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Abstract

The novel coronavirus disease is known as COVID-19, which is declared as a pandemic by
the World Health Organization during March 2020. In this study, the COVID-19 connec-
tion with various weather parameters like temperature, wind speed, and relative humidity
is investigated and the future scenario of COVID-19 is predicted based on the Gaussian
model (GM). This study is conducted in Delhi, the capital city of India, during the lowest
mobility rate due to strict lockdown nationwide for about two months from March 15 to
May 17, 2020. Spearman correlation is applied to obtain the interconnection of COVID-19
cases with weather parameters. Based on statistical analysis, this has been observed that the
temperature parameter shows a significant positive trend during the period of study. The
number of confirmed cases of COVID-19 is fitted with respect to the number of days by
using the Gaussian curve and it is estimated on the basis of the model that maximum cases
will go up to 123,886 in number. The maximum number of cases will be observed during
the range of 166+ 36 days. It is also estimated by using the width of the fitted GM that it
will take minimum of 10 months for the complete recovery from COVID-19. Additionally,
the linear regression technique is used to find the trend of COVID-19 cases with tempera-
ture and it is estimated that with an increase in temperature by 1 °C, 30 new COVID-19
cases on daily basis will be expected to observe. This study is believed to be a preliminary
study and to better understand the concrete relationship of coronavirus, at least one com-
plete cycle is essential to investigate. The laboratory-based study is essential to be done to
support the present field-based study. Henceforth, based on preliminary studies, significant
inputs are put forth to the research community and government to formulate thoughtful
strategies like medical facilities such as ventilators, beds, testing centers, quarantine cent-
ers, etc., to curb the effects of COVID-19.
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1 Introduction

The world is facing a challenge on how to cope with the effects of coronavirus disease
(COVID-19) which is first identified in the Chinese city named Wuhan in late Decem-
ber 2019 (Ahmadi et al. 2020). World Health Organization (WHO) named this disease
as COVID-19 in February 2020. COVID-19 is named after coronavirus-2 SARS-CoV-2
which causes acute respiratory problems and the suffix19 denotes its triggering year 2019
(Sohrabi et al. 2020). It is important to understand that the discovery of coronaviruses in
human and animals is made in the 1930s (Zhong et al. 2003). Among all coronaviruses,
only seven types are responsible for causing diseases in humans. Out of these, four viruses
are responsible for symptoms of the common cold but the other three are responsible for
severe lung infections like pneumonia, etc. These three viruses are severe acute respiratory
syndrome (SARS-CoV), Middle East respiratory syndrome (MERS-CoV-2), and SARS-
CoV-2, i.e., the current pandemic known as COVID-19 triggered in years 2002, 2012, and
2019, respectively (Zheng et al. 2020).

Coronaviruses are tiny in size having a diameter in the range between 65 and 125 nm
that contains a single-stranded RNA as a nucleic material. The alpha, beta, gamma, and
delta are the subgroups of the coronaviruses family (Shereen et al. 2020). Chinese research-
ers initially named this novel virus as the Wuhan coronavirus 2019 and thereafter named as
a novel coronavirus (2019-nCov). The International Committee on Taxonomy of Viruses
(ICTV) called the virus as SARS-CoV-2 and the illness associated with it as COVID-19
(Cui et al. 2019; Lai et al. 2020; Shereen et al. 2020). Similar to the common flu, coronavi-
rus transmits through droplets from person to person when a disease-ridden person coughs
or sneezes near other people. It is also observed that COVID-19 enters the body through
mouth, nose, or eyes as and when touched by an infected hand which was in contact with
the contagious surface. Clinical signs of MERS and SARS are similar to those of COVID-
19 (Chow 2020; Lai et al. 2020; Zhong et al. 2003). The common symptoms include body
ache, fever, lung infection, difficulty in breathing, tiredness, etc. It is observed that risk of
casualty due to COVID-19 increases among the elderly group and people having chronic
health conditions. Elder subjects and children, in general, are more sensitive to respiratory
symptoms(Agarwal et al. 2010, 2014; Awasthi et al. 2010, 2017). COVID-19 is a major
concern these days in every country because there is no exact cure so far. Precautions are
sought to be the prevailing means to protect from this pandemic prone virus infection. Peo-
ple with mild illness/symptoms are treated by self-isolation (quarantine) and basic medi-
cation. The duration of self-isolation depends on the intensity of the symptoms which is
observed from the testing results of patients. Since many factors may trigger the COVID-
19 cases, in the present work, the aim is to study the interconnection of meteorological
parameters and COVID-19 cases.

After the announcement of COVID-19 as a pandemic by WHO in March 2020, dif-
ferent types of investigations increased at a faster pace (Arora et al. 2020; Gautam and
Hens 2020a, b; Gautam and Trivedi 2020; Rajput et al. 2020). Along with other studies on
COVID-19, researchers also focused to find the relationships between weather conditions
and coronavirus (Bashir et al. 2020; Jahangiri et al. 2020; Menebo 2020; Sahin 2020; Shi
et al. 2020; Tosepu et al. 2020). A portion of the investigations even stated that a warm
climate may reduce the vulnerability of the virus (Gupta et al. 2020). Different countries
around the world announced a lockdown to make some strategic plans, to reduce and to
control the effects of COVID-19. Besides, in India, the first lockdown was announced on
March 25, 2020 with more consecutive lockdowns ahead. Lockdown possessed a serious
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effect on the economy of countries but air quality and environment improved (Gautam
2020; Jain and Sharma 2020; Metya et al. 2020; Nakada and Urban 2020), because most
industries and transportation halted during the period of lockdown. In this work, the study
period considered for the investigation is the lockdown period, so that the relationship of
meteorological parameters with COVID-19 cases is studied in a controlled manner that
may help in better anticipation of the relationship between the virus and weather param-
eters. Along with this, efforts have been carried out to predict the maximum number of
COVID-19 cases, peak time, and maximum duration of this pandemic. For this purpose,
statistical approach is used and available data points are fitted based on the exponential and
Gaussian curve.

2 Methods
2.1 Study area

The study area selected is Delhi, Capital city of India, which lies in the northern part of
India located between 28.7041° N, 77.1025° E and has a land cover of 1484 km* and a
population of about 19 million (Fig. 1) (“Delhi Location Map” 2020). In Delhi, the first
case of COVID-19 is reported on March 2, 2020, and up to June 30, 2020, 87,360 infected
people are reported and consisting of 2742 deaths (“Delhi Location Map” 2020).

2.2 Data collection

The information with respect to the weather conditions is collected from Wunderground,
which fetches its data from the National Weather Service (NWS), comprising of around
250,000 climate stations (Wunderground 2020). The information of the number of COVID-
19 patients for Delhi state has been taken from covidl9india.org, a site that updates its
information in real time from state press announcements, official (CM, Health Ministry)
handles, PBI, Press Trust of India, ANI reports, and Ministry of Health and Family Welfare
(“COVID19 DELHI DATA” 2020).

Confirmed cases of COVID-19 represent the sum of all active, recovered, and deceased
number up to that particular day, while daily cases are the difference of two consecutive
days of confirmed cases.

2.3 Study period

The study period for this research is for two months from March 15, 2020 to May 17,
2020. This duration is decided because it comprised the period of the first three phases of
lockdown in India. During the lockdown, sources of harmful gases and particulate matters
were reduced dramatically, because most of the industries and major movement of vehicles
were halted due to which air quality is improved up to a remarkable extent throughout the
world (Broomandi et al. 2020; Gautam and Hens 2020a; Gautam and Trivedi 2020; Jain
and Sharma 2020; Li et al. 2020; Zhang et al. 2020). During the current study period, a
major movement of people is restricted due to lockdown, and henceforth other transmis-
sion factors of COVID-19 are targeted to nullify, reduce, or control up to a certain level.
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Fig. 1 Location of Delhi in Indian context (“Delhi Location Map” 2020)

2.4 Statistical analysis

The statistical analysis is carried out using the Statistical Package for Social Sciences
(SPSS) (Windows version 15). The standard method of linear regression is applied to cal-
culate the association between different meteorological parameters and COVID-19 cases.
Origin software is used for plotting different types of graphs and fitting the data for extrap-
olation. A nonlinear exponential curve is used to fit the two months data during a rigor-
ous lockdown period. For the prediction of future scenarios of COVID-19 cases, a Gauss-
ian model (GM) is developed. GM is used because epidemics like COVID-19 are firstly
exponential in nature and sooner or later saturation in number of cases will be observed
and show a bell-shaped curve like the Gaussian function. Three independent parameters
of fitted GM, a peak time, an amplitude, and a width of the Gaussian curve (GC), are
used to predict valuable information. Using the GM, the forecast for further course of the
COVID-19 pandemic is possible statistically from the three independent descriptors. All
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statistical significance tests are two-tailed and with confidence index/level at 95%. A level
of p value <0.05 is considered to be statistically significant.

3 Results

Figure 2 represents the daily variation in different weather parameters from March 15 to
May 17, 2020. Ty1.x> Tmin> and T, represent the maximum, minimum, and average temper-
ature, respectively. Humidity ,, represents average Humidity and WS,, represents average
wind speed on a particular day. Average wind speed varies between 4 + 1, relative humidity
varies between 61 + 11, maximum temperature varies between 34 +4, minimum tempera-
ture varies between 21 +4, and average temperature varies between 27+ 3. To check the
trend in different weather parameters, the linear trend is drawn between weather parameters
as a dependent variable and time, i.e., on different dates as an independent variable and
shown in Fig. 3.

There is no clear trend observed in the cases of average wind speed, whereas a nega-
tive trend is observed in relative humidity. The minimum, maximum, and average value
of temperature show a positive trend. The value of R indicates that the strength level is
maximum in case of average temperature value. Overall there is no significant decrease or
increase with time in case of wind speed, whereas temperature value increases during the
study period.
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Fig.2 Daily variation in maximum, minimum, and average temperature and average humidity and wind
speed
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Fig.3 Trend of a maximum, minimum, and average temperature, b average humidity, ¢ average wind speed
with respect to date
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Table 1 Correlation matrix between confirmed COVID cases and weather parameters

m

Tax CO) T,, (°C) Tin (°C) Humidity,, (%) WS, (mph) Confirmed

T (°O) 1
T, (°C) 0.956 1

Tin (°C) 0.819 0915 1

Humidity, (%) —0.666  —0.656 —0499 1

WS,, (mph) 0.110* 0.190* 0311 —0.124° 1

Confirmed 0.761 0.831 0.818 — 0.460 0.310° 1

Correlation is significant at the 0.01 level;

*Nonsignificant as p value >0.01
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Fig.4 Trend of daily new COVID-19 cases with respect to average temperature

For further clarity, the correlation table is drawn for weather parameters and the
number of confirmed cases. It is observed from the table that the average temperature
is significantly correlated with the number of COVID-19 cases. Table 1 indicates that
based on the correlation coefficient and p value, COVID-19 cases show a nonsignifi-
cant relationship with wind speed. Slope, correlation coefficients, and significance level
indicate that average temperature is strongly connected with the COVID-19 cases in
comparison with other weather parameters. Finally, it is calculated based on linear
regression, by taking the number of daily COVID-19 cases as dependent and daily aver-
age temperature as the independent variable and trend is shown in Fig. 4. Based on the
linear trend and linear regression technique, it is observed that with the increase in the
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value of average temperature by 1 °C, there is a significant (<0.05) increase in 30 new
cases of COVID-19. This observation is only based on statistical analysis, and the exact
scientific reason or justification behind this type of observation further needs sophisti-
cated laboratory-based study.

In Fig. 5, the daily variation in COVID-19 cases (blue dot) is plotted from March 15 to
May 17, 2020. These data points are then fitted to different types of curves, and the best fit
curve is obtained for a nonlinear exponential equation and the equation is shown in Fig. 5.
The equation formulated for the initial set of data is as follows:

1426
y=—6.17+98.5 * exp(7>;R2 =0.997

The best fitted line (R>=0.997) in Fig. 5 on the basis of the nonlinear fitting, strongly
indicates that the number of confirmed COVID-19 cases increase exponentially during
the study period. The exponential growth rate is the main concern of intellectuals like
researchers, doctors, and strategists to think about possible solutions. To predict the future
scenario of COVID-19, this is not appropriate to use an exponential equation, because an
exponential growth represents a continuous increase, whereas in the pandemic scenario,
the number of cases will indeed increase rapidly up to certain days or months, afterward
the value will start to decrease after forming a peak. It is interesting to estimate the peak
value and time coverage of COVID-19 cases. For this purpose, a predicted model other
than an exponential equation is required.

Keeping in view the expected behavior of COVID-19 cases, the available 64 data points
are fitted and plotted based on the single Gaussian curve as shown in Fig. 6.

. . o A _ (“Ao >‘
The fitted model equation is of the form;y = y, + - mexp v
The fitted Gaussian model statistically predicts that the number of COVID-19 cases ini-

tially increases continuously until a peak is formed at 123,886 number of cases. Based on
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Fig.5 Daily variation in confirmed COVID-19 cases
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Fig.6 Gaussian plot on the basis of the number of confirmed cases

the fitted GM, it is predicted that the maximum number of cases is observed during the
time range of 166.15+36 days. Based on the number of days calculated from the peak
value of the fitted model, it is estimated that the number of cases will increase maximum
up to the second week of October 2020, afterward a decrease in the number of cases may
be observed. The fitted model also indicates that it may take about 300 days to touch the
minimum number of COVID-19 cases yet again. This predicted observation or estimation
is assumed to be true based on the fitted statistical Gaussian equation when only one wave
of COVID-19 cases is considered.

4 Discussion

Undoubtedly, the COVID-19 pandemic has shown a lower mortality rate in comparison
with previously observed viruses like SARS, MERS, etc. But its exponential growth is a
serious concern all around the world. This concern among the people will be the maximum
until the development and availability of vaccination of COVID-19. Previous studies show
that the strength of similar viruses like SARS reduces at a higher temperature and relative
humidity (Lin et al. 2006). But in the present study, the number of cases of COVID-19 has
increased with the increase in temperature.

In Fig. 7, the legend shape of a square, triangle, and circle denotes three weather param-
eters namely temperature, humidity, and wind speed, respectively. Figure 7 contains three
quarters representing three types of variation of COVID-19, i.e., positive, negative, and
neutral trend with different weather parameters as observed in the state-of-the-art studies.
Sahin (2020) and Shi et al. (2020) observed a negative relationship of temperature with
COVID-19, whereas in contrary, Bashir et al. (2020) and Tosepu et al. (2020) observed a
positive relationship. For another meteorological parameter, humidity, Bashir et. al. (2020)
found a negative correlation with COVID-19, and Tosepu et al (2020) showed a positive
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Fig.7 Relationship of COVID-19 with respect to temperature, humidity, and wind speed

relationship. The study conducted by Shi et al. (2020) showed no significant relationship
between humidity and COVID-19 cases. The third weather parameter wind speed showed
negative, positive, and no relation with COVID-19 by Menebo et al. (2020), Bashir et al.
(2020), and Shi et al. (2020), respectively.

Jahangiri, et al. (2020) provided a conclusive statement that no scientific evidence is
found to confirm that warm ambient temperature reduces the number of COVID cases.
These studies along with the present preliminary study have certain limitations like popu-
lation sensitivity, virus confrontation, and cleanliness of population and precaution taken
by the population related to COVID-19. The study duration for the state-of-the-art stud-
ies shown in Fig. 6 is maximum for up to three months, thus categorize these under pre-
liminary indicative studies. All these are indicated as field-based studies that provide
conclusions based on statistical analysis which need to be supported by laboratory-based
experiments.

The first case of COVID-19 in Delhi is observed in March 2020. As per the climate of
Delhi, November—January are the coldest months of the capital city, and afterward, the
temperature increases, and March is supposed to be the initial month of the summer sea-
son. This may be a coincidence that COVID-19 started to spread in Northern India during
the mid of March and similarly temperature also started to increase from March onward
with the arrival of the summer season. The availability of testing kits increased with time
leading to more testing, which is supposed to be one of the reasons for more diagnoses
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for the number of COVID-19 cases. The variation in COVID-19 cases in winter or cold
temperature is still needed to be observed. This is supposed to be one of the drawbacks of
the study, i.e., if the study period could have been for at least six months including both
winter and summer season, then better relational results with temperature could be drawn.
So this is not confirmed that it is the temperature that is responsible for an increase in the
number of cases with time or it is just coincidental due to the availability of a large number
of the testing kit. Besides, it is too early to provide a conclusion about the relationship of
COVID-19 with temperature. However, our results show that with the rise in temperature,
the number of COVID-19 cases has increased dramatically. Although, this is also not con-
firmed that these cases have either been triggered by temperature or just coincidental. To
achieve/obtain more reliable results, one complete cycle of COVID-19 need to be observed
as in India winter season was over just before the arrival of COVID-19 in Delhi.

More strategic and rigorous studies of persistent data are required for a better conclu-
sion. If the studies in which temperature has a negative relation with the COVID cases are
believed to be precise, then this is more challenging for Delhi or all over the world where
winter season is yet to come in the coming months. This indicates that upcoming months
are tougher for those regions where winter season is commencing because in winter season
usually due to cold weather conditions, respiratory diseases are easily triggered. Therefore,
more care and strategies are needed to be designed by government agencies to reduce the
effect of COVID-19 because GM extrapolates that it will take 300 days to recover from
COVID-19 cases.

5 Conclusions

The weather parameters are significant to consider the transmission of communicable dis-
eases. This preliminary study shows a positive significant relationship of COVID-19 with
temperature and a negative relationship of COVID-19 with relative humidity. Based on the
statistical approach of the linear regression technique, this is estimated that 30 new cases of
COVID-19 are observed for every 1 °C rise in temperature. However, this is not supported
by the R* value. Moreover, there is no scientific evidence that these numbers are triggered
by weather parameters like temperature or just coincidental.

To understand the threshold of virus transmission and survival, more rigorous and
robust studies are essential. For conclusive and concrete remarks, at least one complete
cycle of COVID-19 is required for investigation. However, the present study along with
state-of-the-art studies clearly shows a significant exponential increase in COVID-19 cases
with time which is a serious concern for everyone. The exponential growth of COVID-19
cases is observed only in the initial stage which shows peak value after a certain time,
hence the exponential fitting of data for prediction is not an accurate approach. Therefore,
the GC is used to fit and extrapolate the data, which is used to estimate the number and
date of the peak value. Based on the fitted GM, number of cases increases up to 123,886
in number, which will go maximum up to the second week of October 2020. Based on
the width of GM, COVID-19 cases will be controlled in a minimum of 300 days, start-
ing from March 15, 2020 and extending up to January 2021. Hence, this study is consid-
ered as one of the inputs for the researchers and government agencies to formulate some
thoughtful strategies to control and reduce the effects of COVID-19. This study proposed
to the government that more planned and vigorous arrangements in terms of infrastructure,
health facilities, and financial support are required as the predicted results of GM show an
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extended number of COVID-19 cases in the near future. The extrapolated information from
GM including maximum number, peak time, and maximum time will provide a basic idea
to the government about the requirement of medical facilities such as ventilators, beds,
testing centers, quarantine centers, etc.
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