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Typical granule: 27 September 2009

©® AERONET
0.20
o

0.15
[a)
(@]
4

0.10

[ )
®
° @
0.05
[ ]
e o °®
0.00 AERONET stations

A. Lipponen: Statistical Inversion for MODIS AOD Retrieval



Q FINNISH METEOROLOGICAL INSTITUTE
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Typical granule: 27 September 2009
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Typical granule: 27 September 2009
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Typical granule: 27 September 2009
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New retrieval algorithm

1. Statistical (Bayesian) inversion
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1. Statistical (Bayesian) inversion

2. Modified surface reflectance relationship
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1. Statistical (Bayesian) inversion
2. Modified surface reflectance relationship

3. Quantities retrieved
e AOD
e fine mode fraction

e surface reflectances at 466 and 644 nm
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New retrieval algorithm

INSTITUTE

MODIS Over Land Algorithm.
i s of 20 x 20 pi i

« Ldentify and mask (discard) all water, cloudy an

leaving & maximum of 120 pixels

« Ensure angles and reflectance values are valid. If not: report Fill values and EXIT

« Identify “dark target pixels” that have 0.01 = p 5 0.25
« Discard brightest 50% and darkest 20% of pixels defined with Py g5

W snow’ice pixels.

at least 12 (1
Yes

dark target pixels?.

10%)

No

¥
Procedurc A
Set QA=0.1 2 0r 3 (based on # of pixels)
 Foral identified ‘dark” pxels,
Calulate mean Py 43 Py g P21+ P12
Caleulate NDVIgyy (P - Py )
« Assume surface reflectance relationships:
Poss L0312 NDV 1 0011y =8P415.0)
«Select ine model aerosol type LUT
(function of geography and scason)
* Select coarse model aerosol LUT (dust)
« Correct lookup tables for elevation

Procedure B
SetQA=0
Identify and count pixels where
215> 025 and p, ;=025 GGuy,) <040

- Assume surface reflectance relationships:
Poa=1 (0} NDVL 110 00, =840 O)
« Assume Continental aerosol model (only)
« Comreet lookup table for elevation
 Interpolate lookup table on geometry

« Interpolate lookup tables on geometry

Do Inversion
For 13 values of n
(0.10.00.1,-09.10,1.1)...
Find % ssand p', such that
o0,

Do Single Channel Retrieval
Find 7, 5; and p*,, such that
PMODIS, - pTOY 4y =0,
Where pTOA,  pCominta,

Primary products Toss s,

07 PTO%, =0,
N(p©S) + (n)pns,)

Choose 1 such that

08, = fzed

+ Caleulate T, 47, Mc
Fill

Settyy T

Primary products: oz, 1, 1 ¢

« Calculate v, .y, Mc, 7%,

*1fe>0.25, then set QA

/ %

Figure from http:/darktarget.gsfc.nasa.gov/algorithm/land
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New retrieval algorithm

« Assume surface reflectance relationships:
Poss =101 NDV 1 00413 =80415.0)

Figure from http://darktarget.gsfc.nasa.gov/algorithm/land
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Bayes' theorem
__m(p|m)m(7)
m(p)

m(7lp

Probability density function value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
AOD 1
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1. Statistical inversion

ﬂ.( p|T)7T(T) [0 Prior distribution 7(7)

n(rlo) =

m(p)

Probability density function value

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
AOD 7
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1. Statistical inversion

Prior distribution 7(7)
[0 Likelihood distribution 7(p|7)

m(p|7)m(7)
m(p)

n(rlo) =

Probability density function value
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1. Statistical inversion

_ w(plr)m(r)

n(rlp) =2

Probability density function value

0.0 0.2 0.4 0.6
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0.8
AOD 7

Prior distribution 7(7)
Likelihood distribution 7(p|7)
[0 Posterior distribution 7(7{p)

1.0 1.2 1.4
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1. Statistical inversion - prior distributions
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February
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1. Statistical inversion - likelihood distributions
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p = f(T.7,00.466 00.644) + €

e Radiative transfer model
e Lookup tables from Dark Target

e Gaussian noise model for e

e Results in Gaussian likelihood distribution
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2. Modified surface reflectance relationship
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Atmospherically Corrected Surface Reflectance
0.466 um versus 0.644 pm
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Original figure from Levy, Remer, Mattoo, Vermote and Kaufman, JGR, 2007.
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Atmospherically Corrected Surface Reflectance
0.466 um versus 0.644 pm
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Atmospherically Corrected Surface Reflectance
0.466 um versus 0.644 pm
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2. Modified surface reflectance relationship
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2. Modified surface reflectance relationship

0.20 g 2.1um — 0.644 ym

=== 0.644um — 0.466 pm
= modified 2.17um — 0.644 um
modified 0.644pum — 0.466 um

o
[

Output surface reflectance
o
IS

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Input surface reflectance

A. Lipponen: Statistical Inversion for MODIS AOD Retrieval



Q FINNISH METEOROLOGICAL INSTITUTE

3. Quantities retrieved - AOD, FMF, p® x 2
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3. Quantities retrieved - AOD, FMF, p° x 2
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Results
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Results

NorthAmerica

SouthAmerica
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Results

NorthAmerica
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e 15 granules / month (180 granules)

o Total of 656 AERONET comparisons
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Results - North America
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Results - North America
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Results - Median absolute error in AOD
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Results - Median absolute error in AOD
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Results - Bias in AOD
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Results - Bias in AOD
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Conclusions
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e A statistical inversion based inversion algorithm for
MODIS AQOD retrieval was developed
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e A statistical inversion based inversion algorithm for
MODIS AQOD retrieval was developed

¢ Significantly improves the accuracy of retrieved AOD
in most of test areas

1. Spatial correlation models
2. Modified surface reflectance relationship

3. Surface reflectance is estimated in addition
to AOD and FMF
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e Manuscript under preparation, will be submitted soon

e Code package (Python) will be released with the paper

o Want early access to the codes? Please ask
antti.lipponen@fmi.fi
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e Manuscript under preparation, will be submitted soon

e Code package (Python) will be released with the paper
o Want early access to the codes? Please ask
antti.lipponen@fmi.fi

e Want to try the algorithm e.g. with different
instrument or in retrieval of other quantities?

e Have ideas to further develop the
inversion algorithm?

¢ All comments, ideas, etc. are very welcome
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