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Abstract
The COVID-19 pandemic has significantly impacted the global lifestyle, and the spreading of the virus is unprecedented. This
study is aimed at assessing the association between the meteorological indicators such as air temperature (°C), relative humidity
(%), wind speed (w/s), solar radiation, and PM2.5 with the COVID-19 infected cases in the hot, arid climate of Bahrain. Kendall
and Spearman rank correlation coefficients and quantile on quantile regression were used as main econometric analysis to
determine the degree of the relationship between related variables. The dataset analysis was performed from 05 April 2020, to
10 January 2021. The empirical findings indicate that the air temperature, humidity, solar radiation, wind speed indicators, and
PM2.5 have a significant association with the COVID-19 newly infected cases. The current study findings allow us to suggest
that Bahrain’s relatively successful response to neighboring GULF economies can be attributed to the successful environmental
reforms and significant upgrades to the health care facilities. We further report that a long-term empirical analysis between
meteorological factors and respiratory illness threats will provide useful policy measures against future outbreaks.
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On 31 December 2019, the World Health Organization (WHO)
was informed about a novel infectious disease in Wuhan City,
Hubei, China (Fofana et al. 2020). On 12 January 2020, The

WHO confirmed that a novel coronavirus was the cause of these
diseases. This virus is the seventh member of coronaviruses that
infect humans (Zhu et al. 2020). On 11 March 2020, the WHO
announced that the novel coronaviruses is a COVID-19 out-
break, a global pandemic (Arslan et al. 2021; Cucinotta and
Vanelli 2020). Recent months have seen the COVID-19 pan-
demic (Li et al. 2020; Yao et al. 2020) affects many people and
industries in countries around the world (Li et al. 2020; Bashir
et al. 2020b, 2020c), including the countries of the Gulf
Cooperation Council (GCC) in the Middle East. The first
COVID-19 cases appeared at the end of February 2020 in most
of the gulf countries. In March 2020, several strict policies were
adopted by the governments of the Gulf Cooperation Council to
control the virus, including partial and full curfews in the day-
time and nighttime, depending on the assessment of the
Ministries of Health on the spread of the outbreak. During the
year, partial and total lockdowns were applied from time to time,
with the re-openings depending on the number of confirmed
cases and deaths. Preventive measures included banning land
and air transportation between GCC countries and abroad coun-
tries that have been infected with coronaviruses. In addition, all
GCC governments temporarily suspended or closed all business
and commercial activities, industrial activities, religiousworship,
public and private schools, colleges, universities, movie theaters,
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gyms, public swimming pools, theme parks, and malls with
restaurants and coffee shops. However, these activities gradually
resumed during June and July 2020.

According to Paraskevis et al. (2021), over 103 million
people are infected with the virus, and around 2,23 million
people have died due to it, and the number is increasing
each day. Other regions, however, have implemented other
measures to contain the infectious disease outbreak until
the line of infected cases is flattened by the end of
October 2020. The outbreak experienced a second wave
in the early months of November 2020, peaked in
June 2021. There have been many more cases reported in
the second wave of the outbreak than in the first wave in
different countries worldwide, including in the GCC region
(Bashir et al. 2020d; Diaz and Vergara 2020; HOPKINS
2021; Tayech et al. 2020). In the second wave of COVID-
19, Bahrain reported the highest number of confirmed and
death cases among GCC countries (see Fig. 1). Many gov-
ernments continued similar measures implemented in the
first wave to control the virus spread (Bilal et al. 2021a, b).
According to WHO, the COVID-19 is transmitted mainly
by people interaction; the longer the interaction, the higher
the transmission rate. However, the virus can also be trans-
mitted airborne by larger droplets and aerosols. Larger
droplets turn into aerosols, known as droplet nuclei,

through evaporation (Bilal et al. 2021c). However, the rel-
ative importance of larger droplets and aerosols is still a
subject of debate as of November 2020. More studies will
be necessary to clarify this.

Another study in the moderate climate of different cities in
Turkey Şahin (2020) highlighted that the highest correlations
were observed for population, wind speed for 14 days, and
temperature in the daytime. Biktasheva (2020) claimed that
habitat’s air humidity negatively correlated with COVID-19
morbidity and mortality in Germany. In the past, humidity
was perceived as a factor in transmitting influenza. A recent
analysis study conducted by Bilal et al. (2021a) in the most
affected states of the USA concluded that climatic factors of
temperature, humidity, environmental quality index, PM2.5,
and rainfall are significant factors related to the COVID-19
pandemic. According to Luo et al. (2020), cold and dry envi-
ronments facilitated spreading droplet-mediated viral disor-
ders, and warm and humid environments attenuated viral
transmission.

In contrast, different regions of the earth have different
climate conditions that might impact their ecosystems differ-
ently and transmission of diseases. A critical review study by
Shakil et al. (2020) reported that most of the COVID-19 stud-
ies had been conducted in countries with low temperatures.
Thus, future studies should consider countries with high

First COVID-19 wave Second COVID-19 wave

Fig. 1 Daily confirmed new and
death cases (ourworldindata
2021)
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temperatures and humidity. Paraskevis et al. (2021) state that
weather variables impact COVID-19 outbreaks, but contain-
ment measures and public health interventions of the country
must be considered alongside.

The purpose of this study is to examine the effect of mete-
orological factors on spreading COVID-19 under Bahrain’s
extremely hot and arid climate for controlling COVID-19 out-
break in the future. Despite a large number of cases, deaths
from the pandemic in Bahrain remain low, as shown in Fig. 2.
It is mainly because the country applied the necessary contain-
ment measures, and the ministry of health consistently
outlined the conditions to restrain the virus outbreak (Health
2021). Thus, we suggest assessing the severity of climate in-
fluences on the disease’s spread is crucial to determining the
effectiveness of mitigation strategies.

Middle East and Bahrain case study

Middle Eastern countries, such as Bahrain, Kuwait, Oman,
Qatar, Saudi Arabia, and the United Arab Emirates, have de-
sert terrain and arid climates. In recent months, this region has
experienced the second wave of the COVID-19 pandemic.
The climate impact of the COVID-19 outbreak on this region
is not adequately studied. A similar disease known as the
novel coronavirus (MERS-CoV) was reported in this area.
Altamimi and Ahmed (2020) cited climate as a factor contrib-
uting to the spread of the disease. Bahrain has been selected to
assess the meteorological factors that impact COVID-19 cases
since it is a small desert island. Because of an Island, meteo-
rological factors such as air temperature, air humidity, wind
speed, and solar radiation affect all areas equally throughout
the year. In a big country, due to the diversity of land types and
the density of built-up areas, the climate can vary
significantly.

Moreover, Bahrain’s population density is concentrated in
the North of the island, and it is not dispersed across the whole
country, as it is in other countries. In addition, there is no

population migration from one city to another, contributing
to the spread of the pandemic. Despite implementing restricted
measures, due to its size and population, the number of new
cases and deaths related to COVID-19 remained higher in
Bahrain than in other GCC countries. For these reasons,
Bahrain was selected for an in-depth study of the association
between climate factors in hot arid region with the COVID-19
pandemic to find solutions to reduce the spread of the infected
cases.

Bahrain featured a hot and arid climate with two main
seasons, with extreme summer from June to September and
a relatively mild winter season from December to March. The
two transitional periods’ main two seasonal variations were
separated from April/May and October/November. From
April to October, daytime air temperature gradually increases,
and relative humidity dramatically decreases, and the average
afternoon air temperatures are 40°C. Sometimes, it can reach
up to 48°C between June and July. The minimum relative
humidity is about 47 % and the maximum relative humidity
between 75% and 80%. However, the intensity of the heat and
the humidity make these months thermally discomfort condi-
tions. In the winter months, from December to March, the
temperature ranges between 10° C and 20°C, while the hu-
midity rises above 90%. Therefore, the influence of these ex-
treme air temperature and relative humidity variations are in-
vestigated in this study. During winter, the sky is partly
cloudy, while in the summer, the sky is clear. The highest
average solar radiation is 800w/m2, which occurs in June.
The mean annual precipitation is very low and limited
(70.8mm), and irregular mostly falls between November and
April.

During the summer, a Southwest hot-dry wind periodically
blows sand clouds across the barren southern part of Bahrain
toward Manama. During the winter months, the prevailing
winds from the Southeast bring damped air over the islands.
The sand clouds and the damped air influence the air quality of
Bahrain. The seasonal climatic variation also influences hu-
man activities. According to the Bahrain event calendar, most
outdoor activities were organized during the winter season.
During extreme summer climatic conditions, the government
also imposes a two-month-long ban on outdoor work between
noon and 4 p.m. Hence, in Bahrain, climatic factors are much
more influential on the environment and behavior patterns.

Variables and methods

The current study investigates the association of meteorolog-
ical indicators and pollution indicators such as air temperature,
relative humidity, solar radiation, wind velocity, and PM2.5
over the COVID-19 pandemic in Bahrain from 05 April 2020
to 10 January 2021. The total COVID-19 cases, total deaths,
and total active cases have been sourced from the John
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Fig. 2 COVID-19 pandemic in Bahrain
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Hopkins coronavirus database. In addition, the dataset for
temperature, humidity, shortwave radiation, wind speed, and
PM2.5 has been obtained from The Supreme Council for
Environment, Kingdom of Bahrain database.

Specification of the model

To investigate the COVID-19 pandemic in Bahrain, we rely
on Kendall and Spearman rank correlation coefficients and
wavelet transform coherence. Kendall and Spearman rank cor-
relation test was used to measure the degree of linear associ-
ation between variables and has been extensively used in the
existing literature as it originates from covariance methodolo-
gy. Pearson correlation test also provides information about
the extent of links among variables under consideration and
calculates the nature of such association with empirical esti-
mates ranging between -1 or +1. The mathematical form of the
Pearson correlation coefficient can be estimated through equa-
tion (1).

rs ¼
Σi xi−x

� �
yi−y

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xi−x

� �2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
yi−y

� �2
rs ð1Þ

By relying on monotonic function, the rank correlation
coefficient (rs) controls the correlation between variables to
assess the monotonic association. If no data reputation can be
observed, then -1 or +1 occurs when every variable in each
other’s perfect monotonic function. Equation 2 provides the
empirical estimation of the coefficient (rs), where data is ex-
plained by n and difference in the rank of the ith element is
narrated by di. The sign of empirical findings indicates the
association between the independent and dependent variables.
The Spearman correlation coefficient values are positive if the
dependent variable’s value increases with independent vari-
ables or vice versa.

rs ¼ 1−
6Σid2i
n n2−1ð Þ ð2Þ

We also use the Kendall rank correlation coefficient to
investigate the degree of impact based on the observations’
pairs. Kendall rank correlation test is used to analyze the par-
allels in ordering data when quantiles rank it. While other
correlation tests use data observations as a base of correlation,
Kendall correlation tests account for such association through
discordance among pairs. Equation (3) provides a mathemat-
ical form of the Kendall rank correlation test.

T ¼ nc−nd
1

2
n n−1ð Þ

ð3Þ

In equation (3), total observations, no of discordant, and
number of concordant are explained by n, nd, and nc. The
coefficient estimates are generally smaller than Spearman cor-
relation tests and are most accurate for small dataset.

We further use wavelet transform coherence as a main an-
alytical structure, which provides graphical correlation to ex-
amine the association between the current research project’s
data. Arrows are used to explore the correlation’s impact and
direction from one variable to another in wavelet coherence.
The strength of effects is illustrated by color in the graphical
representations as movement from yellow to blue indicates
weak association or vice versa. The cone of influence sepa-
rates the significant region from the rest, with a thick black
lining drawn from top to bottom on both sides.

Quantile-on-quantile regression

For the main empirical analysis, we rely on quantile-on-
quantile regression. QQ approach is standard quantile regres-
sion’s more general form, which allows examining the effect
on quantile variables on other conditional quantile variables
and statistically is the combination of non-parametric and
quantile regression. The current study investigates the asym-
metric association between meteorological indicators and
cases related to the second wave of COVID-19 outbreak in
Bahrain and will provide a more detailed and reliable
overview of the statistical association between the two
variables.

Shahbaz et al. (2018) illustrated that the QQR approach
provides more robust findings than traditional quantile regres-
sion analysis and uses the following three steps during the
analytical stage. First, a local linear regression is used to
evaluate the effect of a specific quantile of specific
meteorological variables and vice versa by assigning further
weights to values in the adjacent quantiles to overcome
dimensionality. Second, the effect of a predictor variable is
examined through classical quantile regression on various
quantiles of the criterion variable. Third, the impact of an
indicator is tested through classical linear regression
technique at both head and tail quantiles of the data
distribution or vice versa. Sharif et al. (2019) suggested that
QQR methodology incorporates both the quantile and non-
parametric approach’s properties and regresses the variables’
quantiles included in the empirical analysis and vice versa to
capture spatial and asymmetric properties over time. The cur-
rent study uses the following equation, based on non-
parametric quantile regression, for empirical analysis:

C19t ¼ β∅ X tð Þ þ ε∅t ð4Þ

where C19t is COVID-19 in Bahrain at given period t. Xt is
the meteorological indicators in Bahrain at given period t.∅ is
the∅th quantile of the conditional distribution growth of C19.
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ε∅t is the quantile residual term, whose conditional ∅th
quantile is supposed to have zero value.

The application of quantile regression allows analyzing the
impact of different meteorological variables and COVID-19
cases at different quantile in Bahrain. Furthermore, quantile
regression is a flexible analytical approach. It can evaluate the
functional dependence between COVID-19 cases and differ-
ent variables. The key advantage is the specification of its
flexibility, as the functional association between meteorolog-
ical variables and COVID-19 cases has not been previously
assumed.

Results and discussion

Table 1 provides the empirical estimates of Kendall and
Spearman correlation tests. For the Kendall correlation test,
humidity, wind speed, and solar radiation are significant me-
teorological indicators regarding daily new COVID-19 cases
in the kingdom of Bahrain. Temperature and PM2.5 report
negative yet statistically insignificant association with the dai-
ly new cases. The Spearman rank correlation test estimates
that humidity and solar radiation significantly affect con-
firmed newly infected cases. Temperature and wind speed
have a positive yet insignificant association, while PM2.5 re-
ports a negative association.

Discussion quantile-on-quantile regression (QQR)

The current study used the QQR approach to examine the
association between COVID-19 daily new cases and meteo-
rological indicators in the Kingdom of Bahrain. Figure 3 rep-
resents the QQR slope coefficients through three-dimensional
graphs, where the first column can capture the effect of τth
quantile of the variable on θth equidistant quantile of
COVID-19, as represented by β1(θ, τ). The graphical repre-
sentation of Fig. 3 clearly illustrates that the association be-
tween meteorological variables and the COVID-19 is

symmetrical, but the shape of these quantiles varies substan-
tially across different quantiles.

Figure 3(a) reveals the association between temperature
and COVID-19 cases in the Kingdom of Bahrain. According
to the graphical illustration, there is generally a moderate as-
sociation between the two indicators, especially at the middle
and high quantiles. Past literature of Vandini et al. (2013) and
Tan et al. (2005) supported such findings with the earlier viral
outbreaks of SARS and MARS as they belong to exact
coronavirus origins. A recent study by Bilal et al. (2021b)
also concluded that meteorological indicators play a key part
in spreading infectious diseases, especially during the winter.
Next, Fig. 3(b) illustrates the association between humidity
and daily COVID-19 newly infected cases. Humidity, an in-
tegral climate indicator, has been well documented in treating
respiratory diseases, especially during the coronaviruses’ sea-
sonal spread (Sajadi et al. 2020). Wang et al. (2020) investi-
gated the outbreak of COVID-19 in Wuhan (China) to report
that the outbreak of COVID-19 was positively correlated with
climate indicators. The research article further articulated that
summer arrival may be influential in reducing infection rates
from COVID-19 in southern China. Finally, the research team
suggested that the association between humidity and air qual-
ity needs to be further examined to spread infectious diseases
(Chen et al. 2020). Ma et al. (2020) investigated humidity in
the COVID-19 outbreak to explain that temperature and hu-
midity play a significant role in spreading the pandemic.

Figure 3(c) examined the association between shortwave
radiation and COVID19 cases, revealing a strong association
at middle and high quantiles. Past studies of Tan et al. (2005)
and Vandini et al. (2013) have reported that meteorological
indicators are key determinants of infectious diseases. Several
researchers such as Oliveiros et al. 2020, Ma et al. 2020, and
Luo et al. 2020 also explored similar association to report that
although meteorological indicators increase the risk of getting
infected from viral outbreaks such as SARS, MERS, and the
COVID-19 but solar radiation and temperature need further
research to determine their exact impact over the

Table 1 Kendall and Spearman
correlation tests Coefficient Kendall rank

correlation test
Association Spearman rank

correlation test
Association

Variables Daily new
cases

Daily new cases

Temperature
(°C)

-0.011 Negative yet insignificant 0.002 Positive yet insignificant

Relative
humidity

-0.079*** Significant -0.131 *** Significant

Wind speed 0.381*** Significant 0.574 Positive yet insignificant

Solar
radiation

0.102*** Significant 0.155*** Significant

PM2.5 -0.031 Negative yet insignificant `-0.047 Negative association

***, **, and * represent 1%, 5%, and 10% level of significance
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coronaviruses (Bilal et al. 2020a, b). Figure 3(d) illustrates the
relationship between wind speed and daily confirmed newly
infected cases. According to the findings, it showsmoderate to
strong association at high quantiles. Another perspective of
economic literature has investigated a combination of environ-
mental and meteorological indicators and their association
with COVID-19. It was argued that indicators such as solar
radiation, PM2.5, and surface air pollution contribute signifi-
cantly to the COVID-19 (Kirby 2020). Another study inves-
tigated the lethality of the COVID-19 and environmental in-
dicators to suggest that lower environmental quality in the
urban areas is the main reason for the high infectious trend
in urban areas (Ran et al. 2020) to higher deaths and reported

cases in the metropolitan vicinities. Shi et al. (2020) empiri-
cally analyzed the association between climate indicators such
as wind and solar radiation in the Chinese provinces to deter-
mine that solar radiation and wind are important indicators in
the outbreak of the COVID-19 in Chinese cities.

Lastly, Fig. 3(e) provides a graphical representation of the
association between PM2.5 and COVID-19 daily new cases to
report a strong negative association between the variables includ-
ed in the study. Several studies explored the impact of PM2.5 on
infectious diseases and how it impacts the COVID-19 outbreak.
Wu et al. (2020) examined the association between environmen-
tal pollution (PM2.5) and COVID-19 to indicate that the mortal-
ity rate from COVID-19 outbreak increases by 15% with a one

 (d) The impact of Wind speed on COVID19

 (a) The impact of temperature on COVID19 

 (b) The impact of humidity on COVID19

 (e) The impact of PM2.5 on COVID19

 (c) The impact of Solar Radiation on COVID19

Fig. 3 (a) The impact of temperature on COVID-19. (b) The impact of humidity on COVID-19. (c) The impact of solar radiation on COVID-19. (d) The
impact of wind speed on COVID-19. (e) The impact of PM2.5 on COVID-19
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 (a) The impact of air temperature on COVID19

 (b) The impact of humidity on COVID19

 (c) The impact of shortwave radiation on COVID19
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Fig. 4 (a) The impact of air
temperature on COVID-19. (b)
The impact of humidity on
COVID-19. (c) The impact of
shortwave radiation on COVID-
19. (d) The impact of wind speed
on COVID-19. (e) The impact of
PM2.5 on COVID-19
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ug/m3 increase in particulate emissions. Similar findings were
reported by Piazzalunga-Expert (2020), Wang et al. (2020), and
Fann and Risley (2013) for Italy, China, and the USA. A portion
of studies investigates the demographic changes in urban areas.
Such a shift in population density can contribute to higher
environmental pollution and contribution to chronic illnesses.
Pandey et al. (2005) were one of the first to investigate the
emission of environmental pollution in New Delhi, India, to
conclude that residential areas near industrial cites reported
higher environmental pollution and susceptible infectious dis-
eases mainly due to vulnerable immune system, especially in
children and elderly. The researchers finally concluded that en-
vironmental pollution levels in New Delhi were 22 times worse
than in other residential complexes (Bilal et al. 2020a).

Testing the validity of the QQ method

The current study used the QQR approach (Bashir et al.
2021a, b) to examine the association of τth indicator quantile
on θth quantile of COVID-19 and vice versa at different values
of the respective quantiles. Hence, providing us with more
comprehensive analytics due to its ability to capture asymmet-
ric effects across equidistant quantiles of τ and θ. However,
economists argue that the average slope parameters of QQR
must not deviate too much from the traditional QR approach.
Keeping in mind the decomposition attributes of QR method-
ology, the QR approach can be useful in recovering the esti-
mates from the standard quantile regression. To be precise, the
quantile regression parameter indexed only by θ can be gen-
erated by averaging the QQ parameter along τ (Bashir et al.
2015, 2020a; Shahbaz et al. 2021).

The graphical illustration of Fig. 4 indicates that the mean
estimates of the QQR approach are approximately parallel to
the QR approach and generally move in the same direction. In
some cases, such as 4(b) for humidity and 4 (d) wind speed,
the trend estimates for the QQR approach do not significantly
vary from the QR. Still, the illustration of estimates is some-
what dissimilar. The graphical evidence postulates that the
estimates from the quantile regressionmodel can be recovered
from the summary of detailed information available in QQ
estimates. These findings authenticate our prior results of the
QQR approach.

Activity measures and COVID-19 pandemic

Figure 5a represents the results of the activities measured in
percentage (%) during the pandemic, and Fig. 5b shows the
newly infected COVID-19 cases. Google Mobility Tracking
collected this data for Bahrain, and it is available online for
worldwide countries (Data 2021). Figure 5a represents the
percentage (%) of people who stayed at home, went to retail
and recreation establishments, went to the grocery store and
pharmacy, went out into the open spaces and parks, went to
transit stations, and went to their workplaces between 05 April
2020 and 10 January 2021. According to the above figures,
when the percentage (%) of people who stay at home in-
creases, the number of newly infected cases is reduced. At
the same time, as the percentage (%) of staying at home de-
creases, the infected cases also increase. When people partic-
ipate in outdoor activities in parks, transit stations, work-
places, retail and recreation centers, grocery stores, and phar-
macies, the number of newly infected and fatal cases notice-
ably increases.

In contrast, such cases decreased when participation in
these activities dropped. Table 2 represents the statistical as-
sociation between the implemented measures and the
COVID-19 new cases. The COVID-19 newly infected cases
are positively correlated with people who stay at home, in
parks, or use transit stations. On the other hand, compared
with the newly reported cases of infection, people in grocery
stores, pharmacies, retail stores, recreation centers, and work-
places have a slightly negative correlation. Therefore, it can be
concluded that restrictions that aim to reduce the number of
people in outdoor activities and encourage them to stay at
home tend to reduce the COVID-19 cases. On the contrary,
loosening the restrictions on these activities caused the
COVID-19 outbreak and cases to increase.

Conclusion

This study investigates the association between daily reported
new COVID-19 cases and environmental and meteorological
indicators in Bahrain’s hot arid climate region. For empirical
analysis, the current study mainly relies on quantile-on-

Table 2 COVID-19 newly infected cases and activities measures

Activities measures Spearman (rs) P-value Pearson's (r) P-value Kendall p-value Correlation

Staying at home 0.12471 0.03947 0.01686 0.78153 0.10391 0.01122 Positive correlation

Grocery and pharmacy -0.07207 0.23526 -0.08514 0.16068 -0.06352 0.1207 Negative correlation

Outdoor and Parks 0.01422 0.81505 0.16942 0.00501 0.0146 0.72067 Positive correlation

Retail and recreational -0.1255 0.03824 0.07573 0.21228 -0.10702 0.00878 Negative correlation

Transit stations 0.08645 0.15429 0.13317 0.0278 0.08179 0.04493 Positive correlation

Work Places 0.05392 0.3748 0.8879 0.1434 -0.00948 0.81688 Negative correlation

1113Environ Sci Pollut Res  (2022) 29:1106–1116



quantile regression analysis to confirm how each quantile of
environmental and meteorological indicator affects each
quantile of COVID-19 cases. This empirical approach allows
us to provide a complete description of the overall dependence
of the environmental and meteorological indicators and
COVID-19 pandemic and provides reliability about the inter-
action of the variables included by the current study.

The findings of Kendall and Spearman rank correlation tests
indicate that wind speed, humidity, and solar radiation are asso-
ciated with COVID-19 cases and mildly associated with
COVID-19 newly infected cases. The empirical approach of
quantile-on-quantile regression reveals a moderate association
between the two indicators, especially at the middle and high
quantiles. The association between humidity and daily
COVID-19 newly infected cases is significant at lower and mid-
dle quantiles. Next, the analysis of shortwave radiation and
COVID19 cases has reported a strong association at middle
and high quantiles. Meanwhile, empirical analysis between wind
speed and daily confirms moderate to strong association at high
quantiles. Lastly, the association between PM2.5 and COVID-19
daily new cases indicates a strong negative at high quantiles

The Gulf countries have recently seen an increase in
COVID-19 cases, and these countries are taking extreme mea-
sures to stop the spread of the virus. However, meteorological
factors could increase the risk for some respiratory diseases,
and people might be infected by pathogens much more easily.
The reason may be the increased-out door temperatures, high
solar radiation intensity, high humidity, and warm air, which

prompted people to indoor activity and increased the risk of
transmission spread by airborne and close contact. Therefore,
this research’s findings may help authorities restrict activities
during seasonal climate variation in the region. Furthermore,
the meteorological data can indicate to determine the certain
type of activities while keeping economic activities unaffected.

We highlight some of the limitations of a current research
project. First, we have investigated Bahrain, a small island
nation with limited financial resources, to overcome the
COVID-19 pandemic. Hence, further research is needed to
incorporate countries in the hot and arid region to examine
the association between meteorological factors and respiratory
diseases over a larger sample size, which will provide signif-
icant suggestions to deal with future pandemics. Second,
though quantile on quantile regression, it must be interpreted
cautiously. Third, more studies are required to provide trian-
gulate analysis between respiratory disease cases, meteorolog-
ical factors, and activity patterns.
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available from the corresponding author through email.
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