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The atmospheric environment data assimilation system using LETKF (Local Ensemble Transform Kalman Filter) developed

in JAMSTEC has been adopted using a horizontal resolution of 2.8° (300 km) as horizontal resolution. However, it is known that

atmospheric pollutants, especially NO,, show very large spatial distribution fluctuations around megacities. In this study, a global

high-resolution simulations of tropospheric NO, column was evaluated using satellite tropospheric NO, retrievals from the Ozone

Monitoring Instrument (OMI). A trial of a global high-resolution data assimilation was also conducted. As a result, it was found that

the large impact of horizontal resolution on the horizontal distribution of tropospheric NO,.

Keywords: data assimilation, chemical transport model, global scale, air pollution, megacities

1. Objective of this study

Nitrogen oxides (NOx ~= NO + NO,) play a key role in air
quality, tropospheric chemistry, ecosystem, and climate change.
NOx is one of the main precursors of tropospheric ozone, a
major pollutant and greenhouse gas (IPCC, 2013[1]). Oxidation
products from NOx, including nitric acid (HNOj), alkyl nitrates
(RONO,), and peroxynitrates (RO,NO,), are partitioned to
particulate nitrates, which cause respiratory problems, degrade
visibility, and affect the radiative budget by scattering solar
radiation. The wet and dry deposition of nitrogen compounds
affects the productivities and diversities of terrestrial and marine
ecosystems on a global scale (e.g., Gruber and Galloway, 2008;
Duce et al., 2008). Increasing NOx also reduces quantities of
long-lived greenhouse gases, such as methane, due to chemical
destruction via hydroxyl radicals (OH) through O;—HOx-NOx
chemistry. Chemical transport models (CTMs) are commonly
used for the estimation of global distribution of pollutants and
their social impacts. However, the uncertainty of the model
estimation is quite large because of the large uncertainty of
emissions, chemical reactions, removal processes etc. Global
chemical data assimilation (e.g., Inness et al., 2015 [2]; Miyazaki
et al., 2015 [3]) would be beneficial for the improvement of
estimated global distribution of atmospheric concentration and
emissions, because it can include observational data. Miyazaki
et al. (2015 [3]; 2017[4]) has established a state-of-the-art data
assimilation system which can include multi-species multi-

device satellite retrievals for the assimilation of the tropospheric
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chemical constituents. A high-resolution data assimilation
requires large amount of computer resources, and the horizontal
resolution of the most of global application of data assimilation
for pollutants is around 300 km. However, it is known that the
atmospheric pollutants, especially NO,, show very large
spatial distribution fluctuations around source regions such
as megacities. It can be expected that (1) closer spatial
representativeness between simulations and observations and (2)
better representation of large-scale concentration fields through
the consideration of small-scale processes when we conduct a
higher-resolution simulations. In this study, the improvement of
tropospheric NO, column in our CTM named as CHASER (Sudo
et al., 2002 [5]) has been evaluated when a higher horizontal
resolution was applied up to 56 km. A short-range global
high-resolution assimilation was also conducted during the

observational campaign of NASA in Korea in 2016 spring.

2. Results

We evaluated the performance of high-resolution global
NO, simulations using CHASER based on comparisons against
tropospheric NO, column retrievals from OMI. Three different
horizontal resolutions at 0.56°, 1.1°, and 2.8° were evaluated.
32 vertical layers from the surface to approximately 40 km were
used across the three simulations. CHASER calculates gaseous,
aqueous, and heterogeneous chemical reactions (93 species and
263 reactions), including the O,—HOx—NOx —CH4 —CO system

with the oxidation of non-methane volatile organic compounds
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(NMVOCs). We evaluated 1-year global simulations for
tropospheric NO, in 2008 with a 1-year spin-up calculation. Sea-
surface temperatures (SSTs) and sea- ice concentrations (SICs)
were prescribed by HadISST for the corresponding year (Rayner
et al., 2003 [6]). Simulated air temperature and horizontal wind
were nudged to 12-hourly ERA-Interim reanalysis data (Dee et al.,
2011 [7]). NOx emissions from anthropogenic, biomass burning,
lightning, and soil sources were considered. Anthropogenic
emissions from the HTAP v2.2 inventory for the year 2008
(Janssens-Maenhout et al., 2015 [8]) were employed for the
simulations, with these originally having 0.1° x 0.1° resolution.
Biomass burning emissions were taken from the Global Fire
Emissions Database (GFED) version 4.1 (Giglio et al., 2013 [9]).
Soil emissions were obtained from the Global Emission InitiAtive
(GEIA) database (Yienger and Levy, 1995 [10]). Lightning NOx
sources were calculated as a function of cloud top height in the
cumulus convection parameterization (prognostic Arakawa—
Schubert scheme) at each time step of CHASER.

The model performance was evaluated using the model-
retrieval comparison of tropospheric column NO,. OMI, onboard
the Aura satellite, was used as the reference. We used the
DOMINO version 2.0 data product (Boersma et al., 2011 [11])
obtained from the TEMIS website (http://www.temis.nl/). The
ground pixel size of OMI ranges from 13 x 24 km’ to 26 x 128
km® depending on the satellite viewing angle.

Figure 1 compares the detailed spatial distribution of the
tropospheric NO, column in summer, as represented by OMI
measurements and model simulations over East Asia. High
concentrations were observed over the North China Plain, the

Yangtze River Delta, the Pearl River Delta, Seoul, and Tokyo,
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which could mainly be attributed to emissions from traffic and
large coal-fired power plants in the North China Plain. The
2.8° simulation under- estimated these high concentrations
and overestimated low concentrations over surrounding areas,
probably associated with artificial mixing at coarse model
resolution. The 1.1° and 0.56° simulations reduced negative
biases over central eastern China, the Pearl River Delta, Seoul,
Tokyo, and the western part of Japan. Over the Yellow Sea, the
East China Sea, and off the Pacific coast of Japan, the positive
biases at 2.8° resolution were mostly removed at 1.1° and 0.56°
resolutions. Consequently, regional RMSE was 32 % lower at
0.56° resolution. In contrast, high-resolution simulations led to
overestimation over Beijing and the Yangtze River Delta. Large
negative biases were reduced at 0.56° resolution by 67% over
Beijing, by 73 % over Tianjin, by 18 % Shanghai, by 90 % over
Nanjing, by 62 % over Guangzhou, by 48 % over Shenzhen, by
47 % over Seoul, and by 62 % over Tokyo (compared to 2.8°
resolution). Root mean square errors (RMSE) was improved at
other regions such as the western United States (20-40%), Mexico
(17-38%), and South Africa (45-56%). Over biomass burning
regions, model performance also improved with increasing model
resolution from 2.8° to 1.1° and 0.56°. For instance, RMSE was
reduced by 15 % at 1.1° resolution (compared to 2.8° resolution)
over South America. This results encourages us to combine with
future high-resolution satellite observations, providing valuable
information on the atmospheric environment and related long-
term changes on the megacity scale.

We are also developing a high-resolution global chemical
data assimilation system based on an ensemble Kalman filter

data assimilation technique (Miyazaki et al., 2017 [4]) and the
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Fig. 1 Tropospheric column NO, from OMI retrievals (x10"° molecules cm?) (a) and differences between the model simulation at 2.8° (b), 1.1° (c),
and 0.56° (d) resolutions and OMI retrievals over East Asia during JJA 2008.
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Fig. 2 (a) estimated horizontal distribution of NOx emission using a 2.8°-resolution global data assimilation (x10™"" kg N m? s™). (b) difference

between a priori and a posteriori. (c), (d) same as (a) and (b), but for a 1.1°-resolutoin global data assimilation.

developed high-resolution CTM. As a trial, we have conducted a
1.1°-resolution global data assimilation from May to June 2016.
Satellite retrievals of tropospheric NO, column from OMI and
Global Ozone Monitoring Expriment-2 (GOME-2) (Boersma et
al., 2011 [10]), tropospheric CO column from Measurements
Of Pollution In The Troposphere (MOPITT) (Decter et al., 2013
[11]), vertical profiles of ozone and nitric acid (HNO;) from
Microwave Limb Sounder (MLS), (Livesey et al., 2011 [12]).
A priori emissions are taken from HTAP v2.2 for 2010 for the
anthropogenic emission, averaged value from 2005 to 2014 of
GFED ver. 4.1 for biomass burning, and GEIA for soil emission,
respectively. Tropospheric NO, in May 2016 was evaluated
using the satellite retrievals of OMI. The bias of 1.1°-resolution
assimilation was reduced from that of 2.8°-resolution
assimilation, and it was evaluated that our data assimilation
system can be applied for a high-resolution calculation.

Figure 2 denotes the horizontal distribution of NOx
emissions using 2.8°- and 1.1°- resolution global assimilation.
The difference between a priori and a posteriori are also shown.
A clear decrease in NOx emission over the eastern China (18%)
and increase over Korea and Japan (11%) can be seen in both
of 2.8° and 1.1° resolution assimilation. In this study, we have
used anthropogenic emission for 2010, and these difference
can be explained by the change of environmental policy in
China and the increase of emissions from thermal power plant
in Japan after the earthquake in 2011. A remarkable difference
can be also seen in 1.1°-resolution assimilation over Yangtze
River delta and Kanto Plain comparing to that of 2.8°-resolution
assimilation. This result suggests the capability of emission
estimations around megacities using a high-resolution data

assimilation system.

3. Summary and future works

Agreement against satellite retrievals improved greatly at
1.1° and 0.56° resolutions compared to that of 2.8° resolution
over polluted and biomass burning regions. In conclusion, the
1.1° simulation generally captures the regional distribution of
the tropospheric NO, column well, but the 0.56° resolution
is essential for the simulation of high NO, concentrations on
a megacity scale. We have also conducted short-term high-
resolution data assimilation for pollutants. The result suggests
the capability of emission estimations around megacities using
a high-resolution data assimilation system, and it encourages
us to conduct further studies using the high-resolution global
chemical data assimilation system and satellite observations
from a new constellation of low Earth orbit sounders (e.g., IASI,
AIRS, CrIS, TROPOMI, and Sentinel-5) and geostationary
satellites (e.g., Sentinel-4, GEMS, and TEMPO).
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