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Summary 

The COVID-19 lockdown significantly altered human activity in cities and elsewhere. The 

lockdown provides a natural experiment to examine how the constraints on human activities 

(e.g., travel restrictions, social distancing requirements) influence air quality in urban 

environments. This paper reviews the existing literature on the urban air quality impacts of the 

COVID-19 lockdown based on a rapid systematic review of peer-reviewed literature. I find that 

many cities throughout the globe – particularly in Europe and Asia – reported improvements in 

air quality due to the lockdown. In particular, these cities saw a decrease in fine particulate 

matter (PM2.5), nitrogen oxides (NOx), and sulfur oxides (SOx). However, many of these cities 

also saw an increase in ozone (O3). The increase in ozone is likely related to the decrease in 

nitrogen oxides, which react with ozone and deplete it in the local atmosphere. Furthermore, the 

observed improvements in air quality in Europe and Asia do not appear to be occurring in the 

United States, which raises questions about the generalizability of the trends. The review also 

highlights the dearth of existing studies on urban air quality impacts in Canadian cities. The 

paper concludes with a reflection on the policy implications of the findings. 

Background 

The COVID-19 pandemic and subsequent lockdown resulted in significant short-term changes to 

human behavior in cities (Rice et al. 2020). These changes in behavior will no doubt have 

implications for urban environments. In particular, urban air quality is likely to change in 

response to fewer emissions from the travel restrictions and requirements to social distance. 

Studies on the impacts of the pandemic and subsequent lockdown on urban air quality are 

starting to emerge from cities throughout the globe. The purpose of this short review is to 

synthesize the emergent studies and distill their lessons learned for policy and planning. 

Additionally, the paper charts a course for future research on the impacts of the COVID-19 

pandemic on urban air quality. 

Materials and Methods 

This paper employs a rapid systematic review approach to synthesize the emergent literature on 

the impacts of the COVID-19 pandemic on urban air quality. Systematic reviews are literature 

review approaches that use “systematic and explicit methods to identify, select, critically 

appraise, and extract and analyze data from relevant research” (Higgins and Thomas 2019). 

Systematic reviews often progress through four stages (Petticrew and Roberts 2006): (1) 

determination of the research questions, (2) development of the literature search strategy, (3) 

screening of results from the search strategy, and (4) analysis and synthesis of literature. Rapid 

systematic reviews are “a form of knowledge synthesis in which components of the systematic 

review process are simplified or omitted to produce information in a timely manner” (Tricco et 

al. 2015b; Tricco et al. 2015a).  
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For the purposes of this study, I employed a rapid systematic review approach, which followed 

the same four stages as a regular systematic review. However, each stage was scaled back in 

relation to a regular systematic review. The research question was chosen to be focused and 

narrow in order to keep the review at a manageable scope. The research question is: How has the 

COVID-19 lockdown affected urban air quality? The search protocol was aimed at the journal 

database Scopus. This database was selected since it encompasses many journals that are likely 

to include relevant papers. In a traditional systematic review, additional databases would have 

been chosen (e.g., Web of Science). The search terms used to examine the database were: 

("urban" OR "city" OR "cities") AND ("pollution" OR "greenhouse gas" OR "GHG") 

AND ("covid" OR "coronavirus" OR "pandemic") 

The final search was completed on July 21, 20201. The search resulted in 98 papers, which were 

screened based on their titles and abstracts for relevance. A total of 51 papers were screened in 

for the review and analyzed using a content analysis approach (Khirfan et al. 2020). 

Results 

Geographic overview 

The majority of studies to date have occurred in China (n = 16) and India (n = 11). Multiple 

studies have also occurred in Brazil (n = 4) and the United States (n = 3). Spain, Italy and 

Malaysia each have two studies. And Morocco and Kazakhstan each have one. There are still 

many countries in the globe – including Canada – without any published studies as of July 21, 

2020 (Figure 1). 

 

Figure 1. Geographic distribution of studies as of July 21, 2020. 

                                                 
1 It is important to note that additional papers may have been published since the time of completing the search. The 

findings in this paper only reflect peer-reviewed publications up to July 21, 2020. 
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Impact pathways 

Figure 2 depicts the simplified impact pathway for the COVID-19 lockdown’s effect on urban air 

quality. The primary and secondary impacts are detailed below. 

 

Figure 2. Simplified impact pathway. 

Primary impacts 

The primary impacts of the lockdown on urban air quality included decreases in fine particulate 

matter (PM2.5), nitrogen oxides (NOx) and sulphur oxides (SOx). These changes occur due to 

restrictions on human activities (e.g., travel, social distancing), which are implemented to help 

curb the spread of COVID-19. For example, He et al. (2020) found that fine particulate matter 

decreased by 14.07 μg m−3 in Chinese cities that implemented a formal lockdown. Chinese cities 

without a formal lockdown, but with other pandemic procedures in place, were able to reduce 

fine particulate matter by 7.05 μg m−3 (He et al. 2020). Lian et al. (2020) show marked 

improvements in urban air quality indices in Wuhan city, China, which include decreases in fine 

particulate matter and nitrogen oxides. Kumari and Toshniwal (2020) show similar decreases in 

Indian cities. However, Zheng et al. (2020) show how the response of urban air quality to the 

lockdown is quite complex, as the sources of some pollutants – such as fine particulate matter – 

can change drastically due to changes in human activities. Similarly, Zangari et al. (2020), in a 

study from New York City, United States, show no changes in urban air quality from the 

lockdown when compared to previous years. These findings demonstrate the complex and place-

based nature of urban air quality impacts resulting from the COVID-19 pandemic lockdown. 

Secondary impacts 

The main secondary impact of the lockdown on urban air quality was the increase in 

tropospheric or ground level ozone. Ground level ozone occurs – as the name suggests – close to 

the ground as opposed to high in the stratosphere. It is a secondary pollutant, which means it is 

not directly emitted but results due to chemical reactions between pollutants that we do emit 

(Siciliano et al. 2020). In the case of ground level ozone, it is created via reactions between 

nitrogen oxides and volatile organic compounds (VOCs) (Siciliano et al. 2020). Urban centers 

are often in a situation where the amount of ozone in the local atmosphere is VOC-controlled, 

which means that reducing nitrogen oxides – as was the case with the COVID-19 lockdown – 
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results in increased ozone (da Silva et al. 2018). Ground level ozone can have a number of 

deleterious effects to the respiratory systems (Siciliano et al. 2020). 

Siciliano et al. (2020) found that ozone increased in the city of Rio de Janeiro, Brazil. They 

attributed the increase in ozone to decreases in nitrogen oxides (Siciliano et al. 2020). However, 

they also note how air masses from industrial areas also played an important role in the increases 

(Siciliano et al. 2020). Lian et al. (2020) and Sicard et al. (2020) both also report substantial 

increases in ozone in Chinese and European cities. 

Policy implications 

There are two main policy implications emerging from this work. First, there needs to be careful 

attention placed on the secondary impacts to urban air quality resulting from the pandemic. 

While the reductions in nitrogen oxides, sulpur oxides, and fine particulate matter have definite 

environmental and health benefits, the secondary impacts related to increased ozone must not be 

overlooked (Lian et al. 2020; Sicard et al. 2020; Siciliano et al. 2020). These secondary impacts 

can have repercussions for health and the environment. Second, the impacts of the pandemic 

lockdown on urban air quality can be instructive for future efforts to reduce pollutants in urban 

air. He et al. (2020) provide an incredibly useful analysis of how the improvements in urban air 

quality resulting from the COVID-19 lockdown compare to air quality improvements associated 

with past policy interventions. They find that past policy interventions (e.g., fuel standards, 

policies related to hosting the Olympics) have shown improvements in urban air quality of 

similar magnitude to the COVID-19 lockdown (He et al. 2020). While the dramatic and abrupt 

changes in modern human life associated with the lockdown had notable impacts to urban air 

quality, we can achieve many of the same benefits with less intrusive measures, which signals 

hope for future air quality in urban environments. 
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