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Abstract
The study aims to investigate associations between air pollution, climate parameters, and the diffusion of COVID-19-con-
firmed cases in Turkey using Spearman's correlation test as an empirical methodology by Statgraphics Centurion XVI (ver-
sion 16.1) and to determine the risk factors accelerating the spread of SARS-CoV-2 virus. The present study demonstrates 
the strong impacts of air pollutants and weather conditions on the transmission of COVID-19 morbidity. Particularly,  O3 and 
 PM10 from air quality parameters exhibited the strongest correlation with the number of daily cases in Kütahya (rs = -0.62; 
p < 0.05) and Sivas (rs = -0.62; p < 0.05) provinces, respectively. In meteorological parameters, rainfall showed the highest 
impact (rs = 0.76; p < 0.05) on the number of daily COVID-19 cases in Denizli distinct. Moreover, this study suggested 
that the diffusion of the novel coronavirus SARS-CoV-2 in regions with high levels of air pollution and low wind speed is 
dominant. To prevent the negative effects of the future pandemic crisis on public health and economic systems, manifold 
implications to encourage strategies to reduce air pollution in the polluted region such as being prevalent the usage of renew-
able energy technologies in particular electricity generation and sustainable policies such as improving the health system 
should be implemented by decision-makers.

Keywords COVID-19 Air quality parameters · Meteorological parameters · SARS-CoV-2 · Coronavirus Disease Air 
pollution

Introduction

Since the COVID-19 virus, which has the same symptoms 
as the severe acute respiratory syndrome (SARS) and the 
Middle East respiratory syndrome (MERS), such as fever, 
dry cough, sore throat, shortness of breath and pneumonia, 
and first appeared in Wuhan, China, in December 2019, has 
globally spread in a short time, it was announced as a pan-
demic on 11th March, 2020, by the World Health Organiza-
tion (WHO) (Bontempi 2020; Schuit et al. 2020; Yao et al. 
2020; Zhu et al. 2020). As of June 27, 2021, there have 
been globally 181,344,224 confirmed cases and 3,934,252 
deaths had been reported to WHO, even though a total of 
2,660,756,547 vaccine doses have been administered as of 

June 27, 2021 (WHO 2021). In Turkey, the first case and 
death based on the COVID-19 virus were recorded on March 
11, 2020, and March 15, 2020. It has rapidly transmitted, 
reaching a peak in the first four weeks and exceeding about 
5 million confirmed cases of COVID-19 by early May 2021 
(Ali et al., 2021; WHO 2021).

Coronaviruses are naturally hosted and evolutionarily 
shaped by bats. Indeed, it has been postulated that most of 
the coronaviruses in humans are derived from the bat res-
ervoir. In a study conducted by Tang et al. (2020), only 4% 
variability in genomic nucleotides between SARS-CoV-2 
and a bat SARS-related coronavirus was observed (Tang 
et al. 2020). The principal factors determining the diffusion 
of infectious diseases, such as the COVID-19, can be listed 
as: i) air pollution, ii) atmospheric stability/instability meas-
ured with wind speed, iii) demographic aspect is given by 
population density and finally iv) respiratory disorders of 
people, given by mortality rate for trachea, bronchi and lung 
cancer. Studies reveal that areas with high levels of air pollu-
tion showed higher COVID-19-confirmed cases and deaths. 
A high wind speed, creating atmospheric instability, seems 
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to reduce the number of infected individuals because it fos-
ters the dispersion of air pollution that can act as a carrier 
of the SARS-CoV-2 in the air, whereas a stable atmosphere 
with low wind speed prevents the dispersion of air pollutants 
that remain stagnant in the air with the content of bacteria 
and viruses, such as SARS-CoV-2, generating a higher dif-
fusion of COVID-19 and other infectious diseases. More-
over, high population density is a potential risk factor for 
transmission dynamics and the spread of COVID-19 at the 
local and regional levels. Furthermore, people with chronic 
respiratory diseases, such as chronic obstructive pulmonary 
disease, are more prone to being infected by viral agents 
(Coccia 2020a). It is known that the SARS-CoV-2 virus can 
either directly (droplet and person-to-person) or indirectly 
(contaminated objects and airborne transmission) infect the 
respiratory system. Droplets and bioaerosols containing the 
virus, in case of entering into the human body emitting by 
coughing/sneezing that can reach an uninfected subject, can 
cause illness. Any unprotected contact with a contaminated 
object can potentially increase the virus's transmissibility. 
Airborne transmission expressing the inhalation of small 
airborne particles less than (5 μm) in diameter remaining 
in the air for hours and long distances is another route for 
COVID-19 transmission (Rahimi et al. 2021 and Domingo 
et al. 2020).

Various studies have been carried out to determine the 
reasons contributing to the spread of the COVID-19 virus 
to prevent the transmission of the outbreak. Previous works 
proved that air pollution is a severe environmental threat 
resulting in respiratory diseases such as SARS, MERS and 
asthma. Accordingly, it was found that viral transmissions 
were accelerated through the change in air pollutants con-
centration, and meteorological variables, such as ambient 
temperature and relative humidity, were also negatively or 
positively correlated with COVID-19 incidence. Sarkodie 
and Owusu (2020) reported that high temperature and rela-
tive humidity reduce the viability, stability, survival and 
transmission of COVID-19, whereas low temperature, wind 
speed, dew/frost point, precipitation and surface pressure 
prolong the activation and infectivity of the virus. The previ-
ous studies exploring precursors of respiratory tract diseases 
revealed that there were statistically significant associations 
of both meteorological parameters, especially temperature 
and air pollutants, including carbon monoxide (CO), nitro-
gen dioxide  (NO2), sulfur dioxide  (SO2), ozone  (O3), partic-
ulate matters  (PM2.5 and  PM10) with viral infection disease 
(Becker and Soukup 1999; Kan et al. 2005; Yuan et al. 2006; 
Lin et al. 2013; Silva et al., 2014; Beelen et al. 2014; Ghozi-
kali et al. 2016; Iha et al. 2016; Xu et al. 2016; Nenna et al. 
2017; Xie et al. 2019; Kowalska et al. 2020). Researchers 
maintain that the spread of SARS-CoV-2 through air pollu-
tion caused by increasing population, irregular urbanization, 
unplanned industrialization, and preference for private motor 

vehicles instead of public transportation can be a critical 
transmission mechanism. Studies show that in the presence 
of accumulated airborne pollutants, more microorganisms 
might be attached to particulate matter, such that environ-
ments with heavy air pollution and highly toxic pollutants 
of  PM2.5 and  PM10 may inhibit microbial growth (Coccia 
2021a and Caliskan et al. 2020).  PM2.5 emissions mainly 
originate from traffic, combustion of fossil fuels and bio-
mass for energy production, and industrial facilities, while 
diesel engines, resuspension of soil particles, industrial 
activities and residential fossil fuel heating are the main 
sources of  PM10 pollution. Exposure to high levels of  PM2.5 
may adversely impact public health, bringing about some 
health problems, such as respiratory and cardiovascular dis-
eases, premature death and lung cancer (Goren et al. 2021). 
Many of the studies performed to investigate the relation-
ship between particulate matter and respiratory illness, 
including influenza-like illness, respiratory syncytial virus 
bronchiolitis and cardiovascular disease, demonstrated that 
particulate matter concentrations have a statistically posi-
tive impact both on the occurrence and in the increase of 
severity of these types of illnesses (Lee et al. 2014; Feng 
et al. 2016; Carugno et al. 2018; Yarahmadi et al. 2018; Liu 
et al. 2019). However, in a study conducted by Lanzinger 
et al. (2016), a positive but statistically insufficient relation-
ship between respiratory diseases and particulate matters 
consisting of  PM0.1,  PM2.5 and  PM10 was observed. Stud-
ies show that aerosols containing the coronavirus generated 
by sneezes and coughs are a major route for spreading the 
virus (Srivastava 2021). Viruses may be adsorbed through 
coagulation onto PM and remain airborne for hours or days, 
thereby increasing inhaled virus concentrations via PM 
in the lungs. The lungs are the primary target for SARS-
CoV-2 infection by droplet-aerosol transmission. Tung et al. 
(2021) proposed that PM plays a direct role as a “carrier” 
of SARS-CoV-2 that has a high affinity to the angiotensin-
converting enzyme 2 (ACE2) receptor. Indirectly, exposure 
to PM increases ACE2 expression in the lungs, facilitating 
SARS-CoV-2 viral adhesion. Thus, the high risk of SARS-
CoV-2 in heavily polluted regions can be explained by the 
upregulation of ACE2 caused by PM (Tung et al. 2021). 
Bremner et al. (1999) investigated  PM10,  NO2,  O3,  SO2 and 
CO on cardiovascular deaths. They suggested that  NO2 and 
 O3 are significantly associated with cardiovascular deaths, 
while  PM10 does not show any association. Gauderman et al. 
(2000) revealed that while  PM10,  PM2.5 and  NO2 had a sig-
nificant adverse effect on the growth of lung functions of 
children, ozone did not have any effect. A study conducted 
by Lin et al. (2013) found a positive association between 
average temperature and acute upper respiratory diseases. 
Huang et al. (2016) found a strong association between air 
pollutants including  PM10,  PM2.5,  NO2 and influenza-like 
illness, investigating 59,860 cases in Nanjing, China, for 
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one year. Dehghani et al. (2017) investigated the effects 
of air pollutants including CO,  SO2,  O3,  NO2,  PM10 and 
 PM2.5 on lung cancer and leukemia in Shiraz, Iran. They 
found that the mortality rate of leukemia had a significant 
direct correlation with concentrations of  NO2 and CO in 
the air (P < 0.05). Asl et al. (2018) investigated the effect 
of air quality parameters including  PM10,  PM2.5,  NO2,  SO2, 
CO and  O3 and meteorological parameters containing tem-
perature, humidity and wind speed on public health in Iran. 
They found that average seasonal temperature and average 
seasonal concentrations of air pollutants including  NO2, 
 PM10 and  PM2.5 showing the tremendous impact revealed 
a positive linear correlation. In contrast, relative humidity 
showed a significant negative correlation with them. In a 
study conducted by Chen et al. (2019), which investigated 
how the increased concentration of air pollutants including 
 NO2,  SO2 and  O3 would influence the mortality rates associ-
ated with pulmonary heart disease, a significant and posi-
tive correlation was found between the components. Rhee 
et al. (2019) suggested that exposure to  PM2.5 and  O3 for 
the long-term increases the risk of acute respiratory distress 
syndrome (ARDS). Su et al. (2019) suggested that especially 
 PM2.5,  PM10, CO and  SO2 were positively associated with 
ILI in accordance with results from the study investigat-
ing the relationship between air pollutants including  PM2.5, 
 PM10,  SO2,  NO2, CO,  O3 and influenza-like illness (ILI) in 
Jinan, China. In line with these studies, in which parameters 
with a relationship with respiratory diseases are determined, 
the current studies investigating the effect of air quality and 
meteorological parameters on the transmission of COVID-
19 outbreak are presented below.

Adhikari and Yin (2020) investigated the association 
between air pollutants including  PM2.5,  O3, daily meteoro-
logical variables including wind speed, temperature, rela-
tive humidity, absolute humidity, cloud percentages and pre-
cipitation levels and COVID-19-confirmed new cases and 
new deaths in Queens County, New York, during March 
and April 2020. The findings revealed that daily average 
temperature, daily maximum eight-hour ozone concentra-
tion, average relative humidity and cloud percentages were 
significantly and positively associated with new confirmed 
cases related to COVID-19; none of these variables showed 
significant associations with new deaths. Li et al. (2020) 
investigated the association between air pollutants including 
 PM2.5,  PM10,  NO2, CO, meteorological variables including 
daily temperature, highest temperature, lowest temperature, 
temperature difference and sunshine duration and COVID-
19 incidence in Wuhan and XiaoGan, China, between Janu-
ary 26, 2020, and February 29, 2020. Temperature is the 
only meteorological parameter correlated well with COVID-
19 incidence in both cities but in an inverse correlation 
(p < 0.05).  PM2.5,  NO2 and temperature are variables that 
could promote the sustained transmission of COVID-19. 

Jiang et al. (2020) investigated the association between air 
pollutants including  PM2.5,  PM10,  SO2,  NO2, CO,  O3, daily 
meteorological variables including wind speed, temperature, 
relative humidity and COVID-19 new cases in three cities 
of China. They found that daily COVID-19 incidence was 
positively associated with  PM2.5 and humidity in all cities 
and negatively associated with  PM10 and temperature. Wu 
et al. (2020) investigated the association between long-term 
exposure to  PM2.5 and COVID-19 death in the USA. They 
found a slight increase in long-term exposure to  PM2.5 lead-
ing to a significant increase in the COVID-19 death rate. 
Taniş and Karakaya (2021) investigated the impacts of air 
pollutants including  PM2.5,  PM10,  NO2,  SO2, CO and  O3 and 
weather parameters including temperature, humidity, pres-
sure, dew point, wind speed on the number of SARS-COV-2 
cases, hospitalizations, hospital discharges in Istanbul from 
Turkey between July 15, 2020, and September 30, 2020, 
considering the Pearson correlation analysis. They observed 
a statistically significant positive relationship between air 
quality indexes such as CO,  SO2,  PM2.5,  PM10,  NO2 and the 
number of daily confirmed SARS-COV-2 cases. At the same 
time, they noticed a negative association between weather 
parameters such as temperature and pressure and the num-
ber of daily confirmed SARS-COV-2 cases. Tosepu et al. 
(2020) investigated the association between climate param-
eters including average temperature, minimum temperature, 
maximum temperature, rainfall, humidity and COVID-19 
pandemic in Jakarta, Indonesia, considering Spearman 
rank correlation test. They observed that only average tem-
perature was significantly correlated with the COVID-19 
pandemic (r = 0.392; p < 0.01). Zoran et al. (2020a) investi-
gated the association between air pollutants including  PM2.5, 
 PM10, daily meteorological variables including wind speed, 
temperature, relative humidity, atmospheric pressure and 
COVID-19-confirmed new cases and lethality rate in Milan 
metropolitan area, Lombardy region, Italy, between Janu-
ary 1, 2020, and April 30, 2020. They found that air pollu-
tion and climate variables significantly impact the increased 
rates of confirmed COVID-19 cases and deaths. Zoran et al. 
(2020b) investigated the association between air pollutants 
including  NO2,  O3, daily meteorological variables includ-
ing wind speed, temperature, relative humidity, atmospheric 
pressure, precipitation rate and COVID-19-confirmed new 
cases and lethality rate in Milan metropolitan area, Lom-
bardy region, Italy, between January 1, 2020, and April 
30, 2020. Exhibited positive correlations of ambient ozone 
levels and negative correlations of  NO2 with the increased 
rates of COVID-19 infections in terms of the total number, 
daily new positive and total death cases can be attributed to 
airborne bioaerosols distribution. The results show a positive 
correlation of daily averaged  O3 with air temperature and 
inversely correlations with relative humidity and precipita-
tion rates.
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Diversities in the number of confirmed cases and mor-
tality rates from the SARS-CoV-2 virus are associated 
with air pollution and meteorological indicators and can 
be attributed to the differences in medical and health insur-
ance systems and regional policies in different cities and 
countries. Moreover, some factors, including age, human 
behaviors, socioeconomic status, and gross domestic prod-
uct per capita, also impact morbidity and mortality rates 
(Yuan et al. 2020; Diao et al 2021; Aykaç and Etiler 2021; 
Coccia 2021b). In a study conducted by Aykaç and Etiler 
2021, socioeconomic status, household size, and elderly 
population ratio were associated with the COVID-19 mor-
tality rate in Istanbul.

This study aims to reveal the status related to the diffu-
sion of COVID-19 virus in fifteen cities of Turkey, includ-
ing Adana, Ankara, Bursa, Denizli, Erzurum, İstanbul, 
İzmir, İzmit, Kayseri, Konya, Kütahya, Sivas, Samsun 
and Trabzon through the mechanisms of air pollution-to-
human transmission and human-to-human transmission 
of COVID-19-confirmed cases, as a result of the SARS-
CoV-2 virus staying in the air for a longer time, with 
the effect of certain climatic parameters in regions with 
high air pollution. In light of the existing studies in the 
literature, the present work can be regarded as the first 
published exploring the association of gust with the con-
firmed COVID-19 cases and as one of the rare publications 
investigating the effect of cloud on the transmission of the 
COVID-19 epidemic. Hence, this paper will hopefully 
contribute to filling this gap in the literature. The research 
questions of this study are as follows:

Can air pollution and climate parameters such as low 
wind speed and high temperature be associated with the 
spread of COVID-19-confirmed cases in Turkey?

What are the risk factors that can accelerate the novel 
coronavirus's diffusion in Turkey, one of the Mediterranean 
countries?

What strategies can be applied to prevent the spread of 
the SARS-CoV-2 virus?

Methods

Sample and data

The present work examined fifteen provinces with dif-
ferent climatic characteristics and population density to 
decrease the study's limitations. The general information 
about these cities is presented in Table 1. Turkey has seven 
different regions, including Black Sea Region (North), 
Marmara region (North-West), Aegean Region (West), 
Mediterranean Region (South), Central Anatolia Region, 
East Anatolia Region, and Southeastern Anatolia Region 
(Çoşkun et al. 2021).

Data about the COVID-19-confirmed cases between 
February 8, 2021, and May 8, 2021, for Adana, Ankara, 
Bursa, Denizli, Erzurum, İstanbul, İzmir, İzmit, Kayseri, 
Konya, Kütahya, Sivas, Samsun and Trabzon provinces 
in Turkey were collected from the COVID-19 informa-
tion webpage of Ministry of Health of Republic of Tur-
key (COVID-19 2021). Daily outdoor air quality param-
eters and some of the meteorological parameters were 
obtained from the webpage of Air Quality Open Data 
Platform (AQOD 2021), the Meteorological Department 
of the Ministry of Agriculture and Forestry of the Repub-
lic of Turkey and other meteorological parameters were 

Table 1  The general 
characteristics of the provinces 
studied (TUIK 2021)

Provinces Latitude Longitude Population Climate type Area  (km2)

Adana 36.9719 N 35.3324 E 2,258,718 Mediterranean 13,602
Ankara 39.9347 N 32.8496 E 5.663,322 Terrestrial 25,677
Bursa 40.2071 N 29.0708 E 3,101,833 Temperate 10,807
Denizli 37.7735 N 29.0865 E 1,040,915 Mediterranean 11,960
Erzurum 39.9051 N 41.2709 E 758,279 Terrestrial 24,989
Eskişehir 39.77 N 30.5025 E 888,828 Terrestrial 14,084
İstanbul 41.0291 N 28.9766 E 15,462,452 Mediterranean and Black Sea 5,462
İzmir 38.4101 N 21.1297 E 4,394,694 Mediterranean 12,182
İzmit 40.7732 N 29.9507 E 1,997,258 Mediterranean and Black Sea 3,433
Kayseri 38.7239 N 35.4801 E 1,421,455 Terrestrial 17,232
Konya 37.8704 N 32.511 E 2,250,020 Terrestrial 40,768
Kütahya 39.4217 N 29.9879 E 576,688 Aegean and Marmara 11,814
Sivas 39.7515 N 37.0172 E 635,889 Terrestrial 28,777
Samsun 41.2871 N 36.3234 E 1,356,079 Black Sea 9,655
Trabzon 41.0061 N 39.7191 E 811,901 Black Sea 4,648
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obtained from the webpage of World Weather Online 
(WWO 2021). Data used in this study are freely available 
from these websites.

Measures of variables

The unit of analysis here is Turkish provincial cities. This 
study focuses on the following measures:

COVID-19-confirmed cases: Number of infected indi-
viduals from February 8, 2021, to May 8, 2021, by 
looking at the positive COVID-19 test results.
Meteorological parameters: Average dew point in °C, 
average relative humidity %, average atmospheric pres-
sure in mbar, the average ambient temperature in °C, 
average wind speed in km/h, average gust in km/h, 
average precipitation in mm and average cloud % from 
February 8, 2021, to May 8, 2021.
Air quality parameters: Average  CO2 concentration in 
µg/m3, average  NO2 concentration in µg/m3, average  O3 
concentration in µg/m3, average  PM10 concentration in 
µg/m3, average  PM2.5 concentration in µg/m3, average 
 SO2 concentration in µg/m3 from February 8, 2021, to 
May 8, 2021.

Models and Data analysis procedure

This study analyzes a database of N = 15 Turkish pro-
vincial capitals, considering variables between February 
and May 2021 to explain the relationships between dif-
fusion of COVID-19, air pollution and climatological 
indicators.

To statistically evaluate the diffusion of COVID-
19 based on the variations of environmental pollut-
ants and meteorological factors and COVID-19-con-
firmed cases, Spearman's rank correlation test was 
used as empirical methodology via Statgraphics Cen-
turion XVI (Version 16.1). The value of 0.05 was 
considered as the significance level. Spearman's rank 
correlation coefficient  (rs) is adopted to determine 
the correlation between variables. It analyzes how 
well the association between two variables can be 
defined using a monotonic function. Given that the 
data used in this study are not normally distributed, 
it is appropriate to use correlation coefficients for 
the analyses. The coefficient can be calculated via 
Eq. 1 (Şahin 2020):

where n represents the number of alterations, and  di is the 
difference between the ranks of two parameters.

(1)r
s
= 1 − 6

∑

d
2

i

n
�

n2 − 1
�

Results and Discussion

The distributions of new confirmed cases and new patients 
based on COVID-19 between the end of November 2020 
and the beginning of June 2021 are presented in Fig. 1. It 
could be easily said that the first and second peaks for new 
cases within these periods were observed on December 8, 
2020 (33,198 cases) and April 16, 2021 (63,082 cases), 
respectively. On April 14, 2021, the Turkish government 
decided to apply lockdown activities to decrease confirmed 
cases, including between 7 pm and 5 am on weekdays and 
the whole day on weekends. It could be thought that the 
downward trend in the number of confirmed cases fol-
lowing 14th April was due to the quarantine precautions 
applied. The distributions in the number of new cases 
observed in the provinces when the second and maximum 
peaks (February 8, 2021–May 8, 2021) are presented in 
Figure SI-1.

The highest number of confirmed cases recorded in Feb-
ruary–March was recorded in Samsun as 458.53 per 100,000 
population. In the March–April and April–May periods, the 
maximum rate in the number of cases per 100, 000 popula-
tion was observed in Istanbul as 804.97 and 359.99, respec-
tively. The increasing and decreasing trends in the number of 
cases from February to May 2021 for all provinces examined 
are presented in Table 2.

The main reason for the declining trend in the number of 
cases in April and May can be attributed to the quarantine-
based precautions applied during these periods due to the 
severe increase of the confirmed cases in especially March, 
as mentioned before. To examine the effects of air quality 
parameters and meteorological factors on the spread of the 
COVID-19 virus, the changes in these parameters in fif-
teen selected provinces during the peak periods in Turkey 
(November 25, 2020–January 3, 2021, and February 8–May 
8, 2021) are presented in Figure SI-2. The provinces' average 
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Fig. 1  Variation in the number of new patients and new cases based 
on SARS-CoV-2 in Turkey. Note: New cases stand for the number 
of infected individuals in accordance with positive COVID-19 test 
results, and new patients represent the number of infected individuals 
having both positive test results and respiratory symptoms (cough and 
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climate and air quality parameters for the November–Janu-
ary and February–May periods are presented in Tables 3 
and 4.

When Figure SI-2 a-c and Table 3 are evaluated together, 
the most significant change from November 2020 to May 
2021 was seen in the dew point with an increase of 37% 
in Adana, followed by rain with 24% and temperature with 
21%, respectively. While temperature, gust and wind speed 
are the parameters that show the most significant increase at 
the rates of 52%, 40%, and 26% in Ankara, rain, temperature 
and dew point are the parameters demonstrating the most 
significant increase with 80%, 46% and 28% in Bursa. Tem-
perature, gust and wind speed in Denizli showed an increase 
with the ratio of 56%, 35% and 20%, respectively. Moreover, 
temperature showed the highest rate of increase with 74% in 
Erzurum, followed by rain with 59% and wind speed with 
42%. In Eskişehir, rain exhibited an increase with a ratio of 
58%, followed by the temperature at 38% and wind speed 
at 35%.

The highest increases in meteorological parameters of 
Istanbul from November 2020 to May 2021 were observed 
in the rain with 56%, the wind speed with 17% and the 
temperature with 14%. In İzmir, the parameters showing a 
significant increase were dew point with the ratio of 32%, 
temperature with 25% and wind speed with 21%, while the 
rain showed a remarkable decrease with the ratio of 61%. 
In İzmit, the rain exhibited a considerable increase with the 
ratio of 59%. Furthermore, three meteorological parameters 
consisting of dew point, temperature and gust showed a 
similar increase with the ratio of 21%. The parameters dem-
onstrating an increase in their values from November 2020 

to May 2021 were the rain with 77%, the dew point with 65% 
and temperature with 38% in Kayseri. The rain, the wind 
speed and temperature showed increases with 67%, 43% and 
41%, respectively, in Konya. The most significant increases 
in Kutahya were observed in the gust with 46%, the tempera-
ture with 38% and the dew point with 33%. In Samsun, the 
rain and the cloud were the significant parameters with the 
ratio of 67% and 18%, respectively. The maximum increase 
in dew point was observed in Sivas with 77%. Rain and 
temperature followed this increase with 66% and 50%. In 
Trabzon, on the other hand, it can be said that the parameters 
where the maximum increase was observed were only the 
rain with 57% and the cloud with 18%.

To evaluate the change in air quality parameters from 
November 2020 to May 2021, Figure SI-2 b-d and Table 4 
can be examined together. In this context,  O3 showed an 
increase with a ratio of 44% in Adana. Moreover,  PM10 
and  SO2 increase at the same rate between these periods. 
In Ankara,  O3,  PM2.5 and  PM10 are the parameters showing 
the significant increase at 32%, 23% and 17%, respectively. 
The air pollutants considerably changing in terms of the 
increase of their values are  O3 with the ratio of 45% and 
 NO2 with the ratio of 16% in Bursa province. While there 
was only an increase in ozone concentration in Erzurum, 
Eskişehir, Kayseri and Trabzon, other air quality parameters 
revealed decreasing values in February and May compared 
to November and January. In Sivas, on the other hand, it was 
determined that there was a decrease in all parameters except 
 NO2. In Samsun, the highest increase was seen in  O3, with a 
rate of 79%. While an increase of 72% was observed in CO 
in Istanbul, a decrease of 71% was observed in  PM10. While 
the parameters that increase in İzmir are  SO2 and  NO2 with 
a ratio of 27% and 18%, in İzmit, they are  O3 and  SO2 with a 
ratio of 40% and 35%, respectively. In Konya,  SO2 increased 
a remarkable ratio of 75%, and CO showed an increase with 
a ratio of 35%.

To determine the relationship between the alterations of 
the confirmed cases and variations in air quality parameters 
for all provinces examined from February 8, 2021, to May 
8, 2021, Table 2 and Table 5 can be evaluated together. In 
Adana, while the increase in cases in the February–April 
period can be attributed to the 23% and 16% increase in  O3 
and  SO2 concentrations, the decrease in the number of cases 
in the April–May period can be attributed to the decreases 
in  O3,  NO2 and  SO2 concentrations. In Ankara, it can be 
said that the 49% increase in the concentration of  PM2.5 
can be associated with the increase in the number of cases 
between February and April, it can also be expressed that the 
decrease in the cases in May can be due to the 42%, 26% and 
21% decreases in the concentrations of  PM2.5, CO and  PM10, 
respectively. In Bursa, the increase in the confirmed cases 
between February and April may be related to the increase in 
the  O3 concentration, while the decreases in the May period 

Table 2  Variations in the number of confirmed cases in provinces 
over the period from February 8, to May 8, 2021

Provinces Variations in the number of cases (%)

February–March March–April April–May

Adana 5.09 172 -83.2
Ankara 93.1 512 -63.5
Bursa 125 433 -73.6
Denizli 27.6 244 -34.9
Erzurum 21.0 710 -48.0
Eskişehir 141 604 -63.4
İstanbul 196 352 -81.8
İzmir 77.0 287 -39.2
İzmit 56.9 278 -82.1
Kayseri 152 178 -61.2
Konya 124 143 -75.3
Kütahya 67.2 230 -45.8
Samsun 168 40.7 -85.2
Sivas 32.6 578 -53.8
Trabzon -2.50 61.6 -65.2
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may be related to the decreases in  PM2.5 and CO concen-
trations. In Erzurum, since the only air quality parameter 
showing an increase between February and April is  O3, the 
increase in the number of cases in this period can be based 
on its concentration. It can be said that the decrease in cases 
in May has significantly resulted from the decrease of 52% 
in  SO2 concentration. In Eskişehir, considerable variation in 
the number of confirmed cases observed between February 
and April cannot be directly associated with  O3 that became 
the only parameter showing the increase in concentration 
even if it is on a small scale (3%). In May, the reduction in 
the confirmed cases is likely due to the 52% reduction in  SO2 
concentration. In İstanbul, increases in  NO2,  SO2 and CO 
concentrations between February and April may have caused 

an increase in the number of cases in this period, while the 
low decreases in  O3,  NO2,  SO2 and CO concentrations in 
May may have reduced the number of cases.

In İzmir, it can be easily expressed that the increase 
in  SO2 concentration severely impacts the increase of 
confirmed cases between February and April. In May, 
the decrease in  PM10,  PM2.5 and  SO2 concentrations can 
become the reason for the decrease of the cases. In İzmit, 
the increase in concentrations of  SO2 and CO (11% and 9%) 
can significantly contribute to the acceleration of confirmed 
cases from February to April. Moreover, the decreases in 
 PM10,  PM2.5 and CO concentrations between April and May 
can reduce the cases. In Kayseri, the increase in the concen-
tration of O3 should be associated with the increase in the 

Table 3  Average values of meteorological parameters in provinces over the period from November 25, 2020, to January 3, 2021, and from Feb-
ruary 8, 2021, to May 8, 2021

Provinces November 25, 2020–January 3, 2021

Dew point 0C Humidity % Pressure mbar Temperature 0C Wind speed km/h Gust km/h Rain mm Cloud %

Adana 7.8 ± 3.5 85 ± 12 1020 ± 3 21 ± 2 5.7 ± 1.9 17 ± 4.8 0.25 ± 0.7 32 ± 28
Ankara 1.9 ± 3.4 91 ± 5 1021 ± 4 11 ± 3 3.7 ± 1.5 9 ± 4.9 0.11 ± 0.3 33 ± 24
Bursa 5.5 ± 2.4 93 ± 7 1021 ± 5 14 ± 3 4.0 ± 2.6 9 ± 3.9 0.13 ± 0.3 38 ± 28
Denizli 4.6 ± 3.6 90 ± 11 1021 ± 4 12 ± 2 5.9 ± 2.1 8 ± 4.4 0.23 ± 0.7 32 ± 24
Erzurum -4.6 ± 3.9 93 ± 5 941 ± 103 1.2 ± 3.3 2.4 ± 1.6 7 ± 3.1 0.09 ± 0.2 29 ± 29
Eskişehir 2.7 ± 2.8 94 ± 5 1021 ± 4 10 ± 3 4.5 ± 1.4 14 ± 5.5 0.09 ± 0.2 34 ± 23
İstanbul 8.9 ± 1.9 91 ± 7 1021 ± 5 15 ± 3 6.5 ± 1.8 24 ± 9.5 0.09 ± 0.2 45 ± 30
İzmir 9.1 ± 3.8 94 ± 10 1019 ± 5 16 ± 2 6.6 ± 2.1 22 ± 9.8 0.60 ± 1.3 44 ± 29
İzmit 8.6 ± 1.7 98 ± 5 1021 ± 5 15 ± 4 3.6 ± 1.7 9 ± 2.9 0.20 ± 0.6 44 ± 30
Kayseri -0.1 ± 2.9 91 ± 7 1022 ± 3 10 ± 3 4.0 ± 1.9 9 ± 4.9 0.13 ± 0.4 28 ± 25
Konya 2.1 ± 3.0 91 ± 8 1021 ± 4 10 ± 3 4.2 ± 2.1 11 ± 6.7 0.10 ± 0.3 29 ± 24
Kütahya 2.7 ± 2.7 94 ± 5 1021 ± 4 10 ± 3 4.4 ± 1.4 11 ± 4.6 0.12 ± 0.4 37 ± 25
Samsun 8.2 ± 2.9 88 ± 8 1022 ± 4 16 ± 4 4.7 ± 1.7 16 ± 7.6 0.16 ± 0.5 42 ± 30
Sivas -1.3 ± 2.7 94 ± 8 1022 ± 3 4 ± 4 5.8 ± 2.3 11 ± 5.1 0.09 ± 0.2 32 ± 30
Trabzon 8.5 ± 2.5 81 ± 12 1022 ± 4 15 ± 3 5.3 ± 2.3 16 ± 5.3 0.31 ± 0.9 42 ± 30
Provinces February 08, 2021–May 8, 2021

Dew point 0C Humidity % Pressure mbar Temperature 0C Wind speed km/h Gust km/h Rain mm Cloud %
Adana 13 ± 6 96 ± 9 1017 ± 5 23 ± 6 6 ± 3 14 ± 5 0 ± 0.72 33 ± 27
Ankara 3 ± 5 84 ± 10 1015 ± 20 20 ± 9 5 ± 2 15 ± 8 0 ± 0.38 41 ± 26
Bursa 6 ± 5 94 ± 6 1020 ± 6 15 ± 8 5 ± 2 11 ± 6 1 ± 1.22 50 ± 29
Denizli 4 ± 4 82 ± 12 1019 ± 5 16 ± 8 7 ± 3 12 ± 7 0.8 ± 0.8 35 ± 27
Erzurum -1 ± 5 86 ± 12 888 ± 98 9 ± 8 5 ± 2 11 ± 5 0 ± 0.7 44 ± 27
Eskişehir 3 ± 5 90 ± 8 1019 ± 6 13 ± 8 6 ± 2 18 ± 8 0 ± 0.69 48 ± 29
İstanbul 7 ± 4 92 ± 7 1020 ± 7 14 ± 7 8 ± 2 23 ± 12 0 ± 0.66 50 ± 29
İzmir 10 ± 9 90 ± 11 1019 ± 6 18 ± 6 8 ± 3 22 ± 11 0 ± 0.74 37 ± 26
İzmit 8 ± 5 100 ± 2 1020 ± 7 15 ± 7 5 ± 1 10 ± 5 1 ± 0.96 56 ± 31
Kayseri 3 ± 5 89 ± 10 1018 ± 6 13 ± 8 6 ± 2 13 ± 5 1 ± 1.29 40 ± 28
Konya 2 ± 5 81 ± 13 1018 ± 5 14 ± 8 8 ± 3 19 ± 10 0 ± 1.21 35 ± 24
Kütahya 3 ± 5 90 ± 8 1019 ± 6 13 ± 8 6 ± 2 18 ± 11 0 ± 0.67 47 ± 28
Samsun 8 ± 4 93 ± 4 1021 ± 6 15 ± 6 6 ± 2 15 ± 8 1 ± 1.00 58 ± 30
Sivas 1 ± 5 91 ± 10 1019 ± 5 8 ± 8 8 ± 3 14 ± 7 0 ± 0.86 44 ± 27
Trabzon 8 ± 4 89 ± 9 1021 ± 6 13 ± 5 6 ± 2 15 ± 7 1 ± 1.08 59 ± 29
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number of cases between February and April. The decrease 
in the cases observed in May can stem from reducing the 
concentration of air quality parameters, including  SO2,  NO2, 
 PM10 and  PM2.5.

In Konya, the severe increase in the  PM10 concentration 
between February and April can be considered an indicator 
for evaluating the parameters increasing confirmed cases. 
It can be thought that the reductions in CO,  O3,  NO2 con-
centrations by 51, 45 and 39 percent caused a decrease in 
cases in May. In Kütahya, while a remarkable increase was 
observed in the number of cases between February and 
April, a general decrease was observed in the concentra-
tions of air quality parameters. In May, it can be said that 
the 34% and 24% decreases in  SO2 and CO concentrations 
may be related to the decreases in the number of cases. In 
Samsun, a significant decrease observed in the confirmed 
cases between February and April can be associated with 
reducing the concentrations of  PM2.5 and CO by 39 and 36%, 

respectively. A decreasing trend in the cases observed in 
May can be owing to the reduction of concentrations of  NO2 
and CO by 41 and 39%. In Sivas, a severe increase in the 
confirmed cases mainly observed between March and April 
can be attributed to the increase in the concentration of  SO2 
up to 41%. In May, reductions in the concentrations of the 
air quality parameters including CO,  NO2,  PM2.5 and  SO2 
could contribute to the decreases in the number of cases. In 
Trabzon, the decrease in the number of cases in the Febru-
ary–March period and an increase in the March–April period 
in Trabzon can be attributed to similar changes in the CO 
concentration in these periods. In May, a 66% decrease was 
observed in  SO2 concentration compared to the previous 
month, contributing to the decrease of the cases.

The correlation results between the number of confirmed 
COVID-19 cases and meteorological parameters including 
cloud, dew point, gust, humidity, pressure, rainfall, tempera-
ture and wind speed based on Spearman's rank correlation 

Table 4  Average values of air 
quality parameters in provinces 
over the period from November 
25, 2020, to January 3, 2021

Data belonging to Denizli and Kütahya provinces are not available. Moreover, data showing ozone concen-
tration in İzmir and Sivas provinces are unavailable.

Provinces November 25, 2020–January 3, 2021

CO µg/m3 NO2 µg/m3 O3 µg/m3 PM10 µg/m3 PM2.5 µg/m3 SO2 µg/m3

Adana 20.3 ± 8.5 80 ± 29 22 ± 5 64 ± 12 91 ± 12 28 ± 16
Ankara 38.9 ± 16 62 ± 18 21 ± 7 142 ± 74 226 ± 137 24 ± 17
Bursa 35.5 ± 6.5 49 ± 18 21 ± 9 63 ± 19 134 ± 33 30 ± 12
Erzurum 27.2 ± 15 62 ± 23 33 ± 4 71 ± 29 154 ± 44 35 ± 25
Eskişehir 26.6 ± 84 37 ± 11 57 ± 5 55 ± 24 94 ± 48 13 ± 8
İstanbul 69.2 ± 2.9 85 ± 22 83 ± 23 134 ± 176 91 ± 24 47 ± 4
İzmir 5.2 ± 1.9 7.4 ± 0.5 - 100 ± 109 118 ± 40 18 ± 9
İzmit 31.1 ± 11 47 ± 16 18 ± 6 67 ± 18 102 ± 30 19 ± 11
Kayseri 24.6 ± 8.7 52 ± 16 22 ± 4 104 ± 41 176 ± 45 37 ± 14
Konya 38.9 ± 20 42 ± 12 11 ± 3 158 ± 204 239 ± 241 25 ± 11
Samsun 30.9 ± 5.7 85 ± 24 4 ± 2 75 ± 22 103 ± 35 42 ± 23
Sivas 27.2 ± 6.8 46 ± 8 - 66 ± 15 122 ± 29 16 ± 7
Trabzon 20.2 ± 7.3 64 ± 22 22 ± 6 78 ± 22 111 ± 24 41 ± 85
Provinces February 8, 2021–May 8, 2021

CO µg/m3 NO2 µg/m3 O3 µg/m3 PM10 µg/m3 PM2.5 µg/m3 SO2 µg/m3

Adana 11 ± 9 51 ± 26 35 ± 13 56 ± 45 73 ± 18 34 ± 25
Ankara 25 ± 12 48 ± 22 33 ± 8 114 ± 145 151 ± 127 19 ± 20
Bursa 37 ± 6 57 ± 18 46 ± 9 57 ± 17 115 ± 39 33 ± 13
Erzurum 11 ± 6 43 ± 16 45 ± 5 53 ± 18 90 ± 31 14 ± 12
Eskişehir 11 ± 57 32 ± 11 66 ± 12 44 ± 18 64 ± 30 10 ± 7.9
İstanbul 74 ± 7 102 ± 16 49 ± 15 66 ± 23 92 ± 29 46 ± 5
İzmir 4.11 ± 1.03 7.80 ± 1.83 - 64 ± 44 76 ± 30 20 ± 17
İzmit 36 ± 11 51 ± 20 33 ± 7 56 ± 20 89 ± 32 28 ± 18
Kayseri 12 ± 5 42 ± 12 26 ± 8 57 ± 18 109 ± 35 11 ± 11
Konya 29 ± 62 35 ± 9 12 ± 5 85 ± 90 111 ± 33 19 ± 14
Samsun 14 ± 13 62 ± 29 17 ± 11 63 ± 19 96 ± 64 50 ± 42
Sivas 11 ± 6 56 ± 25 - 56 ± 16 81 ± 25 16 ± 7
Trabzon 11 ± 4 47 ± 18 31 ± 7 61 ± 16 89 ± 25 17 ± 13
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tests are presented in Table 6. In Adana, temperature showed 
a significantly positive correlation with the confirmed cases. 
According to Spearman's rank correlation, there was a statis-
tically positive significant association between cloud and the 
number of confirmed cases. Moreover, dew point and humid-
ity showed a positive correlation, while gust, pressure, rainfall 
and wind speed were negatively correlated with the confirmed 
cases. In Ankara, dew point (rs = 0.58; p < 0.05), gust (rs = 0.31; 
p < 0.05) and wind speed (rs = 0.24; p < 0.05) showed statisti-
cally significant positive correlations with the confirmed cases. 
The only parameter showing a negative correlation with the 
number of cases was temperature. In Bursa, while dew point 
(rs = 0.50; p < 0.05) and temperature (rs = 0.36; p < 0.05) were 
positively and significantly correlated with the confirmed cases, 
the remaining parameters except for rainfall showing a negli-
gibly low correlation were negatively correlated. In Denizli, 
rainfall (rs = 0.76; p < 0.05), temperature (rs = 0.56; p < 0.05) 
and dew point (rs = 0.51; p < 0.05) showed statistically signifi-
cant positive correlations with the number of confirmed cases. 
Moreover, gust was positively correlated, while cloud, humid-
ity, pressure and wind speed were negatively correlated with 
the cases. In Erzurum, temperature (rs = 0.72; p < 0.05), gust 
(rs = 0.65; p < 0.05), dew point (rs = 0.53; p < 0.05) showed sta-
tistically significant positive correlations with the number of the 
confirmed cases, while humidity (rs = -0.34; p < 0.05) exhibited 
a statistically significant negative association. Moreover, cloud 
and pressure were negatively correlated with the cases com-
pared with rainfall and wind speed.

In Eskişehir, gust, humidity, rainfall, dew point, tem-
perature and wind speed were positively correlated with 
the number of the confirmed cases, but only dew point 
((rs = 0.43; p < 0.05), temperature (rs = 0.33; p < 0.05) 

and wind speed (rs = 0.21; p < 0.05) showed statistically 
significant results. On the other hand, the strength of the 
relationship between cloud, pressure and rainfall with the 
number of confirmed cases was very low. The effects of 
these parameters on the spread of COVID-19 in Eskişehir 
may not be considered. In İstanbul, while gust (rs = -0.29; 
p < 0.05) displayed statistically significant negative cor-
relation, dew point (rs = 0.29; p < 0.05) and temperature 
(rs = 0.32; p < 0.05) showed statistically significant posi-
tive associations with the number of the confirmed cases. 
Moreover, the remaining parameters showed statistically 
insignificant and relatively weak associations with the 
number of cases. In İzmir, most meteorological param-
eters consisting of cloud (rs = 0.67; p < 0.05), temperature 
(rs = 0.56; p < 0.05), dew point (rs = 0.32; p < 0.05) and 
rainfall (rs = 0.24; p < 0.05) revealed a statistically signifi-
cant positive correlation with the confirmed cases, while 
the wind speed (rs = -0.22; p < 0.05) was negatively cor-
related. In İzmit, dew point (rs = 0.48; p < 0.05) and gust 
(rs = -0.23; p < 0.05) showed statistically significant posi-
tive and negative correlations, respectively. Besides, tem-
perature and humidity were positively correlated with the 
confirmed cases, while cloud, pressure and rainfall were 
negatively correlated. In Kayseri, cloud, dew point, gust, 
humidity and wind speed are positively correlated with the 
confirmed cases, while only dew point (rs = 0.53; p < 0.05) 
displayed a statistically significant correlation. In Konya, 
dew point (rs = 0.38; p < 0.05) and temperature (rs = 0.28; 
p < 0.05) showed statistically significant positive correla-
tions. On the other hand, negative correlations of humid-
ity and pressure with the confirmed cases were negligible 
strength. In Kütahya, temperature (rs = 0.45; p < 0.05) 

Table 6  Empirical results 
based on Spearman correlation 
coefficient for meteorological 
parameters of selected provinces 
between February 8, 2021, and 
May 8, 2021

*indicates significance at the 5% level.

Cities Spearman correlation

Cloud Dew point Gust Humidity Pressure Rainfall Temperature Wind speed

Adana 0.29* 0.19 -0.11 0.18 -0.12 -0.10 0.23* -0.12
Ankara 0.04 0.58* 0.31* 0.04 0.07 0.02 -0.04 0.24*
Bursa -0.07 0.50* -0.01 -0.06 -0.15 0.01 0.36* -0.01
Denizli -0.21* 0.51* 0.20 -0.06 -0.01 0.76* 0.56* -0.33
Erzurum -0.20 0.53* 0.65* -0.34* -0.19 0.02 0.72* 0.18
Eskişehir -0.02 0.43* 0.11 0.15 -0.01 0.01 0.33* 0.21*
İstanbul -0.05 0.29* -0.29* -0.07 -0.12 -0.07 0.32* -0.11
İzmir 0.67* 0.32* -0.02 0.13 -0.15 0.24* 0.56* -0.22*
İzmit -0.04 0.48* -0.23* 0.15 -0.17 -0.06 0.15 0.18
Kayseri 0.05 0.53* 0.15 0.12 -0.05 -0.12 -0.15 0.08
Konya 0.07 0.38* 0.11 -0.05 -0.06 0.01 0.28* 0.15
Kütahya -0.12 0.55 0.08 0.14 -0.15 -0.003 0.45* 0.21*
Samsun 0.33* 0.02 -0.09 0.05 -0.06 0.19 -0.04 0.07
Sivas -0.07 0.59* 0.36* -0.06 0.02 -0.08 0.63* 0.17
Trabzon 0.16 0.09 -0.15 0.01 0.01 0.02 0.11 -0.14
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and wind speed (rs = 0.21; p < 0.05) exhibited statisti-
cally significant positive associations with the number of 
confirmed cases. Dew point (rs = 0.57; p > 0.05) was also 
positively correlated with the COVID-19 pandemic. In 
Samsun, the only cloud (rs = 0.33; p > 0.05) showed a sta-
tistically significant positive association with the COVID-
19 pandemic, compared to other parameters, such as gust, 
pressure and temperature, revealing the negative correla-
tions. In Sivas, temperature (rs = 0.63; p > 0.05), dew point 
(rs = 0.59; p > 0.05) and gust (rs = 0.36; p > 0.05) revealed 
statistically significant positive correlations, while cloud, 
humidity and rainfall displayed negative correlations with 
the COVID-19 pandemic. In Trabzon, none of the param-
eters showed statistically significant positive or negative 
correlations with the cases. The only gust and wind speed 
were negatively correlated with the confirmed cases.

In the present work, the most significant positive correla-
tion based on the relationship between rainfall and the number 
of the COVID-19 cases was observed in Denizli (rs = 0.76; 
p < 0.05), while the most significant negative correlation was 
observed between relative humidity and confirmed cases in 
Erzurum (rs = -0.34; p < 0.05). It is well known that enveloped 
viruses in droplets and aerosols survive well when the relative 
humidity levels are below approximately 50% (Cai et al. 2007; 
Zoran et al. 2020a). Since SARS-CoV is an enveloped virus, 
it may be more stable in dry air (Cai et al. 2007).

So far, no research has been found on how the gust affects 
the spread of COVID-19 disease. The most substantial and 
favorable relationship between gust and disease spread was 
seen in Erzurum in the current study (rs = 0.65; p < 0.05). 
In this context, the increase in the severity of the gust may 
increase air pollution, and depending on this situation, the 
spread of infectious diseases may increase.

The correlation results between the number of confirmed 
COVID-19 cases and air quality parameters including CO, 
NO2, O3, PM2.5, PM10 and SO2 based on Spearman's rank 
correlation tests are presented in Table 7.

In Adana, PM10 (rs = -0.38; p < 0.05), CO (rs = -0.31; 
p < 0.05), and NO2 (rs = -0.28; p < 0.05) displayed a statis-
tically significant negative correlation with the confirmed 
cases, while only O3 was positively correlated. In Ankara, 
CO (rs = -0.30; p < 0.05), PM2.5 (rs = -0.33; p < 0.05), and 
SO2 (rs = -0.43; p < 0.05) exhibited statistically significant 
negative correlations with confirmed cases. On the other 
hand, the only parameter positively correlated was O3. In 
Bursa, O3 (rs = 0.42; p < 0.05) showed statistically signifi-
cant positive correlations, and PM2.5 (rs = -0.21; p < 0.05) 
and SO2 (rs = -0.22; p < 0.05) displayed significant nega-
tive correlations. In Erzurum, CO (rs = -0.61; p < 0.05), 
NO2 (rs = -0.47; p < 0.05), PM10 (rs = -0.51; p < 0.05), 
and SO2 (rs = -0.54; p < 0.05), exhibited statistically sig-
nificant negative associations with the COVID-19 pan-
demic, and O3 (rs = 0.35; p < 0.05), showed a significant 
positive correlation with the confirmed cases. In Eskişehir, 
CO (rs = -0.29; p < 0.05), NO2 (rs = -0.25; p < 0.05), and 
SO2 (rs = -0.56; p < 0.05) revealed statistically signifi-
cant negative correlations with the cases of COVID-19 
pandemic. In İstanbul, the only parameter showing sta-
tistically significant and positively correlation with the 
number of confirmed cases was CO (rs = 0.25; p < 0.05). 
Furthermore, the remaining parameters showed negative 
correlations. In İzmir, PM2.5 (rs = -0.34; p < 0.05) and 
PM10 (rs = -0.44; p < 0.05) displayed statistically signifi-
cant negative associations with the number of cases, while 
NO2 (rs = 0.29; p < 0.05) showed a statistically significant 
positive association. In İzmit, O3 (rs = 0.30; p < 0.05) and 

Table 7  Empirical results 
based on Spearman correlation 
coefficient for air quality 
parameters of selected provinces 
between February 8, 2021, and 
May 8, 2021

*indicates significance at the 5% level.

Cities Spearman correlation

CO NO2 O3 PM10 PM2.5 SO2

Adana -0.31* -0.28* 0.17 -0.38* -0.24 -0.09
Ankara -0.30* -0.23 0.09 -0.18 -0.33* -0.43*
Bursa 0.01 0.17 0.42* -0.12 -0.21* -0.22*
Erzurum -0.61* -0.47* 0.35* -0.51* -0.18 -0.54*
Eskişehir -0.29* -0.25* -0.03 -0.17 -0.12 -0.56*
İstanbul 0.25* -0.14 -0.11 -0.10 -0.11 -0.03
İzmir -0.19 0.29* - -0.44* -0.34* -0.19
İzmit 0.18 -0.15 0.30* -0.16 -0.16 0.24*
Kayseri -0.19 -0.42* 0.09 -0.38* -0.32* -0.29*
Konya -0.55* -0.26* -0.16 -0.39* -0.18 -0.35*
Kütahya -0.31* -0.17 -0.62* -0.37* - -0.27*
Samsun 0.06 0.28* -0.12 -0.29* -0.03 -0.07
Sivas -0.38* -0.48* - -0.62* -0.19 0.16
Trabzon 0.17 -0.01 0.18 -0.02 -0.06 -0.09
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SO2 (rs = 0.24; p < 0.05) showed statistically significant 
positive correlations with the confirmed cases. Moreover, 
remaining parameters are negatively correlated with the 
cases except for CO.

In Kayseri, NO2 (rs = -0.42; p < 0.05), PM2.5 (rs = -0.32; 
p < 0.05), PM10 (rs = -0.38; p < 0.05) and SO2 (rs = -0.29; 
p < 0.05) revealed statistically significant negative correla-
tions. In Konya, CO (rs = -0.55; p < 0.05), NO2 (rs = -0.26; 
p < 0.05), PM10 (rs = -0.39; p < 0.05) and SO2 (rs = -0.35; 
p < 0.05) revealed statistically significant negative correla-
tions. In Kütahya, CO (rs = -0.31; p < 0.05), O3 (rs = -0.62; 
p < 0.05), PM10 (rs = -0.37; p < 0.05) and SO2 (rs = -0.27; 
p < 0.05) revealed statistically significant negative correla-
tions. In Samsun, NO2 (rs = 0.28; p < 0.05) showed statis-
tically significant positive correlations. However, PM10 
(rs = -0.29; p < 0.05) displayed a statistically significant 
negative correlation. In Sivas, CO (rs = -0.38; p < 0.05), NO2 
(rs = -0.48; p < 0.05) and PM10 (rs = -0.62; p < 0.05) revealed 
statistically significant negative correlations with the num-
ber of cases considering. In Trabzon, air quality parameters 
did not demonstrate statistically significant associations. In a 
study investigating the associations between air pollutants and 
meteorological parameters during the lockdown period in Tur-
key performed by Ghasempour et al. 2021, it was found that 
ambient temperature and atmospheric pressure were highly 
correlated with air pollutants, including NO2, SO2, unlike 
precipitation and wind speed (Ghasempour et al. 2021).

Data of  O3 concentrations in İzmir and Sivas provinces 
and  PM10 concentrations in Kütahya are unavailable.

The results of correlation analysis in the present work 
indicated that meteorological and air quality parameters 
are closely related to the transmission of the COVID-19 
outbreak. In this regard, the strongest and statistically the 
most significant correlation between cloud and COVID-19 
incidence was observed in İzmir  (rs = 0.67, p < 0.05). Simi-
larly, Adhikari and Yin (2020) found a significantly positive 
association between the transmission of the COVID-19 and 
cloud percentages. Reduction in the sunshine duration based 
on increasing cloud percentage triggers the COVID-19 trans-
mission. Solar radiation is the most critical factor, showing 
a significantly strong correlation with the confirmed cases 
threats survival of virus, areas with lower solar radiation and 
higher cloud content, and a high exposure rate to COVID-19 
incidence (Rosario et al. 2020; Srivastava 2021). Hence, an 
increase in the cloud percentage can increase the severity of 
the spread of COVID-19 morbidity. Few studies investigat-
ing the associations between dew point and the diffusion of 
infectious diseases have been implemented. Şahin 2020 and 
Tanis and Karakaya 2020 indicated that the dew point was 
negatively correlated with the COVID-19 incidence.

Relative humidity investigations based on virologic and 
epidemiologic studies indicated that relative humidity is a 
climatological variable having a crucial significance on viral 

infectivity and transmission (Zoran et al. 2020a). Previous 
studies (Bashir et al. 2020a; Bolano-Ortiz et al. 2020; Şahin 
2020; Zoran et al. 2020a) have indicated a negative effect of 
humidity on the transmission of COVID-19 incidence. These 
results are consistent with the findings in the present work. 
The most significant negative association between relative 
humidity and COVID-19 morbidity was observed in Erzu-
rum province (rs = -0.34; p < 0.05). Correspondingly, dry 
weather conditions triggering susceptibility to respiratory 
virus infection will lead to the diffusion of the SARS-CoV-2 
virus (Zoran et al. 2020b). Decreased relative humidity lev-
els are associated with decreased severity of pulmonary 
diseases, while increased levels are associated with higher 
severity aspects of the respiratory tract (Zoran et al. 2020a).

As with relative humidity, the increase in the air pressure 
negatively affects the transmission of COVID-19 morbidity. 
This situation can be attributed to the short suspending time 
of the SARS-CoV-2 virus in the air owing to high air pres-
sure (Cai et al. 2007). Tanis and Karakaya (2020) indicated 
that air pressure has an inverse effect on the number of dis-
charges from the hospital due to SARS-CoV-2 (r = -0.386). 
In the present study, findings depicting the maximum impact 
(r = -0.19 in Erzurum) agree with previous results that air 
pressure is negatively associated with COVID-19 incidence.

An increase in cloud percentages and precipitations is 
associated with decreased sunshine duration. Sunlight levels 
are inversely correlated with influenza transmission (Adhi-
kari and Yin 2020). Bashir et al. (2020a) found a negative 
correlation between the intensity of the rainfall (r = -0.196). 
On the other hand, Tosepu et al. (2020) indicated that rain-
fall was not significantly but positively correlated with 
COVID-19 (rs = 0.139). In the current study, the increase 
in the level of rainfall increases the number of COVID-19 
cases. The strongest positive correlation between rainfall 
and the transmission of COVID-19 was observed in Denizli 
province (rs = 0.76; p < 0.05). Considering the increase in 
rainfall intensity, the decrease in the sunlight can be associ-
ated with transmitting viral infectious diseases.

In the current study, the average daily temperature was 
positively associated with COVID-19 incidence. This result 
is consistent with the findings obtained from previous stud-
ies (Adhikari and Yin 2020; Bashir et al. 2020a; Tosepu 
et al. 2020a; Zoran et al. 2020a; Zoran et al. 2020b). The 
maximum correlation level was reached in Erzurum province 
as rs = 0.72 under significance at the 5% level. These correla-
tion coefficient values are higher than those obtained from 
other studies conducted by Zoran et al. (2020a), in which 
the coefficient value is 0.67, and by Tosepu et al. (2020) 
and Bashir et al. (2020a), where the r values are equal to 
0.392 and 0.379, respectively. Xie and Zhu (2020) aimed to 
determine whether the temperature significantly impacts the 
transmission of a novel coronavirus, examining daily con-
firmed cases and meteorological parameters in 112 cities of 
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China. They found that COVID-19 may not perish of itself 
without any public health interventions when the weather 
becomes warmer. Haque and Rahman (2020) conducted a 
study aiming to determine the association between average 
temperature and humidity with the COVID-19 pandemic 
in Bangladesh. They found a negative correlation between 
them. They suggested that a reduction in COVID-19 cases 
can be expected in Bangladesh during the summer and rainy 
days.

As with previous studies presented by Şahin (2020) and 
Tanis and Karakaya (2020), the present work showed that 
wind speed was positively correlated with the number of 
COVID-19 cases in Ankara and Eskişehir provinces hav-
ing terrestrial climate, while in the city of Izmir, where 
the Mediterranean climate is dominant, it was observed an 
inverse relationship between wind speed and the spread of 
COVID cases. The strongest positive and negative correla-
tions were observed in Ankara  (rs = 0.24; p < 0.05) and in 
Izmir  (rs = -0.22; p < 0.05), respectively. Coccia (2021c) 
and Coccia (2020b) suggested that wind speed removes air 
pollutants contributing to the transmission of viral infec-
tious morbidities (Coccia 2020b; Coccia 2021c; Bolano-
Ortiz et al. 2020). As the wind speed increases, air pollu-
tion decreases, and thus, the spread of pollution-based viral 
infectious diseases declines. The current study presented a 
negative correlation between wind speed and the number 
of COVID-19 cases  (rs = -0.22; p < 0.05). If the weather is 
windy, controlling the virus transmission may be difficult. 
The transmission of the COVID-19 virus depends not only 
on the wind's strength and the flow's direction but also on 
population density, which is the major factor determining the 
transmission of infectious diseases (Çoşkun et al. 2021; Coc-
cia 2020a). The spread of the virus is expected to be high in 
areas with dense populations and high wind speeds (Çoşkun 
et al. 2021). Following the results of this study, consider-
ing the correlations between wind speed and the number 
of cases in Ankara and İzmir provinces, although İzmir has 
both higher population density and stronger wind speed, the 
spread of cases is lower than Ankara. This outcome can be 
explained by the higher air pollution and lower wind speed 
values observed in Ankara. Coccia (2021a) investigated how 
geo-environmental factors affect the rate of virus spread. It 
was suggested that cities with atmospheric stability based on 
little wind and frequently high levels of air pollution showed 
much more COVID-19 morbidity and mortality rates (Coc-
cia 2021a, 2020c). It can be attributed to the fact that the 
novel coronavirus SARS-CoV-2 can remain stagnant and 
viable in aerosol for hours under atmospheric stability due 
to low wind speed and high levels of air pollution. To pre-
vent the acceleration of virus transmission, in cities with 
air pollution, especially in Mediterranean countries such as 
Turkey, Italy and Spain, if low wind speeds prevail, the virus 
spread based on geo-environmental factors can be prevented 

by paying attention not to exceed the threshold values deter-
mined for ozone and particulate matters (Coccia 2021d). 
Another important point to be emphasized here is that air 
pollution is closely related to meteorological parameters. In 
the study carried out by Shen et al. (2021), it was stated that 
the abnormal changes in the meteorology of the Asian mon-
soon regions make it difficult to reduce air pollution there.

Çapraz et al. (2016) investigated the associations between 
the daily variations of air pollutants and mortality in the 
population of Istanbul, Turkey. In Istanbul, they found sig-
nificant associations between air pollution and daily mortal-
ity from cardiovascular disease, respiratory diseases, and 
total non-accidental causes. The current work has investi-
gated the correlations between air pollutants and confirmed 
cases for fifteen provinces of Turkey. In the present study, 
CO considerably negatively impacted the number of daily 
cases. Erzurum (rs = -0.61; p < 0.05) observed the most sig-
nificant negative correlation. These results are consistent 
with those of previous studies implemented by Bashir et al. 
2020a; Zhu et al. 2020; Li et al. 2020.

The current study has shown the highest negative correla-
tion between  NO2 and COVID-19 cases in Sivas (rs = -0.48; 
p < 0.05). Decreased concentrations of  NO2 are associated 
with a higher possibility of transmission of COVID-19 inci-
dence. Several studies also confirmed a negative correlation 
between the average ground levels of  NO2 and COVID-19 
cases (Bashir et al. 2020b; Zoran et al. 2020b). In İzmir and 
Samsun,  NO2 was positively associated with the number of 
COVID-19 cases. Some previous studies showed a positive 
correlation between  NO2 and COVID-19 morbidity (Zhu 
et al. 2020; Jiang et al. 2020). Many studies have demon-
strated that exposure to long-term air pollution based on 
increasing  NO2 concentration stemming from anthropogenic 
activities, such as the combustion of fossil fuels to produce 
electricity, leads to respiratory diseases, including chronic 
obstructive pulmonary disease (Li et al. 2020; Ogen 2020).

Moreover,  O3 was negatively associated with the num-
ber of the COVID-19 cases, and the strongest correlation 
was observed in Kütahya  (rp = -0.62; p < 0.05). In Bursa, 
Erzurum and İzmit, the results are consistent with previ-
ous studies presenting a positive correlation between  O3 and 
COVID-19 incidence (Zoran et al. 2020b; Zhu et al. 2020). 
The maximum positive effect of  O3 on the transmission 
of COVID-19 morbidity was observed in Bursa province 
 (rs = 0.42; p < 0.05). Moreover, a reduction in the  NO2 con-
centration increases  O3 concentration at the ground level, in 
which secondary aerosols adversely impacting human res-
piratory health are generated (Zoran et al. 2020b). In other 
words, a lower concentration of  NO2 results in constraints 
on the NO +  O3 reaction, and the  O3 cannot be effectively 
further depleted (Xu et al. 2020). In the light of this informa-
tion, it can be determined that Erzurum province depicted 
such a type of variation between air quality variables, 
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including  NO2 and  O3, from February to April when Table 5 
and Table 7 are evaluated together.

The previous studies (Travaglio et al., 2021; Wu et al. 2020; 
Jiang et al. 2020; Zhu et al. 2020; Yao et al. 2020; Li et al. 
2020) suggested a positive association between COVID-19 
cases and fine particulate matters  (PM2.5) that can be inhaled 
and result in serious respiratory diseases, such as tuberculosis 
and influenza (Wu et al. 2020; Zhang et al. 2021). Travaglio 
et al. (2021) investigated the effect of  PM2.5 on the transmis-
sion of COVID-19 cases in England and suggested that an 
increase of 1  m3 in the long-term average of  PM2.5 was associ-
ated with a 12% increase in COVID-19 cases. Wu et al. (2020) 
analyzed the association of long-term average exposure to 
 PM2.5 with the COVID-19 death rate in the USA and suggested 
that an increase of only 1 µg/m3 in  PM2.5 was associated with 
an increase 8% increase in the COVID-19 death rate. On the 
other hand, there was an inverse relationship between  PM2.5 
concentration and the confirmed cases in the present study. 
The strongest correlations between  PM2.5 and COVID-19 inci-
dence were observed in İzmir province (rs = -0.34; p < 0.05). 
As for coarse particulate matters  (PM10), the previous stud-
ies showed that they positively impacted the diffusion of the 
COVID-19 cases (Zhang et al. 2021; Zhu et al. 2020; Li et al. 
2020). Since small airborne pollutants are more likely to per-
meate the alveolar region,  PM2.5 is expected to demonstrate a 
robust correlation (Jiang et al. 2020). In the current work,  PM10 
that negatively correlated with confirmed cases has shown the 
strongest correlation (rs = -0.62; p < 0.05) in the Sivas district.

The current study has demonstrated significant negative 
associations between  SO2 and the number of COVID-19 
cases. Previous studies also showed a similar effect in the 
transmission of COVID morbidity based on  SO2 concen-
tration (Bashir et al. 2020b; Zhu et al. 2020). The high-
est negative effect was observed in Erzurum  (rs = -0.54; 
p < 0.05). During the pandemic period,  SO2 concentrations 
have increased because people prefer to use their own pri-
vate vehicles instead of public transportation and because 
the majority of these vehicles are diesel-fueled (Orak and 
Ozdemir 2021 and Rahimi et al. 2021).

The current study showed the most significant positive 
associations of cloud, dew point, gust, rainfall, tempera-
ture and wind speed, while humidity and pressure were 
negatively associated with the number of daily confirmed 
cases. Contrary to the studies in the literature, the posi-
tive relationship between temperature and the number of 
COVID-19 cases can be attributed to the limited period of 
the study covering the months of February–May. Further 
studies are needed to explain how temperature affects the 
spread of COVID-19 definitively. As for air quality param-
eters, while some of the cities showed a positive relationship 
between the spread of COVID-19 and air pollutants, some 
showed reverse correlations. Aral and Bakır (2022) con-
ducted a study in which they proved that the distribution of 

COVID-19 cases in Turkey is based on spatial changes and 
spatiotemporal aggregation; that is, they suggested that the 
spread of COVID-19 cases is heterogeneous among Turk-
ish cities. The unsteady distribution can be attributed to the 
socioeconomic and sociocultural status of the people living 
in these cities. The demographic and geographical differ-
ences of the cities can be considered as factors that can be 
effective in this heterogeneousness (Aral and Bakır 2022). 
Another study performed by Islam et al. (2021), who inves-
tigated the relationship between meteorological parameters 
and COVID-19-confirmed cases from 206 countries/regions, 
suggested that there was no association between cases and 
parameters including 7-day lagged temperature, relative 
humidity, UV index, but there were observed a positive 
association with 14-day-lagged temperature and a negative 
association with 14-day-lagged wind speed. Following the 
result of this study, in determining the factors that accelerate 
the spread of COVID-19, factors such as public health inter-
ventions, socioeconomic implications, ethical ramifications, 
environmental insights should be evaluated, including not 
only climate-related parameters (Islam et al. 2021).

When air pollution is accompanied by low wind speeds, 
which indicates the atmosphere's stability, which is one of 
the geo-environmental factors, it is expected that the distribu-
tion of COVID-19 cases will accelerate in an area with these 
characteristics. It is a well-known fact that the rate of fatality 
will be observed lower in the cities with lower air pollution. 
In this regard, the transmission of COVID-19 based on air 
pollution in this region can be prevented by various measures 
that will reduce air pollution, such as encouraging renewable 
energy sources, especially in electrical energy production, the 
implementation of incentives such as the necessary tax reduc-
tion for the use of vehicles with hybrid technology instead of 
the use of diesel-fueled vehicles, and tightening of inspec-
tions (Caliskan et al., 2020; Coccia 2021e).

Coccia (2022) developed two basic indexes (Index r and 
Index p) to prevent pandemic threats faced by countries that 
may cause negative effects on human health and economic 
systems and cope with such negative effects. In particular, 
the Index r (as resilience) detects the countries having the 
best performance in the reduction of the negative impact 
of mortality related to the COVID-19 pandemic and the 
Index p (as preparedness and prevention) assesses best-
performer countries to support COVID-19 vaccinations to 
constrain future pandemic threats and support the recovery 
of socioeconomic systems. Through the indexes presented 
in this study, it is thought that designing short- and long-
term strategies will shed light on countries' preparations for 
crisis management to prevent future infectious epidemics 
and will guide policymakers and decision-makers about the 
measures to be taken (Coccia 2022).

To cope with the global pandemic caused by human-
to-human transmission, droplet transmission and airborne 
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transmission, manifold precautions including the practice 
of social distancing, staying home, avoiding handshake, 
using the face mask, handwashing with soap and running 
water and applying 70% alcohol-based sanitizer should be 
applied among the people (Sarkodie and Owusu 2020). 
In this regard, the impact of duration of full lockdown on 
COVID-19-infected people, mortality rate and economic 
growth of six European countries was investigated by Coc-
cia (2021f). The study suggested that if the quarantine period 
is shortened to about 15 days, it has been observed that the 
number of people caught in COVID-19 and the death rates 
decreases compared to those who were exposed to longer 
lockdown applications. It has been determined that longer 
quarantine periods negatively affect the national economies 
due to a slowdown in production.

Conclusion

This study investigates the effects of meteorological param-
eters (cloud, dew point, gust, humidity, pressure, rainfall, 
temperature and wind speed) and air quality variables (CO, 
 NO2,  O3,  PM2.5,  PM10 and  SO2) on the diffusion of COVID-
19 in fifteen cities of Turkey between the period from Feb-
ruary to May 2021 showing a peak in the cases and having 
some quarantine limitations. This paper analyzes the pos-
sible associations among air pollution, weather conditions 
and the viral transmission of COVID-19 morbidity using 
Spearman's rank correlation test. Results based on clima-
tological variables suggest that an increase in the sever-
ity of these parameters, including cloud, dew point, gust, 
rainfall, temperature and wind speed, may promote the 
diffusivity of the SARS-CoV-2 virus contrary to humidity 
and pressure. Since this study, for the first time, analyzes 
the effect of the gust on the spread of COVID-19 cases, 
it may serve as a reference to explain the links between 
meteorological factors and the COVID-19 transmission 
routes comprehensively. The present study demonstrates 
the strong impacts of air pollutants and weather conditions 
on the transmission of COVID-19 morbidity. Moreover, it 
can be thought that the parameters do not play a role in the 
spread of COVID-19 alone; the population density and the 
climate zone of the cities are also important together with 
the effects of the parameters. The results of the study are 
consistent with those of other investigations implemented 
for other countries in which meteorological and air quality 
parameters exhibited a statistically significant association 
with the transmission of COVID-19 incidence.

Countries need to develop national planning strate-
gies and implement crisis management promptly and take 
some critical decisions to eliminate or minimize the effects 
of the COVID-19 pandemic on health and the economy 

(Coccia 2021g-h). At this point, the implementation of 
certain restrictions for regions where the risk of spreading 
the COVID-19 epidemic is high since air pollution is high 
and the atmosphere is stable owing to low wind speeds 
can be considered among the strategies to be implemented 
by governments to reduce the effects of the COVID-19 
epidemic. In addition to the fact that changes in mete-
orological parameters accompanying air pollution trig-
ger the spread of COVID-19, future studies should focus 
on social and behavioral contexts, including age, gender, 
poverty, education, access to care and community health 
infrastructure and preexisting health conditions to under-
stand the drivers of the pandemic. The inaccessibility of 
data related to sociodemographic factors, such as gender 
and age, which are effective on the acute health effects of 
gaseous pollutants, constitutes the limitations of the study.

The global pandemic will affect all populations, but 
some are more vulnerable than others. Children living in 
developing countries are most vulnerable to the resulting 
health risks. The health effects are also expected to be 
more severe for older people and people with infirmities or 
preexisting medical conditions. People living in areas with 
weak health infrastructure, mostly in developing countries, 
are more susceptible to the outcomes of this novel corona-
virus. Finally, people living in areas with air pollution are 
more prone to contracting the COVID-19 disease. In light 
of this information, manifold administrative or legislative 
strategies including preventive policies, such as improve-
ment of medical conditions, usage of personal protective 
equipment like face masks and reduction in air pollution 
in cities with promoting renewable energy systems and 
preference of electrical vehicles instead of diesel-fueled 
vehicles, should be entered into force by policymakers and 
decision-makers to prevent adverse impacts of the future 
pandemic crisis on public health and countries' economies 
and also to cope with new pandemic threats.
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