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Abstract: World over, the weather conditions are usually categorized as predictors of respiratory viral infections.
This study uses a stepwise linear regression model to explore the effects of climate factors or weather factors such as
temperature, humidity, wind speed on the spread of COVID-19 in Lahore city (Pakistan). The study was conducted in
Lahore College for Women University, Lahore, and the data regarding the cases of COVID-19 in the Lahore district
was obtained from the Primary and Secondary Health Care Department Punjab, from 18" March 2020 to 25" August
2020 while the weather statistics were obtained from Environmental Protection Department, Lahore. A predictive
model by regression was designed in which day-to-day humidity, wind speed, average temperature, and their impact
on confirmed cases of COVID-19 in Lahore were analyzed. The independent variables in the model were average
temperature (C), humidity (%), wind (km/h) and the dependent variable was the number of daily established cases of
COVID in Lahore. The result of the analysis shows the effectiveness of the proposed model and the impact of climate
parameters on the assessment model. The study illustrates that the above model can be used to predict the future spread
of COVID-19 based on the above-mentioned climate factors. As such, it proves as a useful modality to predict new

cases for the government and other health agencies.
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1. INTRODUCTION

The COVID-19 is an ongoing epidemic, caused
by a coronavirus (nominated as severe acute
respiratory syndrome coronavirus-2-SARS-CoV2)
has been identified in December 2019 in Wuhan
City, China. By rapidly spreading in too many
countries, this virus has created a universal threat
and was acknowledged as a “public health crisis
of international significance” by the World Health
Organization (WHO) on 30" January 2020. This
virus spread from one person to another via indirect
and direct physical contact with contaminated
objects or surfaces besides open places with
aerosols and aerial droplets generated through
speaking, coughing, or sneezing [1, 2].

Numerous studies have been conducted in
different countries to monitor this pandemic to
strengthen their understanding of the factors that
affect viral transmission (including climate and
weather). Respiratory viral infectious diseases like
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corona-virus, Severe Acute Respiratory Syndrome
(SARS) and seasonal influenza tends to increase in
the colder environment, thereby weather conditions
are considered as one of the factors for acquiring
respiratory infections [3-6].

Although seasonal influenza and SARS have
some similarities to the new coronavirus, it has
been hypothesized that its existence may depend
on the weather and assumed that low temperature
tends to promote the escalation of the virus [6,7].
In comparison, humid and hot weather has been
speculated to minimize viral activity [8]. This
remains uncertain as there is no consensus to
date, on the effect of humidity and temperature to
regulate COVID-19 dynamics or tropical-humid
environments overwhelm its transmission. Globally,
several studies investigated the outbreak of
COVID-19 in terms of different weather conditions,
especially humidity and temperature [9,11].
These studies have described negative or positive
associations among the transmission of COVID-19
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and changes in humidity and temperature. This
study aims to discover the consequence of climatic
conditions on the prevalence of COVID-19 in
Lahore (Pakistan) and to propose a predictive
model to improve the prediction.

2. MATERIALS AND METHODS
2.1 Data Set

The data regarding established cases of COVID-19
inthe Lahore district were obtained from the Primary
and Secondary Health Care Department, Punjab,
for the period from 18th March 2020 to 25" August
2020. The data of climatic or weather parameters
were obtained from the Environmental Protection
Department, Lahore. As the levels of humidity,
temperature, and wind speed change during the day,
the average temperature, humidity, and wind speed
were noted each day for the period from 18" March
2020 to 25™ August 2020. The MATLAB software
was used to form a predictive model to determine
the role of climate on the outburst or spread of
COVID-19. A regression model was used for this
purpose. Data was analyzed to finalize which
predictors should be used in the final regression
model. This process was referred to as the variable
selection problem. Two objectives were involved
in determining these subsets of independent
variables. The first objective was to make the model
thorough and as precise as possible i.e., to include
every regressor that was even slightly related to
the dependent variable. Simultaneously, the least
number of independent variables were included
in the model because irrelative predictors make
the model imprecise, complex thereby making
the processor of variable selection a conundrum:
striking a balance between fit (as many predictors
as possible) and simplicity (to include a minimum
number of regressors).

2.2 Screening of Candidate Variables for the
Model

When a large group of variables occurs, the
candidate variables for use in the Model may be
screened from the group of variables by using the
techniques namely, the Backward (Step-Down)
Selection Procedure, or the Forward (Step-up)
Selection Procedure [12, 13]. The Backward (Step-

Down) Selection method is less popular because it
begins with a model in which all candidate variables
have been included. However, because it works
its way down instead of up, it always retaining a
greater value of R-Squared. The problem is that the
models selected by this mode may contain variables
that are not required. The user sets the effect level
upon which variables can pass in the model. The
backward selection model begins with variables
used for all candidates in the model. At every phase,
the least important variable is removed until no
non-significant variables remain. The significance
level at which variables can be removed from the
model is set by the user.

The Forward (Step-up) Selection Technique is
frequently used to provide a preliminary screening
of the candidate variables when a large group
of variables occurs [12]. A reasonable approach
would be to use the forward selection procedure
to obtain the best ten to fifteen variables and then
apply the all-possible algorithm to the variables in
this subset. This procedure is also a good choice
when multicollinearity is a problem. The forward
selection method is simple to define. It begins with
no candidate variables in the model. A variable
that has the highest R-Squared is selected. At each
step, only that candidate variable is selected in
which R-Squared raises the most. When none of
the remaining variables are major then the process
of adding variables is stopped. This exercise of
adding variables in the model is practiced by taking
into account the fact that once a variable enters the
model, it cannot be deleted.

P-value is the measure to judge the result of
the model. P-value is essentially the probability
of having results that are almost at the extreme as
the actual results, assuming the null hypothesis is
correct.

F-test is done to check if the group of the
independent variable are collectively significant
or not. F-value shows whether a regression model
gives better-fitted data than a model having no
independent variable. Similarly, the p-value
and F-value are the measures used to check the
effectiveness of the constructed model. The smaller
values mean that extreme outcomes are highly
unlikely to occur.
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2.3 Stepwise Regression

Stepwise regression is a logical mode for removing
and adding parameters from a generalized linear or
linear model based upon the statistical importance in
elucidation of the response variable. The technique
initiates with a primary model and then relies on
the descriptive power of incrementally smaller
and larger models. The stepwise regression uses
backward and forwards regression to determine the
last model. At every phase, the function pursuits for
terms to remove from the model or add to the model
based on the p-value for the F-test of the change in
the sum of squared error that results from adding or
removing the term. Stepwise regression takes the
following steps: The initial model was fitted.

Examine a set of available terms not in the
model. If any of the terms have p-values less
than an entrance tolerance (i.e. if it is unlikely
a term would have a zero coefficient is added
to the model), add the term with the smallest
p-value and repeat this step; otherwise, go to
step 3.

If any of the available terms in the model have
p-values greater than an exit tolerance (that
is, the hypothesis of a zero coefficient cannot
be rejected), remove the term with the largest
p-value and return to step 2; otherwise, end the

1.
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3. RESULTS

In the present study, weather factors (average wind
speed, average temperature, and average humidity
of each day) and COVID -19 data of each day
for the period from March 2020 till August 2020
were used. Figures 1, 2 & 3 showed the number
of COVID-19 cases with average temperature (°C),
average humidity (%), and average wind speed
(km/h) respectively in the Lahore district. In the
regression model, the independent variable was
Average Temperature (°C), Humidity (%), Wind
(km/h), and the dependent variable was daily
confirmed cases of COVID in Lahore.

Linear regression model: COVID-CASES ~ 1 +
Humidity + Wind*Temperature

The constructed linear regression model was
presented in Table 1. ANOVA test was performed
on the constructed model which gave the results
as presented in Table. 2. The values of R? were at
the appropriate level, and the regression model was
significant since the final model p-value is 0.02361
which is less than 0.05. The regression model plot
as shown in Figure 4 illustrates that the model was
significant because a horizontal line does not fit
between the confidence bounds, which is consistent
with the p-value obtained. The residuals plot of the
linear regression model is shown in Figure 5.
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Fig. 1. The average temperature during the study period in Lahore
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Lahore,Daily confirmed cases VS Average Wind Speed
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Fig. 2. The average wind speed during the study period in Lahore.
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Fig. 3. The average humidity levels in Lahore during the study period.
Table 1. Linear Regression Model Estimated Coefficients:
Estimate SE T Stat P -Value
(Intercept) -1082.8 495.57 -2.1849 0.031
Wind 91.921 34.082 2.6971 0.007
Humidity -4.5781 1.7713 -2.5847 0.011
Temperature 41.669 14.477 2.8784 0.005
Wind: 23094 10103 12,2858 0.024
Temperature

R-squared: 0.187, Adjusted R-Squared 0.166
F-statistic vs. constant model: 8.91, p-value = 1.67e-06
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- Added variable plot for whole model
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Fig. 4. Regression model plot between adjusted climate parameters and COVID cases
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Fig. 5. Residuals of Linear regression.
Table 2. ANOVA Analysis
Sum Sq DF Mean Sq F P- Value
Wind 1.1463e+06 1 1.1463e+06 13.004 0.001
Humidity 5.8885e+05 1 5.8885e+05 6.6804 0.011
Temperature 3.3949e+05 1 3.3949e+05 3.8515 0.051
Wind : 4.6057e+05 1 4.6057e+05 5.225 0.024
Temperature
Error 1.3663e+07 155 88146
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4. DISCUSSION

In China’s 130 cities (except Wuhan), it was reported
that in the initial stage of the epidemic, the spread
of COVID-19 was due to humidity and temperature
[9]. In the same way, the facts of other countries,
excluding China revealed that everyday COVID-19
new cases were inversely related to temperature
and relative humidity [9], while the mean day to
day temperature had a major effect on the daily
reported COVID-19 cases. For the spreading
of SARS-CoV-2, the optimum temperature was
8.07 °C and humidity varied from 60% to ~90%.
This is in accordance with Wang et al [8] that who
emphasized the role of temperature and reported
that 8.72°C was the optimum temperature for viral
spread. The decrease of temperature and humidity
tends to increase the virus survival and spread while
the study by Rouen et a/.,(2020) recorded a negative
relationship between the daily temperature and
prevalence of COVID-19 [14], a study by Rasheed
etal.,(2020) reveal that a climatic aspect, especially
temperature, is a noteworthy environmental issue
for the dispersion of COVID-19 infection [15].
Reportedly, COVID-19 infection was primarily
more associated with temperature between 5°C to
11°C and absolute humidity levels less than three
[10].

A positive association between COVID-19
prevalence and increases in temperature and
humidity has also been documented [3, 16, 17]. In
Singapore, positive associations with the amount
of regular as well as aggregate COVID-19 cases
were related to absolute humidity and temperature
[3]. A direct association was observed during
the preliminary stage of the COVID-19 outburst
and ambient temperature. The mainstream of the
reviewed studies indicates a stimulating trend. In
several studies, the important negative association
of COVID-19 cases with humidity and temperature
suggests that SARS-CoV-2 has a periodic impact,
with dry and cold circumstances, which can
promote the spread of the new coronavirus, while
at higher temperatures and higher comparative
humidity levels, the virus loses its capability and
thus weakens its spread [17, 18]. The results were
consistent with reports of SARS-CoV, influenza,
and other corona-viruses, i.e., Extreme Acute
Respiratory Syndrome [19]. The occurrence of
COVID-19 may, therefore, verify to be seasonal,

which presents a warning in the winter season for
increased transmission. Certain studies have also
revealed that COVID-19’s physical distribution has
been confined to countries with colder climates so
far [20]. In the low-temperature area of China, this
virus first appeared in early winter, and subsequently,
the main epidemic happened in further Asian states
such as Middle East, Europe, Japan, and South
Korea where during January and February 2020,
the temperatures were far below 0°C [21, 22].
As the virus spread, a narrow climatic band was
initially grouped into new epicenters. Cold weather
tends to be further conducive to the transmission
of COVID-19 that elucidate the consistently higher
COVID-19 cases in these countries.

5. CONCLUSION

This study indicates the use of a stepwise linear
regression model to check the effects of climate
factors such as temperature, humidity, wind
speed on the spread of COVID-19. The model is
evaluated based on p-value, Root mean square
value, and R squared value. The results show that
the above model can be used to predict the future
outbreak of COVID-19 based upon the above-
mentioned climatic factors. It could prove useful to
the primary and secondary health care departments,
clinical/hospital management, as well as pandemic
prevention-related agencies of the Government
in preventing the virus. The study can be further
extended by using the other regression models and
deep learning methods.
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