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Global ranking of 
risk factors by 
total number of 
deaths (2017)

Health Effects Institute
State of Global Air 2019 Report 

• Outdoor fine particulate 
matter (PM2.5)

• Household air pollution
• Ambient ozone



Air pollutants 
decline due 
to 1990 
Clean Air Act
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EPA 2019 Trends Report



Air pollution, COVID-19, and public health
• Interactions

1. Air pollution may contribute to 
COVID-19 spread

2. Air pollution exposure may 
contribute to COVID-19 severity

3. Physical distancing has affected air 
quality levels

• Research needed to inform:
• The public health response to 

COVID-19
• Longer-term environmental 

policies
• Approaches for improving health 

equity
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Arrows show effect is hypothesized to improve or worsen outcome



Why study NO2
TROPOMI NO2 at 0.01° × 0.01° resolution

1. Early results that air pollution 
contributes to COVID-19 severity

2. NO2 is a tracer for urban traffic -
environmental policy planning

3. NOx emissions are precursors to 
PM2.5 and ozone

4. NO2 associated with asthma

Space-based NO2 columns are highly 
correlated with ground-level 
concentrations 

https://doi.org/10.1002/essoar.10503422.1

https://doi.org/10.1002/essoar.10503422.1
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Achakulwisut et al. Lancet 
Planetary Health, 2019
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OMI and TROPOMI capture NO2 changes
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Credits:
NASA 2020
ESA 2020



Observations from individual cities

The Guardian

Bloomberg News



Our initial results confirmed that urban 
NO2 changes were inconsistent
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14-day rolling averages from Jan 1 – March 11, 2020

Results and figures generated by Dan Goldberg, GWU



Natural influences on TROPOMI NO2
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Seasonal variations of column NO2 Meteorological effects on column NO2

Goldberg et al., submitted
https://doi.org/10.1002/essoar.10503396.1

https://doi.org/10.1002/essoar.10503396.1


Disentangle the effects of meteorology and 
emissions: 3 approaches
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• Method 0 – reference case
TROPOMI NO2 change from Jan-Feb to Mar-Apr 2020 

• Method 1 – account for season
Compare TROPOMI NO2 in same months in 2019 vs. 2020 

• Method 2 – account for season & meteorology
Normalize TROPOMI NO2 by meteorology, compare results for 2019 v. 2020 

• Method 3 – account for season & meteorology
Simulate “normal” times, compare to TROPOMI NO2 observations for 2020 only 



Approach 1: Compare 2020 and 2019 
TROPOMI NO2
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Absolute difference (2020-2019) Ratio (2020:2019)

Goldberg et al., submitted
https://doi.org/10.1002/essoar.10503396.1

https://doi.org/10.1002/essoar.10503396.1


Approach 2: Normalize TROPOMI NO2
columns by “typical” meteorology
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Approach 3: Simulated TROPOMI NO2
columns under  “normal” times
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Green = simulated normal
Blue = COVID-19 lockdowns

Goldberg et al., submitted
https://doi.org/10.1002/essoar.10503396.1

GEM-MACH regional chemical transport model 
(Environment & Climate Change Canada)

https://doi.org/10.1002/essoar.10503396.1


NO2 drops during COVID-19 lockdowns
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• Method 0
TROPOMI NO2 change 2020 only 
(Jan-Feb vs. Mar 15-Apr 30) 

• Method 1 – account for season
TROPOMI NO2 2019 vs. 2020 
(Mar 15 – Apr 30)

• Method 2 – account for season & meteorology
Normalize TROPOMI NO2 by meteorology, 2019 v. 2020 
(Mar 15 – Apr 30)

• Method 3 – account for season & meteorology
TROPOMI NO2 vs. simulated “normal” times, 2020 only 
(Mar 15 – Apr 30)

Goldberg et al., submitted
https://doi.org/10.1002/essoar.10503396.1

Figure created by Gaige Kerr

https://doi.org/10.1002/essoar.10503396.1


Concluding thoughts
• Physical distancing led to 

substantial NO2 drops in urban 
areas, aided in some locations by 
favorable meteorology

• Unknowns
– Factors driving inconsistencies in NOx

emission drops between locations
– PM2.5 and ozone changes -- location-

specific, driven by emissions, 
meteorology, atmospheric chemistry
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Two preprints available
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https://doi.org/10.1002/essoar.10503422.1 https://doi.org/10.1002/essoar.10503396.1

https://doi.org/10.1002/essoar.10503422.1
https://doi.org/10.1002/essoar.10503396.1


More resources for satellite NO2 observations
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https://so2.gsfc.nasa.gov/no2/no2_index.html

https://so2.gsfc.nasa.gov/no2/no2_index.html
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