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Abstract
In December 2019, the coronavirus disease (COVID-19) was
discovered in China, causing many cases and deaths. Several
studies have explored the role of environmental factors in the
spread of COVID-19, emphasizing the effect of two weather
parameters, humidity and temperature. Those parameters are
evidently vital in affecting outbreaks of infectious respiratory
diseases, like influenza; yet, such an effect on COVID-19 re-
mains controversial. This review explores the relation between
the change in weather-related factors and the transmission of
the COVID-19. With seasonal variation from winter to summer
and in the absence of adopting thorough public health mea-
sures, elevated temperature and humidity might not limit the
COVID-19 cases. Hence, we need multidisciplinary strategies
and interventions to limit the burden of this pandemic over the
healthcare systems.
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Introduction
Since December 2019, a growing number of cases
for the novel coronavirus disease (COVID-19), a
worldwide health disaster of this time, has been
discovered in China [1,2]. COVID-19 evidently has
high transmission rates among humans with about
17, 396, 943 and 675,060 confirmed cases and

deaths respectively as reported until August 1, 2020
[3], worldwide, hence declared the pandemic state
and enforced lockdowns everywhere [4,5]. In
www.sciencedirect.com
addition to contacting humans and public mobility,
environmental variables could affect droplet trans-
mission and viral survival, such as the influenza
virus; yet, it has not been well investigated for
COVID-19. The severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) varied genetically from
both the severe acute respiratory syndrome corona-
virus 1 (SARS-CoV-1) and the Middle East respira-

tory syndrome coronavirus (MERS-CoV), and
therefore, it might spread differently with the
changing climatic variables [6e15].

Former studies have endorsed the epidemiological
hypothesis of dry and cold environments, with lower
absolute humidity and temperature, support the sur-
vival and transmission of viral infections spreading via
droplets while humid and warmer environments, with
higher absolute humidity and temperature, suppress
such transmission. Absolute humidity, atmospheric

water content, and temperature have been signifi-
cantly associated with other viral transmissions. For
instance, the survival of influenza viruses, either in
droplets or on surfaces, is longer in dry and cold air,
hence growing the potential transmission [16e24].
Yet, there is limited research on the effect of both
temperature and absolute humidity on COVID-19
spread.

Globally, COVID-19 has overwhelmed the entire
economy and the public health systems in their at-

tempts to prevent and/or control such a virus via
slowing the transmission down. Therefore, under-
standing how environmental variables affect the cur-
rent pandemic would support deciding to control the
infection, particularly in warmer and more humid
areas where transmission rates might have been
misjudged [25]. Ending lockdowns depend partly on
whether COVID-19 transmission would decrease in
response to varying humidity and temperature be-
tween seasons [26]. This review examines how the
variation in absolute humidity and temperature could

affect the transmission of this novel virus across many
areas showing that some observed patterns of trans-
mission might be with or against the conventional
hypothesis stating that the more the absolute hu-
midity and the temperature, the lower the trans-
missibility and survival of COVID-19. Yet, no
conclusive result is reached so far.
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Highlights from evidence
WHO announced COVID-19, caused by SARS-CoV-2,

as a pandemic for quickly transmitting and rapidly
crushing healthcare services because of cases needing
intensive care worldwide [5]. A rational debate in the
coping plans for COVID-19 if the virus would spread
slower in humid and hot weather. Until August 1, 2020,
216 countries and regions all over the world had shown a
Figure 1

A model explains the sensitivity of the respiratory droplets to relative
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local spread of COVID-19, including all climate zones,
from dry and cold to humid and hot areas [3]. However,
some Asian countries with local spread were common
traveling spots from China, hence they imported cases.
Similarly, African, and South American countries, with
an average high temperature, had shown local spread.
Several studies, considering the seasonality of respira-
tory tract viruses, reported that both humidity and
humidity and temperature and their association to COVID-19 [41].

www.sciencedirect.com
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temperature affect the pattern of the worldwide spread
of the COVID-19 pandemic [27e40].

Scientists in one study developed a model to explain the
sensitivity of the respiratory droplets to relative hu-
midity and temperature and their association to
COVID-19, as shown in Figure 1. The model assumed
that COVID-19 spread only by inhaling infected respi-

ratory droplets. The vaporizing and drying time of
droplets, an indicator for the infection rate constant,
relies on relative humidity and temperature both in-
doors and outdoors, and the number of infected cases is
directly associated with this infection rate constant. The
study suggested that relative humidity and temperature
have affected the COVID-19 spread. They found that
with a similar relative humidity across two sites,
COVID-19 transmits further fast at cooler temperatures
compared to warmer ones, along with negligible effect
upon including the measures of social enforcement [41].

In China, a study examined the relations between
daily average relative humidity and temperature and
the daily counted cases of COVID-19 in 30 districts
using the generalized additive model (GAM). They
found that COVID-19 daily cases’ counts were
adversely associated with both the average relative
humidity and temperature. The study suggested
that both daily relative humidity and temperature
affected the incidence of COVID-19 in some dis-
tricts of China. Yet, such an effect was not consis-

tent throughout the entire districts, where there
was a spatiotemporal heterogeneity that could be
caused by the meteorological attributes and inter-
vention measures among districts [42]. Another
study in 31 districts of China investigated how some
meteorological factors would affect the growth of
the COVID-19 outbreak, where they applied an
exponential model considering the accumulated
counts of confirmed cases and time. The growth of
COVID-19 transmission rate, applying the condition
of the doubling time of confirmed cases counts, was
considered as the outcome variable applied in a

linear model, which examined four exposure mete-
orological factors: humidity, temperature, precipita-
tion, and wind velocity. They found that the
doubling time correlates inversely to the tempera-
ture and the humidity, claiming a lower rate of
COVID-19 growth with the spring and summer in
the north [6]. However, a study investigated the
temperature as a critical element in the COVID-19-
caused infection, where researchers gathered data
on both meteorological factors and daily confirmed
cases from 122 cities in China. They used both

piece-wise linear regression and generalized additive
model (GAM) for nonlinear exploration, to analyze
the relationship between COVID-19 confirmed
cases and the average temperature. They found an
approximate direct linear relationship between the
www.sciencedirect.com
count of COVID-19 confirmed cases and the average
temperature as described by the output exposure-
response graphs suggesting that the number of
cases might not decrease in warmer climates [43].

Globally, a cohort study of 50 cities worldwide, having
and lacking COVID-19, investigated whether the SARS-
CoV-2 is associated with seasonality and the possibility

of estimating transmission. The researchers claimed
that COVID-19 outbreak-predominant areas had less
absolute humidity and average temperature than those
reported lower virus spread. Hence, the study found
that the pattern of significant COVID-19 community
outbreaks across controlled measures of temperature,
humidity, and latitude was coherent with a seasonal
respiratory virus behavior, suggesting it as a model for
the likely prediction of the susceptible regions for sig-
nificant COVID-19 community spread [44]. Likewise, a
report from another study applied ecological modeling

to compare the spread and the weather showing less
transmission at a higher temperature and humidity in
confirmed cases from cities in both China and the
United States [34]. Similarly, a study in Spain analyzed
COVID19 spatiotemporally via modeling the incidence
of the reported cases regionally while counting for hu-
midity, temperature, and sunshine. The study findings
supported the hypothesis of lower disease at higher
humidity and temperature [45]. Another study investi-
gated relative humidity and temperature effects on
daily-reported new COVID-19 cases and deaths for 166

countries, except for China, applying the log-linear
generalized additive model. The study found that
both relative humidity and temperature were adversely
associated with daily-reported new COVID-19 cases and
deaths (fewer cases and deaths with higher relative
humidity and temperatures), suggesting that the
COVID-19 spread might be slightly diminished at
higher humidity and temperature [46].
Potential justifications for the gap in
evidence
Most studies, added to those showing that the previous
SARS-CoV-1 survived unfavorably in elevated humidity
and temperatures, were considered as an adequate proof
to expect that summer might enable the controlling of
COVID-19 [47]; however, those observations might be
confounded by the global pattern of traveling that led to

slower transmission in temperate areas [48]. The
worldwide transmission of the COVID-19 implies that
seasonal variation cannot be regarded solely as a major
modifier of spread; however, the warmer climate might
moderately limit the spread of COVID-19. No proof has
advised that warmer weather would limit the potency of
COVID-19 spread leading to lesser required extra ac-
tions to restrict transmission [49]. Hence, it is vital to
interpret these observations by considering the ongoing
transmission of COVID-19 worldwide.
Current Opinion in Environmental Science & Health 2021, 20:100238
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The studies, supporting the conventional hypothesis
stating that the more the absolute humidity and the
temperature, the lower the transmissibility and survival
of COVID-19, showed an initial investigation and held
some limitations [6,34,41,42,44e46]. For instance, the
data were analyzed variably among studies where some
investigators gathered either suspected, confirmed, or
the total number of cases, while others quantified the

incidence rates. The probability of infection is variable
for the variable regions, and the population size is known
to critically affect the rate of COVID-19 transmission.
Different studies investigated various locations such as
countries and even cities in the same country with var-
iable sizes and densities of the population, while the
incidence rate per unit population might better repre-
sent the epidemic. Hence, investigating the effect of
environmental parameters on COVID-19 spread re-
quires studying epidemic-centered areas separately
from epidemic-sporadic ones. Further, the reported

cases and moralities usually vary across countries for the
variable testing availability, the tests’ sensitivity and
specificity, and the reporting patterns. Moreover, the
ecological time-series design in some studies might hold
some ecological fallacy [50]. The chosen periods for the
study are critical as well, where longer model periods
might render higher resolving data for identifying cor-
relations between the spread of COVID-19 and the
environmental parameters, beyond just gathering pre-
epidemic and post-epidemic data and missing chances
to emphasize how epidemics start and end.

Besides, most of the studies used correlation analysis
between the pandemic data and the meteorological
factors at the early stages of the pandemic, yet, studying
COVID-19 under various environmental conditions is
missing. Hence, the entire ecological profile deter-
mining COVID-19 survival and transmission are yet less
appreciated [51]. Further, many other key human factors
(political, economic, demographic, or societal) were not
included in some studies for the complicated analysis
and the shortage of updated data [50]. Such factors
might influence cases and deaths of COVID-19, like

further features of the virus, effective searching for cases
and tracing contacts, general health status, state re-
sponses, public health interventions, accessible medical
resources, sanitary conditions, quarantine policies, ca-
pacities for COVID-19 prevention and control strate-
gies, climate factors such as air pollution, individual
lifestyle, and traveling pattern, rates of urbanization,
among others.

Ultimately, future research from epidemiology,
biomedical sciences, and ecological studies are promptly

needed to explore such variables for generating more
empirical evidence, involving decision-makers, public
health practitioners, and the strategies in the upcoming
months for controling the worldwide spread of COVID-
19. Multidisciplinary strategies and interventions are
Current Opinion in Environmental Science & Health 2021, 20:100238
needed, primarily in areas with rapidly growing rates of
transmission; hence, implementing preventive mea-
sures in such areas would limit the spread and the po-
tential crashing in the healthcare system. Eventually,
more investigations on the influence of changing
weather, atmospheric pollution, and other external
agents previously mentioned on the spread of COVID-
19 should include more areas of the world and

consider the public mobility from sites of a great inci-
dence, public vulnerability, and surveying respiratory
infections. Now stakeholders should emphasize optimal
social distancing, and any suggestions on the risk of
COVID-19 according to only climatic data should be
perceived carefully.
Conclusions
This review examined how humidity and temperature
affect transmission and hence cases and deaths from
COVID-19 worldwide. According to previously sur-
veyed evidence, some findings suggested that COVID-
19 transmission is inversely proportional to tempera-
ture and absolute humidity. Therefore, the seasonal
variation might be a significant element influencing
transmission and deaths from COVID-19; however, the

maintained spread and rapidly increasing cases across a
varying humidity from dry and cold areas to temperate
ones show that weather changes via raised humidity and
temperature in spring and summer alone would not
result in a reduction in the number of cases without
thorough population health interventions. The incon-
sistent global effect of the meteorological attributes on
COVID-19 spread requires more investigations, espe-
cially on how the temperature and absolute humidity
affect such spread. For the upcoming months of the
summer, applying modeling techniques to analyze
further climatic conditions while considering the pre-

viously mentioned variables and covering wider areas
worldwide over extended periods covering different
ranges of humidity and temperature might provide
further precise data and enable estimating the vulner-
able areas for significant COVID-19 community trans-
mission, and hence, more focused public health efforts.
The conventional wisdom of warmer climate could slow
the COVID-19 spread has proven to be inconsistent
with the currently evident transmission to tropical areas
of the world. We still need to stick to rigorous social
enforcement measures, such as social distancing, using

nonmedical masks to prevent droplets entering the
respiratory tract, quarantining, and contact tracing,
much needed to control such a pandemic.
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