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Abstract: COVID-19 transmission in specific dampest regions with excess rainfall and recurring 

fogs. The working hypothesis is that widespread transmission of SARS-CoV-2 (leading to COVID-

19) and similar viral agents can be explained by specific climate factors having high air humidity. 

The main case study of the Turkish Black Sea region is investigated. Results reveal that the provinces 

in region under study have some climate factors and geographical features that foster the acceler-

ated transmission of viral agents, such as SARS-CoV-2, and consequential negative impact on soci-

ety. In particular, Spearman's Correlation Coefficient shows a statistically significant positive asso-

ciation between the average atmospheric pressure and the spread of the COVID-19 confirmed cases 

in Samsun province (Spearman’s correlation coefficient rs =0.86, p-value 0.05). A statistically signif-

icant positive association between the average precipitation and the spread of COVID-19 confirmed 

cases in Sinop province (Spearman’s correlation coefficient rs =0.79, p-value 0.05), and finally, a sta-

tistically significant negative association between the average sun hour and the spread of the 

COVID-19 confirmed cases in Samsun province (Spearman’s correlation coefficient rs = −0.89, p-

value 0.01). These findings suggest that regions' geographical characteristics, demographic struc-

ture, climate and environmental parameters must be considered in the national scale epidemic man-

agement plans to design effective anti-pandemic health policies to cope with future waves of the 

COVID-19 and new airborne diseases and to reduce negative effects on health, social and economic 

systems. 

Keywords: COVID-19, Coronavirus Disease, SARS-CoV-2, Humidity, Rainfall, Coastal regions, 
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1. Introduction 

In 2023, the negative effects of the Coronavirus Disease 2019 (COVID-19) pandemic 

are considerably reduced, unlike the early period in 2020, though many people still have 

to cope with COVID-19 illness driven by new variants (Akan and Coccia, 2022; Bontempi 

and Coccia, 2021; Bontempi et al., 2021; Coccia, 2021, 2021a, 2022, 2022a, 2023; WHO 2021). 

Numerous studies have focused on identifying the factors determining the spread of 

COVID-19 (Coccia, 2020; 2023a). Studies show that transmission of COVID-19 can be due 

to direct contact (droplet with person-to-person interaction) or indirect transmission (con-

taminated objects or airborne; Akan 2022; Domingo et al. 2020; Núñez-Delgado et al., 2021; 

Rahimi et al. 2021). Studies show that climate significantly affects airborne diseases, such 

as SARS-Cov1, COVID-19, etc. (Bashir et al. 2020; Bolaňo-Ortiz et al. 2020; Iha et al. 2016; 

Lin et al. 2013; Şahin 2020; Tosepu et al. 2020; Srivastava 2021). Cai et al. (2007) investi-

gated the correlations between Severe Acute Respiratory Syndrome (SARS, is a viral res-

piratory disease similar to COVID-19) and manifold meteorological factors including 
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daily average temperature (DAT), daily average air pressure (DAAP), daily average rela-

tive humidity (DARH), daily hours of sunshine (DHS), daily average wind velocity 

(DAWV). They found that the SARS outbreak was significantly associated with DAWV. 

Moreover, DAT, DAAP, DARH, and DHS also impact the transmission of the SARS. Yuan 

et al. (2006) also suggested that temperature, relative humidity, and wind velocity were 

associated with SARS transmission. Bashir et al. (2020) examined the impact of several 

meteorological parameters (e.g., average temperature, minimum temperature, maximum 

temperature, rainfall, average humidity, wind speed, and air quality) on the transmission 

of COVID-19 in New York, USA. They showed that average temperature and minimum 

temperature were significantly associated with the COVID-19 diffusion. Tosepu et al. 

(2020) investigated the relationship between climate and the spread of COVID-19 in Ja-

karta (Indonesia) and suggested that only average temperature was significantly associ-

ated with the COVID-19. Instead, Bolaňo-Ortiz et al. (2020) investigated the association 

between climate factors and COVID-19 daily new cases and deaths in Latin America and 

the Caribbean (LAC). They found that average temperature, minimum temperature, hu-

midity, wind speed, and rainfall were significantly associated with the spread of COVID-

19 confirmed cases in LAC. Guo et al. (2021) also investigated the associations between 

COVID-19 incidence and meteorological factors showing that COVID-19 incidence has a 

stronger and inverse association with temperature rather than relative humidity or wind 

speed. An increase in temperature from 5 °C to 11 °C was associated with a decrease of 

28% in the cumulative risk of COVID-19 over 14 days. This result suggests a decrease of 

COVID-19 cases in the Northern hemisphere countries during the summer months when 

temperature is hot. Islam et al. (2021) investigated the associations between meteorologi-

cal variables and COVID-19 cases in Bangladesh. The results showed that all meteorolog-

ical factors examined had a significant positive correlation with the number of COVID-19 

confirmed cases. Moreover, other studies showed that high levels of air pollution and low 

wind speed that prevents the dispersion of air pollutants remaining stagnant in the air 

containing viruses and bacteria, increased confirmed cases and fatality rates of COVID-19 

(Coccia 2020a; Coccia 2021b, 2021c). In addition, high population density is also a risk 

factor for the transmission of COVID-19 and related viral agents (Coccia, 2020a; Coccia, 

2021c). Table 1 summarizes the main studies about the relationship between climate fac-

tors and COVID-19 transmission in the environment and society.  

In this context, the objective of the present study is to analyze COVID-19 transmis-

sion in specific dampest regions with excess rainfall and recurring fogs. The main case 

study of the Turkish Black Sea region is investigated because it has specific characteristics 

of climate: high level of rainfall and average temperature of 19°C with many cold and wet 

months (Coskun et al. 2021). Previous studies by Aral and Bakır (2022) examined Turkish 

regions and revealed that the diffusion of COVID-19 has heterogeneity in the transmission 

dynamics also associated with different weather trend given by Black Sea, Mediterranean, 

and terrestrial climate (Coskun et al. 2021). However, a hypothesis of whether widespread 

transmission of  SARS-CoV-2 and similar viral agents can be explained by a specific cli-

mate factor given by high air humidity has not been clearly verified. In the present study, 

the correlation analyses between different weather factors and COVID-19 cases per 

100,000 people are analyzed. The goal is to explain basic climate factors of the spread of 

COVID-19 in dampest regions with excess rainfall, moderate temperatures, and fog even 

in summer to improve epidemic plans and design effective anti-pandemic health policies 

to cope with future waves of new variants of SARS-CoV-2 and new vital agents and to 

reduce negative effects on health, social and economic systems. 
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Table 1. Summary of the recent studies regarding the impact of meteorological parameters on the transmission of the COVID-19 pandemic.  

Study period 
Study region 

(Country) 
Parameters Analyses Results/Suggestions References 

February 3, 2020 - July 

14, 2020 
Spain 

Solar radiation, precipitation, 

daily temperature, and wind speed 

Multilevel Poisson regres-

sion 

Air pollution can be a key factor in understand-

ing the mortality rate for COVID-19 in Spain. 

Sanchez‑Piedra et 

al. 2021 

July 1 to October 31, 

2020 
Brazil 

Atmospheric pressure, tempera-

ture, relative humidity, wind 

speed, solar irradiation, sunlight, 

dew point temperature, and total 

precipitation 

Pearson's correlation test 

and Regression tree anal-

ysis 

The results encourage meteorological infor-

mation as critical in future risk assessment mod-

els. 

Olak et al. 2021 

March 9 to November 19, 

2020 
Saudi Arabia Wind speed and temperature Poisson regression 

Air pollution could be a significant risk factor 

for respiratory infections and virus transmission. 

Maatoug et al. 

2021 

February to April 10, 

2020 
Canada Temperature and humidity 

The quantile-on-quantile 

(QQR) approach 

Temperature and humidity have a direct nega-

tive relationship with COVID-19 infections. 
Sarwar et al. 2021 

April to May 2020 Bangladesh 
Rainfall, temperature, relative hu-

midity, and wind speed 

Spearman's rank correla-

tion 

Significant positive associations between rela-

tive humidity and COVID-19 cases, while 

with temperature both positive and negative as-

sociations  

Pal and Masum, 

2021 

February to June 2020 India 
Temperature, relative humidity, 

wind speed 
Pearson correlation 

Meteorological parameters may have promoted 

COVID-19 incidences, especially the confirmed 

cases. 

Kolluru et al. 2021 

February 3 to May 5, 

2020 
Korea 

Temperature, wind speed, 

humidity, and air pressure 

Generalized Additive 

Model (GAM) 

There was a significant nonlinear relationship 

between daily temperature, humidity and 

COVID‐19 confirmed cases.  

Hoang and Tran, 

2021 

March 01 to July 07, 

2020 
United States Temperature and humidity 

Pearson, Spearman, and 

Kendall rank correlations  

The temperature was found to have a negative 

correlation, while humidity highlighted a posi-

tive correlation with daily new cases of COVID-

19 in New Jersey.  

Doğan et al. 2020 
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As of March 27, 2020 

166 countries 

excluding 

China 

Temperature and humidity 
A log-linear Generalized 

Additive Model (GAM) 

The COVID-19 pandemic may be partially sup-

pressed with temperature and humidity in-

creases 

Wu et al. 2020 
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2. Materials and Methods 

The current study seeks answers to the following questions: 

• Can the transmission of COVID-19 and other viral agents be explained by a specific 

climate factor given by high air humidity? 

• Does the interaction of climate parameters contribute to the accelerate diffusion of 

COVID-19? 

The working hypothesis here is that widespread transmission of COVID-19 in specific 

regions can be explained by a climate having high air humidity 

2.1. Sample and data 

This study investigates the Black Sea region because it has provinces with the highest 

number of COVID-19 cases per 100,000 people. In particular, six cities from west to east 

located in the Black Sea region, including Sinop, Samsun, Ordu, Giresun, Trabzon, and 

Rize, were selected to evaluate the associations between COVID-19 cases and climate pa-

rameters between February and September 2021 (see Fig. 1). The information required to 

calculate the population densities of the provinces in the study is presented in Supple-

mentary Material (Table SM-1). Data about the COVID-19 confirmed cases from February 

08, 2021 to September 03, 2021, for the provinces just mentioned were obtained from the 

COVID-19 information webpage of the Ministry of Health of the Republic of Turkey 

(COVID-19 2021). Monthly cases of COVID-19 per 100,000 people from February to Sep-

tember 2021 and weekly cases of COVID-19  per 100,000 from February 08, 2021 to Sep-

tember 03, 2021 for all provinces are presented in Supplementary Material (Tables SM-2 

and SM-3, respectively). To compare the number of COVID-19 cases in these provinces 

with the general situation in Turkey at that period, the number of COVID-19 cases in the 

three most populated cities of Turkey (i.e., Istanbul, Ankara, and Izmir) are also presented 

in is presented in Supplementary Material (cf., Tables SM-2 and SM-3). The meteorological 

parameters were obtained from the webpage of the Meteorological Department of the 

Ministry of Agriculture and Forestry of the Republic of Turkey, and other meteorological 

parameters were obtained from the webpage of World Weather Online (WWO 2021). Data 

used in this study are freely available from these websites. 

 

Figure 1. Locations of examined provinces in Turkey including Samsun (41°15'25.2''N, 36°4'42.6''E), 

Sinop (41°39'3.6''N, 34°51'19.8''E), Ordu (40°46'28.2''N, 37°26'52.8''E), Giresun (40°33'59.4''N, 

38°35'56.4''E), Trabzon (40°49'6.6''N, 39°47'27.6''E), Rize (40°54'59.4''N, 40°51'16.2''E). Adopted from 

Google MapsTM(2023). 
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2.2. Measures of variables 

This study focuses on the following measures:  

• COVID-19 confirmed cases: Number of infected individuals from February 08, 

2021 to May 03, 2021, based on people that are positive for COVID-19 test.  

• Meteorological parameters: Average ambient temperature in °C, average wind 

speed in kmph, average gust in kmph, average precipitation in mm, average rela-

tive humidity %, average cloud %, average atmospheric pressure in mbar, and av-

erage sun hour from February 08, 2021 to September 03, 2021. 

2.3. Data analysis procedure 

To statistically verify the working hypothesis, the associations between the COVID-

19 confirmed cases in the Black Sea region of Turkey and meteorological variables, be-

tween six Turkish provincial capitals under study, are analyzed with a non-parametric 

approach given by Spearman's and Kendall's rank correlation tests. These two tests are 

applied because the six cities are a small sample and the distributions of the COVID-19 

cases and meteorological parameters do not have normality. The Statistics Software IBM 

SPSS® version 23 is applied.  

3. Results 

3.1. Overview of the climate in the Turkish Black Sea region  

The highest number of COVID-19 cases per 100,000 people in the provinces of the 

Black Sea region in Turkey between February and September 2021 can be affected by cli-

matic conditions and population density of the region. A general overview of the climate 

can clarify the results. The variation and values of the average climate parameters includ-

ing temperature, wind speed, gust, precipitation, humidity, cloud, pressure, and sun hour 

in the provinces in the investigated months are presented in Figure 2 and Supplementary 

Material (cf., Table SM-4), respectively. Among the Black Sea region provinces, the one 

exposed to the most wind speed was Sinop city. Other provinces are under the influence 

of almost similar wind speeds. While the highest average wind speeds were observed for 

Sinop and Ordu cities in April and July, respectively, the highest wind speeds were rec-

orded in Samsun and Giresun cities in February and Trabzon and Rize cities in March. 

Similarly to the wind speed, the highest average gust was also observed in Sinop (Fig. 2). 

While the highest average gust was observed for Sinop in April, it was recorded in Feb-

ruary for the remaining cities. As expected, the maximum amounts of rain were recorded 

in March and February; but for rain trends occurring in the summer, the remarkable 

amount of precipitation in the recorded in August, especially in Sinop province, may be 

due to effects of global climate change. Based on all provinces, the lowest average relative 

humidity values were observed in February, while the highest ones were recorded in 

April (Fig. 2). The highest average relative humidity was recorded in Sinop city at 86% 

level and the lowest one in Samsun at 69% level. Average atmospheric pressure values 

were recorded at almost the same values in all provinces of the Black Sea region from 

February to August. The highest average atmospheric pressures were recorded in the win-

ter months, while the opposite was observed in summer. As expected, the change in av-

erage sun hour is the opposite of the change in cloud rate (Fig. 2). Previous studies have 

proved that these weather conditions, including monthly average temperature, wind 

speed, gust, precipitation, relative humidity, cloud atmospheric pressure, and sun hour, 

significantly affect the spread of new viral agents leading to respiratory disease of COVID-

19 (Haque and Rahman 2020; Rosario et al. 2020; Sarkodie and Owusu 2020; Srivastava 

2021). 
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Figure 2. Change of average climate parameters of cities under study from February 08, 2021 to May 03, 2021: (A)= 

temperature, (B)= wind speed, (C)= gust, (D)= precipitation, (E)= humidity, (F)= cloud,  (G)= pressure and (H)= sun 

hour, respectively.  
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3.2. Relations between COVID-19 confirmed cases and climate factors in the Turkish Black Sea 

region 

The monthly logarithmic variations in terms of the COVID-19 confirmed 

cases/100,000 people and meteorological parameters concerning provinces located in the 

Black Sea region of Turkey from February to September 2021 were presented in Figure 3: 

sections A - H show that the number of COVID-19 cases decreases as the temperature 

increases in all provinces. All climatic parameters, except precipitation, show similar pat-

terns throughout the investigated period. Heavy rains observed in Sinop province in Au-

gust resulted in the loss of human life and socioeconomic damages, including the devas-

tation of homes, of industrial facilities and bridge collapses. Results in Figure 3 suggest a 

decreasing trend in the number of COVID-19 cases in May, with the lowest values are in 

June during the period under study. This reduction in the confirmed COVID-19 cases can 

be also due to a two-and-a-half-week nationwide full lockdown from April 29 to May 17 

enforced by the Turkish government to mitigate, whenever possible, the country's 

COVID-19 infection rate. In the scope of this continuous lockdown, all workplaces sus-

pended their activities, except for firms of manufacturing, food, cleaning, and health (Coc-

cia, 2022c). Moreover, all households remained in their homes except to perform essential 

work. This decreasing trend shows that person-to-person transmission, one of the routes 

for COVID-19 diffusion, plays a critical role in rapid spreading the SARS-CoV-2 across 

cities and countries (Bontempi and Coccia, 2021; Domingo et al. 2020; Rahimi et al. 2021; 

Yao et al. 2020). 
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Figure 3. Logarithmic variations in both COVID-19 confirmed cases/100,000 people and meteoro-

logical parameters with respect to provinces under study including (A) Sinop, (B) Samsun, (C) Ordu, 

(D) Giresun, (E) Trabzon, (F) Rize. 

To determine how the climate parameters, just represented in Figure 3, affect the 

spread of COVID-19 morbidity in the Black Sea region, where the maximum number of 

COVID-19 cases per 100,000 people in Turkey is observed in the months under study, 

Kendal's and Spearman's correlation tests are in Table 2. 

 

Table 2. Kendal and Spearman correlation coefficients based on the associations between the 

COVID-19 confirmed cases and meteorological parameters in the Black Sea region provinces from 

February to September 2021.  

Kendall's Correlation Coefficients, rk 

 Provinces of the Black Sea Region, a geographical region of Turkey 

Parameters Samsun Sinop Ordu Giresun Trabzon Rize 

Minimum Temperature -0.451 -0.350 -0.488 -0.350 -0.050 -0.150 

Maximum Temperature -0.333 -0.350 -0.451 -0.350 -0.143 -0.150 

Average Temperature -0.390 -0.390 -0.451 -0.350 -0.050 -0.195 

Average Wind Speed 0.143 0.321 0.195 0.143 0.143 0.098 

Average Gust 0.143 0.321 0.195 0.143 0.143 0.098 

Average Precipitation 0.429 0.619 0.429 0.143 0.333 0.195 

Average Relative Humidity 0.098 0.098 0.150 0.150 0.000 0.293 

Average Cloud 0.524 0.429 0.390 0.293 0.488 0.390 

Average Pressure 0.714* 0.333 0.429 0.333 0.048 0.143 

Average Sun Hour -0.810* -0.429 -0.524 -0.429 -0.429 -0.524 

Spearman's Correlation Coefficients, rs 

 Provinces of the Black Sea Region, a geographical region of Turkey 

Parameters Samsun Sinop Ordu Giresun Trabzon Rize 

Minimum Temperature -0.673 -0.491 -0.703 -0.491 -0.910 -0.182 

Maximum Temperature -0.607 -0.491 -0.673 -0.491 -0.179 -0.182 

Average Temperature -0.649 -0.523 -0.673 -0.491 -0.091 -0.198 

Average Wind Speed 0.250 0.306 0.143 0.252 0.143 0.144 

Average Gust 0.250 0.321 0.558 0.214 0.107 0.900 

Average Precipitation 0.571 0.786* 0.464 0.214 0.429 0.054 

Average Relative Humidity 0.234 0.072 0.273 0.182 0.054 0.487 

Average Cloud 0.714 0.607 0.631 0.505 0.667 0.631 

Average Pressure 0.857* 0.500 0.679 0.500 0.143 0.214 

Average Sun Hour -0.893** -0.571 -0.679 -0.536 -0.643 -0.679 

*Indicates that correlation is significant at 0.05 level (2-tailed); **Indicates that correlation is significant at 0.01 level (2-tailed) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 June 2023                   doi:10.20944/preprints202306.0542.v1

https://doi.org/10.20944/preprints202306.0542.v1


 

 

 

The coefficient of Kendall's and Spearman's correlation shows that many relations 

are not statistically significant, except in some provinces the climate factors of precipita-

tion, pressure, and sun hour. In particular, Spearman's Correlation Coefficient shows a 

statistically significant positive association between the average atmospheric pressure and 

the spread of the COVID-19 confirmed cases in Samsun province (Spearman’s correlation 

coefficient rs =0.86, p-value 0.05), Kendall's Correlation Coefficient confirms the positive 

association. A statistically significant positive association between the average precipita-

tion and the spread of COVID-19 confirmed cases in Sinop province (Spearman’s correla-

tion coefficient rs =0.79, p-value 0.05), and finally, a statistically significant negative asso-

ciation between the average sun hour and the spread of the COVID-19 confirmed cases in 

Samsun province (Spearman’s correlation coefficient rs = −0.89, p-value 0.01). Kendall's 

Correlation Coefficient confirms the negative association. 

In contrast to these statistically significant strong associations, Table 2 suggests that 

some climate parameters have not a significant effect on the diffusion of COVID-19 in the 

provinces under study, likely due to manifold confounding factors associated with differ-

ences in demographic and social aspects in cities. Thus, solar radiation and atmospheric 

pressure were the most critical weather parameters on the impact of diffusion of COVID-

19, while the remaining parameters, except for precipitation, generally suggest a not sig-

nificant correlation for most examined cities.  

4. Discussions 

These results are consistent with other studies. Iha et al. (2016) suggested that ambi-

ent temperature and relative humidity were inversely associated with influenza A infec-

tion, while high relative humidity was directly associated with influenza B infection. Şa-

hin (2020) investigated the correlation between weather parameters including tempera-

ture, dew point, humidity, and wind speed, and COVID-19 in nine cities of Turkey con-

sidering Spearman's correlation coefficients. Results show the highest correlations for 

wind speed and temperature on the day, respectively. Xie and Zhu (2020) investigated 

whether average temperature plays a critical role in the spread of COVID-19 in 122 cities 

of China from January 23 to February 29, 2020, using a generalized additive model. They 

found that mean temperature has a positive linear relationship with the number of 

COVID-19 cases when its value is below 3 °C; if the temperature exceeds 3 °C, it does not 

affect the spread of COVID-19 cases. Following their results, higher temperatures may not 

limit the transmission of this novel coronavirus. Srivastava (2021) suggested that local 

meteorological parameters severely impact the rate of COVID-19 mortality and morbid-

ity. The results of the study were consistent with the outcomes of the current study, em-

phasizing that the increase in temperature and solar radiation caused a decreasing trend 

in the cases of COVID-19. Rosario et al. (2020) conducted a study exploring the role of 

weather parameters (e.g., temperature, humidity, solar radiation, wind speed, and rain-

fall) on the spread of COVID-19 infection in the state of Rio de Janeiro (Brazil). Their find-

ings suggest that solar radiation was the most significant weather factor, showing a sig-

nificantly strong correlation, while average temperature and wind speed had a moderate 

correlation with the COVID-19 confirmed cases, similarly to the results of our analysis 

here. Haque and Rahman (2020) and Sarkodie and Owusu (2020) found similar results in 

their investigations regarding temperature and relative humidity. They suggested that in-

creases in temperature and relative humidity decrease the viability, stability, survival, and 

transmission of COVID-19. 

Contrary to the correlation results based on relative humidity, the relationship be-

tween temperature and COVID-19 cases is similar to the present study. It is well-known 

that enveloped viruses in droplets survive well when the relative humidity levels are be-

low approximately 50 % (Akan, 2022; Cai et al. 2007; Zoran et al. 2020). The results of this 

study can be explained as follows: since the Black Sea region has very high relative hu-

midity due to the geographical location and characteristics of the region, relative humidity 

showed a positive association but insignificant statistically. Sarkodie and Owusu (2020) 

also suggested that reductions in wind speed, dew/frost point, precipitation, and surface 
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pressure provide atmospheric stability and stagnant air that can accelerate diffusion and 

infectivity of viral agents similar to SARS-CoV-2 (cf., Coccia, 2021b).  

Schuit et al. (2020) investigated the effect of meteorological factors including sunlight, 

suspension matrix, and relative humidity on the stability of COVID-19 in aerosols. The 

findings revealed that simulated sunlight and matrix impact the decay of the new viral 

agent, but relative humidity alone did not affect the decay rate. Referring to the results of 

this study, it was examined how the interactions of the parameters among themselves can 

affect the spread of COVID-19 cases in environment. In this regard, the empirical results 

are based on Kendal and Spearman correlation coefficients concerning the associations 

between meteorological parameters in the provinces of the Black Sea region from Febru-

ary to September 2021 (Table 3).  

Table 3. Kendal and Spearman correlation coefficients based on the associations between meteoro-

logical parameters in the provinces of the Black Sea region from February to September 2021. 

SAMSUN city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.19 -0.195 -0.78* -0.15 -0.78* -0.98** 0.78* 

Wind Speed -0.19 1.00 1.00** -0.05 -0.59 0.05 0.14 0.05 

Gust -0.19 1.00** 1.00 -0.05 -0.59 0.05 0.14 0.05 

Precipitation -0.78* -0.05 -0.05 1.00 0.09 0.71* 0.81* -0.81* 

Relative Hu-

midity 
-0.15 -0.59 -0.59 0.09 1.00 0.39 0.09 -0.29 

Cloud -0.78* 0.05 0.05 0.71* 0.39 1.00 0.71* -0.91** 

Pressure -0.98** 0.14 0.14 0.81* 0.09 0.71* 1.00 -0.81* 

Sun Hour 0.78* 0.05 0.05 -0.81 -0.29 -0.91** -0.81* 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.13 -0.13 -0.92** -0.11 -0.88** -0.99** 0.88** 

Wind Speed -0.13 1.00 1.00** -0.04 -0.74 -0.11 0.11 0.14 

Gust -0.13 1.00** 1.00 -0.04 -0.74 -0.11 0.11 0.14 

Precipitation -0.92** -0.04 -0.04 1.00 0.14 0.86* 0.93** -0.89** 

Relative Hu-

midity 
-0.11 -0.74 -0.74 0.14 1.00 0.39 0.09 -0.29 

Cloud -0.88** -0.11 -0.11 0.86* 0.39 1.00   

Pressure -0.99** 0.11 0.11 0.93** 0.09 0.86* 1.00 -0.89** 

Sun Hour 0.88** 0.14 0.14 -0.89** -0.29 -0.96** -0.89** 1.00 

SİNOP city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 0.25 1.00 -0.19 -0.15 -0.78* -0.88* 0.78* 

Wind Speed 0.25 1.00 0.49 0.29 -0.05 -0.29 -0.19 0.29 

Gust 1.00 0.61 1.00 0.14 0.29 -0.05 0.05 0.24 

Precipitation -0.19 0.29 0.14 1.00 -0.09 0.24 0.33 -0.24 

Relative Hu-

midity 
-0.15 -0.05 0.29 -0.09 1.00 0.09 1.00 0.09 

Cloud -0.78* -0.29 -0.05 0.24 0.09 1.00 0.71* -0.81* 

Pressure -0.88** -0.19 0.05 0.33 1.00 0.71* 1.00 -0.71* 

Sun Hour 0.78* 0.29 0.24 -0.24 -0.24 0.09 -0.81* 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 
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Temperature 1.00 0.35 1.00 -0.22 -0.03 -0.92** -0.96** 0.87* 

Wind Speed 0.35 1.00 0.61 0.19 -0.10 -0.36 -0.32 0.34 

Gust 1.00 0.61 1.00 0.14 0.45 -0.11 0.04 0.32 

Precipitation -0.22 0.19 0.14 1.00 -0.19 0.32 0.36 -0.43 

Relative Hu-

midity 
-0.03 -0.10 0.45 -0.19 1.00 0.18 1.00 0.18 

Cloud -0.92** -0.36 -0.11 0.32 0.18 1.00 0.86 -0.93** 

Pressure -0.96** -0.32 0.04 0.36 1.00 0.86* 1.00 -0.86 

Sun Hour 0.86* 0.34 0.32 -0.43 -0.43 0.18 -0.93** 1.00 

*Indicates that correlation is significant at 0.05 level (2-tailed); **Indicates that correlation is significant at 0.01 level (2-tailed) 

Table 3 (continue). Kendal and Spearman correlation coefficients based on the associations between 

meteorological parameters in the provinces of the Black Sea region from February to September 

2021. 

ORDU city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.05 -0.10 -0.55 -0.21 -0.62 -0.95** -0.65* 

Wind Speed -0.05 1.00 0.88** 0.24 -0.55 0.00 0.05 0.24 

Gust -0.10 0.88** 1.00 0.29 -0.62 1.00 0.09 0.09 

Precipitation -0.55 0.24 0.29 1.00 -0.15 0.39 0.43 -0.33 

Relative Hu-

midity 
-0.21 -0.55 -0.62 -0.15 1.00 0.31 0.15 -0.55 

Cloud -0.62 0.00 1.00 0.39 0.31 1.00 0.49 -0.78* 

Pressure -0.95** 0.048 0.098 0.43 0.15 0.49 1.00 -0.52 

Sun Hour -0.65* 0.24 0.09 -0.33 -0.55 -0.78* -0.52 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 0.11 -0.05 -0.71 -0.19 -0.78* -0.98** 0.84* 

Wind Speed 0.11 1.00 0.96** 0.36 -0.71 0.04 -0.11 0.29 

Gust -0.05 0.96** 1.00 0.36 -0.74 0.07 0.09 0.16 

Precipitation -0.71 0.36 0.36 1.00 -0.22 0.52 0.64 -0.36 

Relative Hu-

midity 
-0.19 -0.71 -0.74 -0.22 1.00 0.44 0.11 -0.60 

Cloud -0.78* 0.04 0.07 0.52 0.44 1.00 0.69 -0.90** 

Pressure -0.98** -0.11 0.09 0.64 0.11 0.69 1.00 -0.79* 

Sun Hour 0.84* 0.29 0.16 -0.36 -0.60 -0.90** -0.79* 1.00 

GİRESUN city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.41 -0.45 -0.35 -0.11 -0.62 -0.95** 0.65* 

Wind Speed -0.41 1.00 0.98** 0.59 -0.51 0.30 0.39 -0.09 

Gust -0.45 0.98** 1.00 0.62 -0.45 0.29 0.43 -0.14 

Precipitation -0.35 0.59 0.62 1.00 -0.45 0.29 0.24 -0.14 

Relative Hu-

midity 
-0.11 -0.51 -0.45 -0.45 1.00 0.21 0.05 -0.45 

Cloud -0.62 0.30 0.29 0.29 0.21 1.00 0.49 -0.78* 

Pressure -0.95** 0.39 0.43 0.24 0.05 0.49 1.00 -0.52 

Sun Hour 0.65* -0.09 -0.14 -0.14 -0.45 -0.78* -0.52 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 
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Temperature 1.00 -0.43 -0.47 -0.49 -0.08 -0.76* -0.98** 0.84* 

Wind Speed -0.43 1.00 0.99** 0.78* -0.59 0.42 0.40 -0.25 

Gust -0.47 0.99** 1.00 0.79* -0.55 0.41 0.43 -0.29 

Precipitation -0.49 0.78* 0.79* 1.00 -0.60 0.31 0.43 -0.11 

Relative Hu-

midity 
-0.08 -0.59 -0.55 -0.60 1.00 0.31 0.02 -0.51 

Cloud -0.76* 0.42 0.41 0.31 0.31 1.00 0.69 -0.90* 

Pressure -0.98** 0.39 0.43 0.43 0.02 0.69 1.00 -0.79* 

Sun Hour 0.84* -0.25 -0.29 -0.11 -0.51 -0.90* -0.79* 1.00 

*Indicates that correlation is significant at 0.05 level (2-tailed) 

**Indicates that correlation is significant at 0.01 level (2-tailed) 

Table 3 (continue). Kendal and Spearman correlation coefficients based on the associations between 

meteorological parameters in the provinces of the Black Sea region from February to September 

2021. 

TRABZON city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.75* -0.75* -0.45 0.10 -0.41 -0.95* 0.45 

Wind Speed -0.75* 1.00 0.91** 0.71* -0.29 0.39 0.62 -0.24 

Gust -0.75* 0.91** 1.00 0.62 -0.39 0.29 0.71* -0.14 

Precipitation -0.45 0.71* 0.62 1.00 -0.49 0.49 0.33 -0.33 

Relative Hu-

midity 
0.10 -0.29 -0.39 -0.49 1.00 0.05 -0.09 -0.19 

Cloud -0.41 0.39 0.29 0.49 0.05 1.00 0.39 -0.88** 

Pressure -0.95** 0.62 0.71* 0.33 -0.09 0.39 1.00 -0.43 

Sun Hour 0.45 -0.24 -0.14 -0.33 -0.19 -0.88** -0.43 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.84* -0.83* -0.56 0.19 -0.63 -0.98** 0.69 

Wind Speed -0.84* 1.00 0.96** 0.86* -0.43 0.61 0.75 -0.54 

Gust -0.84* 0.96** 1.00 0.82* -0.51 0.56 0.79* -0.50 

Precipitation -0.56 0.86* 0.82* 1.00 -0.67 0.59 0.50 -0.43 

Relative Hu-

midity 
0.19 -0.43 -0.51 -0.67 1.00 0.09 -0.18 -0.25 

Cloud -0.63 0.61 0.56 0.59 0.09 1.00 0.63 -0.96** 

Pressure -0.98** 0.75 0.79* 0.50 -0.18 0.63 1.00 -0.71 

Sun Hour 0.69 -0.54 -0.50 -0.43 -0.25 -0.96** -0.71 1.00 

RİZE city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.65* -0.75* -0.45 0.25 -0.45 -0.68* 0.68* 

Wind Speed -0.65* 1.00 0.85** 0.35 -0.15 0.55 0.29 -0.49 

Gust -0.75* 0.85** 1.00 0.45 -0.35 0.45 0.49 -0.59 

Precipitation -0.45 0.35 0.45 1.00 -0.55 0.15 0.09 -0.49 

Relative Hu-

midity 
0.25 -0.15 -0.35 -0.55 1.00 0.25 -0.29 0.09 

Cloud -0.45 0.55 0.45 0.15 0.25 1.00 0.19 -0.68* 

Pressure -0.68* 0.29 0.49 0.09 -0.29 0.19 1.00 -0.43 

Sun Hour 0.68* -0.49 -0.59 -0.49 0.09 -0.68* -0.43 1.00 

Spearman’s Correlation Coefficients, rs 
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Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.74* -0.84* -0.56 0.30 -0.66 -0.78* 0.79* 

Wind Speed -0.74* 1.00 0.90** 0.44 -0.16 0.68 0.39 -0.65 

Gust -0.84* 0.90** 1.00 0.61 -0.46 0.66 0.60 -0.74 

Precipitation -0.56 0.44 0.61 1.00 -0.70 0.24 0.23 -0.61 

Relative Hu-

midity 
0.30 -0.16 -0.46 -0.70 1.00 0.29 -0.32 0.09 

Cloud -0.66 0.68 0.66 0.24 0.29 1.00 0.36 -0.85* 

Pressure -0.78* 0.39 0.60 0.23 -0.32 0.36 1.00 -0.57 

Sun Hour 0.79* -0.65 -0.74 -0.61 0.09 -0.85* -0.57 1.00 

*Indicates that correlation is significant at 0.05 level (2-tailed); **Indicates that correlation is significant at 0.01 level (2-tailed) 

 

In Samsun city, the temperature was negatively correlated with precipitation, cloud, 

and atmospheric pressure, while positively associated with sun hour. Precipitation was 

positively correlated with cloud and pressure while negatively associated with sun hour 

(Table 3). The strongest correlation was observed between gust and wind speed (Table 3). 

In Sinop city, the strongest correlation was observed between temperature and pres-

sure in both Kendall's correlation and Spearman's correlation (Table 3). In Ordu city, the 

temperature was negatively correlated with pressure and sun hour. Moreover, the strong-

est correlation was observed between temperature and pressure (Table 3). In Giresun city, 

the temperature was negatively correlated with pressure and positively correlated with 

sun hour. The strongest correlation was observed between gust and wind speed (Table 3). 

In Trabzon city, the temperature was negatively correlated with wind speed, gust and 

pressure. Moreover, the gust was also positively correlated with wind speed and pressure. 

Furthermore, the strongest correlation was observed between temperature and pressure 

(Table 3). Finally in Rize city, the temperature was negatively correlated with pressure, 

gust, and pressure. Moreover, the gust was also positively correlated with wind speed. 

The strongest correlation was observed between gust and wind speed (Table 3).  

Although the relationships between meteorological parameters based on the prov-

inces of the Black Sea Region showed diversities, statistically positive or negative signifi-

cant relationships suggest a synergistic effect on the spread of the COVID-19 confirmed 

cases. Different synergistic effects observed in the provinces under study can be due to 

demographic differences based on the diverse population density of the cities and the role 

of air pollutants observed in examined regions. These results can be supported by other 

empirical analyses in literature. Coccia (2021d) investigated the associations between the 

infected people of COVID-19 and environmental, demographic, and geographical varia-

bles in Italy. The results of the study suggested a positive correlation between people in-

fected by COVID-19 and the average density of people per km2. In light of these scientific 

results, the increase in the number of COVID-19 cases especially in Trabzon, Samsun, and 

Ordu provinces can be attributed to the higher population densities of these regions com-

pared to other cities. In another study, Coccia (2021b) suggested that regions with high 

levels of air pollutants and atmospheric stability (with low wind speed) may support 

longer permeance of viral agents in the air, such as the SARS-CoV-2 virus, fostering the 

diffusion of COVID-19 and impact in society. In the present work, the increase of COVID-

19 confirmed cases in Giresun and Rize provinces, having low average wind speeds (8.41 

km/h and 7.14 km/h, respectively) compared to average wind speed levels of other cities, 

is consistent with these results. In this context, these findings can support governments to 

prevent the diffusion of new variants of SARS-CoV-2 (leading to new effects of COVID-

19) and similar viral agents in society by designing effective health policies also based on 

climate and environmental factors (COP26, Caliskan et al. 2020; Coccia 2021e; Coccia 

2021f, g; Sarkodie and Owusu 2020).  

5. Conclusions and limitations 

The present work aimed to explain the relationship between the spread of COVID-

19 and climate and geographic factors, analyzing COVID-19 confirmed cases of provinces 
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located in the Black Sea region of Turkey from February to September 2021 having a high 

humidity. Results with Spearman's Correlation Coefficient suggests a statistically signifi-

cant positive association between the average atmospheric pressure and the spread of the 

COVID-19 in Samsun province (Spearman’s correlation coefficient rs =0.86, p-value 0.05). 

A statistically significant positive association between the average precipitation and the 

spread of COVID-19 in Sinop province (Spearman’s correlation coefficient rs =0.79, p-

value 0.05), and finally, a statistically significant negative association between the average 

sun hour and the spread of the COVID-19 in Samsun province (Spearman’s correlation 

coefficient rs = −0.89, p-value 0.01). When the interactions between parameters are ana-

lyzed, results seem to suggest synergistic effects.  

The statistical evidence above seems in general to support weakly the hypothesis 

stated that the accelerated transmission of COVID-19 can be explained by high level of 

humidity because other climate factors play a critical role in region under study. In this 

study, the most important evidence is that COVID-19 cases in the  Black Sea Region hav-

ing the highest number of cases between February and August in Turkey can be explained 

by levels of pressure, sun hours, and precipitations. Since the Black Sea region is in a ge-

ographical area where the precipitation has a very high level, this climate factor may ex-

plain the number of COVID-19 confirmed cases. Therefore, the geographical conditions 

of the regions can be considered an effective factor in the spread of airborne viral agents 

that deserve to be considered to design effective health policies to face next pandemics. 

Although this study shows interesting lessons and insights that can support effective 

mitigation policies for future epidemics or pandemics of respiratory diseases, the results 

are, of course, tentative. One of the problems is the difficulty of an accurate prediction of 

the number of reported and unreported cases of the COVID-19 cases in the region. More-

over, sources and data analyzed may only capture certain aspects of the ongoing relations 

under study between climate factors and COVID-19 diffusion. Another limitation is that 

confounding and situational factors could have an essential role in the transmission dy-

namics of COVID-19 and similar viral agents.  

In future studies, in addition to the climate factors, aspects based on the socio-eco-

nomic structures of regions and the behavioral characteristics of people have to be con-

sidered (Aykaç and Etiler 2021). As well as other factors to consider for supporting the 

robustness of factors determining transmission dynamics of new mutant coronaviruses 

should be age, gender, welfare level, quality, medical technologies and access to health 

services which play a vital role to clarify overall determinants of diffusion of airborne viral 

agents and fatality in society.   

Despite these limitations, the results here clearly illustrate the vital role of some cli-

mate factors in viral transmission in specific regions that policymakers should consider 

designing effective control measures and health policies to minimize the effects of future 

variants of SARS-CoV-2 and/or new viral agents (Benati and Coccia, 2022, 2022a; Coccia 

and Benati, 2018). In short, countries should evaluate all environmental and socioeco-

nomic parameters that affect the transmission of viral agents to improve pandemic plans 

to cope with unknown infectious diseases similar to COVID-19. Finally, in this prevention 

strategy is basic to support investments  in personal protective equipment, new technol-

ogies based on high-tech non-invasive medical ventilators (Coccia 2022b; Coccia 2023b) 

and effective vaccination plans (Magazzino et al., 2023) that can mitigate mortality in re-

gions at high risk of an outbreak.  
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SUPPLEMENTARY MATERIAL 

Table SM-1 The demographic information of the provinces studied (TUIK 2021). 

Provinces of the Black Sea Region Population Area (km2) 

Sinop 216,460 5,718 

Samsun 1,356,079 9,655 

Ordu 761,400 5,861 

Giresun 448,721 7,025 

Trabzon 811,901 4,648 

Rize 344,494 3,835 

 

Table SM-2 Monthly cases per 100,000 people between February and August, 2021 for all provinces examined in the current study. 

  Provinces of Turkey 

  Sinop Samsun Ordu Giresun Trabzon Rize İstanbul Ankara İzmir 

  Monthly Cases/100K population 

FEBRU-

ARY 637.32 984.76 1004.85 948.70 901.22 823.83 329.89 165.55 206.95 

MARCH 1239.35 1895.05 1167.62 1358.60 984.29 944.12 1100.51 488.47 456.34 

APRIL 1601.15 2189.67 2043.02 2453.87 1461.63 1946.89 3271.80 1960.54 1277.01 

MAY 371.24 458.53 646.06 544.29 512.36 677.99 786.02 681.68 393.94 

JUNE 93.38 149.87 208.81 160.60 223.81 343.34 212.90 349.05 115.71 

JULY 285.94 249.75 463.68 520.60 516.97 568.87 430.51 398.32 139.47 

AUGUST 654.63 754.03 926.61 1026.53 1513.57 2532.41 725.03 867.74 221.84 
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Table SM-3 Weekly cases per 100,000 people from 08th February, 2021 to 03rd September 2021 for all provinces examined in the current study. 

 Provinces of Turkey 

 Sinop Samsun Ordu Giresun Trabzon Rize İstanbul Ankara İzmir 

 Weekly Cases/100K population 

08 - 14 Feb 79.52 171.29 194.42 184.34 228.02 202.44 60.19 35.49 44.39 

15 - 21 Feb 83.62 202.94 228.40 217.51 207.54 200.08 68.23 35.39 42.67 

20 - 26 Feb 160.03 262.17 301.76 264.71 239.52 213.10 89.90 39.84 53.42 

27 Feb -05 Mar 314.15 348.36 280.27 282.14 226.14 208.21 111.57 54.83 66.47 

06 - 12 Mar 345.56 458.53 248.62 296.84 222.32 188.18 178.25 68.53 78.57 

13 - 19 Mar 309.06 508.97 258.87 356.35 246.95 202.41 251.12 107.99 111.41 

27 Mar-02 Apr 360.34 678.72 459.94 503.88 353.49 404.81 591.45 272.79 218.88 

03 - 09 Apr 398.69 645.17 501.71 591.01 359.28 453.31 804.97 419.06 304.07 

10 - 16 Apr 440.73 601.14 565.14 624.22 409.90 516.03 920.07 534.14 351.97 

17-23 Apr 445.35 481.90 528.24 706.23 353.74 508.19 845.75 567.88 335.09 

24 - 30 Apr  213.43 267.54 316.52 388.44 237.71 353.70 532.02 361.52 223.34 

01 - 07 May 167.24 189.00 260.97 236.90 198.55 270.94 359.99 247.68 161.92 

08 - 14 May 97.02 95.57 149.72 134.83 125.14 167.27 184.78 152.63 93.86 

15 - 21 May 51.28 97.19 117.28 84.69 93.73 119.64 123.88 123.02 72.75 

22 - 28 May 39.27 55.60 88.78 64.41 72.92 83.63 89.97 115.71 47.74 

29 May - 04 Jun 38.34 49.40 68.39 54.74 51.38 85.18 63.93 99.50 41.23 

05 - 11 Jun 32.80 46.60 59.76 52.15 65.65 80.15 55.20 94.87 32.04 

12 - 18 Jun 14.78 30.97 55.69 39.00 60.35 96.99 51.27 93.11 25.99 

19 - 25 Jun 20.33 34.36 42.95 31.87 54.44 95.54 54.30 83.64 27.40 

26 Jun - 02 Jul 12.47 34.00 39.66 22.06 49.02 76.95 54.60 71.99 23.51 

03 - 09 Jul 29.57 23.97 50.17 23.40 49.88 59.82 56.75 59.10 22.16 

10 - 16 Jul 27.44 30.66 50.32 78.54 56.33 76.76 75.12 57.95 24.46 

17 - 23 Jul 58.21 47.22 87.87 142.72 108.11 94.77 88.19 69.13 33.43 

24 - 30 Jul 144.14 112.90 220.25 230.88 241.78 243.64 168.82 165.20 43.30 

31 Jul – 06 Aug 161.09 176.99 306.18 271.28 328.03 503.27 182.21 184.58 65.85 

07 - 13 Aug  119.19 171.16 240.08 279.24 330.58 575.56 181.96 199.55 49.81 

14 - 20 Aug 132.59 160.54 170.08 204.80 310.63 538.10 147.73 176.38 46.24 

21 – 27 Aug 149.68 169.16 158.92 197.90 366.67 614.18 148.33 194.96 43.30 

28 Aug – 03 Sep 201.42 177.57 166.40 196.11 392.91 653.10 158.95 242.61 45.58 
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Table SM-4 Kendal and Spearman correlation coefficients based on the associations between meteorological parameters in the 

provinces of the Black Sea region from February to September 2021. 

SAMSUN city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.19 -0.195 -0.78* -0.15 -0.78* -0.98** 0.78* 

Wind Speed -0.19 1.00 1.00** -0.05 -0.59 0.05 0.14 0.05 

Gust -0.19 1.00** 1.00 -0.05 -0.59 0.05 0.14 0.05 

Precipitation -0.78* -0.05 -0.05 1.00 0.09 0.71* 0.81* -0.81* 

Relative Hu-

midity 
-0.15 -0.59 -0.59 0.09 1.00 0.39 0.09 -0.29 

Cloud -0.78* 0.05 0.05 0.71* 0.39 1.00 0.71* -0.91** 

Pressure -0.98** 0.14 0.14 0.81* 0.09 0.71* 1.00 -0.81* 

Sun Hour 0.78* 0.05 0.05 -0.81 -0.29 -0.91** -0.81* 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.13 -0.13 -0.92** -0.11 -0.88** -0.99** 0.88** 

Wind Speed -0.13 1.00 1.00** -0.04 -0.74 -0.11 0.11 0.14 

Gust -0.13 1.00** 1.00 -0.04 -0.74 -0.11 0.11 0.14 

Precipitation -0.92** -0.04 -0.04 1.00 0.14 0.86* 0.93** -0.89** 

Relative Hu-

midity 
-0.11 -0.74 -0.74 0.14 1.00 0.39 0.09 -0.29 

Cloud -0.88** -0.11 -0.11 0.86* 0.39 1.00   

Pressure -0.99** 0.11 0.11 0.93** 0.09 0.86* 1.00 -0.89** 

Sun Hour 0.88** 0.14 0.14 -0.89** -0.29 -0.96** -0.89** 1.00 

SİNOP city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 0.25 1.00 -0.19 -0.15 -0.78* -0.88* 0.78* 

Wind Speed 0.25 1.00 0.49 0.29 -0.05 -0.29 -0.19 0.29 

Gust 1.00 0.61 1.00 0.14 0.29 -0.05 0.05 0.24 

Precipitation -0.19 0.29 0.14 1.00 -0.09 0.24 0.33 -0.24 

Relative Hu-

midity 
-0.15 -0.05 0.29 -0.09 1.00 0.09 1.00 0.09 

Cloud -0.78* -0.29 -0.05 0.24 0.09 1.00 0.71* -0.81* 

Pressure -0.88** -0.19 0.05 0.33 1.00 0.71* 1.00 -0.71* 

Sun Hour 0.78* 0.29 0.24 -0.24 -0.24 0.09 -0.81* 1.00 

Spearman’s Correlation Coefficients, rs 
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Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 0.35 1.00 -0.22 -0.03 -0.92** -0.96** 0.87* 

Wind Speed 0.35 1.00 0.61 0.19 -0.10 -0.36 -0.32 0.34 

Gust 1.00 0.61 1.00 0.14 0.45 -0.11 0.04 0.32 

Precipitation -0.22 0.19 0.14 1.00 -0.19 0.32 0.36 -0.43 

Relative Hu-

midity 
-0.03 -0.10 0.45 -0.19 1.00 0.18 1.00 0.18 

Cloud -0.92** -0.36 -0.11 0.32 0.18 1.00 0.86 -0.93** 

Pressure -0.96** -0.32 0.04 0.36 1.00 0.86* 1.00 -0.86 

Sun Hour 0.86* 0.34 0.32 -0.43 -0.43 0.18 -0.93** 1.00 

 Table SM-4 (continue). Kendal and Spearman correlation coefficients based on the associations between meteor-

ological parameters in the provinces of the Black Sea region from February to September 2021. 

ORDU city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.05 -0.10 -0.55 -0.21 -0.62 -0.95** 0.65* 

Wind Speed -0.05 1.00 0.88** 0.24 -0.55 0.00 0.05 0.24 

Gust -0.10 0.88** 1.00 0.29 -0.62 1.00 0.09 0.09 

Precipitation -0.55 0.24 0.29 1.00 -0.15 0.39 0.43 -0.33 

Relative Hu-

midity 
-0.21 -0.55 -0.62 -0.15 1.00 0.31 0.15 -0.55 

Cloud -0.62 0.00 1.00 0.39 0.31 1.00 0.49 -0.78* 

Pressure -0.95** 0.048 0.098 0.43 0.15 0.49 1.00 -0.52 

Sun Hour -0.65* 0.24 0.09 -0.33 -0.55 -0.78* -0.52 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 0.11 -0.05 -0.71 -0.19 -0.78* -0.98** 0.84* 

Wind Speed 0.11 1.00 0.96** 0.36 -0.71 0.04 -0.11 0.29 

Gust -0.05 0.96** 1.00 0.36 -0.74 0.07 0.09 0.16 

Precipitation -0.71 0.36 0.36 1.00 -0.22 0.52 0.64 -0.36 

Relative Hu-

midity 
-0.19 -0.71 -0.74 -0.22 1.00 0.44 0.11 -0.60 

Cloud -0.78* 0.04 0.07 0.52 0.44 1.00 0.69 -0.90** 

Pressure -0.98** -0.11 0.09 0.64 0.11 0.69 1.00 -0.79* 

Sun Hour 0.84* 0.29 0.16 -0.36 -0.60 -0.90** -0.79* 1.00 

GİRESUN city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 
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Temperature 1.00 -0.41 -0.45 -0.35 -0.11 -0.62 -0.95** 0.65* 

Wind Speed -0.41 1.00 0.98** 0.59 -0.51 0.30 0.39 -0.09 

Gust -0.45 0.98** 1.00 0.62 -0.45 0.29 0.43 -0.14 

Precipitation -0.35 0.59 0.62 1.00 -0.45 0.29 0.24 -0.14 

Relative Hu-

midity 
-0.11 -0.51 -0.45 -0.45 1.00 0.21 0.05 -0.45 

Cloud -0.62 0.30 0.29 0.29 0.21 1.00 0.49 -0.78* 

Pressure -0.95** 0.39 0.43 0.24 0.05 0.49 1.00 -0.52 

Sun Hour 0.65* -0.09 -0.14 -0.14 -0.45 -0.78* -0.52 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.43 -0.47 -0.49 -0.08 -0.76* -0.98** 0.84* 

Wind Speed -0.43 1.00 0.99** 0.78* -0.59 0.42 0.40 -0.25 

Gust -0.47 0.99** 1.00 0.79* -0.55 0.41 0.43 -0.29 

Precipitation -0.49 0.78* 0.79* 1.00 -0.60 0.31 0.43 -0.11 

Relative Hu-

midity 
-0.08 -0.59 -0.55 -0.60 1.00 0.31 0.02 -0.51 

Cloud -0.76* 0.42 0.41 0.31 0.31 1.00 0.69 -0.90* 

Pressure -0.98** 0.39 0.43 0.43 0.02 0.69 1.00 -0.79* 

Sun Hour 0.84* -0.25 -0.29 -0.11 -0.51 -0.90* -0.79* 1.00 

    

 

Table SM-4 (continue). Kendal and Spearman correlation coefficients based on the associations between meteorological parame-

ters in the provinces of the Black Sea region from February to September 2021. 

TRABZON city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.75* -0.75* -0.45 0.10 -0.41 -0.95* 0.45 

Wind Speed -0.75* 1.00 0.91** 0.71* -0.29 0.39 0.62 -0.24 

Gust -0.75* 0.91** 1.00 0.62 -0.39 0.29 0.71* -0.14 

Precipitation -0.45 0.71* 0.62 1.00 -0.49 0.49 0.33 -0.33 

Relative Hu-

midity 
0.10 -0.29 -0.39 -0.49 1.00 0.05 -0.09 -0.19 

Cloud -0.41 0.39 0.29 0.49 0.05 1.00 0.39 -0.88** 

Pressure -0.95** 0.62 0.71* 0.33 -0.09 0.39 1.00 -0.43 

Sun Hour 0.45 -0.24 -0.14 -0.33 -0.19 -0.88** -0.43 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.84* -0.83* -0.56 0.19 -0.63 -0.98** 0.69 
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Wind Speed -0.84* 1.00 0.96** 0.86* -0.43 0.61 0.75 -0.54 

Gust -0.84* 0.96** 1.00 0.82* -0.51 0.56 0.79* -0.50 

Precipitation -0.56 0.86* 0.82* 1.00 -0.67 0.59 0.50 -0.43 

Relative Hu-

midity 
0.19 -0.43 -0.51 -0.67 1.00 0.09 -0.18 -0.25 

Cloud -0.63 0.61 0.56 0.59 0.09 1.00 0.63 -0.96** 

Pressure -0.98** 0.75 0.79* 0.50 -0.18 0.63 1.00 -0.71 

Sun Hour 0.69 -0.54 -0.50 -0.43 -0.25 -0.96** -0.71 1.00 

RİZE city 

Kendall’s Correlation Coefficients, rk 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.65* -0.75* -0.45 0.25 -0.45 -0.68* 0.68* 

Wind Speed -0.65* 1.00 0.85** 0.35 -0.15 0.55 0.29 -0.49 

Gust -0.75* 0.85** 1.00 0.45 -0.35 0.45 0.49 -0.59 

Precipitation -0.45 0.35 0.45 1.00 -0.55 0.15 0.09 -0.49 

Relative Hu-

midity 
0.25 -0.15 -0.35 -0.55 1.00 0.25 -0.29 0.09 

Cloud -0.45 0.55 0.45 0.15 0.25 1.00 0.19 -0.68* 

Pressure -0.68* 0.29 0.49 0.09 -0.29 0.19 1.00 -0.43 

Sun Hour 0.68* -0.49 -0.59 -0.49 0.09 -0.68* -0.43 1.00 

Spearman’s Correlation Coefficients, rs 

 
Temperature 

Wind 

Speed 
Gust Precipitation 

Relative 

Humidity 
Cloud Pressure 

Sun 

Hour 

Temperature 1.00 -0.74* -0.84* -0.56 0.30 -0.66 -0.78* 0.79* 

Wind Speed -0.74* 1.00 0.90** 0.44 -0.16 0.68 0.39 -0.65 

Gust -0.84* 0.90** 1.00 0.61 -0.46 0.66 0.60 -0.74 

Precipitation -0.56 0.44 0.61 1.00 -0.70 0.24 0.23 -0.61 

Relative Hu-

midity 
0.30 -0.16 -0.46 -0.70 1.00 0.29 -0.32 0.09 

Cloud -0.66 0.68 0.66 0.24 0.29 1.00 0.36 -0.85* 

Pressure -0.78* 0.39 0.60 0.23 -0.32 0.36 1.00 -0.57 

Sun Hour 0.79* -0.65 -0.74 -0.61 0.09 -0.85* -0.57 1.00 
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