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Building on:

In response to the COVID-19 pandemic, most countries implemented public health ordinances that resulted in
restricted mobility and a resultant change in air quality. This has provided an opportunity to quantify the extent to
which carbon-based transport and industrial activity affect air quality. In this study, confounding factors were
disentangled for a direct comparison of pandemic-related reductions in absolute pollutions levels, globally. The
non-linear relationships between atmospheric processes and daily ground-level NO2, PM10, PM2.5 and O3
measurements were captured in city- and pollutant-specific XGBoost models for over 700 cities, adjusting for
weather, seasonality and trends. City-level modelling allowed adaptation to the distinct topography, urban
morphology, climate and atmospheric conditions for each city, individually, as the weather variables that were most
predictive varied across cities. Pollution forecasts for 2020 in absence of a pandemic were generated based on
weather and formed an ensemble for country-level pollution reductions. Findings were robust to modelling
assumptions and consistent with various published case studies. NO2 reduced most in China, Europe and India,
following severe government restrictions as part of the initial lockdowns. Reductions were highly correlated with
changes in mobility levels, especially trips to transit stations, workplaces, retail and recreation venues. Further,
NO2 did not fully revert to pre-pandemic levels in 2020. Ambient PM2.5 pollution, which has severe adverse health
consequences, reduced most in China and India. Increased O3 levels during initial lockdowns have been
documented widely. However, our analyses found a subsequent reduction in O3 for many countries below what was
expected based on meteorological conditions during summer months (e.g., China, United Kingdom, France,
Germany, Poland, Turkey). The effects in periods with high O3 levels are especially important for the development
of effective mitigation strategies to improve health outcomes.
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Pollution modelling process overview

Combining ERA5 weather data with ground level pollution data,
creating pollutant and city specific XGBoost model for 700 cities.
Calculate 2020 pollution anomalies in the absence of the
COVID-19 pandemic.



Data sources: Weather and ground level pollution

Daily ground level NO2, PM10, PM2.5 and O3 for 132 countries from AQICN.

Hourly ERA5 weather (2m air temperature, net solar radiation, total precipitation, mean wind speed, mean wind
direction, mean leaf area index). 2015-2019 for model training, 2020 for validation and analysis.



XGBoost hyperparameter tuning, selected features for
XGBoost models

Grid search to tune XGBoost hyperparameters that influence its learning process (number and length of decision
trees, samples required for single node, etc).

Final selection of features included in XGBoost models, including air temperature on day, mean air temperature of
previous 3 days, total precipitation on day and sum of previous 3 days, etc. Note, day of week not included to allow
later mobility reduction analysis.

Calibrated models for individual cities and pollutants that incorporate weather patterns, pollution seasonal trends,
and long term pollution trends. Can predict 2020 pollution levels (in absence of pandemic).



2020 forecast pollution vs actual
Actual (black) and forecasted (blue) pollution levels

a) NO2 in Chongqing

b) PM10 in Antwerpen, Belgium

c) PM2.5 in Ulaanbaatar, Mongolia

Large February NO2 reductions in China resulting from lockdowns.

Aug 2020 Belgium heatwave accurately reflected through increased PM10 levels.

Temperature influence on pollution: seasonal trends of PM2.5 in Mongolia from winter heating.



Unexplained NO2, PM2.5, and O3 across cities, stringency
of COVID-19 restrictions, and mobility patterns from
Google mobility data.

Large reductions in NO2 in most places across the first few months of 2020, largely returning to normal levels
afterwards. PM2.5 reductions in many places across 2020. O3 increases in the first half of 2020 (due to NO2
reductions) but below normal levels mid-year.



Correlations between mobility and unexplained NO2,
computed per country from mid-February to mid-April

Many countries show high correlations between journeys to workplaces and NO2

reductions.



Robustness of results, comparison to other modelling
approaches

Actual (black), XGBoost (blue), linear regression (red), Gamma GLM (orange), random forest (light blue) and time
series (green) forecasts across 2020.
(a) NO2 in Urumqi, China; (b) NO2 in Santiago, Chile; and (c) PM10 in Pune, India.

All methods captured seasonal pollution patterns of cities.
XGBoost generally obtained best out-of-sample performance compared to other modelling approaches.



Comparison of results to other studies that quantified air
pollution changes in 2020



Global anomalies: PM2.5 on 9 February 2020

Reductions of PM2.5 in China



Global anomalies: NO2 on 4 April 2020

Reductions of NO2 in Europe



Global anomalies: O3 on 30 January 2020

Increases of O3 in China.



Unexamined questions

Pollution anomalies varied globally under different stringencies and
differing transport systems.



Unexamined questions

How do pollution levels vary in different cities with different
mobility profiles? (Top) Google mobility showing locations,
(bottom) Apple mobility showing transport mode map requests.



Lancet clusters vs NO2 anomalies, Jan-Jun 2020



Lancet clusters vs O3 anomalies, Jan-Jun 2020



Lancet clusters vs PM10 anomalies, Jan-Jun 2020



Lancet clusters vs PM2.5 anomalies, Jan-Jun 2020
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