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Abstract 

Introduction: Many studies were done earlier to understand the role of climatic, environmental, and 

sociodemographic factors in the transmission, spread, and viability of SARS-CoV-2. Objectives: 

While there are principal climatic factors that influence the transmission and spread, specific factors 

such as latitude and water body mass are not critically examined. Therefore, this study aims to 
investigate the role of latitude and heat flux from water body mass in coastal environs on the 

resurgence and incidence of COVID. Methodology: A study was conducted examining the cases 

reported per million population, latitude degrees, and coastline length in two criteria groups (n = 120 
and 10) spanning five geographic continental regions. The collected data were statistically analyzed 

to validate the three prepositions of the study. Findings: The cases reported per million population 

were least in countries lying below 25˚-degree latitude, and countries in this range have the mean 
highest coastline length. Our analysis in the n = 120 group reveals a moderate relationship among 

rises in cases with latitude degrees (r = 0.425, p < 0.01, n =120) but is associated negatively with 

coastline length. From the top countries having the longest coastline length, the association among 
the variables reveals a weak relationship exists between cases and latitude (r = 0.356, p = 0.312, n = 

10), while no correlation is observed with coastline length. Novelty: A rise in the incidence rate and 

the global resurgence of cases can be explained by previous researchers considering climatic 
variables and socio-demographic factors. However, other parameters, such as the latent heat of 

evaporation from water body mass in coastal zones in different latitudinal countries, on the incidence 

and resurgence patterns are examined in this study. Observations indicate that the disease incidence 
trend is not similar across all countries and that no single factor fully influences the rise in cases. 
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1- Introduction 

Coronavirus disease has claimed over 6 million deaths globally, with the highest cumulative total deaths reported in 

the USA, followed by China and India [1]. The resurgence of infections from the outbreak of new variants has further 

aggravated the economic crisis globally and paralyzed industrial growth in many countries. The continued prevalence 

of the disease can be attributed to the SARS-CoV-2 mutation leading to new variants that are different from the first 

variant identified in Wuhan, China [2]. Some of these re-infections happened over a wide geographical area, implying 

that the reoccurrence of disease incidence has led to a new wave of infections. Studies on the role of climatic variables 

and environmental factors on the disease incidence and spread of the virus in different geographical regions indicate the 

need for studying them more intricately, especially considering the resurgence observed from the increased number of 

cases in many countries. 
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Extensive research studies were conducted to assess the role of climatic and non-climatic factors on the transmission 

and spread of the virus in different geographical conditions [3], where climatic factors like air temperature, humidity, 

rainfall, and wind speed were observed to have positive and negative implications on COVID incidence and transmission 

to a variable extent in different regions [4–6]. Likewise, air pollutant emissions are also understood to facilitate the 

transmission and spread of the virus in highly populated environments, where there is a significant correlation found 

between COVID transmission and an increase in the incidence rate from air pollution [7, 8]. The effect of climate 

variables on COVID transmission in the United States and China shows that exposure to particulate matter is associated 

with an increase in fatality cases, as aerosols and particulate matter tend to act as carriers of several viruses [9, 10]. 

Among other environmental factors, the effect of carbon dioxide emissions on ambient temperatures has also favored 

COVID infections, with the increase in transmission and incidence rate probably a result of the indirect effect of 

environmental factors [11, 12]. Amnuaylojaroen & Parasin [13] report positive and negative associations between 

COVID transmission and air pollution-induced climate change. 

Empirical studies also emphasize the influence of climatic and environmental parameters, together with socio-

demographic factors contributing to transmission and the increase in incidence rate. It is also pertinent to note that 

climatic and environmental factors do not provide sufficient evidence for the resurgence of incidence in most cases, 

given that countries bordering coastal environments undoubtedly have affinity behind the resurgence. From our 

analysis of studies existing in the domain area, we have observed that coastal dynamics such as sea temperatures, wave 

currents, turbulence fluctuations from cyclones, typhoons, hurricanes, and daily tidal wave formations tend to interfere 

with the energy balance between different atmospheric entities, which could probably lead to a better understanding 

of the resurgence and increase in incidence rate in countries with coastal environments. Moreover, the role of sea 

surface temperature on latent heat flux in regional and global contexts was substantially investigated, along with the 

factors determining the latent heat flux over water bodies, which can explain the resurgence pattern among coastal 

habitats [14–17]. 

On the other hand, empirical studies show that COVID spreads principally through respiratory droplets and aerosols, 

both in internal and external environments. Zhao et al. [18], but the role of aerosol production from external environments 

is intriguing to investigate, and aerosol sources from a tidal wave and sea spray currents from coastal sea waters are 

significant topics to explore. Huang [19] explained the significance of ocean circulation in building differences in heat 

flow rates at different latitudinal ranges, similar to the studies published by Zhang & McPhaden [20]. There are studies 

related to sea spray aerosols and their dispersion phenomena in the atmosphere carrying infected respiratory droplets, in 

addition to a few study reports revealing that aerosol formation around the coastal zones is very prominent in populating 

their concentration and sustaining them for 2–6 hours [21, 22]. Besides, other studies report evidence of infectious 

disease transfer through aerosol transmission from the infected population [23], which also applies to SARS-CoV being 

a respiratory-related virus that is more likely to be present in aerosols transmitting the disease over short to long ranges 

[24–26]. 

SARS-CoV-2 tends to coagulate with sea spray aerosols, which inhibits their infection capacity through the dispersal 

of aerosol droplets. Such aerosol droplets tend to travel three times farther in low-temperature and high-humidity 

environments that are typically observed in coastal environments [18]. SARS-CoV was found to be detected in air 

samples, can lodge in aerosol droplets based on the amount of aerosol production rate, and further intensify the 

transmission through aerosol dispersion [27, 28]. Besides, there are considerable observations reported on the association 

between SARS-CoV-2 and aerosol particles emitted from different sources [29]. Substantiating the above claims, 

Reinmuth-Selzle et al. [30] report that aerosol presence in the environment, regardless of the formation, can influence 

the longevity of disease occurrence due to its capacity to harbor pathogenic microorganisms [31]. In addition, aerosols' 

behavior and movement depend on meteorological conditions and the range of coastal dynamics such as wave currents, 

onshore wind direction, speed, etc. [32]. It is understood that coastal regions encompassing sea spray aerosols generated 

from sea waves, coastal wave currents, and surrounding water body mass have a bearing on the transmission of SARS-

CoV-2 [33]. 

In spite of the studies confirming the role of climatic and environmental parameters on the COVID resurgence and 

high incidence rates, there are also other reasons that explain why there is a surge in cases during the outbreak of new 

variants. Early relaxation of community mitigation measures, easing travel bans, prevailing unvaccinated populations, 

adequate precautions, etc. were observed in a few countries [34]. Despite the fact that the majority of the studies about 

COVID transmission, incidence rate, and spread were examined relatively with climatic, meteorological, and 

environmental parameters, the association of coastal air mass flow and aerosol effect on the virus behavior is very 

scantily investigated. 

From the above analysis, the study aims to focus specifically on coastal dynamics and its prospective scope on disease 

transmission across different countries and regions. The study's approach is to examine the specific role of aerosols that 

are normally driven by coastal air mass in coastal environments. These parameters will be analyzed, especially in 

different latitudinal zones, which might probably explain the influence of disease outbreaks or resurgence phenomena. 
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As a way forward, the following assumptions were considered to determine whether coastline dynamics have any 

substantial role in the COVID resurgence and resurfacing of infections regarding different latitudinal zones and thereby 

verify the significance between them to present the conclusions. 

1-1- Theoretical Background 

The need for the study was drawn considering the climate dynamics largely from the viewpoint of sea surface 

temperatures and turbulence fluctuations due to extreme weather events such as cyclones, typhoons, hurricanes, etc. 

occurring between the sea and landforms interface. Many empirical and review studies have been published by various 

researchers who studied the role of sea surface temperature on latent heat flux in regional and global contexts [14–16], 

while the factors determining the latent heat flux over water bodies were also extensively examined by Meng et al. [17]. 

Further Huang [19] explained the significance of ocean circulation in building differences in heat flow rates at different 

latitudinal ranges, in addition to similar studies published by Zhang & McPhaden [20] in the domain area, which formed 

the basis for our study concept. While there were no studies possibly established to understand the role of climate 

variables (latent heat) in different latitudinal zones, which might probably explain the influence on disease outbreaks. 

Therefore, to explore the principal role of climate variables in coronavirus disease incidence from the resurgence, the 

authors have intended to accomplish the objectives of the study by formulating the below prepositions to arrive at some 

conclusions from this research. 

H0: Cases per million population reported in countries is a cause of latitude range. 

H1: Latent heat flux peak latitude range influences an increase in the incidence rate and cases observed in countries.  

H2: Coastal dynamics is a subjective factor affecting latent heat flux in different latitude range countries. 

1-2- Literature Review 

The coronavirus disease was declared a pandemic due to its widespread transmission, spread, and resurgence that 

was felt across every nation. The pandemic paralyzed every walk of life, as it disrupted almost every sector, economy, 

human life, health, education, tourism, business, etc. [35]. From the directives issued by WHO, governments 

responded with different measures to prevent transmission and spread of the virus in order to contain the pandemic 

reaching dangerous levels. The reason for the virus to sustain for over more than 3 years in ambient environments is 

possible due to the adaptation of the virus through mutations. In addition, the presence of favourable conditions are 

very important aspects to investigate the agents of transmission and spread of the disease. This, therefore, has drawn 

the attention of many researchers to study the transmission and spread including the factors that sustain the virus in 

the ambient environments. 

The disease is transmitted when virus-laden aerosol droplets are inhaled through the respiratory route from an infected 

person or the infected environment [36, 37]. Transmission can take place over short to long distances particularly in an 

indoor environment [38], while in an outdoor environment, many factors are known to facilitate the transmission, spread, 

and viability of the virus over longer periods. Cao et al. [39]; Guo et al. [40]; and Notari [41] studied the meteorological 

factors that influence the transmission of disease. Few studies exist explaining the relationship between ambient aerosol 

and SAR-CoV-2. Other studies on climatic factors indicate a positive correlation between temperature and incidence 

causing more deaths in US counties [42].  

Bergero et al. [43] suggested that there could be a possible association between latent heat flux with Covid cases that 

might be explored to understand the incidence and resurgence phenomena in coastline habitats. While there is no 

sufficient data available on latent heat flux, analysis with the parameter were not conducted so far. However, other 

environmental parameters can be associated with latent heat flux which are studied in the case of dengue fever by 

different researchers. To examine the influence of latent heat flux from coastal environments on COVID incidence and 

resurgence in different latitudinal regions, data set on sea surface temperatures are not available, hence there are no 

studies existing pursued in this area, thereby the parameters conforming to coastal dynamics such as coastline length, 

latitudinal factors are not extensively explored by researchers. Hesham et al. [44] disclose COVID is predominantly an 

urban phenomenon showcasing a high possibility of transmission and incidence observed due to the dynamic nature of 

cities owing to high urban population density, air pollution, indoor environments, etc. Similar to the studies, the 

dominance of COVID cases over different geographical regions during winter and summer seasons indicates that 

humidity and temperature are two important factors determining the intensity of virus infections, and latent heat of 

evaporation from aerosol droplets with changing ambient weather also confirms the viability and transmission of the 

virus [45].  

Hussein [46] investigation on the relationship between latent heat flux and sea surface temperature, reveals that latent 

heat flux and sea surface temperature over coastal waters have an association over limited temperature conditions, though 

the study confirms that both the parameters are governed by wind speed and humidity.  
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Moreover, there are no identified studies found linking the latent heat evaporation over water body mass, aerosol 

formation over sea coast habitats, and sea surface temperature on coastal aerosol parameters that possibly influence the 

disease transmission, incidence, and spread. While there are studies that exist considering a few climatic and 

meteorological parameters such as humidity, temperature differences, and aerosol from polluted environments, But the 

influence of coastline dynamics on latent heat flux and association with disease incidence and transmission remains 

unexplored in any context. Studies in this course are very essential to understand the role of coastal dynamics particularly 

from the view of latent heat of evaporation from coastal water body mass, and the significance they would have on 

disease incidence. Given pertinent gaps existing in this area, this study intends to examine the influence of latent heat 

flux on disease incidence rate in different latitudinal regions to ascertain the role of coastline parameters on COVID 

incidence. 

2- Materials and Methods 

The approach to examine the increasing incidence rate of coronavirus disease and the resurgence of infections, the 

significant climatic factor, study variables, quantitative data, and information required to present the findings are 

described in this section (Figure 1). 

 

Figure 1. Process flow chart showing the study methodology 

2-1- Data and Sources 

The study focuses on data related to coastline length, latitudes, number of cases per million population, and population 

density from N=120 countries spanning 5 continental regions of the world. A total number of countries N =120 

considered for the study are grouped into two datasets which are categorized in two criteria 1 & 2. The details of the 

countries studied under each criterion and the descriptive statistics related to the parameters of the study are presented 

in the results section. Cases per million population in both dataset countries reported until 20th January 2022 were 

considered. The information concerning the parameters was gathered [47-52]. Alternatively, relevant information needed 

for our study is also collated from analyzing scientific literature published by various researchers on the subject. 
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2-2- Data Analysis 

The quantitative data for criteria 1 and 2 observations are statistically analyzed with simple linear regression analysis, 

multiple regression, and correlation analysis to estimate the degree of relationship and variables of prediction. 

Descriptive statistics on all the parameters of the study are performed and tabulated to understand the incidence rate 

trend in both criteria observations. Statistical analysis between the variables of the study is performed using SPSS ver.26 

and NCSS statistical licensed software while the data tabulation is done using MS Excel 365 version. 

3- Results and Discussion 

3-1- General Interpretation 

Coronavirus disease impacted every country across the globe in different phases which caused a steep rise in infection 

rate. The high incidence rates particularly observed in some countries are led by principal factors such as ceasing 

protection measures, mutations of the virus into new variants, and climatic and sociodemographic patterns. Among them, 

analysis of the influence of climatic factors especially, the significance of latent heat rate indicative of relative coastline 

length in determining the resurgence and rise in incidence rate are prominently explored in this study. To confirm an 

association between the parameters of the study, the chosen variables are examined in a total of 120 countries across 5 

continents including the top 10 countries having the longest coastline lengths (refer to Table 1). 

Table 1. Descriptive analysis of the parameters under study for the criteria 1 country 

Latitude range ˚ Total countries (N) Number countries 
Cases/1M population Coastline length (km) 

Mean SD Range Mean SD Range 

35˚ to 40˚ 

120 

10 101430.6 83672.8 205887.0 6962.0 6766.7 19924.0 

40˚ to 50˚ 32 146460.1 87363.9 385871.0 958.6 2000.9 7600.0 

50˚ to 60˚ 12 174702.5 55856.1 151284.0 20798.2 57448.2 202080.0 

25˚ to 35˚ 18 87658.4 73099.1 250354.0 2128.1 6929.6 29751.0 

Below 25˚ 43 53585.5 51915.9 226782.0 4029.0 9730.9 54720.0 

Observations about the variables in both data set countries are grouped according to the latitudinal ranges representing 

as control factor and cases reported per million population and coastline length as relative factors. 

3-2- Descriptive Statistics 

Descriptive analysis of the various parameters in the study for criteria 1 and 2 countries reveals a diverse course 

between the control factors and relative factors across the observations. Continental regions and countries considered 

under both categories for the study are presented in Tables 2 and 3. In criteria 1country, case per million population, and 

coastline length were examined in 5 different latitudinal ranges, and from the total of 120 countries considered, the least 

number of cases per million population were reported in countries that lie below 25˚ latitude, while the highest cases per 

million population are reportedly observed in countries lying between 50˚ to 60˚ latitude with least number of countries 

falling in this latitude range from the data group (Table 1). The mean values of cases per million population in the criteria 

1 group were (99180.6 ± 80647.1), the mean latitudinal range (32.09 ± 16.35), and the mean coastline length (km) 

(5736.0 ± 20402 .1) obtained from the analysis (Figure 2). 

Table 2. Criteria 1 study regions countries in each region considered for the analysis 

Continental region Countries 

South America 
USA, Canada, Mexico, Guatemala, Haiti, Cuba, Honduras, Nicaragua, El Salvador, Costa Rica, Panama, Jamaica, 
Trinidad and Tobago, Barbados. 

North America 
Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, French Guiana, Guyana, Paraguay, Peru, Suriname, 
Uruguay, Venezuela. 

Asia 

Afghanistan, Armenia, Bahrain, Bangladesh, Bhutan, Brunei, Cambodia, China, Hong Kong, India, Indonesia, 
Iran, Iraq, Israel, Japan, Jordan, Kazakhstan, Kuwait, Kyrgyzstan, Laos, Lebanon, Macau, Malaysia, Maldives, 

Mongolia, Myanmar, Nepal, North Korea, Oman, Pakistan, Palestine, Philippines, Qatar, Saudi Arabia, Singapore, 

South Korea, Sri Lanka, Syria, Taiwan, Tajikistan, Thailand, Turkey, Turkmenistan, United Arab Emirates, 
Uzbekistan, Vietnam, Yemen, Azerbaijan, Georgia. 

Europe 

Russia, Turkey, Germany, United Kingdom, France, Italy, Spain, Ukraine, Poland, Romania, Netherlands, 

Belgium, Czech Republic, Greece, Portugal, Sweden, Hungary, Belarus, Austria, Switzerland, Serbia, Bulgaria, 

Denmark, Finland, Norway, Slovakia, Ireland, Croatia, Moldova, Bosnia and Herzegovina, Armenia, Albania, 
Lithuania, Slovenia, Latvia, Estonia, Cyprus, Luxembourg, Montenegro, Andorra, Monaco, Vatican City. 

Oceania Australia, New Zealand. 
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Table 3. Criteria 2 Study area countries having the top 10 longest coastline 

Continental region Country 

North America Canada, USA 

Asia Russia, Indonesia, Philippines, Japan, China 

Europe Norway 

Oceania Australia, New Zealand 

 

Figure 2. Mean values of variables observed in criteria 1 group countries 

In addition, the countries in this latitude range also have the mean highest coastline length, whereas the least mean 

highest coastline length is observed in countries lying between 40˚ to 50˚ latitude. Analysis of the tabular data on criteria 

1 country, discloses that the cases reported per million population is highest in countries that have the mean highest 

coastline length thus indicating an association between the rise in cases per population and coastline length which is a 

measure of latent heat flux can be established (Figure 3). 

 

Figure 3. Map showing the latitudinal ranges of Criteria 1 country in the study 

Further, studying the criteria 1 country, the majority of the countries have a coastline within 3000 km while the mean 

highest cases reported per million population is observed in countries which have a coastline range between 10000 to 

20000 km, though the coastline length and cases per million population are not directly proportional to each other (Table 

4). 
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Table 4. Criteria 1 country parameters under study categorized into different coastline range1 

Coastline range (km) Descriptive data Count Coastline length (km) Cases/million population Latitude ˚ 

0 to 3000 

Mean 

88 

635.33 97358.24 31.53 

SD 820.92 83943.95 15.74 

Minimum 0.0 0.0 1.35 

Maximum 2800.0 385871.0 61.92 

3000 to 6000 

Mean 

12 

4164.90 124846.45 30.19 

SD 1017.79 69952.94 19.62 

Minimum 3148.00 20894.0 4.20 

Maximum 5835.00 225038.00 60.12 

6000 to 10000 

Mean 

8 

7750.71 107529.14 36.56 

SD 920.03 56688.19 11.02 

Minimum 6345.0 27053.00 20.59 

Maximum 9330.0 197885.00 56.26 

10000 to 20000 

Mean 

5 

15132.25 148910.75 41.84 

SD 2863.07 88655.05 7.89 

Minimum 12429.00 73.00 35.86 

Maximum 19924.00 225013.0 55.37 

20000 above 

Mean 

7 

69771.0 50466.8 36.3 

SD 60030.3 31794.3 24.2 

Minimum 29751.0 15119.0 0.70 

Maximum 202080.0 95399.0 61.5 

1 Some countries have not reported/disclosed COVID cases, hence no data exists with WHO 

Countries having coastline length beyond 20000 km does not lead to a high incidence rate but the increase in cases 

tends to be more oriented towards latitudinal changes, specifically beyond 40˚ latitudes in criteria 1 country. An overall 

analysis of the observations on criteria 1 country reveals significant relation exists between the rise in the incidence rate 

and length of the coastline of countries, but how these two parameters influence each other is regulated by the latitudinal 

change (Figure 4). 

 

Figure 4. Map showing the latitudinal ranges of Criteria 1 country in the study 

Examination of parameters understudy for criteria 2 countries presents observations differing from criteria 1 country. 

The cases per million population and coastline length show that the highest cases reported in this group seemingly are 

not from the countries that have the longest coastline length and vice versa, moreover, the increase in cases reported is 

not consistently observed with an increase in the coastline length, but there is considerable influence of latitudinal 

changes in ascertaining the incidence rate noted in these countries. Further, the mean highest cases per million population 
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are reported in countries that are in between 26˚ to 40˚ latitude range where the mean coastline length is lowest among 

the criteria 1 country revealing that incidence rate increase in countries among the top 10 longest coastlines is because 

of their geographical presence in particular latitude ranges while the coastline length influence is relatively weak (Table 

5). 

Table 5. Descriptive analysis of the parameters under study for the criteria 2 countries 

Total countries (N) 
Cases/1M population Latitude 

Mean SD Range Mean SD Range 

10 56327.2 61093.0 202417.0 33.43 18.88 60.82 

At this point, coastline length which is a measure of latent heat value (LHF) also corresponds to the evapotranspiration 

from the land surface therefore, the amount of landmass in terms of land area (km2) which varies in different countries 

tends to cause fluctuations in heat exchanges between the land mass and surrounding coastal water mass resulting in a 

difference of latent heat generation. Atmospheric studies substantially prove that the latent heat values tend to peak at 

latitudes around 40˚ where COVID cases globally are found to be extreme at around 50˚ latitude, Large & Pond [15] 

from this analysis, hypothesis H1 is considerably justified based on descriptive study of the data from criteria 2 countries. 

3-3- Statistical Analysis 

Statistical analysis in criteria 1 country to determine the degree of relationship among the variables of the study was 

done using Pearson correlation and the associations are interpreted. The analysis indicates a moderate correlation exists 

between cases reported per million population r = 0.425, p <0.01, n =120 and latitude ranges thus denoting a signification 

relationship at α=0.01 level, while the association between the cases per million population and coastline length in km 

of the countries under criteria 1 reveals very weak to negligible negative relation r = -0.072, p = 0.428, n =120 implying 

the cases per million population reported overtime is not significantly influenced with the coastal length (km) of countries 

in the group (α=0.05 level). Statistical analysis of countries in criteria 1 group using multiple regression analysis among 

the three variables cases reported per million population, latitude ranges, and coastline length (km) to determine the 

effect of independent variables on the outcome variable. 

This analysis is done to verify whether coastline length a measure of latent heat flux is a subjective factor and whether 

latitude ranges are factors influencing the COVID incidence rate by increasing the cases per population in criteria 1 

target countries. Results show the regressor variables statistically significantly predict the criterion variable F (2,117) = 

14.44, p < 0.01, R2 = 0.198 indicating that 19.8 % of the variability in cases reported per million population is targeted 

by latitude changes and coastline length of the countries (Figure 5). 

 

Figure 5. Linear regression scatter plot between cases per million population, latitude, and coastline length (km) in criteria 

1 group countries 

Among the two regressor variables, predictor latitude (β = 0.443, t = 5.30, p < .01) significantly predicts the cases per 

million population in the criteria 1 group countries at α .05 level while the predictor variable coastline length (km) (β = 

-0.132, t = -1.57, p = 0.118) does not significantly predict the outcome variable at α=0.05 level. Pearson correlation 

analysis of the top ten countries with the longest coastline length grouped in criteria 2 countries was performed among 

the variable’s cases per million population, latitude, and coastline length to prove the degree of association and identify 

the predictor variables that majorly decide the outcome variable in the study group. 
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The analysis shows a weak positive association of cases per million population r = 0.356, p = 0.312, n = 10, with 

latitude implying no significant relation between them in countries having the longest coastline length, while the 

correlation analysis of cases per million population with coastline length shows almost no association r = 0.090, p = 

0.804, n = 10 revealed no significant relationship exists between them in criteria 1 group countries. Multiple regression 

analysis among the variables shows the predictor variables latitude and coastline length statistically do not significantly 

predict the criterion variable F (2,7) = 0.514, p = 0.619, R2 = 0.128 denoting that 12.8 % of the variance in cases reported 

per million population in the criteria1 group countries is affected by latitude and coastline length. The individual 

predictor variables latitude (β = 0.367, t = 0.981, p = 0.359) and coastline length (β = -0.032, t = -0.084, p = 0.935) do 

not significantly predict the outcome variable in the criteria 1 group countries (Figure 6). 

 

Figure 6. Linear regression scatter plot between cases per million population, latitude, and coastline length (km) in criteria 

2 group countries 

3-4- Data Analysis from Five Continental Regions 

A descriptive analysis of variables was performed in the five different continental regions namely, South America, 

North America, Asia, Europe, and Oceania. The mean values of the variables across the five continental regions of 

criteria 1 calculated are presented in Table 6. 

Table 6. Descriptive data analysis of variables of study in five continental regions of criteria 1 countries 

Continental region Descriptive data Count Cases/million population Coastline length (km) Latitude ˚ 

North America 

Mean 

14 

70697.14 17611.43 19.65 

SD 58650.02 53367.4 12.75 

Minimum 2395 97 8.53 

Maximum 205887 202080 56.13 

South America 

Mean 

13 

99543.2 2418.3 15.02 

SD 55959.6 2613.0 13.20 

Minimum 16203 0 1.83 

Maximum 226901 7941 38.41 

Asia 

Mean 

49 

52820.2 3846.5 26.31 

SD 60607.4 10095.5 12.10 

Minimum 0 0 0.7 

Maximum 253151 54720 48.01 

Europe 

Mean 

42 

165579.1 4308.3 48.22 

SD 70460.37 10668.9 6.91 

Minimum 36070 0 35.12 

Maximum 385871 58133 61.92 

Oceania 

Mean 

2 

37653.5 20447 33.08 

SD 48960.78 7513.7 11.05 

Minimum 3033 15134 25.27 

Maximum 72274 25760 40.9 
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The highest mean cases were reported from the European region which also includes the UK, followed by South 
America, North America, Asia, and Oceania. Cross-examining mean values of variables from the tabular data reveals 
that the continental region with the highest recorded cases per million population has the lowest coastline length (km) 

while the continental regions having the highest coastline length have reported moderate cases per million population 
and a similar trend is observed across the five continental regions of the study. In addition, scatter plot diagrams to 
determine the relationship between cases and coastline length in each continental region reveals slight positive 
relationships among them in the case of North America and Oceania while in the rest of the regions, there is null relation 
observed between the two variables (Figure 7). 

 

 

 

Figure 7. Scatter plot diagrams indicate the relation between cases per million population and coastline length in five 

continental regions 
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4- Discussion 

SARS-CoV-2 is the strain of virus belonging to the group coronavirus that caused COVID, an infectious disease 

leading to severe respiratory illness among humans. The virus gets transmitted through airborne media, where human-

to-human transmission happens through inhaling the infected aerosols or respiratory droplets either from an infected 

environment or an infected person. The transmission, spread, and viability of the SARS-CoV-2 are critical aspects that 

are important to explain the phenomena of disease incidence and resurgence observed in different regions. The etiology 

of COVID intensity due to the high incidence rate, and increase in cases can be elucidated from different perspectives 

to predict the pandemic growth. Scientific evidence shows climatic, environmental, and meteorological parameters along 

with socio-demographic patterns, which are investigated extensively to predict the disease transmission, spread, and 

incidence phenomena in different countries. Factors like temperature, humidity, precipitation, solar radiation, 

topography, latitude, aerosols, air pollutants, wind speed, ventilation, etc. are parameters that change over time and space 

and each of these parameters interrelate and interact with each other. Specific climatic, environmental, and 

meteorological parameters were examined by various researchers in the past to enumerate the degree of influence on 

disease transmission, spread, and viability in concurrence with the socio-demographic pattern. In this study, we intend 

to specifically analyze the role of latent heat flux transforming latent heat energy from ocean circulation on the disease 

incidence and resurgence of cases in different geographic regions. As there are no significant studies done on this 

interpretation, our aim of this study is to verify the association of climatic factors such as latent heat energy would have 

in influencing the increase in cases with latitude and determine whether coastline length subjectively affects the latent 

heat energy production from the aerosols in different countries. 

Latent heat flux is an important climatic parameter concerning atmosphere-ocean interactions, mostly impacted by 

changing sea surface temperatures (SST) due to ocean warming. Numerous studies also indicate a positive or negative 

correlation between SST and latent heat flux in different intensities based on the latitudinal position of each country, 

which reveals varying degrees of disease incidence rate and resurgence. In contrast, as SST data are not currently being 

published globally to evaluate the latent heat energy from atmosphere-ocean interactions, a precise mechanism to assess 

the impact of latent heat energy on disease incidence at different latitudes leads to constraints towards such research. 

Therefore the nearest parameter to understand the implications of atmospheric ocean interactions would be to consider 

the coastline length, as a reasonable factor for latent heat flux. There are few studies found close to our present study 

objective which reveals coastal habitats harbor aerosol production leading to contamination of the population with 

airborne pathogens [33]. Further, the reports of COVID were also linked to countries in the equatorial and poles, while 

the countries in such distribution were not analyzed about the coastline which is a measure of latent heat energy [53]. 

Our study considers the extent of coastline length, and water body mass circulation resulting in aerosol production which 

can increase the airborne density of pathogens.  

Analyzing the COVID incidence from our observation from the tropics to the poles, the second wave outbreak was 

reported from January to April, which coincided with the escalation of more fatalities reported in Europe during the 

same period. COVID fatality per million cases was observed to be varying with latitude, with more persons on average 

succumbing to severe infections at high latitudes compared to regions close to the tropics. Particularly the pandemic was  

Resurgence observed in many countries where there were a rise and fall in infection cases over the last two years 

(2021-2022). The trend was mostly observed during the outbreak of new variants from mutations. Contrary to the 

understanding, the resurgence of the disease particularly in some geographic regions, is probably attributed to the 

climatic variables indicating the role of specific environmental factors that favor the spread, viability, and infection. In 

our study context parameters such as atmospheric latent heat flux, solar radiation, and exposure rate from the indoor and 

outdoor environment, urban pollution affects the viability, and survival, shows the potential to spread successfully 

through the airborne media. Besides, the climate variables coastline length signifying latent heat flux of region 

substantially influences incidence rate leading to rising of more infection cases where the highest cases are reported 

around maximum coastline length range correspondingly found in peak latitude range, thus implying that changes in 

atmospheric heat fluxes will result in fluctuations in incidence rate [16]. In conjunction with the above observations, the 

incidence and raise in cases of COVID in different regions have some degree of association with temperature, indicating 

the fluctuations in this parameter are bound to influence the pattern of pandemic flow. A similar tendency of association 

was also reported with latitude from the epidemiological studies stated by Burra et al. [54].  

Our analysis closely indicates that latent heat flux peaks at latitudes 40˚ where the peak fatalities of disease are 

observed at 50˚ latitude with the lowest fatalities occurring close to 15˚ latitude, revealing that in a 10˚ latitude margin, 

the disease incidence rate is likely to rise and fall deeply in the order of 6 times, these observations resolve the preposition 

H1 that latent heat flux as a measure of coastline length influence the incidence rates, but this scenario may mostly 

prevail in countries located in peak latitudes. On the other hand, the resurgence of disease cases cannot be ascertained 

fully on the climate variables, while demographic and non-climatic factors are known to impact the pandemic outcomes 

to a considerable extent according to reports [55, 56]. This argument is observed from our study in a few continental 

regions where the incidence rate through a rise in cases has no definite association with the extent of coastline and 

subsequent latent heat flux. But in theory, the resurgence of cases from COVID is either due to the emergence of new 
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variants or possibly a rise in infection rates thereby is also largely due to demographic factors such as poor socioeconomic 

factors, ease of restrictions in some countries, population structure and density patterns, health care facilities, etc. which 

explains why the infection rates are differently observed in countries in the same geographic region and latitude zone, 

despite variance in coastal volume and atmospheric heat flux [57-59].   

Conversely, latent heat flux over a region tends to influence the disease infections rates, deaths, and spread as more 

people on average succumb to infections at high latitudes compared to regions close to the equator, thereby which 

confirms our study proposition that increase in cases reported are affected by latitudinal ranges of countries, in 

accordance to the observations made by Chen et al. [60]. Further, mild links can be established to confirm the role of 

atmospheric latent heat flux on the stability and spread of infections in countries surrounded by water bodies as results 

from the study indicate in countries having long coastlines tend to show a decrease in cases and infection rates which is 

consistent to our preposition H2 that coastline length affects the latent heat paradigm of every county that varies with 

latitudinal ranges.  

The rise in cases and resurgence of infections across many countries is also affected by climate variables such as solar 

radiation intensity, temperature differences, humidity, water evaporation from surrounding water bodies leading to heat 

energy balance, latitudes of countries, etc. all were examined to have some degree of association on the spread, 

transmission, stability, and viability of the virus. Moreover, our results are consistent with the three prepositions specified 

in the study and agree with the previous studies, confirming that the climate variables such as latitude, and atmospheric 

latent heat flux corresponding to the extent of coastline length show a considerable degree of association with the 

resurgence of COVID. Accordingly, extensive analysis from the previous study also shows complex correlation 

dynamics between atmospheric latent heat flux with the fatalities from COVID with death counts peaking in the poleward 

direction and decreased cases at minimal flux values which provide sufficient grounds for validating the three 

prepositions of the study 

Besides, sufficient previous studies have been conducted proving the role of heat and UV radiation at different 

latitudes in causing the spread of SARS-CoV-2. Buonanno et al. [61]; Menebo [62]; Chin & Poon [63]; and Sonja [64], 

where the intensity of resurgence is felt to varying extents in different countries coincidental with the propagation of 

COVID waves from the tropics to the poles. For this reason, the synchronous COVID fatalities among countries in any 

given region of the world indicate the regional-wide influence that can be least fully explained from localized 

demographic data. Following that, the incidence rate and resurgence of cases in aerosolized environments from polluted 

cities also affect turbulence flux, showing the greatest impact on sensible heat flux and latent heat flux, causing the virus 

to remain stable and remain infectious for longer periods under a lower flux range [64].  

Regarding the environmental parameters, they are understated, which is also apparent from our review paper last 

year. In general, many papers have (understandably) focused on indoor living conditions and the rate of viability of the 

virus against temperature and relative humidity. Relative humidity changes with temperature as well as with moisture 

content. This obscures the latent heat dependence of the virus. A better reference for virus viability is the dew point 

temperature, which, for a given ambient condition, is dependent on moisture content alone. A good example of how 

atmospheric conditions can turn around the impetus of COVID is that of a recent outbreak in India in May 2021. The 

outbreak, which was intense and rapid, was quickly brought under control within 2–3 weeks of an otherwise chaotic and 

desperate situation. This is largely a result of the approaching south-west monsoon front, which is substantially heating 

the atmosphere through the release of transported latent heat. Unfortunately, throughout last year, the WHO was not 

convinced that Cov-2 was airborne. As a result of this, until today, many administrations do not emphasize and, at times, 

do not even mention the importance of ventilation. The above results, alongside, our earlier results on City Life (graph 

below), show that ventilation is paramount in reducing infection rates. The results are consistent with previously reported 

high rates of infections that were observed during the earliest days of the pandemic. 

Further, more detailed studies are required to precisely understand the determinant factors of resurgence and incidence 

phenomena, particularly among countries in coastal habitats, and also how the COVID cases transit from the tropics to 

the poles. In addition, emphasis on latent heat flux from sea surface temperature needs a thorough analysis to comprehend 

the role the climatic factors have in the transmission and spread of COVID, while that information would be useful to 

predict the disease progress and take preventive measures to overcome future pandemics. 

5- Conclusion 

The study examines the role of climate variables impacting in the rising incidence rate and understands the 

implications of the global resurgence of the pandemic. The significance of different climatic factors, environmental 

conditions, and weather conditions on virus spread, transmission, and viability is widely studied in different geographical 

contexts. Environmental parameters like temperature, relative humidity, precipitation, wind speed, air pollutants, 

aerosols, etc. are some factors known to play a significant role in the sustenance of SARS-CoV-2, leading to transmission 

and spread in the environment. Among these are demographic factors, because concern along with population migration 

is known to considerably affect the resurgence in certain situations. It is interesting to note that the implications of the 

incidence rate are not caused by a single factor but by a combination of factors contributed together, either involving 

environmental, climatic, and or demographic, as evidenced by various studies. 
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Apart from this, our study indicates that the combined role of latitude and coastline length in countries signifying 

latent heat flux can explain the increase in the incidence rate and resurgence in cases. Besides, the outcomes of our 

analysis also sufficiently fulfill the prepositions of our study, indicating that the rise in cases observed in the criteria 

country groups is caused by latent heat flux in conjunction with the coastline length at peak latitude ranges. 

However, such a trend is not distinctly observed across all geographic continents that are examined, as latent heat 

flux shows varying energy balance from the tropics towards poles from studies proving the positive association of pole-

ward latent heat flux with degree latitude and death counts. Likewise, coastline length and death count tend to show an 

association with the time of virus prevalence in the environment, as observed in the context of GCC countries. In the 

end, the analysis categorically states that the resurgence observed globally from the increase in the incidence rate and 

infections is also relatively due to the influence of climatic variables, among the other factors that are known to show 

the collective effect of disease transmission and spread of infection. 
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