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MOtlvaUOn Example of Impact of Algorithm Difference
on AOD Time Series

* NCDC leads the NOAA's Climate
Data Records (CDRs) Program in

support of climate change studies. AQD Time Series (Ocean)

* Aerosol has been identified as an

important CDR due to its effecton ' —Revised PATMOSx (630nm)
cloud, earth radiation budget, and —GACP (550nm)

surface CDRs. MISR (550nm)

* We need to develop long-term | —MODIS (550nm)

consistent global aerosol CDR data Original PATMOS-x (630nm)
from past, current, and future
satellite observations to ascertain
the impact of global anthropogenic
emissions on global climate and
support the CDR Program.

» First, consistent calibration of
sensors on different satellite

platforms needs to be achieved, 0.10
which has been actively performed

recently by inter-satellite calibration. i3] :

: _ _ difference caused by
 Then, retrieval algorithms with retrieval algorithm
consistent aerosol model 0.00

assumptions and surface 1980 1985 1990 1995 2000 2005 2010
treatments needs to be applied, Year




Evolution History of NOAA/NESDIS
AVHRR Aerosol Retrieval Algorithm

Algorithm AOD Description
(Ocean) Products
one lognormal size
channel 1, (0.63um) | distribution; no absorption;
lambertian surface with diffuse glint
correction.
independent two 7,(0.63um) lognormal size
channels (yellow line) 1,(0.83um) | distribution; no absorption; ocean
surface BRDF (V=1m/s);
revised independent 7,(0.63um) lognormal size distribution;
two channels 1,(0.83um) | Weak absorption; ocean surface

(black line)

BRDF (V=6m/s);




Objective

 Develop an unified aerosol retrieval system that can be applied
to radiometric imagers onboard past, current, and future polar-
orbit or geo-stationary satellites to produce consistent global
long-term aerosol products suitable for climate change studies.
— physical retrieval of aerosol optical thickness/depth (AOT/AOD),
aerosol particle size parameter (APSP -- Angstrom exponent), and

suspended matter (SM) types (volcanic ash, dust, smoke, and sea
salt)

— modular in design to support evolution enhancements
— simple to implement and efficient/robust for operational use

— flexible for adapting to different satellite radiometric imagers (such
as AVHRR, SeaWiFS, MODIS, JPSS/VIIRS, GOES-R/ABI, SEVIRI,
MSI, FY-3 & 4, etc.) to produce consistent long-term global aerosol
data product.



Description AOT Retrieval over Land

® AOT at SIR (e.g., 2.2um) channel is generally small so that TOA SIR reflectance
can be well approximated as its surface reflectance for clear-sky condition.

® Over dark or vegetated land surface, surface reflectance in SIR channel is linearly
correlated with that in red (0.67um) or blue (0.49um) channel (Kaufman et al., 1997).
e Retrieve AOT for each of the 8 aerosol models by matching the observed TOA
reflectance in blue (0.49um) channel and calculate the corresponding residuals
in red (0.67um) channel.
Lookup Table
Satellite & Ancillary Data
Y
Each aerosol calculate TOA match 0.49um GUEELI calculate residual
model refl(::ztga:;e at observation ? AOT at 0.67um

Increase AOT at 550nm

residual = (pg% o)

0.67um — £20.67 um

e Select the aerosol model and AOT with the minimum residual inred (0.67um)
channel as the “best” solution



Description of AOT Retrieval over Ocean

e Assume TOA reflectance can be approximated by a linear combination of
contributions from two aerosol modes corresponding to the fine and coarse parts
of size distribution with a fine-mode weight (Gordon & Wang, 1994)

e Retrieve AOT and fine mode weight for each combination of candidate fine and
coarse aerosol models on the reference channel (1.24 or 0.87um).

Lookup Table
Satellite & Ancillary Data
For each fine &
coarse model
combination calculate TOA retrieved

calculate
residuals in residual
other
retrieval
channels

retrieved
Minimum AOT &

residual? Weight

reflectance in
retrieval channel

fraction

Increase AOT at 550nm N

Change fine mode weight

5
residual = > (p; —p3>)?
i=1

e Select the AOT and combination of fine and coarse modes with minimum residual
on the other retrieval channels as the “best” solution.



Derivation of Aerosol Particle Size Parameter (APSP)
(Angstrém Exponent o)

The Angstrom exponent (a) describes the wavelength (,) dependence of
aerosol optical thickness (2):

The Angstrom exponent is calculated from AOTs at a pair of
wavelengths:

InTo.45 _InTOG7 |n70.87_|n7161

45195 = |0 0,45~ In0.67 ~ - In0.87-InL61

The Angstrom exponent is used as proxy for particle size:



Determination of Suspended Matter (SM)

Use the AOT and APSP in
combination with the threshold
tests of IR brightness temperature
(BT) to classify SM globally at
pixel level.

Each type is flagged with an
integer number with 1 for volcanic
ash, 2 for dust, 3 for smoke, 4 for
sea salt, and 5 for mixed.

More refinement and development
are expected in the future.

Volcanic Ash:
BT1201,m — BT1076ym > 0

Dust:
— BT100—BTi076>0 & BTgs5—BTyg76 > 0(C1)
— continental or dust model (C2)
— C1 & C2 true - dust; only C1 true - mixed

Smoke:
— APSP a>1.5and 1,5 > 0.5 (C1)
— smoke or urban aerosol model (C2)
— C1 & C2 true - smoke; only C1 true - mixed

Sea Salt :
— 0<a (APSP)<0.5and 155 < 0.25 (C1)
maritime or oceanic aerosol model (C2)
— C1 & C2 true — sea salt; only C1 true - mixed



AOT/APSP/SM Retrieval Strateqy

e AOT/APSP/SM retrieval

— uses cloud mask for selecting only “clear” and “probably clear”
pixels
— performed for daytime only
e Radiative transfer

— Look-up table (LUT) approach

« Atmospheric LUT for land and ocean, respectively

 LUT for ocean surface sunglint BRDF calculation
— Atmospheric absorption

 Uses parameterization of gaseous absorption for instrument channels
— Surface reflectance

 Land: Lambertian — dark target approach

 Ocean: Lambertian (water leaving + whitecap) + BRDF (sunglint)

e Separate algorithms for land and ocean
e Determines “best” solution of AOT and aerosol model by

matching calculated TOA reflectance with observed values in
multiple channels




“ Unified Aerosol Retrieval System
Read SDR & find buffer size - FlOW Ch al‘t

v

Allocate RAM

v

Open input & output files

v

\ 4

Loop processing block DONE otz i
PP ‘ J output files
Allocate block buffer & read v
inputs for processing block
* End

Good for Good for

Retrieval over land Retrieval over water

A 4 y A 4

Update current pixel in processing block

A 4

Aggregation for land pixels

A 4

Output & update processing block




Data Flow for AOT Retrieval Unit

cmqual;
cldcf;

Reflectances .
Brightness Temperature (BT) sungt;
Solzen,SenZen; Indwat;
SolAzi,SenAzi cldad;
Terrain-Height cirrus;
Lat-Lon

Wind-speed
Wind-direction
Precipitation-water
Air-surface-temperature
Os

Surface level pressure
Model-height

Lat, Lon
AOT (12) Areosol_Quality (18)

MRGFLD_AOT_land (12 HC) Areaosol_Model (1)
MRGFLD_AOT water (12) Small_Mode_Model (1)
Aerosol_Quality_land (8 HC) Large_Mode_Model (1)

Aerosol_Quality_water (8) Combination_Model (1)

Latitude and longitude in “Geo” group



Data Flow for APSP Retrieval Unit

\

\

\
b

AOT (0.45,0.67,0.86,1.61um)

Areosol_Quality (18)

4
4

//
b
|

v

DET-APSP

v
<>

APSP/CDR

MRGFLD_Angstrom_land (1 HC)
MRGFLD_Angstrom_water (1)
Aerosol_Quality land (8 HC)

Aerosol_Quality_water (8)
Latitude and longitude in “Geo” group(2 fields)

\
\
\
AY

\
\

<

Angstrom_Exp (1)
QF (update the field “apspqf”)



Data Flow for SM Unit

AOT (0.55,0.67,0.86um)

Areosol_Quality (18)
BT (8.55,10.7, 12.0um) Areaosol_Model
Lat-Lon Angstrom_Exp (1)

MRGFLD_Suspended_Matter_Type (8 fields) Suspended_Matter_Type(1)
MRGFLD_Smoke_Concentration (1 field) Smoke_Concentration (1)

Latitude and longitude (2 fields in Geo group) QF (update the field “smqf”)



Specific Design and Efficiency Consideration

e Specific Design

Use object oriented language
(C++) to builtthe general
structure. This modular design
enhance the independence and
re-usability of code as well as
facilitate the incorporation of any
new update and future
enhancement.

Options for process AOT for a few
selected pixels or for a specific
sensor through switch
parameters initialized in the
configure file.

The order of paths for input data
in configure file is flexible.
Efficient RAM allocation (150MB).
Portable on multiple computer
platforms (Linux, Unix, and
Windows).

Efficiency Consideration

Identify the expensive functions
(e.g., ExtractAerosolLutData). Split
them into 3 parts: 1) calculate
variables independent on any
pixels (do once for the whole swath
when constructing the object of the
class); 2) calculate variables
depend on pixel’s geometry
position (do once only for a pixel);
3) search LUT for specific band and
model ID (do many times for a
pixel).

Pay attention to the expensive
statements such as those contain
function call like exp(), log(), pow()
and sqgrt() and avoid repeatedly
calculate the variables calling these
functions.

Using efficient LUT design (using
scattering angle) and fast searching
approach (e.g., limit minimum or
bisection method).



Examples of Retrieval Results

(Comparison of Our VIIRS-type AOT Retrieval
with NGST VIIRS AOT Retrieval Over Land)
(September 14, 2000; 08:30UTC)

e T Q.08

Histogram
Data
Data #2

0.011 0,551 1.281 1.932 25972

Our retrieval is about 7 times fast than the NGST retrieval
(7.6 minutes vs. 56 minutes on a LINUX desktop for a granule)




Comparison of Our VIIRS-type AOT Retrieval
with MODIS AOT Retrieval over Ocean

(September 29, 2002; 16:10UTC)
— ,W,H."?tsjg,r?”ﬁ.

Data #1 |
Dota #2

Scatter Plat
LA AL B

0.8

.6
Data #1

27

41

Nsamples=11351.0
mean1=0.120872
mean2=0.107858

1 std1=0.100369
std2=0.0975880

Y=ath =X

] a=-0.00606023
b= 0.942469

] Nsamples=11351.0

CC=0.9693

] RMSE=0.0278920




Comparison of Our VIIRS-type AOT Retrieval
with Our ABI-type AOT Retrieval over Ocean

6 Channels (VIIRS-type) (September 29, 2002; 16:10UTC)

—82 —88 -84 —BO —TB -72 —68 —64 Histagram

Mzamples=11723,0
meanl=0, 116508
mean2=0, 1210350
stdl=0,0838271
std2=0, 0876614

-6 -64

4 Channels (ABI-type)

—82 —88 —-B4 —B0 —7E —72 —66 —6&4 Scatter Flot
& . T T T T

Y= a+bh * X
a= 0,00871563
b= 0,364061

Mzamples=11723,0
CC= 0,9220
RHSE=0, 0342719

oG 0507 1.005




Comparison of Our VIIRS-type AOT Retrieval
with Our AVHRR-type AOT Retrieval over Ocean

6 Channels (VIIRS-type) (September 29, 2002; 16:10UTC)

—82 —88 -84 —BO —TB -72 —68 —64 Histagram

Mzamples=11723,0
meanl=0, 116508
mean2=0,115210
stdl=0,0838271
std2=0, 0783551

-6 -64

2 Channels (AVHRR-type)

—82 —88 —-B4 —B0 —7E —72 —66 —6&4 Scatter Flot
& . T T T T

Y= a+bh * X
a= 00173614
b= 0,533360

Mzamples=11723,0
CC= 0,85918
RHSE=0, 0381829

oG 0507 1.005




Comparison of Our VIIRS-type AOT Retrieval
with MODIS AOT Retrieval over Land

(September 14, 2000; 08:30UTC)

Diota #1
Data #£2

2000258_0830_A0T_MODIS.hdf:

o011

Nsamples=50000.0
mean1=0.488725
mean2=0.456876
std1=0.340612
std2=0.359511

i Y=at+h =X

a=-0.00332484
b=0.941635

Nsamples=50000.0
CC=0.8921
RMSE=0.166697




Summary and Conclusions

A unified satellite aerosol retrieval system is under
development to retrieval aerosol optical thickness (AOT),
aerosol particle size parameter (APSP), and types of
suspended matters (SM).

The retrieval system written in C++ is a physical-based
retrieval with a modular design and a specific
consideration of computational efficiency and application
for various multi-channel imagers.

AOT retrieval tests by using MODIS measurement have
been performed and results are encourage.

The system can be applied to past, current, and future
polar-and geo-orbital imagers for an operational
measurement of AOT, APSP, and SM.



Future Effort and Algorithm Enhancement

Continue the refinement of the retrieval system
through validation, especially the validation of
APSP & SM.

Include non-spherical shape in the dust aerosol
model.

Extend the retrieval over land to bright surface
(e.g., desert area).

Account for bidirectional reflectance over land.

Apply the unified retrieval system to the real
measurement of various imagers for the generation
of consistent global long-term aerosol products.

Seeking collaborations to support other CDRs
production.



Acknowledgement

 This work is supported by the NOAA’'s CDR Program
at the NCDC.



Thank You!




	Development of A Unified Aerosol Retrieval System for Past, Current, and Future  Satellite Imagers
	�Outline
	Motivation
	Slide Number 4
	Objective
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Determination of Suspended Matter (SM)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Specific Design and Efficiency Consideration
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Summary and Conclusions
	Slide Number 22
	Acknowledgement
	Slide Number 24

