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The COVID-19 containment response policies (CRPs) had a major impact on air quality (AQ). These
CRPs have been time-varying and location-specific. So far, despite having numerous studies on the ef-
fect of COVID-19 lockdown on AQ, a knowledge gap remains on the association between stringency of
CRPs and AQ changes across the world, regions, nations, and cities. Here, we show that globally across
1851 cities (each more than 300000 people) in 149 countries, after controlling for the impacts of relevant
covariates (e.g., meteorology), Sentinel-5P satellite-observed nitrogen dioxide (NO2) levels decreased
by 4.9% (95% CI: 2.2, 7.6%) during lockdowns following stringent CRPs compared to pre-CRPs. The
NO2 levels did not change significantly during moderate CRPs and even increased during mild CRPs
by 2.3% (95% CI: 0.7, 4.0%), which was 6.8% (95% CI: 2.0, 12.0%) across Europe and Central Asia,
possibly due to population avoidance of public transportation in favor of private transportation. Among
1768 cities implementing stringent CRPs, we observed the most NO2 reduction in more populated and
polluted cities. Our results demonstrate that AQ improved when and where stringent COVID-19 CRPs
were implemented, changed less under moderate CRPs, and even deteriorated under mild CRPs. These
changes were location-, region-, and CRP-specific.
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