Constraints on Asian ozone using Aura TES, OMI and Terra MOPITT
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Introduction
Rapid industrialization in Asia has resulted in substantial increases in
pollutants such as ozone. However, the relationship between this
increasing ozone, chemical environment, ozone production efficiency,
and partitioning between anthropogenic and natural precursors is
unclear. In this work, we use observations of tropospheric O3, NO2,
and CO from the Aura TES, OMI, and Terra MOPITT satellite
instruments to evaluate the relationships between tropospheric O3
over Asia and the Asian outflow regions to natural and anthropogenic
O3 pre-cursor emissions. These comparisons as well as sensitivity
studies indicate that the effect of anthropogenic emissions from
China is dominant in summer and fall, whereas transport from the
rest of Asia is about 50% of China anthropogenic emission in winter
and spring. The contribution of lightning NOx is as important as
anthropogenic emission. Lightning NOx over China is the largest
lightning source in the summertime monsoon season but its effect is
much smaller in other seasons.

Evaluate the model simulation and updated inventories

•

The modeled O3-CO correlation and slope
have good agreement with TES (not
shown).

•

Updated inventories for NOx and CO are
produced for 2006, constrained by OMI
NO2 and MOPITT CO.

•

The simulation, driven with updated
inventories, significantly reduced the bias
relative to TES O3 and CO.

Model and observations
•O3 mixing ratio on 1 June 2006 at
model level 10 (about 1.3 km).
•We use version v8-02-01 of the
GEOS-Chem model driven by GEOS-5
meteorological fields with detailed
tropospheric O 3 -NO x -hydrocarbon
chemistry.

Tropospheric Emission Spectrometer (TES): measures thermal
emission between 3.3 – 15.4 um. Its O3 and CO retrievals are
used in this work.
Measurements of Pollution in the Troposphere (MOPITT):
combines thermal infrared (4.7 um) radiances with near infrared
(2.3 um) radiance to improve the tropospheric CO profile.
Ozone Monitoring Instrument (OMI): measures both direct and
backscattered sunlight in the 270 – 500 nm to retrieve
tropospheric NO2 columns.

•
•

Monthly regional mean O3 concentration at
681 hPa retrieval level in June, July and
August 2006-2010.

•

Red line is GEOS-Chem. Black line is TES
measurements. The model results are
smoothed with TES averaging kernel.

•

The modeled O3 concentration is
underestimated. But the interannual
variation is reproduced very well.

Scaling factor for anthropogenic NOx and total CO
(combustion + oxidation from biogenic VOCs) in June 2006.

Dependency of O3 on anthropogenic and natural pre-cursors

•T h e h o r i z o n t a l r e s o l u t i o n i s
0.5°x0.667°. The boundary condition is
provided by global scale 4°x5°
simulation.
•

•

•

Contributions of anthropogenic
NOx and lightning NOx on Eastern
China and China Outflow free
tropospheric O3.

•

There is significant seasonal
variation in the O3 production
efficiency. It is highest in northern
hemisphere summer and lowest in
winter.

•

Highlights the large effect of
anthropogenic NOx from
southwest China, particularly in
Sep-Nov.

O3 mixing ratio at 681 hPa retrieval level in June 2006. The
model result is smoothed with TES averaging kernel.

Anthropogenic emission in Asia

•

Contributions of anthropogenic NOx,
lightning NOx, anthropogenic CO and
biogenic isoprene on Eastern China free
tropospheric (819 – 396 hPa) O3.

•

Anthropogenic NOx has significant
contribution on O3 distribution in this region.

•

The effects of NOx and CO from North
China Plain on O3 distribution have obvious
discrepancy.

•

The contribution of anthropogenic CO is
much higher than biogenic isoprene. It
implies East Asia O3 is more dependent on
anthropogenic hydrocarbons.

SUMMARY

•

•

Anthropogenic emissions of NOx and CO in June 2006 with unit
molec/cm2/sec. There are strong pollutant emissions in the
North China Plain. The urban emission centers can be clearly
identified.
The black box defines the domains studied in this work: East
China (China mainland in the black box) and China Outflow
(other grids in the black box, excluding China mainland).

•

The model shows good agreement with TES measurements on the O3 (CO) interannual variation, O3-CO
correlation and slope. The updated NOx, CO inventories, constrained by OMI NO2 and MOPITT CO,
significantly reduced the model bias relative to TES O3 and CO.

•

The effect of anthropogenic NOx emission from India and Southeast Asia on free tropospheric O3 distribution
over China and its outflow is about 50% of China local emission in winter and spring, whereas China local
emission is dominant in summer and fall.

•

North China Plain has high NOx and CO emissions. However, the effects of their NOx and CO on O3 production
have obvious discrepancy.

•

The contribution of lightning NOx from China is small, except Jun-Aug. The lightning NOx, outside of Asia, has
large influence on free tropospheric O3 distribution over China and its outflow.
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