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Editorial on the Research Topic

Cities in Lockdown: Implications of COVID-19 for Air Quality and Urban

Environmental Health

Viewed through the lens of “controlled interventions,” the reduction in traffic emissions associated
with lockdowns intended to reduce the transmission of COVID-19 has offered scientists a rare
opportunity to establish an evidence base to justify future emissions abatement policies. However,
such research is not without its challenges. Comparing reported reductions between studies is
complicated by choice of temporal and spatial averaging scales, and measurements are further
contextualized by local social, economic, and geographical conditions. Global statistics also hide
a huge variability in emissions reduction patterns and differing local meteorological conditions,
which can act to enhance or suppress the impact of reduced traffic flows.

As a result of these complications, the regional and local magnitude and even direction of the
documented inter- and intra- urban air quality benefits reported from lockdown conditions are
varied. For example if we just examine changes in nitrogen dioxide concentrations, Borge et al.
report a 60% reduction at all sites studied during the most restrictive lockdown periods in Madrid.
However, in Malta, local reductions in ambient NO2 concentrations of up to 54% were calculated
at a roadside site but smaller, and less linear, reductions were observed at urban background sites
and from satellite data suggesting a more modest regional reduction (over longer time periods)
of just 24% (Fenech et al.). This spatially averaged figure is more closely aligned with the global
estimated average reduction of∼30% (Muhammad et al., 2020; Mishra et al., 2021). However, other
studies using surface-based monitors suggest that decreases in NO2 in rural areas of Europe were
on average only of the order of 10% (Menut et al., 2020), while Adélaïde et al. observe large regional
variability in calculated reductions in France.

As with all short-term intervention-based research, identifying the alternative ‘business as usual
scenario’ remains a significant challenge. Scientists must detect cause and effect based changes in
the system over and above its inherent statistical noise. To do so they must grapple with a vast array
of different methods (with differing underlying assumptions, errors and biases), all designed to
model the spatial heterogeneity and non-stationarity of the human-atmosphere system, to calculate
“what would have been”. Here, the importance of using appropriate meteorological data (Fenech
et al.) and identifying the short-term influences of meteorological conditions and longer-term
trends in air quality on measurements are shown to be necessary to avoid significant over-estimates
of impacts (Borge et al.; Hernández-Paniagua et al.).
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Choice of pollutant also matters when quantifying the
magnitude of the cause and effect response of reduced pollutant
emissions. Some studies note that, due to complex atmospheric
chemistry, cities observe an increase in ground-level ozone
concentrations during lockdown periods (Borge et al.) (Patel
et al., 2020; Sokhi et al., 2021). However, regional European
and global scale studies suggest only minor increases in
ozone concentration over longer time periods (Menut et al.,
2020; Keller et al., 2021). Local increases in PM2.5 have also
been observed, due perhaps to localized increases in biomass
burning for domestic heating, or changes in long range
atmospheric transport or emission patterns not directly related
to economic activities (such as wildfire smoke, dust or sea salt)
(Sokhi et al., 2021).

Such results, however, should not necessarily be interpreted
as revealing a simple negative correlation between reduced
traffic emissions and ambient concentrations, or the failure
of traffic volume reduction to mitigate pollution. Rather they
highlight the need to consider multiple sources of pollutants,
behavioral responses in the population, persistence of pollutants
in the atmosphere and long-range transport processes, complex
secondary reactions and the lag between cause and effect when
evaluating impacts of short-term, localized interventions or
changes in conditions.

Although it is difficult to quantify the health effects and
economic costs of air pollution, recent studies have suggested
that 4–9 million people die each year due to exposure to outdoor
pollution (Vohra et al., 2021; World Health Organization, 2021).
The risk to human health resulting from exposure to air pollution
also varies significantly around the world (Anenberg et al., 2019)
with low income and minority populations typically bearing the
brunt of the burden in urban areas (Castillo et al., 2021a). Many
cities lack the dense monitoring networks necessary to accurately
determine pollution trends, making it challenging to accurately
quantify pollution levels and determine the global disease burden
(Martin et al., 2019). Given the uncertainties associated with
quantifying changes in exposure, it is not surprising that there are
even greater uncertainties associated with calculating the health
benefits associated with reduced exposure to transport emissions
(Adélaïde et al.).

Modeling studies in this Research Topic estimate
that 588 deaths in Mexico City (population 21 million)
(Hernández-Paniagua et al.) and 3,500 in France (Adélaïde
et al.) were averted or delayed due to improved air quality
associated with lockdown conditions. However, they also note
the complexity of the evaluation process as other behavioral
changes, such as time spent indoors exposed to indoor air

pollution, may affect the validity of the results (Adélaïde
et al.). Elsewhere in this Research Topic we are reminded
that the health benefits of improved air quality also include
reduced morbidity and mortality of individuals with COVID-19
(Amnuaylojaroen and Parasin).

Whilst quantifying the multi-scale impact of reduced
transport emissions on health is clearly a complex process,
fraught with errors and limitations, there is little doubt that
the evidence supports the notion that reductions in vehicle
traffic can improve air quality and human health (albeit in
complex, non-linear and unpredictable ways) (Vardoulakis et al.,
2018). Such improvements are often immediate, tangible, and if
sustained could significantly reduce the burden on our health
care systems with the added co-benefit of reducing carbon
emissions (Amnuaylojaroen and Parasin).

Exposure to poor air quality is currently recognized as
the “single biggest environmental threat to human health”
(World Health Organization, 2021, xiv). Targeting urban areas
to introduce policies which mitigate both climate change and
improve air quality has long been promoted as a cost-effective
way to improve urban sustainability (Rosenzweig et al., 2010;
Vardoulakis and Kinney, 2019; Castillo et al., 2021b). As we
move into the post-lockdown period, we are seeing a rebound
in road traffic and energy consumption. However, we could also
choose to make changes which prioritize behaviors to reduce the
consumption of, and pollution from, fossil fuels with the added
further co-benefit of reducing crowdedness and the risk of future
infectious disease transmission (Vardoulakis et al., 2020; Mishra
et al., 2021).

Overall, there is now sufficient evidence to support the
need for reduced traffic emissions in cities, and indeed the
benefits of wider action to reduce air pollution globally (World
Health Organization, 2021). Although it is important to further
strengthen this evidence base, the need for certainty should not
delay decisive action to improve air quality in our cities. At
the end of 2021 the WHO released more stringent air quality
guidelines providing a global pathway to improving air quality in
cities (World Health Organization, 2021). Governments around
the world chose to act in a timely and decisive manner to mitigate
COVID-19. This could serve as an example of the scale of
action and urgency required to improve air quality and protect
our health.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

REFERENCES

Anenberg, S. C., Achakulwisut, P., Brauer, M., Moran, D., Apte, J. S., and

Henze, D. K. (2019). Particulate matter-attributable mortality and relationships

with carbon dioxide in 250 urban areas worldwide. Sci. Rep. 9, 11552.

doi: 10.1038/s41598-019-48057-9

Castillo, M. D., Anenberg, S. C., Chafe, Z. A., Huxley, R., Johnson, L.

S., Kheirbek, I., et al. (2021b). Quantifying the health benefits of urban

climate mitigation actions: current state of the epidemiological evidence and

application in health impact assessments. Front. Sustain. Cities 3, 768227.

doi: 10.3389/frsc.2021.768227

Castillo, M. D., Kinney, P., Southerland, V. A., Arno, C. A.,

Crawford, K., van Donkelaar, A., et al. (2021a). Estimating Intra-

Urban Inequities in PM2.5- Attributable Health Impacts: A Case

Study. Washington, DC: Public Health. doi: 10.1002/essoar.1050

6837.1

Frontiers in Sustainable Cities | www.frontiersin.org 2 May 2022 | Volume 4 | Article 913629

https://doi.org/10.3389/frsc.2022.869000
https://doi.org/10.3389/frsc.2021.643821
https://doi.org/10.3389/fpubh.2021.642630
https://doi.org/10.3389/frsc.2021.643821
https://doi.org/10.3389/frsc.2021.643821
https://doi.org/10.3389/fpubh.2021.662499
https://doi.org/10.3389/fpubh.2021.662499
https://doi.org/10.1038/s41598-019-48057-9
https://doi.org/10.3389/frsc.2021.768227
https://doi.org/10.1002/essoar.10506837.1
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles


Salmond et al. Editorial: Cities in Lockdown

Keller, C. A., Evans, M. J., Knowland, K. E., Hasenkopf, C. A., Lucchesi, R. A.,

Oda, T., et al. (2021). Global impact of COVID-19 restrictions on the surface

concentrations of nitrogen dioxide and ozone. Atmos. Chem. Phys. Discuss. 21,

3555–3592. doi: 10.5194/acp-21-3555-2021

Martin, R. V., Brauer, M., van Donkelaar, A., Shaddick, G., Narain, U., and Dey,

S. (2019). No one knows which city has the highest concentration of fine

particulate matter.Atmos. Environ. 3, 100040. doi: 10.1016/j.aeaoa.2019.100040

Menut, L., Bessagnet, B., Siour, G., Mailler, S., Pennel, R., and Cholakian, A. (2020).

Impact of lockdown measures to combat Covid-19 on air quality over western

Europe. Sci. Total Environ. 741, 140426. doi: 10.1016/j.scitotenv.2020.140426

Mishra, A. K., Rajput, P., Singh, A., Singh, C. K., and Mall, R. K. (2021). Effect of

lockdown amid COVID-19 on ambient air quality in 16 indian cities. Front.

Sust. Cities 3, 705051. doi: 10.3389/frsc.2021.705051

Muhammad, S., Long, X., and Salman, M. (2020). COVID-19 pandemic and

environmental pollution: a blessing in disguise? Sci. Total Environ. 728, 138820.

doi: 10.1016/j.scitotenv.2020.138820

Patel, H., Talbot, N., Salmond, J., Dirks, K., Xie, S., and Davy, P. (2020).

Implications for air quality management of changes in air quality during

lockdown in Auckland (New Zealand) in response to the 2020 SARS-CoV-2

epidemic. Sci Total Environ. 746, 141129. doi: 10.1016/j.scitotenv.2020.141129

Rosenzweig, C., Solecki, W., Hammer, S. A., and Mehrotra, S. (2010). Cities lead

the way in climate-change action. Nature 467, 909–911. doi: 10.1038/467909a

Sokhi, R. S., Singh, V., Querol, X., Finardi, S., Targino, A. C., de Fatima Andrade,

M., et al. (2021). A global observational analysis to understand changes in air

quality during exceptionally low anthropogenic emission conditions. Environ

Int. 157, 106818. doi: 10.1016/j.envint.2021.106818

Vardoulakis, S., Kettle, R., Cosford, P., Lincoln, P., Holgate, S., Grigg, J., et al.

(2018). Local action on outdoor air pollution to improve health. Int. J. Public

Health 63, 557–565. doi: 10.1007/s00038-018-1104-8

Vardoulakis, S., and Kinney, P. (2019). Grand challenges in sustainable cities and

health. Front. Sust. Cities Health Cities 1, 7. doi: 10.3389/frsc.2019.00007

Vardoulakis, S., Sheel, M., Lal, A., and Gray, D. (2020). COVID-19 environmental

transmission and preventive public health measures. Austral. N. Zeal. J. Public

Health 44, 333–335. doi: 10.1111/1753-6405.13033

Vohra, K., Vodonos, A., Schwartz, J., Marais, E. A., and Sulprizio, M. P., Mickley,

L. J. (2021). Global mortality from outdoor fine particle pollution generated by

fossil fuel combustion: results from GEOS-Chem. Environ. Res. 195, 110754.

doi: 10.1016/j.envres.2021.110754

World Health Organization. (2021). WHO Global Air Quality Guidelines:

Particulate Matter (PM2.5 and PM10), Ozone, Nitrogen Dioxide, Sulfur Dioxide

and Carbon Monoxide: Executive Summary. World Health Organization.

Available online at: https://apps.who.int/iris/handle/10665/345334 (accessed

January, 2022).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Salmond, Vardoulakis, Kinney and Green. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Sustainable Cities | www.frontiersin.org 3 May 2022 | Volume 4 | Article 913629

https://doi.org/10.5194/acp-21-3555-2021
https://doi.org/10.1016/j.aeaoa.2019.100040
https://doi.org/10.1016/j.scitotenv.2020.140426
https://doi.org/10.3389/frsc.2021.705051
https://doi.org/10.1016/j.scitotenv.2020.138820
https://doi.org/10.1016/j.scitotenv.2020.141129
https://doi.org/10.1038/467909a
https://doi.org/10.1016/j.envint.2021.106818
https://doi.org/10.1007/s00038-018-1104-8
https://doi.org/10.3389/frsc.2019.00007
https://doi.org/10.1111/1753-6405.13033
https://doi.org/10.1016/j.envres.2021.110754
https://apps.who.int/iris/handle/10665/345334
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles

	Editorial: Cities in Lockdown: Implications of COVID-19 for Air Quality and Urban Environmental Health
	Author Contributions
	References


