of affluence
of sunshine. Because of geographical coordinates, despite having plenty of sunshine in New York, Barcelona,
Alberta, and Lombardy, the optimum condition for enzymatic conversion might not be fulfilled at relatively
low temperatures comparing to Dhaka and West Bengal. Lower temperature along with relatively lower
sunshine could have aggravated the situation for instance of Île-de-France and similar regions.

3.3. Statistical Analysis

To establish a correlation between the total number of identified cases and the weather parameters, we
calculated the Spearman’s rank correlation coefficients for temperature, humidity, and wind speed. The
experimental recorded dataset was not ordered in nature, so it is definite to use rank correlation measurement
for disclosing any relation between weather parameters and viral affected numbers. This rank correlation
coefficient determines how strongly two given variables are dependent to each other. By using Eq. 1 we have
calculated the Spearman’s rank correlation coefficients for 60 days.

rs = 1 − 6
∑ 2

i
n3−n (1)

Where, di is the difference between ranks of two variables, ‘n’ is the sample size and rs is the spearman’s

9
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rank correlation coefficient.

Fig. 8. Dependency of correlation coefficient (rs) on temperature, humidity, and wind speed.

Figure 8 shows how correlation coefficient varied with three major weather parameters within the study
period. The correlation (rs) between temperature and total number of cases within five-day intervals was
found to vary from -0.11 to -0.57, which denotes a negative correlation. As it is thought that SARS-CoV-2
virus may survive for an extensive period at lower temperature, it is more likely to affect people around the
regions where the temperature is relatively low17. At higher temperatures, the viral envelop, made of protein
polymers, may decompose to make the viral genomic material exposed and eventually deactivated9. This
means that at lower temperatures, the number of Covid-19 cases may intensify with upward spiral. From
Figure 3, it is obvious that Barcelona, New York, and Île-de-France had conducive temperature to make
it possible for viral transmission which perhaps happened in those cases. Wind speed is another influential
parameter for virus transmission18 which has been correlated with total number of cases. Herein our findings,
based on the variation of wind speed during the first 60 days of Covid-19 transmission, indicates that within
most of the time, the value coefficient (rs) was found positive with a maximum value of 0.61. This observation
strengthens the idea that wind speed may play vital role regarding the spreading of airborne diseases like
Covid-1919.

Although we had not found any specific relation of humidity fromFigure 4 , the correlation coefficients
with total cases mostly shows negative values at an extreme of rs = -0.59. This means that the instability of
humidity could be helpful for the propagation of the virus.

Consequently, the SARS-CoV-2 is one of the viruses that may transmit through micro droplets ejected from
the affected individuals by coughing and sneezing. At higher wind speeds, coughing droplets may travel to
longer distances, and the technique of interpersonal distancing to avoid the virus may not work. In the case
of regions like Barcelona with relatively lower average temperature, high wind speed probably exacerbated
the situation whereas in warmer regions, for example, Dhaka and West Bengal, the effect of high wind speed
might have supressed by the higher temperatures. Spikes of humidity may help the propagation of Covid-19
cases.
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4. Conclusion

Covid-19 proliferation across the globe is threatening the survival of human lives. To unveil how the pro-
liferation Covid-19 is modulated with the physical parameters, the weather reports of eight geographically
different regions across the globe were analysed for 60-day long period since first identified case. It is not
surprising that the contagious virus will spread in the densely populated areas where maintaining mini-
mum social distance is highly challenging. Nevertheless, it was observed that comparatively less populated
regions such as New York, Lombardy, Île-de-France, and Barcelona etc infected more rapidly than the re-
latively densely populated regions like Dhaka, West Bengal, and Rio de Janeiro. The diversity of weather
has been identified for this discrepancy. It has been concluded that regions with lower temperature, higher
precipitation with higher wind speeds and unstable humidity is ideal for Covid-19 infections.
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