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Misconceptions about weather and
seasonality must not misguide
COVID-19 response
Colin J. Carlson 1✉, Ana C. R. Gomez2, Shweta Bansal3 & Sadie J. Ryan 4

Weather may marginally affect COVID-19 dynamics, but misconceptions about
the way that climate and weather drive exposure and transmission have
adversely shaped risk perceptions for both policymakers and citizens. Future
scientific work on this politically-fraught topic needs a more careful approach.

Since the first weeks of the pandemic, substantial scientific and public attention has focused on
how the weather could reduce or alter COVID-19 transmission. Whether due to increasing
scientific attention on climate change and health or simply because the novel pandemic virus has
forced us to look to other diseases for ideas, many were expectant—if not outright hopeful—that
SARS-CoV-2 might show environmental sensitivity that curbed epidemic risk in some way.
Now, clarifying and refining those expectations with available evidence is urgent, particularly in
terms of how scientists communicate with policymakers and the public.

How and why weather could affect COVID-19 transmission
A convincing argument that weather influences COVID-19 can be formulated in three parts: (1)
experimental data suggest SARS-CoV-2 persistence on surfaces or in the air is sensitive to
temperature, humidity, and ultraviolet light; (2) other environmentally sensitive respiratory
viruses are seasonal, and more common in winter; and therefore, (3) climatic effects could be
protective over space (hot, dry places might have less transmission) and time (summer might see
reduced transmission compared to winter). All three are plausible and are generally consistent,
but in many places (including, and especially, on social media), the basic premise of each has
been communicated to the public, and policymakers, in a way that obscures key nuance and
creates false confidence.

Experimental evidence shows that SARS-CoV-2 is environmentally sensitive. Like other
viruses with a lipid envelope, SARS-CoV-2 is probably sensitive to temperature, humidity, and
solar radiation; this affects its ability to persist on surfaces and in air, and might have subtle
impacts on transmission. But the finer details of microbiology are often lost, leading to false
confidence in how lab studies could scale up to the real world. For example, studies showing that
germicidal ultraviolet radiation in hospitals and laboratories (ultraviolet C (UV-C) wavelengths)
kills the virus have been misconstrued as evidence that sunlight (a mix of UV-A and UV-B)
would effectively neutralize the virus in outdoor public spaces, possibly at a scale detectable from
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case data1. Newer experimental evidence supports the hypothesis
that sunlight might also have an effect on SARS-CoV-22,
although a global study found only a 1% reduction in transmis-
sion linked to environmental UV radiation3. In the real world,
these effects will be slight, and unlikely to set hard limits on
transmission anywhere in the world4.

Other upper respiratory tract infections are seasonal, with
declines in warmer months. Influenza, the common cold, and
other respiratory infections show seasonal transmission that
coincides with changes in temperature, humidity, and solar
radiation. But seasonal epidemics are also a product of the
transmissibility of a virus, the initial susceptibility of a population,
and the degree and nature of immunity conferred by infections.
In basic epidemiological models, stable “oscillations” like seasonal
epidemic waves usually require some degree of immunity5,6; at
the start of a pandemic, when transmissibility is high and
immunity is low, even strong environmental drivers are unlikely
to curb transmission. Previous influenza pandemics show the
importance of this nuance7. “Seasonal” versus “pandemic”
influenza refers not just to different epidemic phases, but entirely
different viral strains, and population susceptibility to pandemic
strains starts high enough for rapid spread regardless of the
season. During the first wave of the 2009 A/H1N1 pandemic,
epidemic growth was still possible in August, the most envir-
onmentally unfavorable point in the year, with immunity under
20%; months later, immunity—and consequently environmental
sensitivity—may eventually have been high enough to lead to a
winter-driven third wave8. Scientists anticipate a similar pattern
for COVID-19: while the virus could develop seasonal oscillations
if it becomes endemic9 (i.e., if pandemic control fails in the long
term), current susceptibility to SARS-CoV-2 is high enough that
summer weather is unlikely to be protective10.

Environmental drivers could plausibly create seasonal or geo-
graphic differences in COVID-19 outbreak intensity. But those
drivers’ impacts are heavily confounded by immunity, interven-
tions, human behavior, and other details that are usually left out
of models, leading to potentially spurious conclusions. For
example, most available contact tracing data indicate that the
proportion of indoor transmission is high11,12, a pattern likely
caused by a combination of social contact patterns (including
both number, intensity, and duration of contacts), air circulation,
and potential weather drivers like sunlight or humidity. However,
when studies attempt to model links between temperature and
transmission, they almost always use gridded climate data or local
weather data that represents the outdoors, and is unrepresentative
of indoor conditions a virus particle or aerosolized cloud would
actually experience in most transmission events.

Perhaps the biggest confounder, social behavior is environ-
mentally driven and seasonal, but is rarely weighed alongside
environmental and immunity drivers as a hypothesis for why
infectious diseases show seasonality13,14. For example, school
terms are seasonal and have a marked influence on social mixing
patterns relevant to influenza transmission, even in
pandemics15–17. Without individual-level transmission data, it
can be difficult to distinguish direct biological impacts of weather
from behaviorally mediated seasonality, and in some cases, the
two are blurred (e.g., vitamin D levels are driven by both weather
and seasonal behavior). Confusing the two could easily lead to
spurious predictions. If behavioral patterns become unpredictable
—either because of externalities like social distancing restrictions
or a feedback loop between science and public risk perceptions
around seasonality—attempts at forecasting the pandemic based
on environmental seasonality will only become more unreliable.

How hypotheses became policy
Despite these points of nuance, many still expect COVID-19 to
show environmental sensitivity, and the topic remains a priority
for research. Under normal circumstances, the work testing these
ideas would happen slowly and methodically using careful
“detection and attribution” methods, which identify the effects of
weather on processes like disease transmission accounting for
confounders, lags, and bias in climate and disease data18–20.

Research on COVID-19 has operated under unusual circum-
stances, by necessity; more scientists from varied fields are
exploring case data or simulating epidemic curves than ever
before. Environmental scientists joined COVID-19 research
efforts early, but might have benefitted from more active colla-
boration with epidemiologists and virologists. For scientists not
directly involved in COVID-19 response, it was often difficult to
appreciate the global scale of reporting and testing bias, leading to
false inferences from the best available data. In extreme cases,
studies inferred broad “absence” of the virus in data-deficient
countries as evidence of climatic protection, while these countries
faced severe epidemics by the time the studies were published21.

As studies were picked up by the press and on social media,
they shaped public conversations, and world leaders took notice
—and as with every facet of the pandemic, basic science became
heavily politicized. As of June, official UK guidance on reopening
speculated that “we may well actually have some summer weather
a little in our favor”22. In March, President Jair Bolsonaro sug-
gested that an Italy-like crisis would be impossible in Brazil due to
“climatic differences” between the countries23. In an April press
conference, President Donald Trump observed: “Maybe this goes
away with heat and light. It seems like that’s the case”24. Now that
summer has brought the highest case totals yet in the United
States, cognitive dissonance has given way to conspiracy theories,
as one White House surrogate argued that the discrepancy is
evidence the virus was lab-made: “Everybody thought—and this
was a reasonable presumption—that come summer, the heat and
humidity would get rid of the virus. It doesn’t look that way. This
looks like a weaponized virus”25. Claims that SARS-CoV-2 is
artificial or weaponized are considered false by the scientific
community26.

Although these political interpretations are not always directly
connected to scientific work, connections between individual
studies and policy outcomes are surprisingly identifiable from
publicly available documents. For example, a preprint from
March 2020 used species distribution models to predict the full
global extent of COVID-19 transmission21. The work concluded
“a worst-case scenario of a synchronous global pandemic is
improbable” and “the disease will likely marginally affect the
tropics”, a claim that was soon picked up verbatim by the UN
World Food Program27 among others. As the claim gained
momentum, it was used to suggest lockdowns or other restric-
tions could be lifted in summer, or avoided entirely in warmer
countries, in Indonesia28 and possibly Pakistan29, and continues
to shape public and policy perceptions of risk (e.g., outbreak
planning in Africa30). As the global case total passes 11 million
(with 1.1 million cases in Brazil alone), the tropics have not been
spared by any reasonable standard. Although the study’s pre-
dictions and design were fundamentally flawed4, it continues to
have a lasting impact on public perceptions and policy.

Navigating the political climate of COVID-19
While early studies found negative results and encouraged pol-
icymakers not to tailor interventions to weather31,32, these were
largely drowned out; the “COVID-climate link” is now widely
popular, independent of ongoing scientific debate. Around the
world, this narrative has been used to justify avoiding lockdowns
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in arid countries or lifting them for the summer (although as the
Southern Hemisphere enters winter, this line of reasoning has not
been publicly used to advocate for reinstituting lockdown).

Uncertainty and confusion about scientific consensus sustain
these narratives, sometimes producing policy outcomes that
studies have explicitly warned against. When studies on the link
between COVID-19 and weather are published, authors should
expect to encounter a mix of good faith misunderstanding (public
confusion around scientific nuance or uncertainty) and bad faith
politics (economic interests driving reopening or non-interven-
tion, or now, conspiracy theories about the virus’s origins). The
signals of environmental drivers may be identifiable and inter-
esting, but—no matter how small an effect is found, or how
carefully statements are qualified—scientists who choose to pro-
duce scholarship on the topic should be prepared to have their
work misread and misrepresented as indicating that some places
or seasons are safe from COVID-19.

The burden of correcting misconceptions, and realigning pol-
icy, will probably fall on science communicators. It is urgent that
public health guidance reiterate the best available scientific con-
sensus: we recommend messaging focus on three key points,
which synthesize most of the available evidence (Box 1). If science
communicators and public health authorities reiterate these
points, they could minimize future underestimation of risk.

Received: 1 August 2020; Accepted: 5 August 2020;

References
1. Seyer, A. & Sanlidag, T. Solar ultraviolet radiation sensitivity of SARS-CoV-2.

Lancet Microbe 1, e8–e9 (2020).
2. Schuit, M. et al. Airborne SARS-CoV-2 is rapidly inactivated by simulated

sunlight. J. Infect. Dis. https://doi.org/10.1093/infdis/jiaa33 (2020).
3. Carleton, T., Cornetet, J., Huybers, P., Meng, K. & Proctor, J. Ultraviolet

radiation decreases COVID-19 growth rates: global causal estimates and
seasonal implications. SSRN Electron. J. https://doi.org/10.2139/ssrn.3588601
(2020).

4. Carlson, C. J., Chipperfield, J. D., Benito, B. M., Telford, R. J. & O’Hara, R. B.
Species distribution models are inappropriate for COVID-19. Nat. Ecol. Evol.
4, 770–771 (2020).

5. Grenfell, B. & Bjørnstad, O. Sexually transmitted diseases: epidemic cycling
and immunity. Nature 433, 366–367 (2005).

6. Hethcote, H. W., Stech, H. W. & Van Den Driessche, P. Nonlinear oscillations
in epidemic models. SIAM J. Appl. Math. 40, 1–9 (1981).

7. National Academies of Sciences, Engineering, and Medicine. Rapid Expert
Consultation on SARS-CoV-2 Survival in Relation to Temperature and
Humidity and Potential for Seasonality for the COVID-19 Pandemic (April 7,
2020) (The National Academic Press, Washington, 2020).

8. Shaman, J., Goldstein, E. & Lipsitch, M. Absolute humidity and pandemic
versus epidemic influenza. Am. J. Epidemiol. 173, 127–135 (2011).

9. Kissler, S. M., Tedijanto, C., Goldstein, E., Grad, Y. H. & Lipsitch, M.
Projecting the transmission dynamics of SARS-CoV-2 through the
postpandemic period. Science 368, 860–868 (2020).

10. Baker, R. E., Yang, W., Vecchi, G. A., Metcalf, C. J. E. & Grenfell, B. T.
Susceptible supply limits the role of climate in the early SARS-CoV-2
pandemic. Science. https://doi.org/10.1126/science.abc2535 (2020).

11. Qian, H. et al. Indoor transmission of SARS-CoV-2. Preprint at https://doi.
org/10.1101/2020.04.04.20053058 (2020).

12. Nishiura, H. et al. Closed environments facilitate secondary transmission of
coronavirus disease 2019 (COVID-19). Preprint at https://doi.org/10.1101/
2020.02.28.20029272 (2020).

13. Martinez, M. E. The calendar of epidemics: Seasonal cycles of infectious
diseases. PLoS Pathog. 14, e1007327 (2018).

14. Fares, A. Factors influencing the seasonal patterns of infectious diseases. Int. J.
Prev. Med. 4, 128–132 (2013).

15. Eames, K. T. D., Tilston, N. L., Brooks-Pollock, E. & Edmunds, W. J.
Measured dynamic social contact patterns explain the spread of H1N1v
influenza. PLoS Comput. Biol. 8, e1002425 (2012).

16. Ewing, A., Lee, E. C., Viboud, C. & Bansal, S. Contact, travel, and
transmission: the impact of winter holidays on influenza dynamics in the
United States. J. Infect. Dis. 215, 732–739 (2017).

17. Chowell, G. et al. Characterizing the epidemiology of the 2009 influenza A/
H1N1 pandemic in Mexico. PLoS Med. 8, e1000436 (2011).

18. Carleton, T. A. & Hsiang, S. M. Social and economic impacts of climate.
Science 353, aad9837–aad9837 (2016).

19. Ebi, K. L., Ogden, N. H., Semenza, J. C. & Woodward, A. Detecting and
attributing health burdens to climate change. Environ. Health Perspect. 125,
085004 (2017).

20. Swain, D. L., Singh, D., Touma, D. & Diffenbaugh, N. S. Attributing extreme
events to climate change: a new frontier in a warming world. One Earth 2,
522–527 (2020).

21. Araujo, M. B. & Naimi, B. Spread of SARS-CoV-2 coronavirus likely to be
constrained by climate. Preprint at https://doi.org/10.1101/2020.03.12.20034728.

22. @BBCNews. People who are shielding can ‘take some steps’ back to a more
normal life, Dr Jenny Harries says—from 6 July: Can meet in groups of up to
six outdoors—from 1 Aug: Shielding will be ‘paused’ Advice on social
distancing and washing hands remains. Twitter. https://twitter.com/
BBCNews/status/1275103107232432133 (2020).

23. Trindade, N. Coronavirus: aposta no climate tropical do Brasil orientou
pronunciamento de Bolsonaro na TV. O Globo Brasil. https://oglobo.globo.
com/brasil/coronavirus-aposta-no-clima-tropical-do-brasil-orientou-
pronunciamento-de-bolsonaro-na-tv-24326789 (2020).

24. Matthews, C. Trump says coronavirus could be thwarted by summer heat,
citing DHS study. MarketWatch. https://www.marketwatch.com/story/trump-
says-coronavirus-could-be-thwarted-by-summer-heat-citing-dhs-study-2020-
04-23 (2020).

Box 1 | Summary for policymakers

Weather probably influences COVID-19 transmission, but not at a scale sufficient to outweigh the effects of lockdowns or reopenings in populations.
Policymakers should be aware of a few key points:

1. No human-settled area in the world is protected from COVID-19 transmission by virtue of weather, at any point in the year. Indoor transmission
remains likely everywhere the virus is spreading, and outdoor transmission is still possible if other precautions (social distancing, mask use, etc.) are
not taken.

2. Many scientists expect COVID-19 to become seasonal in the long term, conditional on a significant level of immunity9, but that condition may be
unmet in some regions, depending on the success of outbreak containment. In the future, seasonality could lead to worse outcomes in the winter,
but in the near term, weather is unlikely to prevent SARS-CoV-2 epidemics in the summer. Policymakers should be careful about forecasts that
predict lower or no transmission in hot, dry weather.

3. All pharmaceutical and non-pharmaceutical interventions are currently believed to have a stronger impact on transmission over space and time
than any environmental driver. Evidence to the contrary is currently too incomplete and disparate to change any of those interventions based on
weather.

4. With current scientific data, COVID-19 interventions cannot currently be planned around seasonality. Outbreaks could easily defy expectations built
on just a few months of population-level data. For example, decreased spread in the spring might lead some scientists to expect that heat directly
reduces transmission, when in reality, the transmission could peak when people will aggregate indoors to escape both hot summer weather and
cold winter weather. Relying on this kind of guesswork will inevitably leave policymakers unprepared.

When faced with uncertainty, rather than act based on any given scientific study, policymakers can turn to documents like the National Academies
Studies on COVID-19, including their specific guidance on seasonality7, that synthesize and interrogate existing evidence.

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-18150-z COMMENT

NATURE COMMUNICATIONS |         (2020) 11:4312 | https://doi.org/10.1038/s41467-020-18150-z | www.nature.com/naturecommunications 3

https://doi.org/10.1093/infdis/jiaa33
https://doi.org/10.2139/ssrn.3588601
https://doi.org/10.1126/science.abc2535
https://doi.org/10.1101/2020.04.04.20053058
https://doi.org/10.1101/2020.04.04.20053058
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.1101/2020.02.28.20029272
https://doi.org/10.1101/2020.03.12.20034728.
https://twitter.com/BBCNews/status/1275103107232432133
https://twitter.com/BBCNews/status/1275103107232432133
https://oglobo.globo.com/brasil/coronavirus-aposta-no-clima-tropical-do-brasil-orientou-pronunciamento-de-bolsonaro-na-tv-24326789
https://oglobo.globo.com/brasil/coronavirus-aposta-no-clima-tropical-do-brasil-orientou-pronunciamento-de-bolsonaro-na-tv-24326789
https://oglobo.globo.com/brasil/coronavirus-aposta-no-clima-tropical-do-brasil-orientou-pronunciamento-de-bolsonaro-na-tv-24326789
https://www.marketwatch.com/story/trump-says-coronavirus-could-be-thwarted-by-summer-heat-citing-dhs-study-2020-04-23
https://www.marketwatch.com/story/trump-says-coronavirus-could-be-thwarted-by-summer-heat-citing-dhs-study-2020-04-23
https://www.marketwatch.com/story/trump-says-coronavirus-could-be-thwarted-by-summer-heat-citing-dhs-study-2020-04-23
www.nature.com/naturecommunications
www.nature.com/naturecommunications


25. Wade, P. Watch Trump advisor’s bonkers rant pushing COVID-19
conspiracies. Rolling Stone. https://www.rollingstone.com/politics/politics-
news/watch-trump-advisors-bonkers-rant-pushing-covid-19-conspiracies-
1024196/ (2020).

26. Andersen, K. G. et al. The proximal origin of SARS-CoV-2. Nat. Med. 26,
450–452 (2020).

27. Husain, A., Sandström, S., Greb, F., Groder, J. & Pallanch, C. Economic and
food security implications of the COVID-19 outbreak.Wood Food Programme.
https://docs.wfp.org/api/documents/WFP-0000113742/download/ (2020).

28. Nurbaiti, A. Indonesia’s climate can limit COVID-19, but high mobility
exacerbates it: BMKG. The Jakarta Post. https://www.thejakartapost.com/
news/2020/04/04/indonesias-climate-can-limit-covid-19-but-high-mobility-
exacerbates-it-bmkg.html (2020).

29. @hjafrii. As an ecologist currently residing in Pakistan (3000–5000 new cases,
100 deaths per day), your work was used to support policies that exacerbated
spread. I am not blaming you, but your ‘what if’ scenario had real
consequences for me. Twitter. https://twitter.com/hjafrii/status/
1275834563445633028 (2020).

30. Cabore, J. W. et al. The potential effects of widespread community
transmission of SARS-CoV-2 infection in the World Health Organization
African Region: a predictive model. BMJ Glob. Health 5. https://doi.org/
10.1136/bmjgh-2020-002647 (2020).

31. Luo, W. et al. The role of absolute humidity on transmission rates of the
COVID-19 outbreak. Preprint at https://doi.org/10.1101/2020.02.12.20022467.

32. O’Reilly, K. M. et al. Effective transmission across the globe: the role of climate
in COVID-19 mitigation strategies. Lancet Planet Health 4, e172 (2020).

Acknowledgements
Thanks to Alexandra Phelan and Dylan Morris for helpful comments; to Diana Parker
for help tracing COVID-19 policy; and to Joe Chipperfield, Blas Benito, Richard Telford,
and Bob O’Hara for formative conversations.

Author contributions
All authors contributed to the writing and conceptualization of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.J.C.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2020

COMMENT NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-18150-z

4 NATURE COMMUNICATIONS |         (2020) 11:4312 | https://doi.org/10.1038/s41467-020-18150-z | www.nature.com/naturecommunications

https://www.rollingstone.com/politics/politics-news/watch-trump-advisors-bonkers-rant-pushing-covid-19-conspiracies-1024196/
https://www.rollingstone.com/politics/politics-news/watch-trump-advisors-bonkers-rant-pushing-covid-19-conspiracies-1024196/
https://www.rollingstone.com/politics/politics-news/watch-trump-advisors-bonkers-rant-pushing-covid-19-conspiracies-1024196/
https://docs.wfp.org/api/documents/WFP-0000113742/download/
https://www.thejakartapost.com/news/2020/04/04/indonesias-climate-can-limit-covid-19-but-high-mobility-exacerbates-it-bmkg.html
https://www.thejakartapost.com/news/2020/04/04/indonesias-climate-can-limit-covid-19-but-high-mobility-exacerbates-it-bmkg.html
https://www.thejakartapost.com/news/2020/04/04/indonesias-climate-can-limit-covid-19-but-high-mobility-exacerbates-it-bmkg.html
https://twitter.com/hjafrii/status/1275834563445633028
https://twitter.com/hjafrii/status/1275834563445633028
https://doi.org/10.1136/bmjgh-2020-002647
https://doi.org/10.1136/bmjgh-2020-002647
https://doi.org/10.1101/2020.02.12.20022467.
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Misconceptions about weather and seasonality must not misguide COVID-19 response
	How and why weather could affect COVID-19 transmission
	Experimental evidence shows that SARS-CoV-2 is environmentally sensitive
	Other upper respiratory tract infections are seasonal, with declines in warmer months
	Environmental drivers could plausibly create seasonal or geographic differences in COVID-19 outbreak intensity

	How hypotheses became policy
	Navigating the political climate of COVID-19
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information


