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Constraining CMAQ with MODIS AOD
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http://www.star.nesdis.noaa.gov/smcd/spb/aq/

MODIS (Moderate Resolution Imaging
Spectroradiometer) Aerosol optical Depth
provides near real time observations with good
spatial resolution and coverage.

http://terra.nasa.gov/About/
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Candidates of Data Assimilation Schemes
Optimal interpolation (Ol)

e Easy to apply, with localization assumption

3D-Var

e Adjusts all variables in the whole domain simultaneously.
GS| developed at NOAA/NASA/NCAR is available

A4D-Var

e Provides more flexibility, suitable for inverse modeling,
requires adjoint model and is computationally expensive

Kalman Filter
e Ensemble Kalman Filter is easy to apply and parallelize



0 KTHOSE,

o

Optimal Interpolation (Ol)

Ol is a sequential data assimilation method. At each
time step, we solve an analysis problem

X2=X"+BH"(HBH" +0O)(Y — HX)

We assume observations far away (beyond
background error correlation length scale) have no
effect in the analysis

In the current study, the data injection takes place at
1700Z daily
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Estimate Model Error Statistics with
Hollingsworth-Lonnberg (observational) Method

0.8

o
o

Correlation coefficient
o
D

0.2

E2
R:= — X 2

X

YD
By

L L 400 L L
Separation Distance (km)

e At each data point, calculate
differences between forecasts (B)
and observations (O)

e Pair up data points, and calculate
the correlation coefficients
between the two time series

e Plot the correlation as a function
of the distance between the two
stations,



Model Error Statistics with NMC approach

Correlation coefficient = N | [ |
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AOD differences between 8/15/11 and 8/16/11 12Z cycle experimental/developmental
48-hr CMAQ runs from13Z on 8/16/11 to 12Z on 8/17/11 are used in NMC approach.
AQD is calculated using reconstructed extinction coefficients. Numbers shown on both

axes are in units of number of 12-km grid cells.
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Availability of MODIS data during 8/14-19, 2009
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Correlation between predicted and observed PM2.5 at 17Z in Upper Midwest
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Base 0.648 0.371 0.596 0.392 0.484 0.145

Ol 0.632 0.422 0.558 0.424 0.520 0.202

Correlation between predicted and observed PM2.5 at 17Z in Northeast US

i

Base 0.503 0.645 0.311 0.265 0.395 0.466

Ol 0.553 0.606 0.332 0.455 0.414 0.454



Summary and future work
Assimilating MODIS AOD using Ol method is able to
improve AOD and PM2.5 predictions in selected regions
AOD observations may contain bad data (8/17/09)
CMAQ PM2.5 shows too much diurnal variations

Assimilating both MODIS AOD and AIRNow PM2.5 is
expected to have better results and will be tested

Using data assimilation methods to adjust emissions will
be studied in the future
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