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This study gives a systematic comparison of the Tropospheric Monitoring Instrument (TROPOMI) version 1.2 and Ozone
Monitoring Instrument (OMI) QA4ECYV tropospheric NO; column through global chemical data assimilation (DA) integration
for the period April-May 2018. DA performance is controlled by measurement sensitivities, retrieval errors, and coverage. The
smaller mean relative observation errors by 16% in TROPOMI than OMI over 60°N—60°S during April-May 2018 led to larger
reductions in the global root-mean-square error (RMSE) against the assimilated NO, measurements in TROPOMI DA (by
54 %) than in OMI DA (by 38 %). Agreements against the independent surface observations were also improved by TROPOMI
DA compared to the control model simulation (by 23-50%), which were more obvious than those by OMI DA for many cases
(by up to 47%). The estimated global total NOx emissions were 15% lower in TROPOMI DA, with 2-23% smaller regional
total emissions. These results demonstrate that TROPOMI DA improves global analyses of NO, concentrations and NOx
emissions, which provides unique and detailed information on possible retrieval errors and its characteristics including their

spatiotemporal structures.

Keywords : atmospheric chemistry, satellite observations, data assimilation, emission inversion

1. Introduction

Satellite measurements, such as the Ozone Monitoring
Instrument (OMI) [1], have provided long-term global pictures
of tropospheric NO» columns since 1996. Tropospheric NO, is
important for air quality, atmospheric chemistry, and climate
change as the main precursor of tropospheric ozone and nitrate
aerosols [2]. Since October 2017, the Tropospheric Monitoring
Instrument (TROPOMI) aboard the Sentinel-5 Precursor [3] has
been measuring tropospheric NO, columns at higher spatial
resolutions of 7 x 3.5 km? and improved signal-to-noise (S/N)
ratio, compared to OMI [4].

Satellite NO, observations have proven useful for
constraining NOyx emissions. Using TROPOMI NO, surface
NOx emissions have been estimated at high spatial and
temporal resolutions, but studies are mostly limited to specific
areas at point source to urban scales [5]. Relative advantage of
TROPOMI NO; over previous satellite measurements, such as
OMI NO, in emission estimations for different regions of the
world has not been clearly addressed in a quantitative and
consistent manner.

In this study, we compared concentration and emission
analyses derived from the assimilation of TROPOMI and OMI
tropospheric NO; retrievals. The systematic comparison of
TROPOMI DA and OMI DA reveals relative advantages of DA
using TROPOMI over OMI, which benefit studies on the

evaluation of bottom-up emission inventories and formation

processes of ozone and nitrate aerosols.

2. Data and Methods

We evaluate TROPOMI NO, version 1.2beta product [6]
through a systematic comparison against the estimates using
OMI NO, QA4ECYV version 1.1 product [7] for April—May
2018, using global chemical data assimilation (DA) system [8]
based on local ensemble transform Kalman filter technique [9],
while applying a super-observation technique [10] for both
retrievals at a 0.56° model resolution.

For the validation of DA analysis, we used surface NO»
concentrations from 3255 sites over Europe obtained from the
European air quality database (AirBase) of the European
Environmental Agency (EEA), 404 sites over the United States
obtained from the Air Quality System (AQS) of the United States
Environmental Protection Agency (US EPA), and 1246 sites over
Japan obtained from Japanese continuous measurement data of
general air pollution at ground level compiled by the National
Institute for Environmental Studies (NIES).

3. Results
We evaluated the self-consistency with the assimilated
observations based on reductions in root-mean-square error

(RMSE) by DA using daily maps sampled at observation
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locations. The RMSE for TROPOMI DA over 60°S—60°N was
reduced by 54% compared to that for the control model
simulation, which were larger for TROPOMI DA than OMI DA
(by 38 %). These differences can be explained by the reduced
relative super-observation errors in TROPOMI. Over the oceans
in the tropics and midlatitudes, higher vertical sensitivity (i.e.,
averaging kernels) in TROPOMI than OMI in the lower
troposphere and above clouds also contributed to the
improvements.

Surface in situ observation data at 14:00 LT were used for
validation to evaluate assimilation impacts just after their
overpass times. Over Europe, the regional mean model bias and
RMSE of NO, were -18% and 145 %, respectively. Over the
United States, regional mean model bias and RMSE were 37%
and 268 %, respectively, with larger positive biases over urban
areas such as New York, Los Angeles, and Chicago. The regional
mean bias and RMSE over Japan were -23% and 124 %,
respectively.

TROPOMI DA reduced the regional RMSE over Europe by
29 %, reflecting improvements in spatial and temporal variability
by TROPOMI DA (Fig. 1). Because of the small RMSEs in the
control model simulation, RMSE reductions by TROPOMI DA
were not obvious over Italy, Spain, and Portugal. Over the United

TROPOMI DA-Model

States, TROPOMI DA reduced the regional mean bias and
RMSE by 46% and 50 %, respectively. In contrast to the large
RMSE reductions over the eastern United States and western
coastal areas, RMSEs increased over Colorado and Wyoming
again due to the small RMSEs in the control model simulations.
Over Japan, TROPOMI DA reduced RMSE by 23% due to better
capturing spatial and temporal variations but increased negative
model bias by 68 %. Error reductions were smaller in OMI DA
overall. The RMSE over Europe was increased by OMI DA by
5% mainly due to the increased errors over the Netherlands. Over
the United States and Japan, the RMSE reductions for megacities
such as New York, Los Angeles, and Tokyo were 25 %—70%
larger in TROPOMI DA than in OMI DA. The regional RMSE
reduction was comparable between the two runs (by 47% for the
United States and 20% for Japan by OMI DA). These results
suggest that the results of TROPOMI DA were affected by the
TROPOMI low bias compared to OMI, while TROPOMI DA
provided better constraints on spatial and temporal variations in
NO, concentrations than OMI DA.

The top-down estimates of NOx emissions provided by
TROPOMI DA significantly differed from the a priori emissions.
TROPOMI DA tends to decrease emissions over the eastern
United States, China, northern India, and Central Africa. The

OMI DA-Model
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Figure 1. RMSE:s against surface in situ observations for surface NO2 concentration fields (ppbv) at 14:00 LT (local time) in the
control model simulation (left column) and their reductions (%) by TROPOMI DA and OMI DA (middle and right columns,

respectively) over Europe (top), the United States (middle), and Japan (bottom). The values are mapped onto 0.56° resolution

grids. For the middle and right columns, grids with open circles indicate RMSE reductions that are statistically significant at the

95% confidence level using the Mann—Whitney U test.
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country and regional total emissions were decreased by 14% in
the United States, 38% in China, 17% in India, and 22% in
Central Africa, and they were increased by 12% in Europe, 39%
in the Middle East, and 44% in Southeast Asia. The global total
NOx emissions were 15% smaller in TROPOMI DA than in
OMI DA, with 3 %-18% smaller regional total emissions for
polluted regions and 22 %—23% smaller regional total emissions
for biomass burning regions, which led to smaller surface NO,
concentrations. These differences reflect the low bias of
TROPOMI retrievals compared to OMI retrievals.

4. Summary and conclusion

We compared DA analyses of NO, concentrations, and NOx
emissions derived from the assimilation of the TROPOMI and
OMI tropospheric NO2 column retrievals. Because of 16%
smaller relative super-observation errors in TROPOMI than in
OMI, the DA self-consistency, as measured by RMSE reductions
against the assimilated observations, was improved in
TROPOMI DA by 54 %, which was larger than OMI DA (by
38 %). Agreements against the independent surface in situ NO,
data were also improved by 23 %50 %, which was larger than
those for OMI DA (by up to 47 %) for many cases. Global total
NOx emission for 15 April-31 May 2018 was increased from
43.5 TgNyr! in a priori emissions to 46.2 TeNyr' by TROPOMI
DA, which was 15% smaller than those derived from OMI DA
(54.2 Tg N), with 3 %—23% smaller regional total emissions for
major polluted and biomass burning areas.

The DA performance comparisons provide a systematic
evaluation of TROPOMI and OMI retrievals, independent from
their averaging kernels and a priori profiles. The improved
agreements with independent observations in TROPOMI DA
demonstrate the importance of improved spatial coverage and
reduced retrieval uncertainty for many science applications.
Consequently, the evaluation of individual satellite measurement
through DA integration provides unique and detailed information
on possible retrieval errors and its characteristics, including their
spatiotemporal structures, which in turn provides a platform to
evaluate different retrievals and supports satellite retrieval
developments.
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