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Global chemical data assimilation at 0.56° resolution for multi-constituent satellite retrievals of O3, NO,, CO, HNO3, and SO,
from OMI, GOME-2, SCIAMACHY, TES, MOPITT, and MLS using an ensemble Kalman filter technique was applied to
simultaneously optimize ozone precursor emissions and concentrations of various species. The estimated global total NOx
emission over medium and strong source areas were smaller by 15% at 0.56¢ resolution than at 2.8 resolution associated with
resolving small-scale transport and chemistry processes, while 2-26% smaller emissions were found for regional total
emissions over Europe, the United States, China, India, and South Africa, with larger differences over megacities such as Los

Angeles (—41%). The estimated ship emissions were 5—7% smaller at 0.56¢ resolution over the Pacific and Atlantic.

Keywords : Data assimilation, chemical transport model, air pollution, atmospheric chemistry, carbon budget

1. Introduction

Nitrogen oxides (NOx) are a main precursor of tropospheric
ozone and nitrate aerosols, which are important for air quality and
climate change. Wet and dry deposition of nitrogen compounds
affects the productivity and diversity of terrestrial and marine
ecosystems on a global scale. NOx also affects oxidizing
capacities through O3-HOx-NOx chemistry, which determines
the lifetime of air pollutants and long-lived greenhouse gases,
such as methane. The major anthropogenic sources of NOx are
ground transportation and power generation, which account for
more than half of the total global anthropogenic emissions. NOx
is also emitted from natural sources including biomass burning,
microbial activity in soil, and lightning. However, bottom-up
inventories of anthropogenic and natural emissions of NOx
contain large uncertainties, reflecting inaccurate emission factors
and activity rates, e.g., traffic rush hours and winter building
heating, and incomplete knowledge of biomass burning emission
factors for various situations.

In this study, we present the results of global data assimilation
for multi-constituent satellite retrievals (O3, NO,, CO, HNO;3,
and SO,) from multiple sensors (OMI, GOME-2, SCITAMACHY,
TES, MOPITT, and MLS) at a resolution of 0.56° using an
ensemble Kalman filter (EnKF) approach and a high-resolution
global CTM. Data assimilation results at three horizontal
resolutions (0.56, 1.1, and 2.8°) are compared with a priori
emissions to demonstrate the impacts of horizontal resolution on
chemical data assimilation.

2. Methodology
The data assimilation system used CHASER V4.0 as the
forecast model. We employed a horizontal resolution of T42 (i.e.,

2.8°), T106 (i.e., 1.1°), and T213 (i.e., 0.56°) with 32 vertical
layers from the surface to an altitude of approximately 40 km.
CHASER simulates spatial and temporal variations in chemical
species in the troposphere and stratosphere, by calculating tracer
transport (advection, cumulus convection, and vertical diffusion),
emissions, dry and wet deposition, and chemical processes (92
species, 262 reactions) including the O3-HOx-NOx-CH4-CO
system with non-methane volatile organic compounds oxidation.
Stratospheric chemistry (i.e., halogen chemistry) was also
incorporated based on the Center for Climate System Research
(CCSR)/National Institute for Environmental Studies (NIES)
chemistry climate model.

The meteorological fields were calculated using the MIROC-
AGCM atmospheric general circulation model. at every time step
(i.e., 1-4 min at 0.56°, 2-8 min at 1.1°, and 520 min at 2.8°
resolution). To reproduce past meteorological fields and calculate
short-term variability, the simulated temperature and horizontal
wind fields were nudged to the 6-hourly ERA-Interim reanalysis
data with a relaxation time of 5 days for temperature and 0.7 days
for horizontal winds. The reanalysis data (at a resolution of 0.75°)
were linearly interpolated to each model grid. We used an
optimized setting for the cumulus convection parameterization
(prognostic Arakawa—Schubert scheme) at each resolution based
on sensitivity calculations.

We used the multi-constituent data assimilation system [1,2].
The data assimilation technique employed is a local ensemble
transform Kalman filter. To calculate chemical data assimilation
at a high resolution, we tuned the data assimilation code (e.g.,
vectorization) with increasing computational file input/output
efficiency (in total, 4.6 times faster than our system without
tuning for our supercomputer system).
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3. Results
The
information on ozone precursor emissions on a megacity scale.

developed system provides globally—consistent
As summarized in Figure 1, the regional a posteriori emissions
differed considerably from the a priori emissions over polluted
and biomass burning regions. Strong positive increments (by
58% on average) were found over regions where soil emissions
are dominant (> 50%), such as over Spain, Turkey, the Midwest
United States, Kazakhstan, and the Sahel region. By assuming
that a ratio of the soil emissions to total emissions in the a priori
emissions maintains in the a posteriori emissions at each grid cell,
the global amount of the a posteriori soil emissions increased by
17% (to 10.2 Tg N yr—1), which was slightly smaller than the
estimates of annual total soil emissions reported by Hudman et al.
(2012) (10.7 Tg N yr—1) and Vinken et al. (2014) (12.6 Tg N yr—

).
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Figure 1: Global distribution of a posteriori surface NOx emission from 0.56°-resolution data assimilation with 64 ensembles (upper

left) and the difference between the a posteriori and a priori emissions (upper right) during June 29 to July 21, 2008. The differences in

the a posteriori emissions from the data assimilation with 32 ensembles between 0.56 and 1.1° resolutions (lower left) and between

0.56 and 2.8° resolutions (lower right) are also shown. The unit is x10" kgN m? s’!,

-16-

6





