Top-Down Estimate of Aerosol Emissions over China from MODIS Reflectance
by Using GEOS-Chem Adjoint
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Abstract

Deviation of model from satellite ‘observation’

Top-down inversion of anthropogenic NH3 emission

Passive remote sensing of aerosols in the visible spectrum is most sensitive
to the change of aerosol optical thickness, an indicator of columnar aerosol mass
in the first order, and is virtually not sensitive to the change of aerosol vertical
profile. This is a unique advantage of using satellite measurements (other than
surface observation) as a constraint in the top-down estimate of aerosol emission.
In this study, we demonstrated, for the first time, the use of satellite (MODIS)
reflectance and the adjoint of a chemistry transport model (GEOS-chem) to constrain
the aerosol emissions.

Introduction
Significant differences of aerosol emissions were found among various models[1],
highlighting the need to further improve the understanding of aerosol emissions. The
satellite remote sensing of aerosol are valuable for the evaluation of chemical transport
model (CTM) and can be used to better quantify the aerosol sources through ‘topdown’ constrain method. However, direct use of satellite aerosol products, such as
aerosol optical thickness (AOT), can compromise the comparison between model and
satellite, because of the inconsistent assumptions of the aerosol scattering properties.
To remove the inconsistence, Drury et al.[2] developed a new aerosol retrieval algorithm
by integrating the satellite reflectance and CTM simulation; the algorithm was further
improved by Wang et al.[3] with more sophisticated surface reflectance scheme and
atmospheric correction for the dust condition. The new retrieval algorithm ensures the
consistence of aerosol optical properties for satellite retrieval and model simulation, and
further makes it available to directly use the satellite-level radiance to constrain the
aerosol sources. In this study, we demonstrated, for the first time, the use of satellite
(MODIS) reflectance and the adjoint of GEOS-chem to constrain the anthropogenic
emissions of SO2, NH3, and carbonaceous aerosols.

Figure 2: The monthly mean of AOT during April, 2008 constrained from MODIS reflectance using
GEOS-Chem aerosol optical property(left), from MODIS operational collection 5 products (middle), and
from GEOS-Chem simulation alone (right), respectively [3].

Top-down inversion of anthropogenic OC emission
Aerosol Retrieval from MODIS
We developed a new aerosol retrieval algorithm by integrating the CTM optical property and satellite remote sensing [3], which has
shown better performance than MODIS operational one. With this algorithm, the aerosol
mass, as well as AOD of GEOS-Chem, is constrained by MODIS reflectance. The retrieved
aerosol mass then acts as MODIS ‘observations’
to top-down estimate aerosol emissions through
inverse modeling.

Figure 3: Ratio of retrieved AOT to
the model simulation for April, 2008.
Quantities are in the log-scale.

Inverse modeling: optimization

Datasets & Model Descriptions
To conduct the aerosol retrieval, we use the MODIS level-2 10 km ×10 km pixelbased atmospheric aerosol products from bothTerra and Aqua satellites over the eastern
China for the period April, 2008.
We run the GEOS-Chem forward model (version 8-02-01) for the full chemistry
simulation during the same period with the grid size of 2o × 2.5o in the horizontal, and
47 levels in vertical. The global anthropogenic emission uses GEIA inventory replaced
by regional inventories. Streets-2006 inventory[4] is applied over Asia. The BC/OC uses
Bond inventory. Emissions from biomass burning are taken from the GFED2.
We implemented the MODIS observation operator to the GEOS-Chem adjoint,
which searches MODIS observations every 1 hour. The errors for each a priori emission
inventory and for AOT retrieval are respectively assumed to be 50% and 20%.

Methodolodgy
Briefly, the following steps are conducted
for the ‘top-down’ inversion method:
• Model reflectance are calculated from
GEOS-Chem aerosol mass and
composition by a radiative transfer
model (VLIDORT).
• Model aerosol mass and AOT are
updated by fitting the model
reflectance to MODIS reflectance.
• The updated aerosol mass then are
Figure 1: Proposed new framework for the
used to constrain the aerosol emissions top-down estimate of aerosol emissions.
using GEOS-Chem adjoint.

Figure 6: Same as figure 5 but for the anthropogenic NH3 emission.

Cost function convergence

Figure 4: Convergence of cost
function. Quantities are normalized to
the value at the initial iteration.

The inverse modeling seeks the optimized
emission quantities that minimize the cost function, J, which is a measure of error contributions from both model simulation and a priori
emissions[5]. Therefore, the minimum value of
cost function promises the improved model performance and ensures the optimized emission in
a reasonable range. FIgure 4 indicates that the
cost function reduced about 60% and level off
after 10 iterations.

Figure 7:Same as figure 5 but for the anthropogenic organic carbon (OC) emission.

Summaries
We propose a framework of using satellite-based reflectance to constrain the aerosol
emission, and demonstrate it through the integration of GEOS-chem forward model with
MODIS reflectance for the aerosol mass retrieval (as in Wang et al.[3]), and GEOS-chem
adjoint model for the inverse modeling.
Comparing to a priori emission inventories,the total optimized aerosol emission
over China for the study period increases 6.5% for SO2, but decreases 32% for NH3, and
34% for carbonaceous emissions. The quantity of those change from a priori emission
inventories are generally in the range of with previous studies[4]. The strong spatial
variation of those change gives the prominence to the advantage of adjoint.
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Figure 5: The a priori (bottom-up emission inventory), optimized (top-down constrained emission) SO2
emissions, and the emission scalling factor, which is the ratio of the two emissions above, over China for
the period of April, 2008.
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