Estimation of SO2 emissions using OMI satellite retrievals
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Introduction
Satellite SO2 observations have been used to monitor plumes from volcanic eruptions
eruptions and to calculate volcanic SO2 budgets. More recently, it
was demonstrated that satellite instruments can also detect SO2 signals from anthropogenic sources and even study the evolution of
emissions from very large source regions, e.g., in China.
China. Recent retrieval algorithms applied to the Ozone Monitoring Instrument (OMI) on
NASA’
NASA’s Aura spacecraft were specifically developed to retrieve total column SO2 in the boundary layer and to monitor SO2 from anthropogenic
pollution sources [1].
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OMI provides the best horizontal resolution (13 × 24 km2 footprint at nadir) among instruments in its class [2]. However,
However, even with this
resolution, most anthropogenic sources produce elevated SO2 levels that are detectable only within the coco-located space of just one or two
pixels. The same limitation applies to the standard archived OMI
0.125. This study employs a
OMI level 2G grid with resolution of 0.125
0.125 by 0.125
different analysis technique in which a large number of individual
individual observations are used in an attempt to quantify the SO2 spatial distributions
near larger SO2 emissions sources.
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The figure on the right shows the mean column SO2 values for the 20052005-2007 period plotted as a function of a distance between the OMI pixel
center and the location of two large emissions sources: the largest
largest US SO2 source (Bowen power plant in Georgia, estimated at 170 kT y-1)
and the 20th20th-largest source (Belews
(Belews Creek power plant in North Carolina, 88 kT y-1). As the figure demonstrates, OMI data show elevated SO2
values near the emissions sources but they became insignificant beyond about 50 km, even for the largest single source used in this
this study.
This may explain why many sources are not typically seen by OMI: SO2 from such sources affects only 11-2 pixels and the noise level is high.
However, the figure also suggests that it is possible to obtain a statistically significant signal by averaging a large number of
of individual pixels
centered within a several km radius from the source. It was found
found that averaging over 3 years of data typically produces a statistically
statistically
significant (at the 95% confidence level) mean value if the source
source annual emission is greater than ~70 kT y-1 [3].
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Mean OMI total column SO2 in DU (1 DU = 2.69•1026 molec•km-2) for Bowen power station
with annual emissions of about 170 kT y-1and Belews Creek power station (88 kT y-1) as a
function of the distance between the station and the pixel centre.
The error bars show the 95% confidence intervals for the mean. The best fits by Gaussian function are also shown. The
secondary maximum on the Bowen curve is caused by the contribution of two power plants located about 80 km to the
south.

Approach
2. Estimation of emissions from the detected sources

1. Detection of emission sources

Annual SO2 emissions vs. estimates from a fit of mean OMI SO2 by 2D
Gaussian function (based on emission data from US power plants)

60 km

Assuming comparable SO2 sources produce similar longlongterm mean OMI SO2 values, OMI SO2 can be related to
emissions levels from individual sources and furthermore,
provide an estimate of annual emissions. In order to quantify
the total amount of SO2 near a source, a twotwo-dimensional
Gaussian function OMI SO  a  f ( x, y ) was fit to OMI SO2
measurements within a time window and radius, where:
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The pixelpixel-averaging
approach was used to
analyze the longlong-term
mean spatial SO2
distribution near the
source. For this, a
geographical grid is
established around the
source and the average
of all OMI pixels
centered within a
several km radius from
each grid point is
calculated.
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and x and y refer to the coco-ordinates of the OMI pixel center.
The elliptical shape of the SO2 distribution near the source is
determined by parameters σx, σy, and ρ. The parameters μx and
μy were included since the position of the emissions source
may be different from the position of the fit maximum due to for
example, prevailing winds or if the source is comprised of two
closely located power plants.
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The sum of SO2 values from the top 40 emission
sources as a function of distance from the source for
2005-2007 (red) and 2008-2010 (blue)
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OMI data can be further used to evaluate
the reduction in the measured SO2 values
and then compared to the actual reported
reduction in emissions levels. The sum of
SO2 values from the top 40 US emissions
sources was calculated (this corresponds
to sources with annual emissions greater
than 60 kT y-1) as a function of distance
from the source for 20052005-2007 and 200820082010 and is shown on the right. For this
plot, the mean SO2 value was calculated
for each source as a function of distance
from the source and then these mean
values were added up to form the sum.
The ratio between the two sums is about
0.6, indicating a 40% reduction in OMI
mean SO2 values. The actual measured
reduction for these same sources over this
period based on emission reported to the
EPA was 46%.

Verification of emissions source inventories
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A scatter plot of annual SO2 emission from the
largest US sources in 2005 vs. mean OMI SO2
for 2005-2007 integrated around the source
estimated using the best fits by 2D Gaussian
function. Emissions are given in kT y-1 and
molec h-1 units calculated assuming a constant
emission rate.

The correlation coefficient between total molecules and
annual emission is 0.93 and this high degree of correlation
implies that SO2 emissions can be estimated from OMI data
using a linear regression.

Changes in SO2 emissions from Central Mexico

The maps for the eastern US, where the
majority of large SO2 sources are located
(indicated by the black dots), is on the left.
Areas of high SO2 values are centered
over these major emissions sources. A
substantial decline in OMI SO2 values at
major sources between the two time
intervals (2005(2005-2007 and 20082008-2010) is
evident from the figure. This reduction is
attributed to the installation of additional
flueflue-gas desulfurization units (or
“scrubbers”
scrubbers”) at many US power plants over
this to meet stricter emissions limits
introduced by the Clean Air Interstate Rule.
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Satellite data can be also used for crosscross-checking of large
point source SO2 emissions (see also oral presentation by
Hugo Denier van der Gon et al.) The Table below contains
some of the largest sources in Souther Europe and
estimated emissions from them as seen by OMI.
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the total observed number of SO2 molecules near the source.
If OMI SO  a  f ( x, y ) is in DU, i.e., in 2.69•
2.69•1026 molec km-2,
and σx, σy are in km, then a is in 2.69•
2.69•1026 molec.
molec.

A 40% decline in mean SO2 values over Eastern US
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For this figure, a 60 km x 60 km grid with a 2 km step was centered
centered over the John E. Amos power
plant in West Virginia, USA. An average of all SO2 data falling within a 12 km radius of the center
of a grid cell was assigned to that grid point, where the pixel center is used as the location of the
measurement. The resultant distribution of SO2 values reveals the highest mean SO2 values
occurred at grid points located within a small area around the source.
source. Thus, this procedure
provides a detailed "subpixel
"subpixel--resolution”
resolution” spatial distribution of longlong-term mean SO2 value in the
vicinity of the source. The choice of averaging radius determines
determines the degree of smoothing:
averaging with a large radius reduces the noise, but it also reduces
reduces the spatial resolution.
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SO2 from OMI, pixelpixel-averaging results for 20052005-2010

For each grid point of a 2x2 km grid, all overpasses centered within
within a 12 km from that point were averaged
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OMI data can be used to estimate emissions from the
sources were upup-toto-date inventories are not always
available. For example, OMI data over the Cantarell Oil
Field suggest an increase of SO2 emissions from 200 kT y-1
in 20052005-2007 to about 330 kT y-1 in 20082008-2011.
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