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Abstract The present research aims to investigate the
association amid weather and the most recent pandemic of
COVID-19 in Islamabad, the capital of Pakistan. The
source of COVID-19 surveillance data for the secondary
data analysis was the Pakistan’s Ministry of National
Health Services Regulations and Coordination. The
weather data obtained from the Pakistan Metrological
Department (PMD) was exercised in this research. The
components of weather include wind speed (m/s), precip-
itation level (mm), normal, mean, maximum, and minimum
temperature (°C). For data analysis, a non-parametric cor-
relation test was used due to the reason that normality was
not satisfied. Precipitation level (r = — 0.285; p =0 .022),
normal temperature (r = 0.293; p = 0.019) as well as the
maximum temperature (r = 0.347; p = 0.005) were very
much associated with COVID-19 virus. Pollution data
(showing the concentration of NO,) of the specific region
comprising the study area extracted from the Sentinel-5P
satellite was also compared for the two years (2019 and
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2020). Since the country will be entering to a new weather
season, the conclusions may well assist the strategy and
decision-makers in the deterrence of COVID-19.
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level - Pollution data

1 Introduction

A third major epidemic of coronavirus (CoV) infections is
being faced by the world presently. In late 2019 a new CoV
infection epidemic commenced in Wuhan, Hubei, China,
which was initially called 2019-nCoV [1]. The Chinese
administration, on the 7 of January 2020, declared a novel
sort of pneumonia, coronavirus, with a complicated etiol-
ogy [2]. Barely three months following the advent of this
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), it was affirmed as a global pandemic owing to its
quick spread. The COVID-19 pandemic was affirmed as
the Sixth Public Health of Emergency Services (SPHEC)
by the World Health Organization (WHO) on the 30 of
January 2020 [3]. On the 11 of February 2020, it was
renamed as COVID-19 by the WHO. The infection com-
prised asymptomatic or symptomatic manifestations, where
a hefty percentage (80%) of infections are insignificant or
asymptomatic (no pneumonia manifestations) [4]. Slight to
moderate respiratory illnesses, for instance, shortness of
breath, coughing, and fever, are suffered by most of the
people who get infected. Maximum estimations of the
nurture phase for COVID-19 fluctuate from 1 to 14 days
(d), very frequently about 5 d [5]. The infectivity can
reason in severe acute respiratory syndrome, pneumonia,
failure of kidney, and at times mortality in more severe
cases [6]. The absolute common indication is fever
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(< 39.1 °C), and the second utmost common indication
noted is cough [7]. Fatigue, headache, sore throat, gas-
trointestinal symptoms, and rhinorrhea are among other
reported symptoms [8].

In Pakistan, on the 26 of February 2020, the Govern-
ment of Pakistan’s Ministry of Health verified the first-ever
case of COVID-19 in Karachi, Sindh province. The Min-
istry of Health, on the same day, also confirmed another
case in Islamabad. The sum of overall verified cases of
COVID-19 touched 20 out of 471 doubted cases within 15
d, with the maximum records in the Sindh province and
then the Gilgit Baltistan region. The people who have
confirmed the had one thing in common that is they had a
fresh travel history from London, Syria, and Iran. As of the
1 of June 2020, the overall number of verified cases has
reached 7,246,0, and presently, these cases are increasing
by a high rate, and the situation is worst (Government of
Pakistan). The bordering nations of Pakistan are pro-
foundly pretentious, comprising China, where the COVID-
19 plague was initially undergone. Italy, in the west, has
the maximum number of COVID-19 deaths, whereas after
Italy, Iran, in the north, has a high number of deaths [9].

There are possibilities that the spread of the virus can be
boosted due to extreme weather conditions, as proposed by
Wang, Tang [10]. The potential spread of COVID-19 may
also be predicated by seasonality and latitude [11]. Among
the main viruses that affect the respiratory system of the
human the coronavirus is listed as one [12]. Certain cli-
matic conditions have even considered as predisposing
factors by previous studies on respiratory diseases [13].
Consequently, for the interface among COVID-19 and
people, the climate factors like wind speed, rainfall, and
temperature might be biological catalysts in this particular
situation of COVID-19. Numerous factors, comprising
environmental determinants, population density [14], host
defense mechanisms, host behavior, and virus infectivity
[15], affects the transmission of the virus. The roles the
environmental factors play on COVID-19 and their relative
importance regarding the epidemic are still surrounded by
uncertainties. Specifically, slight is known in countries like
Pakistan which have four diverse weather spells where
there is a considerable inconsistency of the change in
weather among days. Therefore, in efforts against COVID-
19, this research will effectively contribute to policy-
making as countries all around the world are ready to enter
into new weather seasons and ease their lockdown methods
consequently.

Even though the COVID-19 pandemic has caused
calamities to human health all across the globe, but this
calamity has produced surprising, encouraging effects for
the environment and air quality. In developing nations,
many of the cities are continuously experiencing worsening
air quality conditions due to the ongoing urbanization and
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population growth in the past decades [16-18]. Criteria
atmospheric pollutants which include oxides of nitrogen
(NO and NO,), carbon monoxide (CO), ozone (Os), sulfur
dioxide (SO5), and particulate matter (PM), mostly the fine
ones having an sleek thickness of less than and equal to
2.5 um, (PM,5), are the certain atmospheric pollutants
which are identified as the ones causing harmful effects on
cardiovascular and respiratory health [19, 20]. These
adverse health effects intensify the symptoms of COVID-
19 [21, 22].

Recently numerous studies have been carried out all
across the world discussing different aspects of COVID-19.
The prime focus of these studies was to highlight the most
influencing factors on the transmission or spread of
COVID-9. Various studies have considered atmospheric
and metrological parameters in association with the
COVID-19. The role of meteorological conditions and air
pollution on the spread of COVID-19 in Italy’s northern
region, Lombardy, which was the regional epicenter of the
pandemic outburst, was assessed quantitatively [23]. The
Kendall rank and non-linear Spearman correlation tests
were used for investigating the correlations among the air
pollution, meteorological factors, and the COVID-19 virus.
Similar correlation tests have also been used in another
study [24]. In several cities of Latin America and the
Caribbean region, the spread of COVID-19 was evaluated
through a correlation among air pollution indicators (NO,,
PM, 5, and PM;() and climate (maximum, minimum, and
average temperature, wind speed, average relative humid-
ity, and rainfall) with the new cases of the COVID-19 on
daily basis and the associated deaths [25]. For the quali-
tative analysis, the authors also considered poverty levels
and income inequality. In Singapore, the relationship
among the cases of COVID-19 pandemic and weather
factors and the part of countries’ warm tropical weather in
the diffusion of COVID-19 was investigated [24]. The
study used the secondary data of daily cases of COVID-19
from the webpage of Singapore’s Health Ministry and for
the investigation of the association among weather factors
and COVID-19, Kendall rank and Spearman correlation
tests were exploited.

In 122 cities of China, the meteorological factors, and
the data of daily confirmed cases of COVID-19 were col-
lected between 23 of January to 29 of February 2020 and to
investigate the non-linear association among mean tem-
perature and confirmed cases a generalized additive model
(GAM) was operated [26]. A piecewise linear regression
was also used to establish the association in a delegate
manner. The enhancement in the quality of air in the two
major cities of Ecuador, Quito, and Guayaquil owing to the
reduced human activities as a result of the implemented
quarantine measures [27]. In Oslo, the capital city of
Norway, by employing a secondary data evaluation of
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weather and COVID-19 surveillance data obtained from
the Norwegian Meteorological Institute and the Norwegian
Public Health Institute, respectively, the correlation among
COVID-19 pandemic and weather was analyzed by
Menebo [28]. The main purpose of the present research is
the analysis of the relation among weather and the COVID-
19 in Islamabad, Pakistan, with a novelty that it also con-
siders the correlation among the atmosphere and the out-
break of the COVID-19 pandemic. This research analyzes
how different weather situations favor or refrain the spread
of the virus and the alterations in the quality of air due to
the effects of imposed lockdown in the country. This
research will be helpful for future pandemic planning or the
next waves of COVID-19 in near future.

2 Methods and materials
2.1 Study area

Islamabad, the capital of Pakistan, which is situated in the
north-west of the country in the Pothohar Plateau, was
considered for the intended research (Fig. 1). The geo-
graphical coordinates of the capital city are
33°41'35"N 73°03'50"E. It is denoted as Islamabad Capital
Territory (ICT), though the formerly North-West Frontier
Province (NWFP) (presently known as Khyber Pakh-
tunkhwa) and the Punjab region has historically shared this
region in the past, it was built in the 1960s to replace the

Fig. 1 Map of the study area

33°45'0"N

then capital city Karachi. Islamabad is a strategic city and
lodges a unique location in the south of Margalla Hill
ranges. In the urban area of Islamabad, the annual mean
growth rate is 4.91%. According to the 2017 census, the
population of Islamabad city is 1,014,825 (Pakistan Bureau
of Statistics). According to the Capital Development
Authority (CDA), facts and figures, the urban region
comprise an area of 220.15 km?” (85.00 sq. mi). With five
varying seasons: Monsoon (July and August), Autumn
(September and October), Winter (from November to
February), Spring (March and April), and Summer (May
and June), Islamabad has a humid subtropical climate. June
is observed as the hottest month, where mean highs regu-
larly surpass 38 °C (100.4°F). In contrast, July is the
wettest month in which showers and late afternoon thun-
derstorms with the chance of flooding and cloudburst are
observed. On the contrary, January is the incredibly most
refreshing month.

2.2 Data sources

Secondary data regarding cases of COVID-19 on daily
basis was acquired from the Ministry of National Health
Services Regulations and Coordination and weather data
from the Pakistan Metrological Department (PMD) from
the 1 of February to the 30 of July 2020. The constituents
of weather include wind speed (m/s), precipitation level
(mm), normal, maximum, mean, and minimum tempera-
ture (°C). The pollution data for the two cities
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(concentration of NO,) was obtained from the Sentinel-5P
satellite. The pollution data (which was the mean monthly
data) was collected for two years, 2019 and 2020, ranging
from 1 of February to the 30 of July.

2.3 Data analysis

For the variable “number of additional cases of COVID-19
on daily basis” the underlying supposition of Pearson’s
correlation was not satisfied (Shapiro—-Wilk test of nor-
mality, p < 0.0001). Hence, to ascertain the associations
among the weather components and COVID-19 pandemic,
the non-parametric correlation estimation (Spearman cor-
relation coefficient) was exercised. A bivariate, two-tailed
assessment at a 95% confidence interval was utilized. The
satellite data from Sentinel-5P indicates air pollution,
which is the concentration of NO, in the air. The data for
the period of lof February to the 30 of July for two con-
secutive years was compared to have an overview of the
variation in concentration.

3 Results and discussion

In this current research, an association among COVID-19
daily cases and the weather conditions was estimated. The
daily new case data of COVID-19 was used from 1 of
February to the 30 of July 2020. In the first days of March,
the increase in new cases on daily basis was very less. Until
the end of April, the increase in new cases on daily basis
was moderate. The new COVID-19 cases started increasing
very quickly in Islamabad during May, as evident from
Fig. 2a. In June, the daily reported new cases were at a
peak with more than 100 hundred cases every day. By the
end of June, the peak started to get normalized with a
decrease in the new daily cases due to the effective
strategies of the Government. After this, the daily reported
cases decreased gradually and continued the same pattern
until the end of July. An illustrative outline of the weather
data reveals a minimum temperature of 12 °C and the peak
maximum temperature of 34 °C through the research phase
(Table 1). Additionally, the least documented rainfall was
0 mm, whereas 47 mm was the utmost recorded precipi-
tation that was observed in the month of July 2020, as
evident from Fig. 2c and Table 1. The recorded highest
wind speed was 4.6 m/s, and the lowest wind speed was
0.5 m/s, as portrayed in Table 1.

Maximum temperature (r = 0.332; p = 005), and normal
temperature (r = 0.254; p = 0.019) were absolutely and
expressively correlated with COVID-19 among the seven
weather variables. On the contrary, there was a negative
and meaningful association between the precipitation and
the COVID-19. Though, the remaining weather variables
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comprising the highest wind speed, wind speed, average
temperature, and minimum temperature were not expres-
sively correlated with COVID-19.

In the current research, a picture of the incidence of
COVID-19 in Islamabad is provided due to the pattern of
climate change. A fragment of primary evidence is
obtained to state that low levels of low precipitation and
high temperatures (normal and maximum) confederate
with the occurrence of COVID-19 as evident from Table 2.
This connotation is consistent with the former investigation
that indicates the influence of precipitation, arid climate,
and temperature on human West Nile virus infections
[29, 30]. Also, these findings significantly agree with the
outcomes of research conducted by Menebo [28] in Oslo,
Norway, where the author investigated the relationship of
weather components and the COIVID-19 daily new cases.
For the confident association among the COVID-19 daily
new cases and temperature, multiple arguments can be
specified. One argument could be a hypothesis that during
the sunny day, folks are additionally inclined to breach
lockdown “stay-home” rules, so as a result, they become
susceptible to the virus. On the contrary, among the
observed new cases on daily basis and precipitation, the
negative relationship is the opposite as the folks would
prevent going out if there is rainfall outside, so here the
“stay-home” rules are followed eventually.

Moreover, the research conducted in 122 cities from
China investigating the association among ambient tem-
perature and COVID-19 virus revealed that mean temper-
ature has an affirmative direct relation with the COVID-19
cases having a threshold of 3 °C [26]. The Kendall rank
and Spearman correlation tests were exploited to probe the
correlation among meteorological parameters and COVID-
19 in Singapore, and the outcomes exhibited that there is a
substantial positive correlation among the temperature,
relative humidity, absolute humidity, dew point, and water
vapor with COVID-19 pandemic [24]. The aforementioned
correlation tests were also used for research in Italy where
the influence of weather and air pollution on diffusion of
COVID-19 was investigated, and the findings highlighted a
negative correlation among the virus transmission and the
temperature and humidity related variables, whereas a
positive correlation with air pollution (PM, 5). The results
of the research carried out in numerous metropolises in
Latin America, and the Caribbean showed that minimum
temperature, average temperature, and the quality of air
were considerably related with the extent of COVID-19.
Moreover, wind speed, humidity, and rainfall demonstrated
a substantial association with everyday cases, overall cases,
and death for numerous metropolises. Furthermore, income
inequality and poverty levels were among those variables
that were also deemed for qualitative assessment, and they
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Fig. 2 Weather and COVID-19 correlation a Daily new cases of the COVID-19, b maximum and minimum temperature (°C), ¢ precipitation
(mm), in Islamabad, Pakistan from 1 of February to the 30 of July 2020

showed positive and negative association with the extent of
COVID-19, correspondingly [25].

The repercussions in this investigation contradict the
latest discovery from China by [10], where their study
claimed that the transmission COVID-19 is reduced due to
high humidity and high temperature. Some of the present
studies contradict the findings of this study, and some are
portraying similar results. One of the reasons might be the
different local environmental and meteorological condi-
tions. To resolve the query of ‘when or where it is/is not
weather imperative on affecting COVID-19 prevalence?’

necessitates an exploration of a controlling variable of the
impact.

Despite the weather, in big cities like Islamabad, it is
thought that the contribution to new COVID-19 cases is
much more due to factors like household condition, pop-
ulation density, and high mobility. As the capital city of
Pakistan, Islamabad, for job explorers who come from
different cities of the country, is the central commercial
destination, making it the swiftly foremost developing city
in the country presently. Another reason for the fast
transmissions of COVID-19 is that the population density
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Table 1 Explanatory statistics of different variables

Variables Minimum Maximum Mean
Daily new cases 0 160 37
Min temperature (°C) 12 21 16.96
Max temperature (°C) 21 34 28.5
Average temperature (°C) 14 36 20.45
Normal temperature (°C) 11 35 19.47
Precipitation (mm) 0 47 2.65
Wind speed (m/s) 0.5 4.6 2.31
Highest wind speed (m/s) 1.6 5.9 4.56

of Islamabad is also very high. The city area of Islamabad
has a population density of 2,089/km2 (5,410/sq. mi)
(Pakistan Bureau of Statistics). The population density like
this allows the rapid spread of COVID-19 [31].

As the corona cases in the country started to increase,
the Government of Pakistan, even with fewer resources to
contain the spread of the virus, took rigorous measures like
awareness campaigns, quarantine facilities, laboratories for
testing, designed specialized hospitals, and imposed a
lockdown. As the lockdown was enforced, the activities
that were associated with humans were ceased. These
human-associated activities include mostly those that are
responsible for environmental pollution, for instance, the
consumption of natural resources (oil, gas, wood, etc.) in
industries and automobiles. Due to the less consumption of
resources, environmental pollution decreased during the
quarantine period as people prefer to stay inside. The air
quality is indicated by the concentration of NO, present in
the air. The data extracted from the Sentinel-5P satellite
was used to draw the results, which showed the concen-
tration of NO, in the air over the study area. The data was
extracted for the two consecutive years to have a com-
parison. The intensity of NO, was measured from 1 of
February to the 30 of July for both 2019 and 2020, as
shown in Fig. 3. The comparison reveals that there is a

substantial decline in the intensity of NO, in the air,
specifically for the month of May when the country was
experiencing a lockdown, thus increase in the quality of the
air. The graph highlights that the capital city underwent a
drastic improvement in the quality of the air due to the
decrease in the intensity of NO,. This reduction in the
concentration of the NO, in the air was due to the reduced
emission of pollution gases from industries and automo-
biles, which were ceased as a result of the enforced lock-
down by the Government of Pakistan.

The emission of greenhouse gases and the air pollutants
have decreased considerably due to the enforcement of
protective quarantine, specifically closures of shopping
centers and factories, limitations on transportation, and
travel all over the world [32, 33]. In contrast, recent
research in Tehran narrated an upsurge in the concentra-
tions of PM ;o and PM, 5 owing to an increase in the usage
of private cars during the quarantine [34]. Studies per-
formed in various territories of China have demonstrated
that stringent COVID-19 control strategies substantially
decreased intensities of certain toxins excluding ozone
[35, 36]. Due to the restrictions on economic and transport
activities, the associated emissions decreased with the most
considerable reduction in CO (20-36%) and NO,
(30-52.8%) [36, 37]. Moreover, in China, due to the
COVID-19 pandemic, the economic slowdown has also
resulted in as minimum as 25% drop in carbon dioxide
(CO,) discharges later in January, which accounted for a
total 6% drop in worldwide emissions [32]. In Quito, the
capital of Ecuador, the effect of constrained human pursuits
on the air quality of urban areas demonstrated substantial
decreases in the intensities of PM, 5 (- 29%), CO (- 38%),
SO2 (- 48%), and NO2 (- 68%) during the first month of
quarantine [27].

This research brings about additional comprehension
regarding the association of new COVID-19 cases and
weather components and can aid regional decision and
policy making to contain the spread of the virus. Though,
this investigation still has its confines: Mainly, the

Table 2 Relationship among

Weather factors
the weather components and the

Spearman’s correlation coefficient (r)

new cases of COVID-19 on

) : Minimum temperature (°C)
daily basis

Maximum temperature (°C)
Average temperature (°C)

Normal temperature (°C)

Precipitation (mm) measured at 07 am

Wind speed (m/s)
Highest wind speed (m/s)

0.052
0.332%
0.217
0.254°
- 0.237°
0.161
0.215

“Correlation is substantial at the stage of 0.01

PCorrelation is substantial at the stage of 0.05

@ Springer



A correlation study between weather and atmosphere with COVID-19 pandemic in Islamabad, Pakistan 611

Table 3 Postulations of Daily new cases, Test date, Infection date, and Weather data corresponding progression and correlational assessment of
outcomes in four postulations

Daily new cases

Test Test Test Test Amongst the data samples, a few could have
date = Infection date = Infection date = Infection date = Infection been tested at 5, others at 6, or others
date date + 5d date + 6 d date + 14 d remaining at 14 and a few at unfamiliar

incubation days

Minimum 0.052 0.068 0.058 -0.012 Limitation (Future studies could employ
temperature Vector Auto Regressive Models)
°0)

Maximum 0.332% 0.192 (p = .081) 0.11 -0.011
temperature
0

Average 0.217 0.102 0.092 -0.073
temperature
0

Normal 0.254° 0.262° 0.252° 0.174°
temperature
0

Precipitation(mm) — 0.237° -0.128 - 0.179° -0.174

Wind speed (m/s) 0.161 0.121 0.111 - 0.094

Highest wind 0.215 0.163 0.053 - 0.098
speed (m/s)

Postulations of corresponding Daily new cases, Test date, Infection date, and Weather data was obtained earlier to the correlational examination.
In the first column the presented results undertake that testing for the virus was performed deprived of the condition of any signs as an obligation
for testing (e.g., communal testing crusades). As of this situation, it may perhaps be that the testing date and the infection date for the virus are
similar. Consequently, weather data on the date of the test was deliberated in the investigation. Furthermore, incubation period of 5, 6, and 14 d
were pondered with the infection date. Since the worldwide recommendations by the health community were that only those people who have
acute symptoms of respiratory tract infection such as those people who have coughing, fever, difficulties in breathing, or who according to a
doctor might have COVID-19, should be tested. In this situation, 5, 6, or 14 d were considered as the infection date (5-6 d of incubation period
for corona are common) before the date of the test. Consequently, in columns 2, 3, and 5 the weather data for 5 d, 6 d, or 14 d prior to the date of
the testing was studied in the correlation examination correspondingly

dCorrelation is substantial at the stage of 0.01
PCorrelation is substantial at the stage of 0.05

=0 —2019 —2020
78
76
74
72
70
68
66

64

NO, Concentration

62

60

Feburary March April May June July
Month

Fig. 3 NO, concentration from 1 of February to the 30 of July 2020
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influence of other key factors, like the development of herd
immunities, testing capacities, lockdown implementation,
and sanitization attitudes, which could have expressively
prejudiced the core association was not accounted for.
Furthermore, a linear association was supposed during the
correlational analysis among the two correlating variables.
In this investigation, test dates (cases of COVID-19 on
daily basis) could not precisely infer infection dates (or the
dates of getting the virus). It might be conceivable that the
same date of getting the infection or a delay of incubation
period is inferred by the regular cases of COVID-19 tes-
tified on the testing dates. Therefore, it introduces another
limitation of the study because it is ill-defined that for
which date the weather data is to be collected to correspond
with the new cases on daily basis. As an intrusion to this
setback, a comparison with the main correlational analysis
was done by conducting three supplementary correlational
associations supposing weather data from 5, 6, or 14 d
(COVID-19 nurture stages) before the dates the regular
corona cases were testified (Table 3). Among the daily new
cases and normal temperature (°C), the association
importance is steady in all the four situations, whereas
among the daily corona cases and the precipitation (mm),
the association importance is constant in the two situations.

4 Conclusion

The findings of this study indicate that the occurrence
frequency of COVID-19 cases on daily basis correlates
with precipitation and temperature in Islamabad, Pakistan.
There is an affirmative connotation between the maximum
temperature, normal temperature, and COVID-19. How-
ever, the observed relationship between COVID-19 and
precipitation is negative. Another proposition might be that
rainy weather as compared to sunny weather supports the
“stay-home” rules. The air pollution situation (concentra-
tion of NO,) in the region seems to be improved consid-
erably due to the imposed lockdown in the wake of
COVID-19. The findings of this investigation could help
the policymakers to plan accordingly for the future to cope
with this virus (COVID-19). The desirable measures, for
instance, lockdown, social distancing, staying at homes,
using the face mask, sanitizers when essential, should be
taken to regulate the worsening situation.

Author contributions B.A. (Graduate student) conceptualization,
software, and data curation. U.K. (Graduate student) methodology
and writing-preparation of the original draft. U.A. (Graduate student)
validation and review-editing of the prepared draft. A.M. (Assistant
professor)  conceptualization, formal analysis, and project
administration.
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