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NASA D Gregory Leptoukh (GES DISC)
Years of effort to provide a tool for
harmonizing data

Stepl - Archiving data from multiple sensors.

Step2 - Harmonizing metadata.

Step3 - Accessing data from remote locations.

Step4 - Harmonizing data formats for joint
processing (Giovanni)

Step5 - Serving multi-sensor data via common protocols.

Step6 - Scale harmonization (Giovanni) — regridding (horizontal only)

Step7 - Harmonizing visualization (Giovanni, ACP).

Step8 - Joint analysis (Giovanni) - Always Improving

Step9 - Merging similar parameters (Giovanni). Prototype for Level 3.

Stepl0 - Merging L2 data. Adjusting bias using Neural Network approach

Stepll - Harmonizing quality.

Stepl2 - Harmonizing provenance

Stepl3 - Fusing complementary geophysical variables 5
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s Challenges using Level-3 data

Correlation(A&B) (91Jan2008 — J1D0ec2008)

A: MYDOA_D3.051 Aeroacl Optical Depth at 550 nm (unitleas)
B: MIL30AFlarc.004 Aerogol Ophbical Depth at 555 am {Green Band

<<< AOD Aqua MODIS vs MISR
correlation map for 2008

Gorrelation(h&B) (01Jan2003 — 31D0ec2004)
A MOD0A_D3.005 Aareaol Optical Depth at 550 nm (unitlesa)
B: MIL3DAElare.004 Aarospl Optical Depth at 555 am {Green Band

MODIS-Terra vs. MISR-
Terra: Map of AOD
temporal correlation >>>

Image credit: Gregory Leptoukh, David Lary, SuhungShen, Christopher Lynnes 4



NASA

Another challenge among aerosol

measurements
e Different instruments and algorithms have
different measurement characteristics
— Spatial coverage
— Spatial consistency
— Temporal consistency
— Diurnal coverage
— Vertical sensitivity

— Sensitivity to sunglint, clouds, surface
reflectance, aerosol types, ...



Harmonization

To be able to compare and/or merge data from
multiple sources, we need to harmonize:

e Quality Control flags
e Provenance
e Bias adjustment

=>» AeroStat (Online Platform for the
Statistical Intercomparison of Aerosols)
— Statistical analysis on stationary data
— Merging satellite L2 data
— Adjusting bias using Neural Network approach
— Many more...



NASA

What is Aerostat ?

Aerostat is an environment for aerosol comparison
and collocation with supporting documentation
Read essential documentation:

— Read Me First, quality statements, disclaimers, processing
documentation, lineage/provenance, ....

Compare satellite w/ground-based aerosol
measurements (AERONET—> MAPSS)

— Scatterplot
L CINEES

Explore aerosol phenomena by merging multi-sensor
data

Experiment with quality filter settings and bias
adjustment

Save and share findings (and questions)



Giovanni-AeroStat

http://giovanni.gsfc.nasa.gov/aerostat/

Ael'OStat Online Platform for Statistical Inter-comparison of Aerosols

Version 1.2 Belease Notes Browser Compadibiity

Siovanabal i e visualization and downloadable products from aerosol data mea .u;d by Pllx and Ad met statio

rovide an effective tool for
comparing satellite and ground-
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Provide an environment for
colocation and comparison
methods with detailed
documentation

Provide aerosol bias adjustment
to satellite data based on ground
based measurement :

Explore aerosol phenomena by
merging multi-sensor data

Enable easy sharing of results
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Multi-sensor Aerosol Products
Sampling System (MAPSS)

659 sampling locations

— 540 AERONET locations




READ ME FIRST

Aerostat - Read Me First!
A guide to essential documentation about the aerosol datasets offered in Aerostat.
A caution before using Giovanni-AeroStat

For many purposes, especially scientific research, it is critical to read key background articles describing each satellite
data set before drawing conclusions based on results obtained from Giovanni-AeroStat.

challenges in working with and comparing remotely sensed aerosol data products.

AERUMNE | 82rosol products

MODIS Lever Z Aerosols:
= General information on the MODIS L2 Aerosols
= Known Problems in the MODIS L2 Aerosols
MISR Level 2 Aerosols
= MISR Level 2 Aerosol Quality Statement
Note that particular observing conditions may degrade the accuracy of remotely-sensed data products, which may cause processing algorithms to fail and result in missing data.
Other types of conditions may make a data product less accurate, even though the data values may appear valid. Thus, all remotely-sensed data products should be
evaluated with caution, and with respect to conditions that may cause them to be incomplete or inaccurate. Below we list several papers that address some of the
= Version 2 AERONET direct sun algorithm: Download POF

= Level 2 Quality Contrel: Download PDE

In summary, we encourage the use of Giovanni for research, and we are continually striving to make it an excellent tool for
that purpose. Successful research investigations, however, require that researchers fully understand the characteristics and
limitations of the data they are using, as well as the characteristics and limitations of the tools they utilize to analyze such

data.

) B



wasa Extended Document on QA and Bias Adjustment

In MAPSS data, this QA represents the "mode of QA flags" in the sample space.
In Satellite Only data, we have decoded the original bit mask flags and reported as plain numbers.

In AeroStat Giovanni, we provide preset values for QA filtering option, and the default setting is following science teams

recommendations.

= QA: Quality Control/Qualify Assurance Confidence flags.

MODIS Terra/Aqua

Dark Target Ocean

(470 nm, 550 nm, 6680 nm, 870 nm, 1200 nm, 1601

= Not Filtered
« QA>=1(QAC=123)

QA >= 1(le., QAC=1,2 3)
Machine-learning approach (currently, Neural Networks (NN)) is used to persistently adjust bias between aerosol optical deptt
from MODIS Terra, MODIS Aqua, MISR, and the ground-base AERONET. We have seven training data sets, MODIS Terra L

' MODIS Terra QOcean, MODIS Terra Deep Blue over Land, MODIS Agua Land, MODIS Aqua Ocean, MODIS Aqua Deep Blue

MODIS Terra/Agqua
Dark Target Land
{470 nm, 550 nm, 660 nm)

and MISR. Since Neural Networks (NN) are multivariate non-parametric "learning" algorithms, it is better to include variables |
contain related information about the retrieved AOD during the training process as well as applying the bias adjustment proces
refer these additional information as "Regressors". The processing diagram/flowchart is shown in the following figure.

MODIS Terra/Agua

Deep Biue Land at 550 nm
MISR

AOD
(446 nm, 558 nm, 672 nm, 866 nm)

Figure: Flowchart of Neural Networks Bias Adjustment in AeroStat

Tt Bl Adpestiment )Y

Off Line Process On Line Process

Albayrak, A., J. Wei, M. Petrenko, C.
Lynnes, and R. C. Levy, Global Bias
Adjustment for MODIS Aerosol

Optical Thickness using neural
network, submitted to SPIE JARS
2012.




Extras
History, Criteria, Save/Share, Disclaimer, Lineage

Data Selection Raauﬂs

‘ History + ‘ ‘ Criteria ‘ Save/Share ‘ ‘ Problem? Send a report! ‘
Result 1 - Scatter Plot Search for and retrieve data |
| Input |
Lineage ldata  |[AERONET_AOD_L2.2:A0D0550intrp:mean[nval >= 2] |
ldata  [MODO04_L2.051:AOD0550corr-l:mean[nval >= 5,QAavg-1 = 3 None] | | —
start time
. glﬂl}slo 2005-01-01
AERONET Download Site format

[location |[GSFC
lportal  |[AEROSTAT
service ||[AEROSTAT_SCATTER_PLOT

NOTICE TO USERS:

The public domain data you

International AERONET EE%E|M$@LJ. uuuuu e o i A S G
j ;i ;
(PI) , responsible e B using "’lnpm oo (completed »
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informed of any othipugndTime [2004-04-03T13:59:59Z
[Data set IMIL2ASAE 002
GSFC (Latitude [Bounding boxin |
[west, south, east ,  -36.641000,-9.570000 38 047000,38 398000
{north’ order
[ Output
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ask that every pracj,p. ?7 A4RI01 Jarc nasa go ; : J]Sk:&\.lj\i’”'
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Usinag AERONET data:

| AGREE || | DO NOT AGREE




wx  gSocial (Giovanni Social Network)

AeroStat

Online Platform for Statistical Inter-comparison of Aerosols
Version 1.2 Release Notes Browser Compatibility

AeroStat Giovanni offers statistical analysis, visualization and downloadable products from aerosol data measured by satellites a1

stations.

READ ME FIRST!!
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PROVIDE AN EFFECTIVE TOOL FOR COMPARING

SATELLITE AND GROUND-BASED AEROSOL LEVEL
Cape Verde - 4 2 DATA

AOD at Capo_Verde (Lat=16.733 Lon=-22.935 Alt=60m)
01 Jan 2003 to 31 Dec 2003
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Merge from L3 data
No QA Filter
No Bias Adjustment

J0ABIare.004 Atraaol oplical Depl.n at 555 nm {Oreen annﬂams_nsm Aerogol Optica Depth at 550 nm (unitess)))

AOD Giovanni 0.50x0.50 deg for 10 Mar 2007

Merged AOD from MISR_AM1_AS @3558nm, MYD{(4 Deep Blue@550nm*, MYD04 Dark Target Land@550nm*, MYD{04 Dark Target
Ocean@550nm, MODM Dark Target Oceant@550nm, MODMM Dark Target Land@ 550nm®, MOD0 Deep Blue@ 550nm* (*=filtered)

No Bias Adjustment

Data Fusion via Smple Adthmabc Averaging (10Har2007)

AOD Giovanni 0.50x0.50 deg for 10 Mar 2007

AOD from MISR_AMI]_AS @ 558nm, MY MM Deep Blued@ 550nm*#, MY D04 Dark Target Land@ 550nm*#, MYDD4 Dark Target Oceani 550nmi,
MUD(H Drark Targes Ocean@ 530nmA, MODO4 Dark Target Land@ 5 50nm*#, MODOS Deep Blueid 550nm* ¥ (*=filiered, I=bins-adjusted)

Bias Adjustment

40°N

L2 data

Science
recommended
QA Filter

40°N
-
30°N —
20°N —
10°N
00 |
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MORE GIOVANNI FEATURES AND
APPLICATIONS

-> EXHIBIT NASA BOOTH ON
THURSDAY (DEC. 6™) AT 9:30 AM
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