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associated with meteorological influences, such as missing data or real changes in NOx emissions due to
temperature changes, but there may have been some fluctuations that cannot be averaged out. In
Figure 3, the January values are uniformly lower than their true values (Figure S5) because we are
normalizing to April meteorological conditions (i.e., solar zenith angle is lower in April as compared to
January). In New York City, we calculate a 20.0% drop in NO2 due to COVID‐19 precautions. We find
that there is no difference between Method 2—which accounts for meteorology—and Method 1—which
only accounts for solar zenith angle. This suggests that varying meteorological conditions in New York
City, while different between years, may not have had a strong biasing effect. However, in Washington D.
C., we find favorable conditions in 2020 as compared to 2019 because we observe substantially different

Table 1
Percentage Drop in Column NO2 as Observed by TROPOMI

Reference case
Account for solar
zenith angle only

Account for solar zenith angle and meteorology

Method 0 Method 1 Method 2 Method 3

Mean of
methods

1–3

Median
of

methods
1–3City name

� between months 2020
only (January–February
vs. 15 March to 30 April)

� between years
2019 vs. 2020 (15
March to 30 April)

Using ERA5 analogs to account
for meteorology 2019 versus
2020 (15 March to 30 April)

Using GEM‐MACH to
infer NO2, 2020 only (15

March to 30 April)

San Jose 65.2% 43.4% 40.7% 43.5% 42.5% 43.4%
Los Angeles 66.1% 32.6% 32.5% 38.6% 34.6% 32.6%
Toronto 60.4% 31.0% 17.0% 42.0% 30.0% 31.0%
Philadelphia 50.3% 36.6% 30.7% 22.1% 29.8% 30.7%
Denver 25.8% 29.2% 23.4% 39.1% 30.6% 29.2%
Atlanta 39.6% 35.2% 27.4% 20.2% 27.6% 27.4%
Detroit 35.5% 29.9% 22.8% 15.6% 22.8% 22.8%
Boston 40.3% 22.8% 23.5% 17.8% 21.4% 22.8%
Washington DC 42.9% 31.4% 21.2% 6.7% 19.8% 21.2%
Montreal 12.5% 3.3% 20.9% 30.2% 18.1% 20.9%
New York City 32.7% 20.2% 20.0% 17.9% 19.4% 20.0%
New Orleans 41.7% 13.5% 19.6% 22.5% 18.5% 19.6%
Las Vegas 66.7% 9.5% 18.4% 42.0% 23.3% 18.4%
Houston 38.9% 26.3% 15.6% 1.9% 14.6% 15.6%
Chicago 31.0% 23.6% 14.9% 3.5% 14.0% 14.9%
Phoenix 43.9% 12.8% 14.8% 35.4% 21.0% 14.8%
Austin 34.3% 14.5% 9.4% 16.1% 13.3% 14.5%
Dallas 41.9% 11.9% 3.6% 16.7% 10.7% 11.9%
Miami 27.9% 16.1% � 1.6% 11.0% 8.5% 11.0%
Minneapolis 0.1% 14.3% 9.2% 8.1% 10.5% 9.2%
Mean of each method 39.9% 22.9% 19.2% 22.5% 21.6% 21.6%

Figure 2. TROPOMI NO2 differences between 2019 and 2020, using 15 March to 30 April 2020 as the post‐COVID‐19 period. Plots are showing (a) the absolute
difference and (b) the ratio between years.
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NO2 drops before (31.4%) and after (21.2%) correcting for the meteorology. These results are corroborated by
the wind speed and direction (Figure S6). In 2019, winds were on average southwesterly, while in 2020,
winds had more of a northwesterly and therefore cleaner component. Of all cities analyzed, we find that
Miami had the most favorable conditions for low NO2 in 2020 as compared to 2019; in 2020, winds were
stronger from the south—in this case a cleaner air mass—than in 2019, which had relatively stagnant winds.
Conversely, in Montreal, New Orleans, and Las Vegas, meteorological conditions appeared to be unfavor-
able in 2020 as compared to 2019.

Meteorological factors that we do not account for in Method 2 are a difference in the number of cloudy
scenes and the amount of snow cover between years. In particular, the northern United States had more
snow cover in late February and early March in 2019 than in 2020 (Figure S7). In Figure 3, we also show
the fractional coverage of the metropolitan area during the 28‐day period. For example, in New York City,
there was ~0.6 fractional coverage in early March 2020, while in 2019 there was only ~0.3 fractional coverage
during the same timeframe. As a result, some of the higher values during this timeframe may be related to
fewer valid pixels in outlying areas, which retain snow for longer, and perhaps a snow‐related reflectivity
artifact even though pixels over snow cover are predominantly removed. This is also why some other
snow‐prone cities like Chicago, Philadelphia, Toronto, Detroit, Denver, and Minneapolis show large varia-
bility preceding March. Beginning in mid‐March, snow cover was largely gone in most U.S. cities during
both years.

In Figure 4, we demonstrate Method 3, in which we account for meteorology and chemical interactions
using a chemical transport model. We create a theoretical TROPOMI column NO2 using ECCC's regional
operational air quality forecast model (Moran et al., 2009; Pendlebury et al., 2018), which accounts for typi-
cal seasonal emission changes but not for any impacts due to the COVID‐19 lockdowns; this helps provide
expected NO2 levels with a business as usual scenario. Around mid‐March there is often a divergence
between the expected and observed NO2 in the major cities. Using this method, largest NO2 reductions

Figure 3. Trends in TROPOMI NO2 since 1 January in 2019 and 2020 after accounting for meteorological variability and solar zenith angle. The thick lines
represent the 28‐day rolling median value (50th percentile) in a 0.4° × 0.4° box centered on the city center for the largest cities (New York City, Los Angeles,
Chicago, Toronto, and Houston) and 0.2° × 0.2° box in all other cities. The thin lines represent the fractional coverage (0–1) in the coincident spatiotemporal
domain.
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