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8  Table S1. Physical parameterizations used in the WRF model.

Physical process

Parameterization (Reference)

Long-wave radiation

Short-wave radiation
Microphysics

Cumulus parameterization
Land surface model
Surface Layer

Planetary boundary Layer

Rapid Radiative Transfer Model for General
Circulation Models (RRTMG) (lacono et al., 2008)

RRTMG (lacono et al., 2008)

Morrison double-moment (Morrison et al., 2010)
Kain—Fritsch version 2 (Kain, 2004)

Pleim—Xiu LSM (Pleim and Xiu, 1995)
Pleim—Xiu surface layer (Pleim, 2006)

ACM?2 (Pleim, 2007)
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Figure S1: WRF-CMAQ modeling domains applied in this study. The white solid lines show the boundaries of the two
12 CMAQ domains while the dotted white lines represent the boundary of the inner WRF domain. Terrain height for the outer
WRF domain is also shown. The two white dots mark the regions of focus in the OWLETS-2 and LISTOS 2018 campaigns.
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Figure S2: NASA OMI, QA4ECV, TROPOMI, and airborne tropospheric column NO: retrievals averaged for all flights
conducted during the field campaign. All co-located OMI satellite and airborne remote-sensing tropospheric column NO2
values are averaged at a 0.15° x 0.15° resolution and co-located TROPOMI data are averaged at both 0.05° x 0.05° and
0.15° x 0.15° spatial resolutions. The black triangle indicates the location of the city of NYC.
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20 Figure S3: NASA OMI, QA4ECV, TROPOMI, and airborne tropospheric column HCHO retrievals averaged for all flights
conducted during the field campaign. All co-located OMI satellite and airborne remote-sensing tropospheric column HCHO

22 values are averaged at a 0.15° x 0.15° resolution and co-located TROPOMI data are averaged at both 0.05° x 0.05° and
0.15° x 0.15° spatial resolutions. The black triangle indicates the location of the city of NYC.
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Figure S4: NASA OMI, TROPOMI, and airborne tropospheric column NO2 and HCHO retrievals on August 24, 2018. All
co-located satellite and airborne remote-sensing tropospheric column NO2 and HCHO values are averaged at a 0.15° x
0.15° for the OMI intercomparison and 0.05° x 0.05° spatial resolution for TROPOMI. The black triangle indicates the
location of the city of NYC. The direct comparison of co-located NASA OMI and TROPOMI NO2 and HCHO data to
airborne observations on this day is shown in the scatter plots (right column). The solid black line shows the 1:1 comparison
and the dashed line shows the linear regression fit of the comparison. The figure inset shows the main statistics (coefficient
of determination (R?), slope (M), y-intercept (B), and median bias and bias standard deviation) of the comparison of satellite
and airborne tropospheric column NOz and HCHO data.



34
36
38

2 NASA OMI (0.15° x 0.15°) E 12 NASA}?MI (scaled) (0_15.,!0'150’)’
3 x - e .
v | c | . . * s
=10 310 - .
c c 8 .
ER: = s . e
™ ol . . e
£s T ¢f A .
— T & ol .
g a - S e Vg . R2=0.21
< = P IR M=1.05
3 2 I s x R
= 0 Bias =-0.3 +£3.9 5‘ ol .. ° ) . Bias=0.5%3.2
0 2 4 6 8 10 12 < 0 2 4 6 8 10 12
. . = . .
Airborne FNR (unitless) Airborne FNR (unitless)
TROPOMI (0.15° x 0.15°) TROPOMI (0.05° x 0.05°)
_12 _ 12 TP .
") . [] A . .
S0} @ 10| R N P
= = '.‘..‘,‘. ‘g (P
. .- c o . o PN
58 - T 308 Y A
[ “ . o o [ T TR e
F .. % - 4 o = P .
£ 6 ORI 7 TR ol L ‘f"s N
— . . = P .... I'.
S 4l v wenFlot R?=0.43 z 4 72 e VR =032
o .y SN M =0.67 a 3 LS D T M=074
2 2 e F. e B =0.8 8 2 -’ « B=12
SN2 LA . _ Bias=-03x14F T ok L. . Bias=0.2%22
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Airborne FNR (unitless) Airborne FNR (unitless)

Figure S5: Scatter plots illustrating the comparison of satellite (NASA OMI and TROPOMI) reprocessed tropospheric
column FNRs and airborne-retrieved tropospheric FNR (unitless) for each co-located measurement taken during the field
campaigns. The OMI FNR retrievals calculated with the scaled WRF-CMAQ profiles are identified in the y-axis and titles
as “scaled”. The solid black line shows the 1:1 comparison and the dashed line shows the linear regression fit of the
comparison. The figure inset shows the main statistics (coefficient of determination (R?), slope (M), y-intercept (B), and
median bias and bias standard deviation) of the comparison of satellite and airborne data.
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Figure S6: NASA OMI and TROPOMI reprocessed retrievals of tropospheric column NO2 and airborne observations
averaged for all flights conducted during the field campaign. All co-located satellite and airborne remote-sensing
tropospheric column NO: values are averaged at 0.15° x 0.15° for the OMI intercomparison and 0.05° x 0.05° spatial
resolution for TROPOMI. The OMI tropospheric column NO:z retrievals calculated with the scaled WRF-CMAQ profiles
are identified in the titles as “scaled”. The black triangle indicates the location of the city of NYC.
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Figure S7: NASA OMI and TROPOMI reprocessed retrievals of tropospheric column HCHO and airborne observations
48 averaged for all flights conducted during the field campaign. All co-located satellite and airborne remote-sensing
tropospheric column HCHO values are averaged at 0.15° x 0.15° for the OMI intercomparison and 0.05° x 0.05° spatial

50 resolution for TROPOMI. The OMI tropospheric column HCHO retrievals calculated with the scaled WRF-CMAQ
profiles are identified in the titles as “scaled”. The black triangle indicates the location of the city of NYC.
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Figure S8: WRF-CMAQ-predicted concentrations (ppb) of NO2 evaluated with airborne observations during a) OWLETS-
2 and b) LISTOS 2018 and ¢) WRF-CMAQ-predicted HCHO data during LISTOS 2018. The model (red dots/line) and
airborne observations (black dots/line) are averaged at 100 m vertical resolution for all measurements during each field
campaign. The statistics of the comparison are presented as well.
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