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How Environmental Factors Affecting COVID-19 Transmission? Case Study: Riyadh region in Saudi
Arabia
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Abstract

In this study, | plan to conduct non-medical, non-clinical-care research that will enable immediate
exploring of how environmental factors affect spread of COVID-19 in Kingdom of Saudi Arabia (KSA).
It focusses on climatic environmental factors that affect the distribution and population size of disease
vectors and the relationship(s) between each of these environmental variables that provided from
National Center for Metrology and COVID-19 infected cases from Ministry of Health in KSA. | used daily
environmental data, including minimum, maximum, and averages temperatures (°C), rainfall amounts
m), wind speed (KTS/Deg) and relative humidity (%) over the Riyadh region in Saudi Arabia.
pearman's rank correlation coefficient used to analyze the data. The results showed that average
temperatures, minimum temperatures, and maximum temperatures were significantly correlated
with a COVID-19 epidemic, (r = 0.527; 0.509; 0.530 respectively). A negative correlation was found
with relative humidity (r= -0.475). These findings will be used as lessons learned as well as best
practices in the future to help decision makers to understand the factors controlling COVID-19's
spreadin KSA.

Keys word: COVID-19, Riyadh, Temperatures, wind speed, rainfall and humidity, Spearman-Rank
correlation test.

Highlights

e The effects of environmental factors on COVID-19 spread in Saudi Arabia (Riyadh region) and
the distribution and population size of di e vectors.

e Extracted daily environmental data (e.g., minimum temperature, maximum temperature,
average temperature, rainfall, wind speed, and relative humidity) over Riyadh region of

gudi Arabia.

e Spearman's rank correlation coefficient used to analyze the data

* Average temperatures, minimum temperatures, maximum temperatures, and relative
humidity were significantly correlated with a COVID-19 epidemic

e This research will enable advanced understanding of how natural climatic environmental
parameters affect the spread of COVID-19 in Saudi Arabia (Riyadh region).

1. Introduction

The emergence of viral pandemics poses significant threats to human and society health as well as the
global economy. During the month of December 2019, China recently been reported to have a
newly discovered Coronavirus disease (COVID-19) (Huang et al., 2020; Wu et al., 2020). COVID-19 has
reached a pandemic level (Ahn et al., 2020). In November 20, 2021, more than 257 million cases are
infected globally; of which more than 5 million death cases are reported (woglgl meters, 2021). COVID-
19 is known to cause respiratory infections in humans and animals (Chen &t al., 2020; Chan et al.,
2020). The current situation of COVID-19 has resulted in more than 549,412 infected cases and 8,822
death cases in Saudi Arabia (CDC, 2020; world meters, 2021). It is important to continue to study and
identify this epidemic even though recovery rates have been excellent (97.994% as of Sehhty 2021) so
that we can be ready for any mutations caused by this virus that might arise in the future.
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COVID-19 has high variability in behavior and properties, which makes it difficult for researchers to
determin%ow it spreads across different environments. Several studies have found an association
between COVID-19 cases and climatic parameters. Results of such studies might indicate a best

climatic setting for the viral transmission.

Several studies have suggested a grong correlation between climatic parameters and factors affecting
the COVID-19 mortality (Onder gal., 2020). In lower temperature conditions, Wang et al (2020)
concluded that factors such as average temperatures, minimum temperatures, and maximum
temperatures increased the number of COVID-19 cases by 0.83,0.82, and 0.83 respectively, with every
1°Cincrease. There were fewer cases overallgly 0.86 per degree Celsius as the minimum temperature
increased under higher weather conditions. Ma et al (2020) found a positive correlation of COVID-19

ily death counts with diurnal temperature range (r = 0.44). A negative correlation was found with
relative humidity (r = -0.32). Increases in COVID-19 deaths were only associated with a 2.92% increase
in a 1°C diurnal temperature ranges. As temperatures and relative humidity increased, COVID-19
deaths decreased. As a result of a 1 °C rise in the mean temperature, Xie and Zhu (2020) found that
COVID-19 cases rose 4.861% per danTosepu et al (2020) found correlation is positive between the
average temperature (°C) compared with COVID-19 (r=0.392; p < .01) in Indonesia.

Temperature and humidity are influenced by the population density and the climate are major factors
in virus transmission (Usmani et al. 2022, Dalziel et al., 2018). The public and decision makers do not
yet have a comprehensive understanding of how the natural environment affects COVID-19 spread,
which is why this research is necessary.

Saudi Arabia covers five different climatic zones (Said and Al-Zaharnah, 1994, 1991) Fig. 1. A
subtropical climate has Mediterranean subzones and mountainous regions, hot and dry maritime
subzones, cold and dry desert subzones, and hot and dry desert subzones. These climatic zones have
their own sets of climatic settings, including minimum temperatures, maximum temperatures,
average temperatures, rainfall, wind speed, and relative humidity. In this study, | have planned to
conduct research that will enable immediate exploring of how climatic factors affect spread of COVID-
19 in Riyadh the capital of Saudi Arabia which is has the highest number of COVID-19 total cases in
KSA (105, 414 total cases, Corona-V, 2021: sehhty, 2021). | particularly focused on climatic and
environmental factors that affect the distribution and population size of disease. COVID-19 cases have
been extracted from Ministry of Health in KSA (sehhty, 2021). Environmental climatic data extracted
from National Center for Meteorology in KSA (NCM, 2021).

2. Data and Methods

2.1 Study area
The capital city of Saudi Arabia, Riyadh, the city has one of the highest population densities in

KSA, with 7.6 million inhabitants residing in an area measuring 1,973 square kilometers (762
square miles) and lying between 24°38'N 46°43'E. Fig. 1.
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2.2 Statistical analysis

An analysis of the Spearman correlation examines the monotonic relationship between two
continuous or ordinal variables. When variables change in a monotonic relationship, they do
soin a continuous manner, but not necessarily at the samggate. It uses ranked values for each
variable instead of raw data to calculate the Spearman correlation coefficient. In statistics,
Spearman's correlation coefficient measures how strongly paired data have a monotonic
relationship by using the following formula:

.62 d}
P= nn?—-1)
p = gpearman's rank correlation coefficient
d; = difference between the two ranks of each observation

= number of observations

COVID-19 dataset of reported cases in Riyadh is a combination of data from March 3, 2020 -
August 31, 2021, taken from the Ministry of Health in Saudi Arabia COVID-19 data archive. A
climate indicator dataset was obtained from the National Center for Metrology in Saudi
Arabia. The dataset contains four climate indicators: temperature, humidity, wend speed and
rainfall. Spearman rank correlation tests were used as a measure of correlation between
variables since the data do not follow a normal distribution.

3. Results and discussion

As shown in Fig. 2(d) cases are increasing rapidly of COVID-19 was seen in Riyadh. The first report
of one case was on March 9, 2020, followed by a second report of 49 cases, and by the end of the
month the total cases numbered 574. In Fig. 2(a, b, and c), On Jan 13,2021, the minimum
temperature was 2.6°C (highest minimum tempeggture of 34.1°C on Apr 28,2021), the highest
maximum temperature was 49°C on Jul 12,2021(the lowest maximum temperature of 14.1 °C),
and the lowest average temperature was 998°C on Feb 1,2021 (highest average temperature of
40.8 °C on July 21, 2020). July 21, 2020, had the lowest relative humidity of 14% (with the highest
level of 95% on December 2, 2020) showing in Fig. 2(g), and 0.0 mm of rainfall was most of the
study period (with the highest level of 13.6 mm on April 20, 2020, showing in Fig. 2(e). The highest
wend speed was 35 KTS/Deg on July 22,2021, and the lowest was 7 KTS/Deg on December
11,2020, as shown in Fig. 2(f).

Based on Table. 1, average temperatures, minimum temperatures, and mapgum temperatures
were correlates strongly with COVID-19 (r = 0.527; 0.509; 0.530 respectively; p<0.001). A negative
correlation was found with relative humidity, r=-0.475 which is indicate that when the number of
cases increase the relative humidity decrease and vice versa. Correlations are not significant
between wind speed or rainfall and COVID-19. In this study Covid-19 was correlated only with the
lowest and the highest temperature 2.6°C and 49°C respectively, and the rate of chgmging in
humidity degrees. Weather transmission has previously been linked to both Respirationﬁcy‘tial
Virus (RSV) (Vandini et al., 2013) and SARS (Tan et al., 2005). SARS transmission is influenced by
temperature, wind speed, and relative humidity according to the regression equation (Yuan et al.,
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2006). Furthermore, covid-19 outbreaks in China have been linked to temperature (Shi et al.,
2020).

Saudi Arabia's capital city, Riyadh, is home to nearly 8 million people according to the General
Authority for Statistics, the population expected to exceed 8.3 million by 2030. The population in
Riyadh’s is 23% of the total population in the whole country 35,013,414 million people (General
authority for statistics, 2021). Many cases are caused by a high rate of mobility among residents
in Riyadh, in addition to the temperature changes. Riyadh's population density is very high and
this a good environment to allow covid-19 transmitted very fast. Another reason most of the
population comes from outside the city of Riyadh, and generally they choose the area for its
quality of jobs when choosing a place to live.

R values are significantly affected by relative humidity and temperature, according to Wang et al.
(2020a). Humidity and temperature are strongly and consistently correlated with the seasonal
distribution of respiratory viruses (Sajadi et al., 2020). According to Chen et al., 2020 have shown
that weather variables can have high correlations (r? > 0.6) with real disease incidence from
Ministry of Health in KSA (sehhty, 2021).

Several studies have found that outbreaks and weather are correlated, and when the weather
becomes warmer, outbreaks are suppressed (Guo et al, n.d.). Visibility, wind speed and humidity
can affect virus viability and stability. Air temperature also plays a role in spreading the epidemic.
Ma et al., 2020 found that humidity and air temperature have a significant impact on covid-19
survival. In this study, they found that increasing diurnal temperature was associated with an
increase in COVID-19 deaths, whereas increasing humidity was associated with a decrease in
COVID-19 deaths.

Climate latitude and temperature are related to Covid-19 distribution (Poole, 2020). The study
also included that the seasonal temperature variation may be primarily caused by atmospheric
radiation, which is also a primary cause of apparent seasonal variation in COVID-19. Since solar
radiation on the planet is proportional to latitude for a given date, the amount of solar radiation
experienced at a given location depends largely on the daily solar radiation budget, which is the
primary factor influencing temperature and seasonal thermal variability. According to this study,
a common, shared driver of solar radiative bombardment could explain the correlation between
temperature and virus communicability. A combination of humidity (and cloud coverage) and
elevation. Through reflection and scattering, clouds dramatically reduce the amount of solar
radiation reaching the surface. Increasing humidity is caused by clouds reflecting and scattering
solar radiation, reducing the amount that reaches the surface.

Even though this study has significant findings about the weather in covid-19, it still has
limitations. Due to the virus that causes the illness, several factors must be examined, including
virus resistance, migration patterns, and population endurance. In addition to evaluating factors
related to personal health, such as handwashing habits, personal hygiene, and hand sanitizer, it is
important to examine factors related to personal hygiene.
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4, Conclusion

Covid-19 incidence rates in Riyadh are correlated with average temperatures, minimum
temperatures, maximum temperatures, and relative humidity which proves that the weatherisa
significant factor. Understanding the impact of environmental parameters on COVID-19 spread
will be enhanced by this research. Information and education about virus transmission in different
natural environments will be provided to the public and decision makers. Therefore, it will be
easier for decision makers to optimize their fighting strategies if they have a better understanding
of the factors controlling COVID-19's spread. These findings will be used as lessons learned as well
as best practices in the future.
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251  Table 1. Spearman's rank correlation coefficient of weather variables with COVID-19 at 0.001 level
252 (2tailed)

mate Variables Spearman-Rank correlation coefficient
Temperature maximum 0.530
Temperature minimum 0.509
Temperature average 0527
Relative Humidity 0475
Wend Speed -0.071
Rainfall 0.187
253
254
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257  Figure. 1 Spatial distribution of climate stations over Administrative Regions in Saudi Arabia
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