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Abstract.  6 

This article investigated whether the atmospheric temperature had any role in the 7 

spread and vulnerability to COVID-19 worldwide and how that knowledge can be 8 

utilized to contain the fast-spreading disease. It highlighted that temperature was an 9 

important factor in transmitting the virus, and a moderately cool environment was the 10 

most favourable state for its susceptibility. In fact, the risk from the virus is reduced 11 

significantly in high temperature environment. Warm countries and places were likely 12 

to be less vulnerable. We identified various degrees of vulnerability based on 13 

temperature and specified countries for March and April. The maximum reported 14 

case, as well as death, was noted when the temperature was in the range of around 15 

275°K (2°C) to 290°K (17°C). Countries like the USA, UK, Italy and Spain belonged 16 

to this category. The vulnerability was moderate when the temperature was less than 17 

around 275°K (2°C) and countries in that category were Russia, parts of Canada and 18 

few Scandinavian countries. For temperature 300°K (27°C) and above, a significantly 19 

lesser degree of vulnerability was noted. Countries from SAARC, South East Asia, 20 

the African continent and Australia fell in that category. In fact, when the temperature 21 

was more than 305°K (32°C), there was a unusually low number of reported cases 22 

and deaths. For warm countries, further analyses on the degree of vulnerability were 23 

conducted for the group of countries from SAARC and South East Asia and 24 

individual countries were compared. We also showed countries can switch from one 25 
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vulnerability state to another based on the variability of temperature. We provided 26 

maps of temperature to identify countries of different vulnerability states in different 27 

months of the year. 28 

   That influence of temperature on the virus and previous results of clinical trials 29 

with similar viruses gave us a useful insight that regulating the level of temperature 30 

can provide remarkable results to arrest and stop the outbreak.  Based on that 31 

knowledge, some urgent solutions are proposed, which are practically without side 32 

effects and very cost-effective too.  33 

 34 

1. Introduction: 35 

 36 

The recent pandemic of COronaVIrus Disease 2019 (COVID-19) and its rapid 37 

spread worldwide1,2 brought the whole human civilization to a standstill. The 38 

responsible virus for the disease is Severe Acute Respiratory Syndrome 39 

CoronaVirus 2 (SARS-CoV-2) 3. Detailed analysis of the characteristics of the virus 40 

and the nature of the disease is outlined in current research4, 5.  41 

The disease first originated in the Wuhan Province of China. The case of 42 

hospital admission was first reported on 12th December 2019 and since then till 15th 43 

March there were 80,995 reported cases in China with 3,203 confirmed deaths2. 44 

Various analyses on the COVID-19 spread in China were detailed in a recent study6. 45 

That figure all over the globe reached 1,000,249 and 51,515 respectively2 on 3rd April 46 

2020, since 31 December 2019. Geographic distribution of COVID-19 cases 47 

worldwide are presented in Fig.1a. Because of the highly contagious in nature 3,7, 48 
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most of the countries worldwide started lockdown situation from around third week of 49 

March8.  50 

Several facts highlighted that the spread of recent Coronavirus pandemic 51 

showed some geographical preferences (Fig.1). Countries and cities with moderately 52 

cold winter temperature indicated a rapid spread (UK, Italy, Spain, northern USA 53 

etc.) compared to warm countries (e.g., countries from the African continent, Indian 54 

subcontinent and, Australia) 1,2. Moreover, very cold countries like Canada, Russia 55 

and Scandinavian countries only showed moderate severity. Interestingly, the 56 

countries that suggested moderate severity started showing the sign of more severity 57 

from the end of April. More importantly, it is happening in spite of a global lockdown 58 

situation. Over the same time, some warm countries (e.g, Brazil, Chilli) also 59 

suggested a rise in severity1,2.  60 

On a regional basis, compared to warmer places, colder regions were seen 61 

more affected. During February and January 2020, a sub-zero minimum temperature 62 

was noted in the Wuhan province of China where the outbreak was reported first. 63 

Wuhan experienced maximum  severity in terms of the death toll and the rapid rise of 64 

infected patients.  In February this year, the following cities (Rome in Italy, Tehran in 65 

Iran, Seoul in South Korea) all experienced a sub-zero minimum temperature and 66 

coincidentally showed a sharp increase in the number of infected patients. Those 67 

cities were the epicentres of the outbreak of respective countries. The numbers of 68 

infected people in Italy, Iran, South Korea are reported to be 115242, 50468 and 69 

10062 (as of 3rd April 2020 since 31 December 2019) 2.  70 

Close connections between epidemics and seasons are previously identified 71 

for mid-latitude temperate regions; which is November till March in the Northern 72 

Hemisphere, while May upto September in the Southern Hemisphere 9,10,11. In 73 
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temperate regions, absolute humidity minimizes in winter alongside temperature 74 

which becomes more susceptible to certain virus transmission and survival10.  75 

 76 

A laboratory study using a seasonally dependent endemic virus that has close 77 

resemblance  with Coronavirus also confirmed the dependence of temperature and 78 

humidity on the spread of disease11. It  showed that at a temperature of 5 ºC and 79 

relative humidity (RH) 35% to 50% the infection rate was very high (75-100%). 80 

Whereas, when  the  RH was still kept at 35%, but only temperature  was  increased 81 

to 30°C the infection  rate surprisingly reduced to zero11.  As the infection rate was 82 

reduced to zero at temperature 30 °C and humidity 35% that estimation may be 83 

useful for arresting spread of similar viruses and needs further exploration. 84 

 85 

Another virus named the Middle East Respiratory Syndrome Coronavirus 86 

(MERS-CoV) that share  genetic similarity with COVID-19 was shown to remain 87 

active for a long time in low humidity and low temperature12. Studies with a different 88 

Coronavirus SARS-CoV (Severe Acute Respiratory Syndrome Coronavirus) also 89 

noted the same connection 13,14,15. MERS-CoV and SARS-CoV both belong to the 90 

Coronavirus genus in  the Coronaviridae family16.  91 

 92 

Research also studied strength and activity for a similar generic Coronavirus 93 

(viz. SARS-CoV) using a variable level of temperature and humidity14. It found that 94 

inactivation of the virus was faster at all humidity level if the temperature was simply 95 

raised to 20°C from 4°C. Also, the inactivation was more rapid if the temperature was 96 

further increased to 40°C from 20°C, suggesting the virus is extremely sensitive to 97 

high temperature. SARS could, however, be  active  for at least  five  days in typical 98 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202003.0366.v3

https://doi.org/10.20944/preprints202003.0366.v3


 

5 

 

airconditioned environments which has relative humidity 40-50 % and room 99 

temperature 22 -25°C 13. The strength of the virus was lost rapidly when relative 100 

humidity was >95% and temperatures were 38°C or higher13. Studies with various 101 

Coronavirus generic categories other than MERS and SARS also confirmed that low 102 

temperature significantly contributes to the survival and transmission of the virus14,17.   103 

 104 

COVID-19 is an extremely contagious disease 3,7 as it invaded almost all parts 105 

of the globe in less than two months1,2. The nature of its transmission under variable 106 

temperature condition also needs attention. A lab experiment was conducted using 107 

guinea pigs to examine the contamination of a similar seasonal air-borne virus11. It 108 

studied the effect of temperature on airborne transmission as well as contact 109 

transmission. Increasing the temperature prevented airborne transmission but could 110 

not stop contact transmission. When guinea pigs were kept in separate cages for 1 111 

week at a temperature of 30°C, no infection took place among recipient guinea pigs. 112 

But to simulate contact transmission, if those were kept in the same cage, between 113 

75% and 100% became infected. They, however, found no role of humidity in these 114 

experiments.  115 

Though the knowledge of temperature sensitivity to the similar seasonal virus 116 

is recognised, whether any early warning systems can be proposed on various 117 

space and time scales is yet to be determined18. The role of weather on the spread 118 

of COVID-19 was also studied in various analyses. Research confirmed 119 

dependencies on temperature and humidity 14,15 ; wind speed and surface pressure19 120 

for the spread of virus. A systematic review to understand the effect of temperature 121 

on COVID-19 was also conducted21 . It collected numerous recent journal 122 

submissions (around 16 in number) and almost all of them indicated a strong 123 
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dependence on temperature. There are potential that the knowledge of such 124 

analyses can be used for the benefit of human society in the current emergency 125 

situation. The role of global temperature on the transmission of COVID-19 worldwide 126 

was mentioned first by the author in a recent work 22. That knowledge was further 127 

elaborated in a subsequent study by presenting a global temperature spatial map 128 

and comparing with vulnerability worldwide23. The current analysis is an extension 129 

work to investigate that effect further. It also identifies countries that are more 130 

vulnerable/ favourable than others in various seasons.   131 

It is an extremely contagious disease3,7 and has very high epidemic potential. 132 

Scientists from different fields are working tirelessly to mitigate the crisis. Clinical 133 

trials and laboratory experiments are time consuming. Lockdown and social 134 

distancing can be a temporary solution, as the economy and mental health also need 135 

attention. With those emergency situations in mind, some effective solutions are 136 

proposed. These additional measures, apart from existing guidelines 3,7 , can greatly 137 

benefit to overcome the crisis.  138 

This article is based on the idea whether the variable global temperature has any 139 

role in the transmission of virus globally and to arrest the rapidly spreading disease, 140 

how that knowledge can be used.  141 

2. Methodology and Data: 142 

We analysed global air temperature data from NCEP/NCAR Reanalysis product24, a 143 

joint product from the National Center for Atmospheric Research (NCAR) and 144 

National Centers for Environmental Prediction (NCEP). The data is freely available25. 145 

It has a temporal coverage of Monthly as well as Daily values from 1948 January till 146 

recent dates. The long-term monthly mean of this data is available and derived for 147 
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years 1981 - 2010. The spatial coverages extend all over the globe and has 17 148 

vertical levels. In this analysis, we only considered the lowest level near the surface 149 

which is 1000mb. For air temperature, we calculated climatology (30 years average), 150 

as well as some daily composites using compositing technique. We also used the 151 

Method of Mean Differences to analyse the result and to find differences between 152 

two sets of data. The level of statistical significance was derived using the student’s 153 

t-test. Data related to COVID-19 are freely available and all listed underneath. 154 

 155 

3. Results: 156 

3.1  Analyses based on Temperature and spread of the Virus 157 

As temperature played a very key role in spreading Coronavirus 12,13,14,15,17  and also 158 

especially COVID-19 19,20, 21 we analysed it further by using a spatial plot of global 159 

monthly mean air temperature (Fig 2). Later it was compared with the vulnerability to 160 

the disease worldwide. 161 

 162 

3.1.1.  Mean Spatial Temperature Globally 163 

Mean global temperature spatial plot for March 2020 is shown in Fig 2a, when 164 

lockdown started8 and the disease affected most of the countries globally. Fig.2b is 165 

for the very recent month (April 2020) and Fig. 2c for the period when the disease 166 

made its presence globally (15th Feb) till the last day of recent month (30th April 167 

2020). 168 

 169 

Temperature threshold: Cold temperature    170 

Different vulnerability situation was observed for moderate cold countries and 171 

extreme cold countries. 172 
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 173 

Moderate cold: The first ten countries (and number of death counts till 3rd April) in 174 

descending order are mentioned: Italy (13,917), Spain (10003), United States 175 

(6,053), France (4,503), China (3,326), Iran (3,160), United Kingdom (2,921), 176 

Netherlands (1,339), Belgium (1011) and Germany (872)2. These countries showing 177 

maximum vulnerability, belonged to the moderate cold category. Mean temperature 178 

varied between the range of around 275°K (2°C) to 290°K (17°C). 179 

Severe cold: Though Laboratory experiments to our knowledge did not conduct any 180 

study relating to lower temperature threshold, but Fig. 1 and 2a suggested, lower 181 

temperature threshold may also be important. Here are some statistics2 for reported 182 

case (and death) for countries below 275°K (2°C), e.g., Iceland 1319(4), Finland 183 

1518(19) and Canada 11268 (138); all those showed comparatively low death count 184 

till 3rd April.  185 

 186 

Temperature threshold: High temperature 187 

Interestingly, countries having temperature more than 300°K (27°C) showed 188 

unusually low death rate compared to the overall statistics.  Countries from the South 189 

Asian Association for Regional Cooperation (SAARC), South East Asian Countries 190 

(SEAC), the African continent and Australia all lied in that zone and all have low 191 

death counts (Fig. 1, Fig. 2a). African countries lying in that temperature zone 192 

reported insignificant infected cases as well as deaths. That temperature zone 193 

excluded countries with higher reported case among African continent (countries of 194 

northern boundaries e.g., Algeria, Egypt and Morocco and Southern boundaries e.g., 195 

South Africa). For Australia, that statistics of the reported cases (and deaths) were 196 

5224 (23); in fact, no death was reported till 3rd of April1 in regions when the 197 
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temperature is higher than 300°K (27°C). Almost all reported cases and deaths for 198 

Australia were around South West part of the country where the temperature was 199 

below 300°K (27°C) (Fig. 1 and Fig. 2a). Few other countries falling in that 200 

temperature threshold with reported cases (and deaths) were Malaysia 3116 (50), 201 

Singapore 1049(5) and Thailand 1875 (15).  202 

Certain clinical tests found the infection rate for some seasonal air borne virus 203 

was reduced to zero at temperature 30 °C at certain humidity level11. Here we 204 

show that the vulnerability to COVID-19 is reduced drastically even at 27°C, 205 

without considering any effect of humidity. In addition to that, when the temperature 206 

was above 305°K (32°C), an unusually low number of the reported cases, as well as 207 

deaths, was observed1.  208 

These analyses indicated some rough temperature threshold for the spread 209 

and vulnerability to COVID-19 as follows: i) 275°K (2°C) to 290°K (17°C) - maximum 210 

reported case as well as death; ii) <275°K (2°C)- death reporting was low; iii) 300°K 211 

(27°C) and above- significantly less number of reported death compared to overall 212 

population; iii) >305°K (32°C)- an unusually low number of reported cases as well as 213 

deaths.   214 

Fig. 2b is the spatial plot of global temperature for April which is tested again 215 

and the main conclusion relating to temperature threshold and vulnerability remain 216 

the same. Climatology of temperature is prepared globally for different months (Fig. 217 

3-8). Following the current analyses, it would indicate predictive maps of vulnerability 218 

for different months based only on temperature. We find Fig 2b is consistent with Fig 219 

3 (bottom)  and Fig. 2c with Fig 3 (top), which are for the month of February and 220 

March respectively. As we verified the last February and March 2020 with the 221 

climatology of those two months, we may expect the predictive maps would be very 222 
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similar for other months too. Thus, climatology map of temperature can give ideas of 223 

vulnerability level to different countries month-wise and the direction of transitions. It 224 

will be important for every country for future preparedness.  225 

    The vulnerability to the disease worldwide was analysed based on certain data 226 

on the day of 1st May. To examine that data till the 1st of May (Table 1) we compared 227 

global temperature map from 15th Feb till the end of April (Fig. 2c). We find the result 228 

is again consistent.   229 

 230 

3.1.2.  Examining Reported Cases and Deaths  231 

Based on location, testing and other various reasons reported cases are likely to 232 

vary. Until a high number of populations is tested the case reporting may be 233 

sometimes meaningless. As death reporting is usually authentic, we considered 234 

‘deaths’ as a better metric. Moreover, the absolute number of deaths vary based on 235 

population. Hence to analyse the degree of vulnerability, death/Million population of 236 

a country is chosen as the best indicator in this analyse.   237 

In Table 1, we have presented a few statistics showing situation update/ 238 

performances of various chosen countries 26.  Some countries, especially those are 239 

developing could have poor reporting strategy and inadequate facilities. Tests 240 

/Million population are expected to be comparatively low for those countries, as also 241 

reflected in Table 1 (last column). We should note that data or statistics presented in 242 

Table 1 could vary slightly and may not be accurate. However, those limitations do 243 

not affect the main results of our analyses.   244 

Test /Million populations were maximum for Iceland, which was reflected in 245 

the highest number of infected cases per million (column 4).  Death/Infected (column 246 
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5) is a parameter that could indicate the performance of medical treatment country-247 

wise and expected to be lower for developed countries. However, it is also linked 248 

with the number of more overaged population and number of testing etc. 249 

Death/Infected (%) was highest in European countries in spite of advanced health 250 

care system, that may indicate a high ageing population. The same was the lowest 251 

for Singapore (.1%), which had high testing rates amongst all warm countries.  252 

Data of all countries from South Asian Association for Regional Cooperation 253 

(SAARC) were presented which are Afghanistan, Bangladesh,  Bhutan, India,  254 

Maldives, Nepal, Pakistan  and Sri Lanka. All countries of South East Asian region 255 

were also presented in Table 1. Those  are Singapore, Cambodia, Malaysia, 256 

Vietnam, Thailand, Indonesia, Philippines and Myanmar. Among those, some are 257 

very popular tourist spots and some are popular international business hubs where 258 

more transmission of the disease by foreign travellers are expected.  In spite of the 259 

varied level of testing, infrastructural facility, population density, varying degree of 260 

lockdown restriction and many dissimilarities among each country there was still one 261 

common factor. All those countries had very less death per million population. For 262 

SAARC countries it was 2 and under; whereas, for South East Asian countries 263 

(SEAC) it was 6 and under. Among these countries, Singapore did maximum testing 264 

per million, which was even comparable with developed countries. That large count 265 

was reflected in the higher count for  infected per million compared to other countries 266 

in that group, though not in the death count. Among that group of countries, the 267 

number of deaths in one day (01/05/2020) was higher in India and Pakistan 268 

compared to the rest (column 6), which was a common reflection of their high 269 

population.   270 

 271 
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Following Table 1, we found the least vulnerable countries had a very less 272 

count of death per Million, which was under 1. That count for less vulnerable 273 

countries were 10 and under. Result of few Moderate cold countries and very cold 274 

countries were also presented. For moderate cold countries, the deaths per million 275 

was very high which even exceed 400 in some countries. Though the USA ranked 276 

first in terms of total number of deaths and reported cases1, but being 3rd largest 277 

populated countries in the world27, the ranking of the USA in Table, 1, column 3 was 278 

lower than in European countries. For very cold countries that count was less than 279 

100 for most cases.  280 

 281 

Following temperature thresholds, we categorised countries based on vulnerability 282 

as follows:  283 

 284 

Category I:  Moderate Cold - between 275°K (2°C) to 290°K (17°C) - Most 285 

Vulnerable.  286 

Category II: Very Cold – less than 275°K (2°C) - Moderate Vulnerable 287 

Category III:  Moderate warm – greater than 300°K (27°C) - Less Vulnerable.  288 

Category IV: Very warm – greater than 305°K (32°C)-  Least Vulnerable.  289 

There could still be a very few countries suggesting as outliers. Those could be 290 

related to relaxed/ effective social isolation policy and preventive measures, low/high 291 

testing facility,  relaxed/ regulated overseas arrivals, poor/advanced infrastructure, 292 

inadequate/ appropriate medical intervention on time, other favourable/ unfavourable 293 

atmospheric conditions etc.  294 

 295 
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3.1.3.  Statistical Analyses 296 

 297 

Fig.9 showed vulnerability to COVID-19 measured in terms of Deaths per Million, 298 

upto 1st of May, 2020.  Fig.9a suggested all Warm countries together (SAARC and 299 

South East Asian countries (SEAC),  continents of Australia and Africa) had 300 

significantly low death rates compared to cold countries. Mean and standard 301 

deviation of moderately cold (395.8, 125.0), very cold (41.5, 34.8) and warm 302 

countries (2.1, 2.4) suggested a clear distinction. In the group of warm countries, 303 

there were enough dissimilaities among each other in various respect (varied testing 304 

level, popular tourist destination, infrastructural facility,  other atmospheric 305 

conditions, developed/developing status of countries etc.). The low mean and 306 

standard deviation clearly indicated how strong was the role played by temperature. 307 

The method of mean difference is applied among the three categories and to test the 308 

level of statistical significance ‘t’ test is used. The difference between each other in 309 

the three categories are significant even at the 99% level. In Fig. 9b, we further 310 

elaborated on warm countries and presented box plots focusing on countries from 311 

SAARC and SEAC. Each group comprises of a total of 8 countries. The SAARC 312 

group of countries indicate the lower mean value (1.0) and standard deviation (0.8) 313 

than the group of SEAC (2.6 and 2.2, respectively). Fig. 9c further focused each 314 

individual countries from Fig. 9b. Among SAARC countries, Pakistan, Afganisthan 315 

and Maldives showed highest rate; while from SEAC, countries with high death 316 

counts are Combodia and Philipines.  Fig.S1 is same as Fig. 9 though considered 317 

reported Cases per million instead of Death. Countries with more number of testing 318 

sometimes report more cases (e.g., Singapore, Maldives and Iceland).That is one of 319 

the reasons for large standard deviations in Fig S1a. Like Death, there is a very clear 320 
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distinction between three categories (Fig S1a). In Fig.S1b, we excluded two outlier 321 

countries Singapore and Maldevis those did very high testing compared to the rest. 322 

The boxplot of SAARC and SEAC do not differ much. In Fig.S1c too, we excluded 323 

those two outliers for general comparison. As the reported case is heavily dependent 324 

on number of testings and other factors, rankings of individual countries in Fig.S1c 325 

differ to that from Fig.9.  Among SAARC countries, the ranking of Pakistan was 326 

highest for both, the death as well as reported cases per million.    327 

 328 

3.2.  Effect of Temperature Regionally and Transition Phase: 329 

Regional temperatures within a country can vary to a large degree, (even ~ 25°C for 330 

the USA, Fig. 2). Hence vulnerability of any country will also depend on regional 331 

variations of temperature. In Fig. S2a, we showed that the southern part of Canada 332 

was mostly affected compared to the rest of the country. Interestingly, that region 333 

only lied in the most vulnerable temperature zone (Fig. 2c). A transition was noticed 334 

from March to April and more parts of southern Canada are now entered in 335 

moderately cold category in May indicting a rise in vulnerability. The spatial plot of 336 

Canada (Fig. S2a) and temporal pattern (Fig. S2b) indicated such features. The daily 337 

death count increased during the beginning of April (Fig. S2b). A very high number of 338 

daily deaths were reported on the 1st of May (Table 1, 6th column), which was 339 

comparable to most vulnerable countries.  340 

In spite of a lockdown situation globally8 if there was an increase in 341 

vulnerability to some countries that needs attention too. Since the end of April, many 342 

countries started moving from one vulnerability state to others, e.g., Russia, Canada 343 

and some Scandinavian countries. For Russia,  new cases reported on 7th May is 344 
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10,559, which is 2nd highest reported case after the USA26. Canada also reported 345 

very high death on that day, which was 189, and again comparable with vulnerable 346 

countries26. For Sweden, the death reported on 7th May was 87 which was relatively 347 

high compared to the overall population of 10,089,79526. These countries were very 348 

cold in March and at the beginning of April and now phasing out to moderate cold 349 

phase.  350 

A recent research19 studied the effect of temperature on the spread of COVID-351 

19 in Italy. It showed only 2°C rise in temperature can have a comparable effect on 352 

the transmission of the virus. The effect of small change in temperature even for 2°C 353 

to 2.5°C was analysed and discussed for a few continents in Fig S3 (Europe), Fig. 354 

S4 (Africa) and Fig. S5 (South America).         355 

A spatial plot particularly focused on Europe (Fig. S3) suggested that UK was 356 

still in the most vulnerable zone in April; whereas, southern Europe turned warmer 357 

(Fig. S3 a and b). Scandinavian countries like Sweden started entering into most 358 

vulnerability zone from moderate vulnerability state (Fig. S3 a and b).  359 

For Africa, the region of least vulnerability was marked (Fig. S4). The 360 

temperature increased around latitude 15°N in April and Table 1 (6th column) 361 

showed no new death was reported to those countries. Questions could be raised 362 

about poor testing and reporting in those African countries. One reason could be as 363 

death was reported zero, those underdeveloped countries may not have considered 364 

testing a priority. Moreover, in Australian continents without much of an issue of 365 

testing and reporting also suggested similarly. In fact, part of western Australia and 366 

northern territory (least vulnerable region, Fig. 1) did not have deaths and practically 367 

few reported cases 1 (hence not shown in Table 1). A shift in high temperature region 368 
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in Africa from south to north during March to April gave an indication of how the 369 

vulnerability can shift regionally and gave rough time estimations of that transition.  370 

As 2°C change of temperature can influence the transmission of the 371 

disease19, we wanted to confirm that for South America (Fig. S5). Some countries 372 

from South America suddenly started an increase in deaths and reported cases. On 373 

7th May, Brazil reported new daily death 667, the 2nd highest after USA26. The 374 

lowering of temperature in Southern Brazil (297°C to 291°C in April) is clearly distinct 375 

in Fig. S5b to that from Fig. S5a.  376 

In terms of population, three highly populated countries are considered the 377 

USA, Brazil and India (world ranking 3rd , 6th and 2nd respectively)27.  A plot of recent 378 

daily death was presented for those three countries (Fig. S6).  The USA, a 379 

vulnerable country showed a very high daily count, Brazil now in a transition phase 380 

from warm to cooler state, suggested high death count with a comparatively steeper 381 

rise in very recent periods. India the less vulnerable country is now moving from 382 

warm to warmer. It reported much less death count compared to the rest two.    383 

Fig. 10 showed daily confirmed COVID-19 deaths per million in a form of 384 

rolling 7-day average. Those statistics were consistent with the number of death 385 

counts per million (Table 1, 3rd column). There are clear distinctions throughout the 386 

time period among moderately cold, very cold and warm countries. All warm 387 

continents e.g., Asia, Africa and Australia, those belonged to the less vulnerable 388 

category, suggested a very nominal daily death count rate compared to the rest (not 389 

visible as merges with X axis). The bottom three curves are for Russia, Brazil and 390 

Canada respectively. All three are showing a rising trend and we discussed earlier 391 

those three are in the transition state. Russia and Canada are turning from very cold 392 

to moderate cold; whereas, Brazil from warm to cold. For the USA, UK, Italy and 393 
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Spain all suggested very high count throughout and all achieved a peak and now in 394 

the declining state. During the declining phase, the temperature was also increasing.  395 

     Based on the discussion, it is possible to determine the vulnerability of a specific 396 

country as a whole and region-wise during different time periods. Another point is 397 

worth mentioning that this is an extremely contagious disease and single 398 

contamination through a foreign career/traveller can multiply exponentially among 399 

locals. Megapolises like New York, Mumbai, London are expected to be infected 400 

more than its suburb and it is, in fact, the case. All those factors were also 401 

considered while analysing the statistics.     402 

3.3.  Possible Solutions: 403 

The above analyses highlighted that temperature plays an important role in 404 

transmissions of Coronavirus12,13,14,15,17  that include COVID-19 19,20,21. Warm 405 

temperature drastically reduces its impact. Hence following urgent measures (also 406 

mentioned earlier 22, 23) are proposed to arrest and stop the outbreak: 407 

i) Using the Sauna facility:  Usually hotels, gyms, leisure centres have existing 408 

Sauna facilities which people can start taking advantage of immediately. 409 

Mobile and Caravan Sauna facilities can also be thought of by higher 410 

authorities.  411 

ii) Using Blow dryers: The virus enters through the nose and sticks and attack 412 

the nasal cavity 3,7. Intake of hot air through the nose a few times a day can 413 

be useful.  414 

iii) Portable Room Heater:  People can be close to a portable heater with 415 

comparative high temperature say, twice a day and preferably for half an 416 

hour. Being portable in nature, it can be moved around and many people can 417 
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avail that facility in a flexible way. Room heaters can also be useful for 418 

disinfecting purposes.  419 

iv) Disinfect any place using high temperature: Before the start and end of 420 

offices, school or business, the air-conditioning temperature of the premise 421 

may be kept, say, 40 ºC or above for sometimes (say, half an hour) to 422 

disinfect. The optimal level (temperature and time) can be tested very easily. 423 

For airports, train and bus, that method of disinfecting could be useful. For 424 

any external object or material, disinfecting using high temperature could be a 425 

useful solution.   426 

  The main point in this analysis is that the virus is very sensitive to temperature. 427 

Based on that knowledge these few measures are proposed. Many simple, easy 428 

procedures serving the purpose can be thought of; some could be applicable to 429 

warm countries and poor, remote, rural communities.  430 

Study showed SARS-CoV-2 is more infectious than some other Coronavirues34. 431 

The usual incubation period for COVID-19 is around 14 days7. The virus can stay in 432 

the human body for a few days without showing symptoms though they still could be 433 

a carrier 3,7. As it is difficult to trace mild or pre-symptomatic infection, it has greater 434 

epidemic potential 34. These measures described above could be very effective when 435 

people are in the asymptomatic or pre-symptomatic state. It is noteworthy that when 436 

people already developed major symptoms then this method will not be effective and 437 

proper medical advice need to be solicited. Given the emergency situation, lots of 438 

treatment/ medicines are desperately tried which are fraught with risks of serious 439 

side effects. On the contrary, this solution has practically zero side effects. This 440 

study suggests the majority of world populations need to be well prepared before the 441 

coming winter. This is an extremely contagious disease3,7.  Social isolation and 442 
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lockdown can be a temporary solution, as the economy and mental health also need 443 

attention. 444 

These four measures alongside other similar simple solutions are likely to 445 

reduce the spread dramatically. If few of these measures are implemented 446 

worldwide, it will have a major impact to arrest the spread of the virus.  447 

 448 

4. Conclusions: 449 

This article investigated the influence of temperature globally in the spread and 450 

vulnerability to COVID-19. It indicated that temperature was a crucial factor in 451 

transmitting the virus. For the spread of the virus, the most favourable state was 452 

moderately cool places; whereas warm countries and places were likely to be less 453 

vulnerable. Similar temperature dependency was also noticed in previous clinical 454 

trials those involved other Coronavirus (MARS, SARS etc.) and seasonal influenza/ 455 

flu virus. Four different categories of vulnerability are identified based on temperature 456 

variations - which are moderate cold, very cold, moderately warm and very warm. 457 

For analysing vulnerability, death per million population was considered as a useful 458 

and effective metric. The maximum reported case, as well as death, was noted when 459 

the temperature was between the threshold of around 275°K (2°C) to 290°K (17°C). 460 

Based on temperatures of March and April we specified some countries too; the  461 

USA, UK, Italy, Spain belonged to this category. The vulnerability was moderate 462 

when the temperature was less than 275°K (2°C) and countries in that category for 463 

March and April were Russia, parts of Canada and Scandinavian countries. A  464 

significantly lesser degree of vulnerability was noted for countries with temperatures 465 

300°K (27°C) and above. SAARC countries, South East Asian countries (SEAC), 466 
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African continent and Australia belonged to that category during March and April. In 467 

fact, when the temperature was more than 305°K (32°C) there was an unusually very 468 

low number of reported cases as well as deaths. Some parts of  Australia and 469 

African continent showed such behaviour in March, April. The vulnerability to the 470 

disease is significantly different, between each other, for moderately cold, severe 471 

cold and warm countries. For warm countries, further analyses on the group of 472 

SAARCs and SEAC were conducted and individual countries were also compared.  473 

We provided maps of temperature to identify countries of different vulnerability 474 

state in different months of the year. We discussed that based on temperature 475 

variation, countries can move from one vulnerability state to the other. For e.g., parts 476 

of Russia, Canada started entering from severe cold to moderate cold state at the 477 

end of April; whereas, Brazil and few warm countries from South America moved 478 

from warm to less warm state. In spite of lockdown situation worldwide, those 479 

countries reported a sudden rise of death and infected cases at the beginning of 480 

May.  481 

We discussed daily confirmed COVID-19 deaths per million over the period, in 482 

a form of rolling 7-day average. It was consistent with the number of total death 483 

counts per million. There were clear distinctions throughout the time period among 484 

moderately cold, very cold and warm countries. All warm continents e.g., Asia, Africa 485 

and Australia, those belonged to a less vulnerable category, suggested a very 486 

nominal daily death count rate compared to the rest. The USA and European 487 

countries showed a decline in the recent period, while Russia, Canada and Brazil are 488 

showing a rise.   489 

Our analyses can also give some idea for regional variation of vulnerability of 490 

various countries and we specifically discussed that for Canada. Spatial variation 491 
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within continents were discussed for Europe, South America and Africa for the month 492 

of March and April. Our analyses could indicate, which countries are in favourable/ 493 

worsening state in the coming months based only on temperature variation. As 494 

regional temperature played a very important role in the transmission and spread, 495 

our result and future predictive maps have a major implication for future planning.  496 

We discussed that, like other similar category viruses, this virus is also very 497 

sensitive to temperature. It gave us a valuable insight that regulating temperature 498 

level can provide a useful strategy to arrest and stop the outbreak.  Based on that 499 

knowledge, some  urgent solutions are proposed. It is very cost effective and 500 

practically without side effects. To adopt these solutions no vast amount of funding is 501 

required. Another novelty of such an approach is- it can be applied overnight and 502 

implemented immediately across the globe. These measures are likely to reduce the 503 

spread of the disease dramatically.   504 

 505 
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List of Figures 609 

Fig. 1. Geographic distribution of COVID-19 reported cases worldwide, as of 16th 610 

March 2020 and the pattern is very similar till end of April1  611 

Fig. 2. Monthly average air temperature (ºK) spatial plot Globally for:  a) March 612 

2020; b) April and c) Feb 15 till April 2020.  Plots are generated from the 613 

NOAA/ESRL Physical Sciences Division, Boulder Colorado web site at 614 

https://psl.noaa.gov/data/composites/day/ 615 

Fig. 3. Climatology of global temperature for January (top) and February (bottom). 616 

 617 

Fig. 4. Climatology of global temperature for March (top) and April (bottom). 618 

 619 

Fig. 5. Climatology of global temperature for May (top) and June (bottom). 620 

 621 

Fig. 6. Climatology of global temperature for July (top) and August (bottom). 622 

 623 

Fig. 7. Climatology of global temperature for September (top) and October (bottom). 624 

 625 

Fig. 8. Climatology of global temperature for November (top) and December (bottom). 626 

 627 

Fig.9.  Vulnerability to COVID-19 measured in terms of Deaths per Million, upto 1st of 628 

May 2020.  a) Deaths in Moderately cold, Very cold and Warm countries are shown. 629 

In category 3, all Warm countries (SAARC and South East Asian countries (SEAC),  630 

continents of Australia and Africa)  together are presented. Uncertainty at one 631 

standard deviation level is marked. b) Box plot with particular focus on SAARC and 632 

SEAC groups. c) Record of each individual country from b. 633 
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Fig. 10. Rolling 7-day average of daily confirmed COVID-19 deaths per million upto 635 

6th May 202033. India, Asia, Africa and Australia all are very low compared to the rest 636 

throughout and practically merges with X-axis (hence not visible). The bottom three 637 

curves are for Russia, Brazil and Canada respectively. All three are showing a rising 638 

trend. Top four high peak curves are for UK, USA, Spain and Italy. All four are 639 

currently in a declining state. Plot generated using:  https://ourworldindata.org/ 640 

grapher/ daily-covid-deaths-per-million-7-day-average, accessed on 10/05/2020. 641 
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Fig. S1. Same as Fig.9 (a,b,c) respectively, but instead of ‘Death’, it is reported 649 

‘Cases’ per million. In c) Maldives and Singapore are shown as outliers (upper bound 650 

skipped) and those two are omitted in b).  651 

 652 

Fig. S2. Spatial and Temporal distribution of COVID-19 deaths in Canada till 2/5/20. 653 

a) Regional distribution of reported death28. b) The actual number of deaths reported 654 

in each day suggests a rising pattern29.  655 

 656 

Fig. S3. Mean Air temperature in March (Top) and April (Bottom) for Europe in 657 

NCEP/NCAR Reanalyses          658 

Fig. S4. Mean Air temperature in March (Top) and April (Bottom) for Africa in 659 

NCEP/NCAR Reanalyses  660 

Fig. S5. Mean Air temperature in March (Top) and April (Bottom) for South America 661 

in NCEP/NCAR Reanalyses. 662 

Fig. S6. Daily death counts of three very high populated countries e.g.,  USA30, 663 

Brazil31 and India32 till 2nd May 2020.  Note three different ranges of Y axis of three 664 

countries. The USA shows very high range (maximum 2624), Brazil moderate 665 

(maximum 474) and India low (maximum 77). The USA currently suggests a plateau, 666 

Brazil shows a sharp rise while India shows a moderate rise. 667 

 668 

 669 

 670 

 671 

672 
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Table 1: Reported Cases and Deaths of few Countries as of 1/5/2020 673 

 674 
 
Category    

 
     Countries 

Deaths 
/Million 
population 

Infected 
/Million 
population 

Death/ 
Infected 
   (%) 
 

New 
Deaths 
on the day 
1/5/2020 

Tests 
/Million 
population 

 
 
          I 
 
     Most 
Vulnerable 

           USA 
 
Europe 

Spain 
Italy 
UK 
France 
 

199 
 
 
531 
467 
405 
377 

3,417 
 
 
5,197 
3,431 
2,614 
2,564 

5.8 
 
 
10.2 
13.6 
15.5 
14.7 

1,897 
 
 
281 
269 
739 
218 

20,241 
 
 
32,699 
33,962 
15,082 
16,856 

II 
 

Moderate 
Vulnerable 

 

Canada 
Russia 
Finland 
Iceland 

 

90 
8 
39 
29 
 

1459 
784 
912 
5269 
 

6.2 
1.0 
4.3 
.55 
 

207 
96 
7 
0 

22,050 
25,354 
17,615 
143,988 
 

 
 
       
 
        III 
 
     Less 
Vulnerable 
 
 
 
 
 
 
 
 
 
 

SAARC Countries 
India 

Sri Lanka 
Pakistan 

Afghanistan 
Bangladesh 

Bhutan 
         Maldives 

Nepal 
 
South East Asian 
Countries 

       Singapore 
       Cambodia 

    Malaysia 
     Vietnam 
     Thailand 
     Indonesia 

      Philippines 
      Myanmar 

 
African Continent 
               Egypt 
      South Africa 
             Algeria 
            Morocco 
 
Australia      

 

 
.9 
.3 
 2 
 2 
 1 
 0 
 2 
 0 
 
 
 
3 
6 
3 
0 
.8 
3 
5 
.1 
 
 
4 
2 
10 
5 
 
4 

 
27 
32 
82 
60 
50 
 9  
908 
206 
 
 
 
2923 
138 
188 
3 
42 
39 
80 
3 
 
 
58 
100 
95 
124 
 
265 

 
3.3 
.93 
2.43 
3.3 
2.0 
0 
.22 
0 
 
 
 
0.1 
4.34 
1.59 
0 
1.9 
7.7 
6.2 
3.3 
 
 
6.9 
2.0 
10.5 
4.03 
 
1.5 

 
69 
0 
56 
4 
2 
0 
0 
0 
 
 
 
1 
21 
1 
0 
0 
8 
11 
0 
 
 
14 
13 
3 
1 
 
1 

 
  654 
1,047 
  825 
  272 
  426 
13,091 
14,815 
2,072 
 
 
 
24,600 
2057 
5215 
2681 
2551 
374 
992 
152 
 
 
897 
3668 
148 
1,003 
 
23,093 

 
 

III 
 

Least 
Vulnerable 

African Continent 
(Central region) 
            Uganda 
            CAR 
            Eritrea 
            Ethiopia 
            Chad          
 

 
 
0 
0 
0 
.03 
.3 

 
 
2 
15 
11 
1 
4 

 
 
0 
0 
0 
3 
7.5 

 
 
 
 
Nil 

 
 
739 
 
 
181 
 
 

 675 
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 676 

                                                                                             677 

           678 

 679 

Fig. 1. Geographic distribution of COVID-19 reported cases worldwide, as of 16th 680 

March 2020 and the pattern is very similar till end of April1  681 

 682 

 683 

 684 

 685 

 686 

 687 

 688 

 689 
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a) 690 

                                                                                                  691 
b)                                                         692 

 693 
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        c) 694 

 695 

 Fig. 2. Monthly average air temperature (ºK) spatial plot Globally for:  a) March 696 

2020; b) April and c) Feb 15 till April 2020.  Plots are generated from the 697 

NOAA/ESRL Physical Sciences Division, Boulder Colorado web site at 698 

https://psl.noaa.gov/data/composites/day/ 699 

 700 

 701 

 702 

703 
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 704 

 705 

     Fig. 3. Climatology of global temperature for January (top) and February (bottom). 706 
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 707 

 708 

Fig. 4. Climatology of global temperature for March (top) and April (bottom). 709 
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 710 

 711 

Fig. 5. Climatology of global temperature for May (top) and June (bottom). 712 
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 713 

 714 

Fig. 6. Climatology of global temperature for July (top) and August (bottom). 715 
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 716 

 717 

Fig. 7. Climatology of global temperature for September (top) and October (bottom). 718 
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 719 

 720 

          Fig. 8. Climatology of global temperature for November (top) and December (bottom). 721 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202003.0366.v3

https://doi.org/10.20944/preprints202003.0366.v3


 

39 

 

a) 722 

   723 

b) 724 

c)  725 

 726 
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Fig.9.  Vulnerability to COVID-19 measured in terms of Deaths per Million, upto 1st of 727 

May 2020.  a) Deaths in Moderately cold, Very cold and Warm countries are shown. 728 

In category 3, all Warm countries (SAARC and South East Asian countries (SEAC),  729 

continents of Australia and Africa)  together are presented. Uncertainty at one 730 

standard deviation level is marked. b) Box plot with particular focus on SAARC and 731 

SEAC groups. c) Record of each individual country from b. 732 

 733 

734 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 June 2020                   doi:10.20944/preprints202003.0366.v3

https://doi.org/10.20944/preprints202003.0366.v3


 

41 

 

 735 

    Rolling 7-day average of daily confirmed COVID-19 deaths per million   736 

 737 

 738 

Fig. 10. Rolling 7-day average of daily confirmed COVID-19 deaths per million upto 739 

6th May 202033. India, Asia, Africa and Australia all are very low compared to the rest 740 

throughout and practically merges with X-axis (hence not visible). The bottom three 741 

curves are for Russia, Brazil and Canada respectively. All three are showing a rising 742 

trend. Top four high peak curves are for UK, USA, Spain and Italy. All four are 743 

currently in a declining state. Plot generated using:  744 

https://ourworldindata.org/grapher/daily-covid-deaths-per-million-7-day-average, 745 

accessed on 10/05/2020. 746 

 747 

 748 
 749 
 750 
 751 
 752 
 753 
 754 
 755 
 756 
 757 
 758 
 759 
 760 
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a) 761 

 762 
 763 
b) 764 

 765 
 766 
c) 767 

           768 
Fig. S1. Same as Fig.9 (a,b,c) respectively, but instead of ‘Death’, it is reported 769 

‘Cases’ per million. In c) Maldives and Singapore are shown as outliers (upper bound 770 

skipped) and those two are omitted in b).  771 
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 772 

a) 773 

        774 

b) 775 

 776 

 777 

 778 

Fig.S2. Spatial and Temporal distribution of COVID-19 deaths in Canada till 2/5/20. 779 

a) Regional distribution of reported death28. b) The actual number of deaths reported 780 

in each day suggests a rising pattern29.  781 
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783 

 784 
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Fig. S3. Mean Air temperature in March (Top) and April (Bottom) for Europe in 785 

NCEP/NCAR Reanalyses  786 
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 788 
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Fig. S4. Mean Air temperature in March (Top) and April (Bottom) for Africa in 789 

NCEP/NCAR Reanalyses  790 
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Fig. S5. Mean Air temperature in March (Top) and April (Bottom) for South America 793 

in NCEP/NCAR Reanalyses. 794 

795 
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USA 796 

797 
Brazil 798 

799 
India800 

 801 

Fig. S6. Daily death counts of three very high populated countries e.g.,  USA30, 802 

Brazil31 and India32 till 2nd May 2020.  Note three different ranges of Y axis of three 803 

countries. The USA shows very high range (maximum 2624), Brazil moderate 804 

(maximum 474) and India low (maximum 77). The USA currently suggests a plateau, 805 

Brazil shows a sharp rise while India shows a moderate rise. 806 
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