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Abstract: The world has been drastically affected by the 2019 novel corona-virus outbreak, otherwise known as COVID-19. Pakistan
is no exception to this, and the virus has rapidly spread within the country in the first quarter of 2020. As previously some of
the contagious diseases such as influenza have been affected by various meteorological factors therefore, several recent studies
have been done in various parts of the world to find the climatic impact on COVID-19 as well. This study also, analyzes the
effect of meteorological factors on the proliferation of COVID-19 in Pakistani urban centers, namely, Islamabad, Karachi, Lahore,
and Peshawar. The variables observed for this purpose are the number of confirmed cases, fatalities, recoveries, and transmission
type. Finally, we also forecast the trend of COVID-19 in the coming days, using a time series model named as Facebook’s Prophet Library.
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1. Introduction
Throughout history, plagues, epidemics, and pandemics

have withered humanity and shaped the upcoming future. A
pandemic is a disease that spread throughout the continents
and over multiple countries. These are not new to the world
and go back to the beginning of time. Human history has
recorded several pandemics of diseases such as smallpox
and tuberculosis [1] The most lethal of which recorded
history to date was the Black Death, more commonly
referred to as the great plague, which killed approximately
75–200 million people in the world in the 14th century
[2]. While some of these recorded pandemics were not
transmitted through direct human contact, the deadliest of
these diseases were contagious, resulting in mass deaths in
the infected areas.

In the 21st century, humans were affected by two highly
transmissible and pathogenic viruses named Middle East
respiratory syndrome corona-virus (MERS-CoV) and severe
acute respiratory syndrome corona virus (SARS-CoV). Both
these viruses prospectively originated in bats. Additionally,
genetically diverse corona-viruses that fall under the um-

brella of SARS-CoV and MERS-CoV were globally found
in bats species.

Recently the outbreak of severe acute respiratory syn-
drome corona-virus 2 (SARS-CoV-2; previously provision-
ally named 2019 novel corona-virus or 2019-nCoV) disease
(COVID-19) has created mayhem in the world. Corona-
viruses come from a large family of viruses, and it is
observed that different classes of the virus cause illness in
humans. At the same time, some circulate only in animals,
including cats and bats. On December 31, 2019, the first
case of the novel Corona Virus was reported in Wuhan,
China, by the World Health Organization (W.H.O) from its
country office in China [3]. WHO declared this outbreak
a Public Health Emergency of International Concern on
January 30, 2020, and later a pandemic on March 11,
2020 [3], [4]. The novel COVID-19 is a respiratory illness
spread through human interaction and exposure to infected
surfaces. It usually causes flu-like symptoms at first and
can also result in severe respiratory discomfort leading to
death. As of June 3, 2020, it has killed around 380,662
people globally [5]. With no proper and effective vaccine
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or treatment in place, there are several suggested strategies
and standard operating procedures (S.O.P.) set in place by
global health organizations, notably WHO. These strategies
include social distancing, focus on hygiene, quarantine, and
strengthening immunity.

In the absence of vaccines and medicines, when quar-
antine sounds to be the only way of reducing the spread
of this disease, it is essential to gather factors impacting its
outbreak. Scientists are trying to point out these factors for
understanding the nature of this infection. Meteorological
factors were said to be influencing the viral spread of
COVID-19. Initially, when the outbreak took place, it was
noted that weather and environmental factors affect its
spread [6]. Worldwide data was also used to investigate
the impact of the increase in temperature in restricting the
virus’s spread. However, nothing has been proved certain
yet [7]. With every passing day, some new aspect of
this viral disease comes out. To reach out to some certain
conclusive aspects, studies have been done by scientists of
many fields concerning the different aspects of the disease
[8], [9].

Likewise, computer scientists are trying to find out
various factors that impact this pandemic [8], [10]. A
recent study has been done to explore and analyze the
main issues in forecasting epidemics like dengue, using data
science processes [11]. The main objective of this study, in
particular, is to scientifically answer the question of whether
the change in weather affects COVID-19 or not, using a
data-driven approach. It is not simple to answer the ques-
tion because of the involvement of various differentiating
environmental factors, along with the weather.

This paper is divided into sections; section II gives a
brief review of the research done related to this area. As
this is a recent outbreak, not many studies have been done
until now. Section III includes details of data sources and
collection and a brief description of the methodology. The
methodology consists of LASSO (Least Absolute Shrinkage
and Selection Operator) feature selection to find the impor-
tance of the weather components and multiple regression
analysis for determining the impact of variables on the
model. Furthermore, Facebook’s Prophet Library to forecast
the overall spread. Section IV focused on discussing the
results. Lastly, the conclusion is given in Section V of the
paper.

2. RelatedWork
Many considerations can be taken in view of this virus

that can contribute to the increased mortality rates. It is
important to keep in mind the relative newness of this
disease and the minimal and somewhat premature stages of
research that has gone into determining the factors that can
be involved in the spread of the virus. However, the global
indicators of COVID-19 have allowed some domineering
factors to surface in many studies. For example, in a
study done by Lakshmi and Suresh in 2020 through a
TISM approach, it was found that changes in interlinked

factors such as the Humidity of the environment, hygiene
practices, potency of the virus, population density, airflow
and ventilation of living spaces, etc. cause a direct and
indirect effect in the spread of the viral [12]. Overall, the
study concluded that elements like social distancing, age,
air temperature, airflow, and ventilation are driving factors
that cause rapid transmission and are interdependent in the
spread of the disease [13].

Furthermore, a study published in China C.D.C. Weekly
discusses the impact of airflow and ventilation on the spread
of the virus. The study focuses on a descriptive analysis of
federal cases in China during the peak time – December till
February 2020. The study explored how close areas with
low airflow and ventilation, among other things, can have a
direct impact on the risk of being infected by COVID-19.
Much like influenza’s’ such as flu and rhinovirus, COVID-
19 was believed to be spread through respiratory droplets
released in the air through coughing/sneezing [14]. These
droplets would infect others through aerosol transmission
and prolonged contact with elevated aerosol concentrations
in closed spaces. People within six feet of ejected respi-
ratory droplets are likely to be exposed to them and thus
can contract the disease [15] [16]. The study also indicated
that close contact between the host and the individual was
necessary for the spread of the disease along with contact
with surfaces touched or used by the host body.

Additionally, the evidence also suggested that the health
and age factors were also directly linked to the possibility
of being infected by the disease. People with compromised
immune systems and aged individuals were at high risk.
Shared ventilation ducts were also seen as a possible risk
factor.

A study was done by Onder, Rezza, and Brusaferro in
2020 examined evidence from various countries globally
and concluded that COVID-19 fatally impacts older pa-
tients. Data taken from quantitative measures indicated that
case-fatalities of patients from the age groups 70-80 years
were relatively high in all countries. They believe that these
fatalities are not merely a result of physical factors; there
is also an underlying social factor contributing to the high
mortality rate in the older generation.

Firstly, the older generation has weak immune systems
and thus is more prone to attacks by any virus, not just
COVID-19. Any prevailing health conditions, such as di-
abetes or respiratory illnesses, make them vulnerable by
lowering the overall immunity of the body. The added
stress of suffering from the COVID-19 virus also further
compromises the immune system and the ability of the body
to fight back in response. Secondly, many elderly members
at the ages of 70-80 suffer from mobility challenges and
thus are unable to isolate or quarantine themselves, which
is why they are at more chance of contracting the disease
from the host body [17]. Furthermore, elderly members of
societies are often living in nursing or retirement homes and
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are cooped up in one shared space [18].

According to Lewnard and Lo, social distancing is
one of the most successful non-pharmaceutical prevention
strategies introduced to ensure that the spread of the disease
is minimized. With disease control being declared a top
priority by WHO, public health authorities globally have
emphasized on S.O.P.s and social distancing. Furthermore,
legalizations and laws have been introduced to ensure that
individuals thoroughly follow social distancing along with
other protective measures. Countries all over the globe have
enforced community-level lock downs and social distancing
to minimize the spread of COVID-19. Other controlling
efforts, such as contact tracing, are also being administered.
The researchers state that social distancing measures if
implemented timely and efficiently, slow down the spread
of the virus [19]. However, the research also points out
that the effectiveness and social impact of measures such as
isolation and quarantine depend heavily on the approaches
taken by public health authorities in the country along with
political leaders and institutions such as media [20]. A
study done on the spread of influenza in China through
different modes of transport suggests that air and train travel
must be limited during the early outbreak as they are key
risks in the transmission, while highways should also be
considered important equally [21].

Another study was done by Jia, Yuan, Xu, Jia, and
Christakis in 2020 looked into how rapid, significant, and
diffused human migration has amplified localized outbreaks
of the virus into a pandemic. They note that this was also the
case with COVID-19. They study the spread of the virus by
tracking the disease’s movement with real-time data focused
on aggregate population flows [22]. Study done by used
nonlinear delay dynamical modelling to study this pandemic
[23].

Despite having been studied extensively from qualitative
and quantitative aspects, the COVID-19 virus remains a
mystery when it comes to spreading and prevention anal-
ysis. The researches mentioned above have focused on
multiple aspects that play a role in the spread of the virus
or on solely one factor through qualitative and quantitative
interpretations. None of the researches mentioned above has
utilized advanced machine learning strategies to isolate how
the weather impacts the spread of COVID-19 in countries
that experience a wide range of weather conditions in
different regions. Pakistan is one such country [24].

In this paper, we will be isolating the impact of weather
on COVID-19 through different methodologies with a sole
focus on the spread of the virus in Pakistan.

3. METHODS AND MATERIALS
A. Data and Sources

The data used for modeling and prediction analysis
includes numbers regarding confirmed cases, deaths, and
recoveries in Pakistan. Various sources maintain the data,
but the one used in this paper is the default one managed by

the Johns Hopkins University Center for Systems Science
and Engineering (JHU CSSE). This data is made available
to the public through a COVID-19 Python library. City-
wise COVID-19 data-set for Pakistan is acquired by Kaggle.
The data consisted of numbers indicating confirmed cases,
recoveries, deaths, travel history of those cases, and location
[4]. Moreover, the historical weather data was collected
using Python’s library wwo-hist. The weather data consisted
of multiple weather components, including Maximum Tem-
perature, Minimum Temperature, U.V. Index, Dew-point,
Heat Index, Wind Gust, Humidity, Precipitation, Pressure,
etc.

B. Data Preprocessing
The data collected from the COVID-19 library was

already preprocessed. However, data obtained from Kaggle
needed preprocessing. The data was checked and corrected
for any inconsistencies in the names of cities, provinces, and
travel history, and uniqueness was maintained. Coordinates
for the cities were taken from Google. The weather data was
then conjoined to create a single data frame with the city-
wise data based on the date and location using coordinates.

C. Feature Selection
Since the data shows multicollinearity between the input

variables, therefore, we have used LASSO Regression for
feature selection (reduce the number of predictors while
developing a predictive model). Lasso uses L1 norm as a
regularize. It derives parameters to zero. Higher the value
of alpha, the fewer features have non-zero values.

D. Forecasting
In this study, we have used Facebook’s Prophet Library

to forecast the spread (number of cases) of COVID-19 in
Pakistan (includes all cities). The range depends on the
number of conditions and can only be estimated if the
conditions remain the same.

Time series data has been forecasted by using Face-
book’s Prophet. It is based on an additive model where
non-linear trends are fit with seasonality (yearly, weekly,
and daily), plus holiday effects.

y(t) = g(t) + s(t) + h(t) + ϵt (1)

g(t): linear or logistic growth curve for modeling non-
periodic changes in time series

s(t): seasonal changes that can include
daily/weekly/yearly seasonality

h(t): effect of holidays (can be irregular schedules)

ϵt : error term that balances the model for any unusual
changes not accommodated by the model

Facebook’s Prophet Library is an excellent technique for
time series analysis and has been used to predict the number
of upcoming cases in this study. The Prophet’s algorithm
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takes only two columns as an input (y – Target (Cases) and
ds Date time).

4. Results
The data set contains several confirmed cases, fatalities,

and recoveries reported in different cities of Pakistan. There-
fore, we have divided the results among the four major cities
of Pakistan. These cities include Islamabad (Islamabad
Capital Territory), Lahore (Capital of Punjab province),
Karachi (Capital of Sindh province) and Peshawar (Khyber
Pakhtunkhwa). Since these are major metropolitan cities in
Pakistan, it highly justifies the higher number of cases in
these cities. Also, the healthcare facilities are much better
and higher in number in these cities than the other cities of
Pakistan.

Figure 1. Province wise analysis of the number of COVID-19 Cases,
Deaths and Recoveries

Figure 1. shows the overall number of cases in different
provinces. The rise of cases can be due to multiple reasons,
but as this paper focuses on determining the impact of tem-
perature, we have only considered meteorological factors
for the above-mentioned places. Most number of cases are
in Sindh followed by Punjab while the greatest number of
deaths are recorded in Punjab till date. Also, the recovery
rate is much higher in Sindh than any other province.

TABLE I. Population in Cities of Pakistan

City Province Population

Islamabad Islamabad Capital Territory 2,001,579
Karachi Sindh 11,589,068
Lahore Punjab 11,126,285

Peshawar Khyber Pakhtunkhwa 4,269,079

Table 1. indicates the population in capital cities of
these provinces [25]. Karachi is the most populated city
of Pakistan followed by Lahore.

A. Measuring the impact of Temperature
Pakistan has extremely varying temperatures as it lies

above the tropic of cancer [26]. The northern part of the
country remains cool throughout the year, while the south

has moderate to extreme temperatures. Since the start of
the pandemic, the overall temperatures in the majority of
the areas under focus were cold.

Figure 2. Shows the temperatures in the cities starting from February
26, 2020 till June 3, 2020

Figure 2. shows that as time progressed; the temper-
atures began rising in different cities of Pakistan. The
temperatures are shown from February 26, 2020, as the
country’s first case was reported on that date, while June 3,
2020, is taken as a cutoff date (data concluded).

The temperature scale shows Lahore, Peshawar, and
Islamabad had cold temperatures that progressed to high
temperatures while Karachi has moderate temperatures dur-
ing this period.

The primary reason for selecting multiple regions for
this study is to include all types of temperature variations.
As a result, the data shows a variation of various tempera-
ture levels in different areas of the country, which increases
the reliability and strength of our sample data and is enough
to conclude the results below.

Since the start of this pandemic, Lahore has seen a
steady increase in the number of Corona cases. As shown
in the Fig 3. below, a sudden spike from week 16, on-wards
can be seen in the cases.However, the recoveries also started
to jump up from week 20 while the number of fatalities
remains steady till week 22.

Karachi has also seen a steady increase in the number
of Corona cases just like Lahore from the beginning, but
as shown in the Fig 4. below, the number of cases can be
seen an increasing couple of weeks earlier than Lahore.
The below chart also shows a spike in the number of
recoveries. However, the recoveries also started to jump
up from week 20 while the number of fatalities remains
steady till week 22 from week 19 on-wards, which is also
a much better recovery rate than Lahore. The majority of
reasons contributed to this, which will be reviewed later in
the discussion section.

Just like any other city, Islamabad also showed a similar
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Figure 3. Overall trend in Lahore

Figure 4. Overall trend in Karachi

trend in the rise of the number of cases as shown in Fig 5.
Since the capital has a smaller population than other cities
comparatively, the increase in the number of cases at this
rate with recoveries increasing after a very long time shows
that the inadequate measures were taken in order to control
the city’s outbreak. Several other factors might be involved
in such a fast spread and low recoveries, which is explained
later.

Unlike any other city in Pakistan, the number of con-
firmed cases in Peshawar has grown at a much faster rate,
which can also be viewed in the Fig 6. below. But the most

considerable number of deaths are also reported in this city,
and that can also be seen in the graph. However, the number
of deaths and recovery rates are almost parallel.

All the cities in Pakistan have varying temperatures
across the year; therefore, it is essential to look at the
temperature variable and how it affects the number of
COVID-19 cases across the cities.

As shown in the figures 7,8,9,10 below, the number of
cases started increasing as the temperature values increased
with time.
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Figure 5. Overall trend in Islamabad

Figure 6. Overall trend in Peshawar

We used the Lasso Model to find out the feature im-
portance of weather components, i.e., Temperature (tempC)
and humidity, along with the number of tests performed
(tests) due to multicollinearity in the data.

The plots below show that neither temperature no hu-
midity has an impact on our model.

Since the below features (temperature, humidity) are not
important for the model. Therefore, it is enough evidence
to conclude that the weather components have no impact
on the spread of COVID-19 in Pakistan.

Further, by using the O.L.S. regression summary, it can
be found out that p-values for the number of COVID-19
tests (polymerise chain reaction) conducted are less than the
significance level (0.05). This indicates that the higher the
number of tests conducted, the higher number of cases are
reported, and they are independent of any weather impact
given the data.

Black dots shown in the figure.15 below represents the
actual values, while the blue line indicates the predicted
values between a 95 percent confidence interval. The red
dots in the plot above shows the predicted test data.
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Figure 7. Temperature Wise Cases for Lahore

Figure 8. Temperature Wise Cases for Karachi

Figure 9. Temperature Wise Cases for Peshawar

Figure 10. Temperature Wise Cases for Islamabad

Figure 11. Feature Importance for Lahore

Figure 12. Feature Importance for Karachi
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Figure 13. Feature Importance for Peshawar

Figure 14. Feature Importance for Islamabad

The mean absolute percentage error (MAPE) of the
model is 8.37 percent. It indicates that overall, the points
predicted, we are out with an average of 8.37 percent from
the actual value.

B. Forecasting the Impact of COVID-19
Pakistan followed a province-wise lock down approach.

Most of the provinces went under complete lock down
starting from March 23, 2020. The lock down from the
whole country was lifted on May 9, 2020 [22]. Therefore,
the number of days between this period, i.e., 47, is used
as a holiday period. A lower window of 2 days is used to
include the weekend as March 23 was on Monday, and an
upper window of 1 day is used as of May 9, 2020, was
a weekend (Saturday), the number of places usually start
their operations after the weekend. As our data shows no
seasonality, we have not used any seasonal parameters.

Plotting trend component from the model gives us the
following graph below shown in figure.16

The below plot shows a linear trend between the number
of cases and days without any influence of holidays or
seasonality. A curve can be seen at the end of April, which
shows the number of cases declined for a shorter period

and then began increasing rapidly.

C. DISCUSSION
As seen in the results, that weather has no impact on

the number of cases in Islamabad, Lahore, Karachi, and
Peshawar. Therefore, it is sufficient to claim that there can
be many other variables that are responsible for the number
of increased cases. One of the key reasons is the lack of
social distancing and not following the standard operating
procedures (S.O.Ps) announced by the Government of Pak-
istan and W.H.O. As the population density of Pakistan is
287 sq. Km in 2020 as per United Nations [27], apart
from the negligence of the citizens, the social distancing
cannot also be maintained sternly, especially in residential
neighborhoods of rural areas where the ratio of the size of
the house and number of people living in it is small.

The number of confirmed cases also depends on the
COVID-19 tests (polymerise chain reaction) performed, as
seen from the results. As the number of tests performed
earlier was less than now, the number of reported cases was
also a few earlier. This is majorly due to a lack of testing
facilities readily available to the public in the country. The
limited availability of testing kits also slowed down the
process of testing. Also, the COVID-19 detection test is
relatively expensive if taken privately. Well-off people can
only afford it as compared to the majority of the population
which cannot afford private health care and relies heavily
on government facilities.

Lack of strict lock down policies announced by the
government of Pakistan. As per the orders of the Supreme
Court, the opening of shopping malls and other non-
essential places for the public just before Eid (A joyous
religious event for Muslims) resulted in accumulation in
the number of cases. Citizens showed extreme negligence
and did not follow any S.O.P.s or restrictions during the
festive period. As symptoms of the disease take some time
to develop, a sudden increase in the number of cases is
seen.

As the majority of Pakistan’s population lives in
rural areas without any proper health care system, the
number of cases in major districts surrounded by villages
was reported higher in number than the small cities.
These people usually have to move to major cities to get
themselves treated. Pakistan is a country with not a very
good health care system; therefore, the number of beds,
medicines, ventilators, and other essential equipment in the
hospitals fell short due to sudden pressure resulting in an
increased number of deaths and slow recoveries.

5. CONCLUSION
Our study concludes that no impact of the weather or

its components significantly affect rising cases in Pakistan’s
metropolitan cities. Also, the movement of infected indi-
viduals to other areas can cause a rapid eruption in those
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Figure 15. Shows the forecasted values as well as historical data within 95 percent of the confidence interval

1

Figure 16. Trend between Dates and number of Cases

areas. No model can determine the movement of people
and predict such eruptions. Government instructions for
maintaining social distance, isolation, hygiene, and health
care can affect the spread and prevent further outbreaks.
To date (June 3, 2020), we cannot reach a peak in the
number of cases in Pakistan. Therefore, once the peak is
obtained, and the number of cases starts declining, we can
use different prediction algorithms to identify the trends and
produce updated predictions.
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