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Executive Summary

JPSS-STAR recommends that the VIIRS Aerosol Optical Thickness (AOT) and Aerosol Particle Size
Parameter (APSP) Intermediate Product (IP) and Environmental Data Record (EDR) be released to users
and the public with a Stage 1 Validation level maturity and with an effective date of January 23, 2013.
This assessment is based on both qualitative and quantitative analysis of the VIIRS aerosol
Environmental Data Records (EDR). The VIIRS AOT EDR has been compared with MODIS aerosol
products and with AERONET and MAN products and observations. Comparisons include direct
collocations using various match-up criteria, and assessments of monthly statistics without the benefit
of direct collocation. APSP is at Stage 1 validation level with the caveat that using APSP over land is
not recommended.

Validated Stage 1 quality is defined as:

e Using a limited set of samples, the algorithm output is shown to meet the threshold
performance attributes identified in the JPSS Level 1 Requirements Supplement with the
exception of the S-NPP Performance Exclusions

Evaluation of algorithm performance to specification requirements

Summary table for Aerosol Optical Thickness (AOT) and Aerosol Particle Size Parameter (APSP) is below.

Rsa VII

VIIRS EDR vs. AERONET L1.5 @

Time period: 05/02/2012 - 12/31/2013; VIIRS data: Mx8.2 ™20

oo L o | maso

Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS

<0.1 3244 0.060 002 0.150 0.058
[0.1,0.8] 4498 0.050 0016 0.250 0117
>0.8 161 0.200 018 v 0.450 0414
all 7903 -0.008 0.116

oo e | ecson__

Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS

<0.3 1824 0.080 0.007 v 0.150 0.041 v

0.3 264 0.150 0.020 v 0.350 0.144 v

all 2088 0.004 0.064
ocean [N | accuracy | pReasion

APSP Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS

865nm/1610nm 803 0.30 0.02 v 0.60 0.37 v

The above table was presented and discussed in detail at the 2014 JPSS STAR Annual Meeting (see
Appendix 1). Additional information regarding VIIRS Aerosol Retrievals over Ocean was presented as a
poster at the same meeting (see Appendix 2).
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Evaluation of the effect of required algorithm inputs

Required Algorithm Inputs

Effect

NCEP Forecast Data for Precipitable Water,
Surface Air Temperature, Surface Wind Speed,
Surface Wind Direction, Ozone Concentration,
Surface Pressure

If NCEP Forecast Data are missing then the VIIRS
AOT/APSP are not retrieved and the quality flag is
set to “Not Produced™*

Ancillary Data (Terrain Height)

The Terrain Height (static map) is used to adjust
the surface pressure and impacts scattering and
transmission coefficients**

Sensor Data Records

Over land VIIRS channels M1, M2, 3, M5, M11
SDRs are used. Over ocean VIIRS channels M5,
M6*, M7, M8, M10, M11 SDRs are used.

*Starting with Mx8.0 (Nov 14, 2013) over ocean
retrieval does not use M6 when it is saturated.
When they are missing the VIIRS AOT/APSP is not
retrieved and the “Bad SDR” flag is set**

VIIRS Cloud Mask

VIIRS pixels reported as “clear” when they are
actually cloudy will reduce the accuracy of the
VIIRS Aerosol Retrieval. The VIIRS Aerosol Team
works closely with the VIIRS Cloud Mask team to
ensure optimal retrieval quality. At this time there
are no obvious major issues with the cloud mask.

*%%k

Processing Coefficient Tables

Surface Reflectance information must be accurate
in the Processing Coefficient Tables for an
accurate Aerosol product. On January 22, 2013
IDPS Processing Coefficient Tables were updated
with improved surface reflectance ratios. Therefore
we recommend an effective date for Validated
Stage 1 to be the next full day or January 23, 2013.

** This is a summary of information found in Appendix 3.

*** More information about the VIIRS Cloud Mask and Aerosol retrievals are in Appendix 1 and Appendix

4,




Error Budget

Attribute analyzed

Error summary****

Long-term stability

The time series of the global AOT means from
VIIRS and AERONET demonstrates strongly
correlated temporal variability

Surface Reflectance ratios

larger uncertainty over land in the VIIRS retrieval in
comparison to other heritage sensors are attributed
to the use of globally constant spectral surface
reflectance ratios. Potential NDVI-based
improvements are being investigated.

Regional Patterns

VIIRS AOT over land appears to have larger biases
over India, West US, and Central Africa, when
compared to 6 other regions studied. This is being
investigated along with Surface Reflectance ratios
as they may be related.

Seasonal Cycles

The overall bias trend shows significant seasonal
cycles. This is being investigated

**** The information is summarized from poster presented at JPSS STAR 2014 Annual Meeting in

Appendix 5.

Quality flag analysis/validation

All quality flags perform as expected with the exception of discrepancy reports submitted below that

were implemented in Mx8.5:

e ADR4724 Angstrom Exponent and Suspended Matter Quality Flag (IP) error at bowtie deletion

pixels

e ADR7595 APSP (Angstrom Exponent) Quality Flag Fix
e ADR7596 SM quality flags QF2 and QF3 are not set when SM type quality is high
e ADR7597 Inconsistent cloud contamination flags in AOT IP and SM

More information in Appendix 3 and Appendix 6.

Input from key users

Key User Brief Summary Presentation location
NCEP NCEP is involved in VIIRS Aerosol team and Appendix 7

the future (~FY16)

plans to use VIIRS Aerosol products as part of
a new global aerosol forecasting capability in




NRL NRL is involved in VIIRS aerosol team and Appendix 8
uses NPP VIIRS AOD with additional filtering
of the EDR to improve analysis and forecasts.

NCAR VIIRS AOT assimilation provides improved Appendix 9

results compared to MODIS AOT assimilation.

Identification of processing environment

Item

Brief Summary

More information

IDPS Build Number | Mx8.2 January 23, 2013 Appendix 1

and effectivity

date

LUT used VIIRS-AOT- Appendix 10
LUT_npp_20020101010000Z_200201010100
00Z_ee00000000000000Z_PS-1- D-NPP-3-PE-
_devl_dev_all-_all.bin
— VIIRS-AOT-Sunglint-
LUT_npp_20020101010000Z_200201010100
00Z_ee00000000000000Z_PS-1-D-NPP-4- PE-
_devl_dev_all-_all.bin

Version of PCT(s) VIIRS-Aeros-EDR- Appendix 10

used AC_npp_20120826000000Z_2013010100000
0Z_ee00000000000000Z_PS-1-O-CCR-12-
0788-JPSS-DPA-003-PE_noaa_all_all-_all.xml
(after 01/22/2013)

Description of AOT used in evaluation for Validate Stage 1 Appendix 10

environment used
to achieve
particular stage of
Validated

Maturity with AERONET (ground) data was
re-processed using Mx8.2 version of the VIIRS
aerosol algorithm; Mx8.2 TTO: 2/20/2014.
(Slides 10-11, 32 in P2014%)

— VIIRS AOT from Mx8.1 was used in
comparison with MODIS AOT (slides 8-9 in
P2014*). VIIRS-Aeros-EDR-
AC_npp_20020101010000Z_2002010101000
0Z_ee00000000000000Z_1 devl_dev_noa
a_ops.xml (before 01/22/2013). VIIRS-Aeros-
EDR-
AC_npp_20120826000000Z_2013010100000
0Z_ee00000000000000Z_PS-1-0O-CCR-12-
0788-JPSS-DPA-003-PE_noaa_all_all-_all.xml
(after 01/22/2013)
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Documentation

Name Additional information Link
Algorithm Theoretical Basis The VIIRS aerosol algorithm did Appendix 11
Document (ATBD) not change since the provisional
review; hence the ATBD that was
completely revised for that
review is still applicable.
Updated Operational Algorithm Only very minor changes since Appendix 12
Description (OAD) with the provisional review
algorithm-related redline
updates
README file for CLASS Summary statement for users Appendix 13
Product User’s Guide Updated User’s Guide providing | Appendix 14
a general introduction to the
VIIRS instrument, aerosol data
products, format, and content

User Precautions

A list of closed Discrepancy Reports, an assessment of outstanding discrepancy reports and an
assessment of data quality threshold tables are in Appendix 6. Data Quality Threshold Tables are
adequate for Validated 1 Maturity. Known issues to date are described below.

e Artificially high AOT and APSP in the snow melt region of the Northern Hemisphere during the
Spring thaw.

e Low AOT bias over ocean in dust outflow regions.

e Proportion of AOT attributed to small particles is too high over ocean.

e Thereis no skill in retrieving APSP information over land.

e QOverabundance of smoke, and not enough dust in Suspended Matter product.

e QOverabundance of ephemeral water over bright surfaces (though no retrieval in either case).

e There are no retrievals over inland water bodies.

e AOT is reported in the range [0.0-2.0]. In heavy aerosol regions (dust and smoke plumes), the
pixel-level AOT is often out of range and is therefore excluded from aggregation and the EDR
product.

e Aninadvertent error introduced in the operational aerosol code resulted in significantly
degraded aerosol EDRs for the following timeframe, invalidating the aerosol beta maturity
results for the period: 10/15/2012 to 11/27/2012. Users should be aware that within this
timeframe, AOT values were retrieved for confidently cloudy areas (as determined by the VIIRS




cloud mask) where there should not have been retrievals, leading to increased AOT values and

significantly degraded products.

JPSS-STAR strongly recommends that the following quality flags be applied:

e Use only products that are flagged as High (QF = 3) or Medium (QF = 2) quality for Aerosol EDR,
and High (QF=0) for Aerosol IP.

Conclusion

The VIIRS aerosol IP/EDR AOT (over ocean and land) and APSP (over ocean only) is meeting the JPSS
Level 1 requirements. This conclusion is based on over a year of evaluation against corresponding values
from AERONET, the Maritime Aerosol Network (MAN) and MODIS. The full year allows testing the
product over the entire seasonal cycle, which gives confidence in the measured accuracy, precision and
uncertainty. The next steps in the VIIRS Aerosol IP/EDR validation process, to move the product to
Stage 2 validation maturity, include the following:

a.

Monitor the effect of latest changes to the VCM, and adapt aerosol Processing Coefficient
Table (PCT) and code to these changes, if necessary;

Investigate and implement spatially and seasonally varying surface reflectance band ratios;

Test and expand valid range of land and ocean AOT retrievals from 2 to 5 at the high end
and from zero to small negatives at the low end;

Implement new internal snow/ice mask based on a Normalized Difference Snow Index,
brightness temperature and spatial variability;

Remove internal ephemeral water mask;
Evaluate and test land retrieval that identifies and compensates for red soils;

Evaluate choice of aerosol models, land and ocean, in terms of covering adequate solution
space and consequences for retrieving.

JPSS-STAR recommends that the VIIRS Aerosol Optical Thickness (AOT) and Aerosol Particle Size
Parameter (APSP) Intermediate Product (IP) and Environmental Data Record (EDR) be released to users
and the public with a Stage 1 Validation level maturity and with an effective date of January 23, 2013.



Appendices


iguch
Typewritten Text


1 Evaluation results for AOT, APSP and SM (STAR JPSS Annual meeting -
(v2_revised))

http://www.star.nesdis.noaa.gov/smcd/emb/viirs _aerosol/documents/validated 1 review/Session03 Kon
dragunta&Laszlo VIIRS Aerosol-v2 revised.pdf
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2014 STAR JPSS Science Team Annual Meeting

VIIRS Aerosol EDR

Shobha Kondragunta and Istvan Laszlo
VIIRS Aerosol co-Leads
May 13, 2014




Outline

* Aerosol Cal/Val Team

e VIIRS AOT, APSP and SM
— IDPS algorithms
— products
— requirements
— data quality
— future plans
— alternative algorithms

STAR JPSS Science Team Meeting, 12-16 May, 2014 2



VIIRS Aerosol Cal/Val Team

Name

Organization

Major Task

Kurt F. Brueske
Bigyani Das

Ashley N. Griffin
Brent Holben

Robert Holz
Ho-Chun Huang
Jingfeng Huang
Edward J. Hyer

John M. Jackson
Shobha Kondragunta
Istvan Laszlo
Hongqing Liu

Min M. Oo

Lorraine A. Remer
Hai Zhang

Stephen Superczynski

1IS/Raytheon
IMSG/NOAA

PRAXIS, INC/NASA

NASA/GSFC
UW/CIMSS
UMD/CICS
UMD/CICS
NRL

NGAS
NOAA/NESDIS
NOAA/NESDIS
IMSG/NOAA
UW/CIMSS
UMBC
IMSG/NOAA
IMSG/NOAA

Code testing support within IDPS

Algorithm integration

JAM

AERONET observations for validation work

Product validation and science team support

SM algorithm development and validation

AOT Algorithm development and product validation
Product validation, assimilation activities

VIIRS cal/val activities, liaison to SDR team

Co-lead

Co-lead

Visualization, algorithm development, validation
Cal/Val with collocated MODIS data

Algorithm development, ATBD, liason to VCM team
Algorithm coding, validation within IDEA

Product evaluation, data management

STAR JPSS Science Team Meeting, 12-16 May, 2014



AEROSOL OPTICAL THICKNESS (AOT)
AND
AEROSOL PARTICLE SIZE PARAMETER
(APSP)

STAR JPSS Science Team Meeting, 12-16 May, 2014 4



VIIRS AOT Algorithm

e AOT is from cloud-free, daytime VIIRS M-band SRDs over dark
surface

e Separate algorithms over land and over ocean

Land Ocean

e retrieves AOT and surface e retrieves AOT by matching
reflectances by matching observed M7 TOA reflectance
M3/MS5 ratio of retrieved with calculated reflectance
surface reflectances with e selects fine and coarse mode
expected ratio models and their weights out

e selects one of five aerosol of 2020 combinations of
models that best match candidate models that best
retrieved and expected surface match observed and
reflectances in bands M1, M2, calculated TOA M5, M6, M7,
M3, M5, M11 M8, M10, M11 reflectances

M1: 412, M2: 445, M3: 488, M5: 672, M6: 746, M7: 865, M8: 1,240, M10: 1,610, M11: 2,250 nm

STAR JPSS Science Team Meeting, 12-16 May, 2014 5
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Product Timeline

Initial
instrument check out; Beta Provisional
. Beta status Error
Tuning cloud mask status status
parameters
28 Oct 2011 2 May 2012 15 Oct 2012 . 23 Jan 2013
28 Nov 2012
Red period: Product is not available to public, or product should not be used.
Blue period: Product is available to public, but it should be used with caution,
(Beta) known problems, frequent changes.

Green period: Product is available to public; users are encouraged to evaluate.
(Provisional)

* No changes to VIIRS aerosol algorithm between Jan 23, 2013 and Feb 20, 2014.
* Stable algorithm is needed for evaluation.

STAR JPSS Science Team Meeting, 12-16 May, 2014
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. MODIS AOT

Comparisons use MODIS Dark Target Collection 5.1 data

e Collocated VIIRS and MODIS Retrievals

e Over land: 01/23/2013-01/31/2014

* Over ocean: 05/02/2012 - 01/31/2014 excluding the processing
error period (10/15/2012-11/27/2012

[ ] . [ ] o [ ]
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AOT Retrieved (Tau)
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Number of Points = 7903 Number of Points = 2088
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AOT Truth (Tau) AOT Truth (Tau)

Data from the VIIRS Aerosol / AERONET Match-up PGE
Period: May 2, 2012 — December 31, 2013

VIIRS: reprocessed using Mx8.2 aerosol code! (TTO: 02/20/2014 )
— averaged min 25% of high quality AOT in 5x5 EDR cells

Truth: AERONET L1.5 inversion (5/2012-2/2013) + direct sun (from 2/2013)

— AOT averaged within +/- one hour

STAR JPSS Science Team Meeting, 12-16 May, 2014 10



S EDR vs. AERONET L1.5

Time period: 05/02/2012 - 12/31/2013; VIIRS data: Mx8.2

LAND N ACCURACY PRECISION

Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS

<0.1 3244 0.060 0.012 ) 0.150 0.058 v

[0.1, 0.8] 4498 0.050 0.016 Vv 0.250 0.117 v

>0.8 161 0.200 0.186 Vv 0.450 0.414 Vv
all 7903 -0.008 0.116

OCEAN m ACCURACY PRECISION

Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS

<0.3 1824 0.080 0.007 V 0.150 0.041 '
20.3 264 0.150 0.020 vV 0.350 0.144 '
2088 0.004 0.064
e — i —— L —
APSP Requirement  SNPP/VIIRS Requirement  SNPP/VIIRS
865nm/1610nm 803 0.30 0.02 ') 0.60 0.37 V

More in posters by Jingfeng Huang et al. and Ho-Chun Huang et al. "



Histagram Density

ontamination of VIIRS AOT @

&
O&‘% O

VIIRS cloud mask (confidently cloudy/clear) and
CALIPSO L2 cloud layer data for Feb-Oct 2013 were
matched to within £ 5 minutes.

False Meg. ADT Histogram
! I I

BOC—

OO ]

400

200

0.Q

Q.5

1.0
YIRS ADT

Feb-Oct 2013

e Mean accuracy of VIIRS cloud mask is 83% but can
vary between 79% to 89% depending on the season;

e About 13% of VIIRS pixels reported as “clear” are
found to be “cloudy” by CALIPSO;

e VIIRS IP AOT histogram for pixels identified as clear
but could be cloudy for February 2013 is shown in
the adjacent figure. These retrievals, when included
in EDR aggregation, are likely to contaminate EDR
AOT,; the extent of contamination is under

investigation.
12



Plans for AOT

Replace over ocean aerosol models with those more closely
matching MODIS models

Extend AOT range to [-0.05 to 5.00]

Implement new internal tests to reduce snow/ice and possible
residual cloud contamination:

— Spatial homogeneity filter
— Spectral filter (e.g., NDSI)

Continue evaluation of other internal tests (fire, bright pixel,
ephemeral water) and update thresholds.

Develop and test regional, seasonal land surface reflectance
ratios (see poster by Hai Zhang et al.)

Extend (in time and scope) evaluation of AOT EDR

Test/modify NGAS implementation of “deep-blue” retrieval
and if needed develop new algorithm, and implement it

STAR JPSS Science Team Meeting, 12-16 May, 2014 13



* The JPSS Risk Reduction (RR)
(“NOAA VIIRS”) algorithm

— over land

e VIIRS-like algorithm; switches to
MODIS-like algorithm when
VIIRS-like retrieval fails

e surface reflectance ratios are
linear functions of NDVI,,r and
surface redness

e retrieves over areas where
current IDPS algorithm does not
retrieve AOT

— over ocean

e algorithm and aerosol model as
in MODIS

— AOT range [-0.05 to +5.0]

— AE is from AOTs from
independent-channel retrievals

— pixel level (750 m) product

STAR JPSS Science Team Meeting, 12-16 May, 2014

9O°N e Es
1

60°N -8
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Data: average of every five days between
2013.03.01-2014.03.01; 750-m data 14



Retrieved AOTSS0

Retrieved AOTSS0
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AERONET AOTS50

Daily 750-m VIIRS and AERONET
matchup data for
2012.05.02 - 2014.03.31

“First look” results:

e QOver land, more retrievals,
better overall accuracy, but
slightly worse precision.

e QOver ocean, comparable
accuracy, but slightly worse
precision.

* Meets requirements.

Details and more results in talk by
Hongqing Liu in Atmosphere
Breakout on Wednesday at 14:50

STAR JPSS Science Team Meeting, 12-16 May, 2014
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Recommendation

* JPSS RR aerosol algorithm can be an alternative for J1

e The JPSS RR algorithm already has many updates planned
for IDPS aerosol algorithm
— over land

e slightly better agreement with AERONET for high AOT values

e retrievals over areas where current IDPS algorithm does not retrieve
AOT

— over ocean

e same algorithm and aerosol model as in MODIS
— meets J1 requirements
— same algorithm works on VIIRS and ABI

— likely needs more adjustments, data filtering; would benefit
from more evaluation, and needs consensus from Aerosol
Cal/Val Team and users!

STAR JPSS Science Team Meeting, 12-16 May, 2014 16



Characterized long term (over a year) record of VIIRS AOT
globally and regionally by comparing it similar records
from MODIS and AERONET

VIIRS AOT and APSP (Angstrdm Exponent) products meet
the requirements specified in the Joint Polar Satellite
System (JPSS) Program Level 1 Requirements document

Developed and evaluated new internal tests (for residual
cloud, snow/ice) — will be implemented in next version

More results and details in Atmosphere Breakout on
Wednesday, 14:30-16:10 and in posters!

STAR JPSS Science Team Meeting, 12-16 May, 2014 17



SUSPENDED MATTER (SM)

STAR JPSS Science Team Meeting, 12-16 May, 2014 18
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Overview:

ents in L1RD Supplement -
m_

Dust, smoke, volcanic ash Dust, smoke, volcanic
ash, sea salt
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Smoke plume  0to 150 pg/m3 0 to 200 pg/m3

SM 80%

Smoke 70%

Dust 80%

Ash 60% Dust can be mis-
identified as ash

Mixed Aerosol 80% Report not only dominant
aerosol but other aerosol
components as well

Applications

*  Exceptional Events (EEs) monitoring (volcanic eruptions, fires, dust storms)
e Assimilation in regional and global aerosol models for daily weather and/or climate predictions

e  Operational air quality forecasting
Users

* National Weather Service, Environmental Protection Agency, State and local environmental agencies
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Overview:
yended Matter Algorithm

‘ Ocean Land

Dependence on Fine
Mode Weight (FMW)

Fine Mode AOT Model
Weight (FMW) Selection
0.2 <FMW <0.5 |
FMW <0.2 FMW > 0.5
Dust Model Any other Model

!

Dust m Smoke Dust Smoke

|
AOT<0.3 AOT >0.3 @ -> @

Sea Salt Undetermined T

Tuned out due to too
many false positives as

of 11/2/2012
From SM ATBD prepared by NGAS, dated 3/17/2010 H0




CALIPSO

M Algorithm Evaluation:
alidation Approach

5km

Qualitative comparison of
monthly global maps of
VIIRS SM (dominant
aerosol type), dust
fraction, and smoke
fraction to other

correlative measurements
(CALIPSO, MISR)

Direct matchups of
CALIPSO and VIIRS SM to
compute accuracy,
probability of detection,
and false alarm ratio

21



SM Algorithm Evaluation:
VIIRS vs. MISR

o SMis not a legacy NASA MODIS product

o VIIRS SM algorithm relies on AOT and other
internal parameters (not validated) to identify
and type SM.

o SM product very difficult to evaluate and validate
due to non-availability of “truth” dataset.
Comparisons with MISR show that VIIRS SM
doesn’t identify dust near the source and dust
outflow regions (Sahara and Atlantic Ocean)..

o  The VIIRS SM product is not recommended for
- use in any applications. An alternate algorithm
80°F 120 160°F has been developed and is being tested.

Ash Dust Smoke Sea Salt Undetermined None

14-month Mean Accuracy

1 20130601-20130630 MISR Dominant SusMatter Type Resol . ,,s QF ., > 50%
09 Smoke  Dust ™
0.8 oo T
0.7

WS

160°W 120°W BO°W A0°W 0 40°E BOE 120°E 160°E
]
Global Ocean Coastal Land Ash Dust Smoke Sea Salt Undetermined None



Reduction Algorithm Development

Algorithm details to be presented in tomorrow’s

“atmosphere” breakout session by Pubu Ciren

Adapt GOES-R ABI aerosol detection (dust and smoke)
algorithm to VIIRS

» For dust, a slightly different algorithm than the one developed for
GOES-R was used to take the advantage of deep blue (412 nm) channel
present on VIIRS but will not be present on ABI.

Advantages:

» Algorithm uses spectral threshold methods and some texture tests for
uniformity to separate dust, smoke, and clouds.

» Algorithm is fast and designed to run in near real-time.

» Algorithm uses VIIRS blue channels (412 nm and 445nm) that GOES-R
ABI will not have.

Disadvantages:

» Like any algorithm based on thresholds, tuning of thresholds will be
needed for changes associated with calibration etc.



water land clouds

Smoke Aerosol Index

Dust Aerosol Index
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VIIRS Dust Fraction CALIPSO Dust Fraction JPSS RR Algorithm:
VIIRS vs. CALIPSO Global Maps

e CALIPSO data at a coarser
grid resolution (5° x 5°).
Due to narrow swath of
CALIPSO, coarser resolution
is need to get a good
sample size;

 VIIRS data at a finer grid
resolution (0.25° x 0.25°);

e  CALIPSO dust detection is
also based on a
classification/typing
algorithm and not a
physical retrieval. Dust
accuracy is 91%.

— — “"_-“ VIIRS is detecting dust only near
i —eeeeema s the dust source and outflow
regions whereas CALIPSO dust is
detecting it more widely (e.g.,
Australia). Some but not very
distinct seasonal pattern in VIIRS.




SM Algorithm Evaluation:
ALIPSO Matchups for Dust

1 2 3 4 5 6 7 3 9 10 11* 12

ACGleldAs 1000 994 999 999 984 994 996 98.7 100.0 100.0 - 100.0

POCD N/A 714 778 800 753 734 979 765 N/A N/A - N/A

N/A . 8.7 42.8 135

3 4 5 6 7 8 9 10 11 12

1 2
998 998 999 999 998 996 99.7 99.8 100.0 100.0 - 100.0
POCD 542 N/A N/A N/A N/A° 80.0 948 91.8 N/A N/A - N/A

* CALIPSO data not available

353 N/A N/A - N/A




M Algorithm Evaluation:
AERONET Dust Matchups

p(-)rsrilfcﬁ/e pgiil:i(\e/e ne::t(ieve n:;;i?ve Accuracy POCD POFD
Banizoumbou 10 1 65 12 85.2 45.4 9.0
Darkar 1 0 25 1 96.3 50.0 0.0
IER_Cinzana 2 0 23 1 96.2 66.6 0.0
Solar_Village 6 5 29 4 79.5 60.0 45.4
Capo_Verde 2 1 9 0 91.6 100.0 33.3
Cape_San_Juan 1 2 18 0 90.4 100.0 66.6

401 AERONET stations Accuracy

Year of 2013 99.8 86.9 39.3
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Conclusions

e The JPSS RR SM algorithm for dust and smoke is performing better than
operational (IDPS) SM algorithm
— Meets requirements for dust and smoke.

e Dust detection evaluated using results from algorithm run on one year (2013) of data
* Smoke detection evaluated on limited set of granules (22). Full one year run is forthcoming

— Volcanic ash product will be passed on from VCM (when JPSS RR volcanic ash
product is ready)

— No sea salt will be detected

— No smoke concentration will be reported. There is a user need for this and this
information will come from a different algorithm (Automated Smoke Detection and
Tracking Algorithm) that was developed using VIIRS fire hot spot and AOT products.

e Future work
— Extensive evaluation of smoke product will be conducted
— ATBD and other user documentation will be prepared

— The dust algorithm is running in near real time on DB data and case studies will be
selected and presented to NWS for discussion on transitioning from MODIS to
VIIRS. Already had a conversation with NWS air quality program manager

e Similar approach will be taken with other users.

29
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Over Land AOT Retrieval

Atmospheric correction of reflectances [Vermote and
Kotchenova, 2008]

— Basis: aerosols change the ratios of spectral reflectances (spectral
contrast) from those of the surface values

— Dark target algorithm, conceptually similar to MODIS over-land alg.
Lambertian surface reflection is assumed

5 aerosol models [Dubovik et al. 2002]:

— dust, smoke (high and low absorption), urban (clean & polluted)
— bimodal lognormal size distribution, function of AOT, spherical
particles
Surface reflectances in selected M bands are retrieved for
varying AOT and their ratios are compared to expected values

AOT and aerosol model that provide the best match between
ratios of surface reflectances retrieved in multiple channels
and their expected values are reported as solution

STAR JPSS Science Team Meeting, 12-16

31
May, 2014



ar Ocean AOT Retrieval

e Close adaptation of the MODIS approach [Tanré et
al., 1997]

— wind-dependent (speed and direction) ocean surface
reflectance is calculated analytically

— combines 4 fine mode and 5 coarse mode models with
0.01 increments in fine mode fraction (2020 models)

— TOA reflectances in selected M bands are calculated and
compared to observed ones to retrieve AOT aerosol
models and their weights simultaneously

— AOT and aerosol model that most closely reproduces the
VIIRS-measured TOA reflectance in multiple bands are
reported as solution

STAR JPSS Science Team Meeting, 12-16

May, 2014 32



AOT@550nm Bias and STD

0'25-:::::::::::::::::::: 0'25-::::i::i:::::::i:::i

o0 TIPS o0y | T=IDPS

AOT@550nm Bias and STD

Time series of monthly average VIIRS-AERONET AOT difference and
standard deviation of differences

Mx8.2 bias < 0.04 over land and < 0.025 over ocean for almost all months
examined.

Mx8.2 std < 0.20 over land and < 0.10 over ocean.

More in posters by Jingfeng Huang et al. and Ho-Chun Huang et al.
\Vlay, ZU14
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JPSS RR Aerosol Results
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EE—
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180"W
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Data: average of every five days between
2013.03.01-2014.03.01, 750-m data
* Over land, better overall accuracy, but
slightly worse precision.

* Over ocean, comparable accuracy, but
slightly worse precision.

Meets requirements.
Details and more results in talk by

H. Liu in Atmosphere Breakout on
Wednesday at 14:50

Retrieved AOTSS0

daily 750-m data for 2012.05.02 — 2014.03.31
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VIIRS AE
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MISR “Dust AOT”

Bw__-j_u___n_e__.---—-ﬂf_{_ ___,—'- R _:_,H

20°s | I
180°W

R P e
P L

T T e S S i RS YYPH PSS B B

805 H H H H s
180°% 120°% B0 w GO'E 120°E L80°E LB0°W 120°% BUTW [ GU'E LEZ0E 180°E
[X1] o1 0.2 0.4 0.3 0.6 0.7 0.8 1.0 L1 1.2 0.0 o1 0.2 0.4 0.3 0.6 0.7 0.8 1.0 1.1 1.2

VIIRS dust flag
and best quality
AOT are
combined to
generate “dust
AOT”. MISR non-
spherical AOT is
assumed to be
“dust AOT".

MISR dust AOT
observed over
the biomass
burning region is
likely coarse
mode smoke
aerosol?

VIIRS dust AOT
biased high
compared to
MISR.

VIIRS high AOT
observed year
round in the Red
Sea, Persian Gulf,
and Arabian Sea.
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June 2013 Dust AOT
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July 2013 Dust AOT

EN o
) o
ATuenT OF ©

39




August 2013 Dust AOT
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2 Algorithm performance over ocean areas (STAR JPSS Annual meeting)

http://www.star.nesdis.noaa.gov/star/documents/meetings/2014JPSSAnnual/Posters/2014%20JPSS%20
SCience%20Meeting%20College%20Park%20MD%20Ho Chun Huang.pdf




The Evaluation of VIIRS Aerosol Retrievals Over Ocean

Ho-Chun Huang!4*, Shobha Kondragunta?, Istvan Laszlo?3, Lorraine Remer#, Jingfeng Huang'¢, Hai Zhang?°, and Alexander Smirnov®’
* ho-chun.huang@noaa.gov 'CICS-MD/ESSIC/UMD *NOAA/NESDIS/STAR 3DAOS/UMD, “JCET/UMBC, °IMSG, °Sigma Space Corp., 'NASA GSFC

VIIRS onboard Suomi-NPP and JPSS

d The Joint Polar Satellite System (JPSS) Is the USA's next generation polar-orbiting operational environmental
satellite system. JPSS will provide operational continuity of satellite-based observations and products currently
obtained from the Suomi National Polar-orbiting Partnership (NPP) mission.

4 Visible Infrared Imaging Radiometer Suite (VIIRS) is a multi-spectral scanning radiometer (22 bands between 0.4pum
and 12um) on-board the Suomi-NPP with spatial resolution for 16 bands at 750m and 5 bands at 325m. The spatial
resolution of Intermediate Product (IP) output is 750 m at nadir. The spatial resolution of Environment Data Record
(EDR) i1s 6 km at nadir compared to 10km at nadir for Moderate-Resolution Imaging Spectroradiometer (MODIS).

d The MODIS on-board Agua and Terra are currently providing global aerosol coverage for research and operational
activities in weather, climate, and air quality. The VIIRS on-board Suomi-NPP and future JPSS satellites are
expected to continue daily global aerosol observations for operational and research communities.

 Separate algorithms are used for aerosol retrieval over land and ocean. The over-land aerosol algorithm is based on
but a different scheme from MODIS Surface Reflectance algorithm (MODO09) and the over-ocean algorithm is
derived from the MODIS Aerosol (MODO04 Collection 4) algorithm. In VIIRS, Aerosol Optical Thickness (AOT) and
aerosol type are retrieved simultaneously by minimizing the difference between observed and calculated reflectance
In multiple channels.

VIIRS Aerosol Products

= VIIRS aerosol products include AOT, Aerosol Particle Size Parameter (APSP), and Suspended Matter (SM).

= The VIIRS AOT and APSP products reached Provisional maturity level and the SM product reached Beta maturity
level on January 23, 2013.

= The VIIRS AOT and APSP (both EDR and IP) products are now publicly accessible from NOAA's Comprehensive
Large Array-data Stewardship System (CLASS at http://www.class.ngdc.noaa.gov).

Maritime Aerosol Network (MAN)

= MAN Is a network of ship-borne aerosol optical thickness measurements using hand-held Microtops Il sun
photometers [Smirnov et al., 2009] with an uncertainty of AOT measurement no larger than 0.02.

= Collected MAN data follow AErosol RObotic NETwork (AERONET) protocol for data processing,
http://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol network.html.

= The cruise measurements available from MAN offer an unprecedented opportunity to validate the VIIRS AOT and
APSP over open Ocean, far from coastlines and islands as that AERONET site.

Comparisons between VIIRS Aerosol Retrievals and MAN Measurements

= Period from May 2, 2012 to February 28, 2014.
= MAN Level 2.0 Series Average Datasets.
= VIIRSAOT EDRs at three quality-flag (QF) levels;
 High : used only high QF AOT.
e Top2 : used both high and medium QF AOT.
« All :usedall retrieved AOT (QF = high, medium, and low).
= VIIRS APSP (Angstrom Exponent, AE) EDRs:
e Used only high QF APSP.
 AE computed at MAN’s and MODIS’s like wavelength pairs (445/865 versus 440/870 and 550/865 versus 500/870).
= Match-up criteria for VIIRS EDRs and MAN measurements:

« The VIIRS-MAN match-up uses each MAN measurement as a reference point and finds the VIIRS retrievals
within the spatial and temporal matching domain of 0.5° latitude-longitude and one hour time window centered
on the MAN observation.

e At least 12 (about 20%) selected quality VIIRS EDRs within the matching domain or any VIIRS EDR(s) within
3km of MAN measurements.

« Multiple collocations within one-hour time window are averaged to a single match-up.
= Performance Statistics:

e Accuracy : the mean difference between two datasets.

* Precision : the standard deviation of the difference.

o Separate AOT (7) retrieval performance in the range of < 0.3 and == 0.3.

Figure 1
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Figure 2

VIIRS and MAN Match-up
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Figure3 Comparisons between VIIRS AOT EDRs and MAN measurements.
Figures in left, middle, and right columns are scatter plots of all match-
ups, match-ups where MAN 7 < 0.3, and match-ups where MAN 7 2 0.3,
respectively. Figures in upper, middle, and bottom rows are scatter plots
of quality level equals to High, Top2, and All, respectively. N : number of
match-ups, A : accuracy, P : precision, U : uncertainty, R : correlation
coefficient, and ER : percentage of match-ups within MODIS expected

error bars (£0.03+£0.057).

VIIRS APSP  JPSS EDR

against JPSS requirement threshold at two AE A-pairs.

Attribute QF Level  APSP A-pair Measurement  Threshold Achieved
U - MAN-like 0.20 03 v
y : MODIS-like 0.19 | \
. | MAN-like 0.39 v
Precision High : 0.6
MODIS-like 0.44 v
Tablel The performance statistics of VIIRS high quality APSP EDRs

. VIIRSAOT  JPSSEDR .
Attribute QF Level 7-range Measurement Threshold Achieved
High 0.02 v
Top2 r<0.3 0.04 0.08 v
All 0.08 v
Accuracy :
High 0.03 v
Top2 r20.3 0.07 0.15 v
All 0.11 v
High 0.04 v
Top2 r<0.3 0.06 0.15 \
. All 0.08 v
Precision :
High 0.15 v
Top2 r20.3 0.14 0.35 v
All 0.15 v

Table2 The performance statistics of VIIRS AOT EDRs against JPSS
requirement threshold at three quality levels.

Summary

= VIIRS AOT EDRs meet JPSS AOT thresholds at all three QF levels. It still needs some improvements to achieve the objective goal of 1% for
both accuracy and precision at all zvalues.

= VIIRS high quality APSP EDRs meet JPSS thresholds for APSP. It also needs improvements to achieve the objective goal of 0.1 unit for both
accuracy and precision.

= Comparisons between VIIRS AOT and APSP over the land can be seen from poster session presented by J. Huang et. al., “Spatial and

Temporal Characterization of the Difference between Multi-Sensor Aerosol Retrievals and AERONET measurements”.

Acknowledgemen'l': Authors thank Pls and their staff for establishing and maintaining MAN cruise measurements used in this study.
Disclaimer: The contents of this poster are personal view of authors and do not necessarily reflect any position of the Government or the

National Oceanic and Atmospheric Administration.




3 Required algorithm inputs and quality flags
http://www.star.nesdis.noaa.gov/smcd/emb/viirs_aerosol/documents/validated 1 review/Ancillary & SD

R data QF.pdf
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Ancillary Data

e Ancillary data from forecast

— National Center for Environmental Prediction (NCEP)
* Precipitable Water,
e Surface Air Temperature,
e Surface Wind Speed,
e Surface Wind Direction,
e Ozone Concentration,
e Surface Pressure.

— When ancillary data are missing VIIRS AOT is not retrieved
and the quality flag is set to “Not Produced”



Ancillary Data

e Ancillary data from forecast (contd.)

— Navy Aerosol Analysis and Prediction System (NAAPS)
e Total column AOT at 550 nm (used only in IP, does not affect EDR)

e Ancillary data from climatology

 Monthly aerosol climatology AOT, back up for NAAPS AOT (used
only in IP, does not affect EDR)



xample of Ancillary Data (1)

DATAN201 330\GAERO _npp_d20131105_t0746432_e0748074_b10484_c20131105143243296052_noaa_ops.hb

e Moderate resolution urace Heght (]
terrain hEIght . , 2(?13.11.05?r'vi'li'tibbdémossos?

e Surface pressure
— Adjusted to terrain

height
e Used in calculating et NTO e
molecular scattering m———————— | —
contribution

e Used in calculation of Example of terrain height in VIIRS Aerosol EDR
. . granule for Nov 5, 2013
gas transmission
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mple of Ancillary Data (2)

DATAV201330SMVAOT_npp_d20131105_t0746432 =0748074_b10484_c20131105094308348538_noaa_ops.h5

Aerosol Optical Thickness (IP) at 550nm
polation/NAPPS/Climatology Processing Used= None OR IPInterpo\at\onf APPS}'CI\matology Processing lUsed=Interpolatic

* AOT from retrieval and @ . T

from interpolation of LT

. =
retrieved values.

e AOT from retrieval,
. . . 0.0 0.1 0.2 0.3 0.4 08 0.6 0.7 0.8 0.8 1.0
I n t e r p O I a t I O n Of ret r I eve d DATA\201 330NVAOT_npp_d20131105_t0746432_e0748074_b10484_c20131105094308348538_noaa_ops.hS

values and from NAAPS. fAeroseroptesl Tsxness () =1 &5

. | 2013.11.05 NPPO0DS43096033
° |V||SS|ng AOT |P (Whlte o @t i
areas) in top plot are |

filled in by AOT from ; _ .
NAAPS. (These AOTs do N
not enter the AOT EDR.) Lo
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ds used in AOT retrieval

Reflectance Bad SDR QF
T e wwow e QOverland: M3, M5, M11, M1, M2

e Over ocean: M7, M5, M6*, M8, M10, M11

*Starting with Mx8.0 (Nov 14, 2013) over ocean retrieval does not use
M6 when it is saturated
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DATA\201330SNVACT _npp_d20131105_t0746432 0748074 _b10484_c20131105094308348538_noaa_opsh5

IP Bad SDR _‘ | <= . AOTIP bad SDR quality flag indicates more

False True

DATA\201330SNIVACT _npp_d20131105_t0746432 0748074 _b10484_c20131105094308348538_noaa_ops.h

Aerosol Optical Thickness (IP) at 550nm

olation/NAPPS/Climatology Processing Used=Interpolaticn and Clim/NAAPS -OR- IP Interpolation/NAPPS/Climatclogy Proce

2013.11.05 NPPOO0E

43096033

extensive area with bad SDR pixels due to out
of range M6 reflectances over ocean.

AOT IP for pixels with “bad SDR” QF are filled
in with interpolation and/or forecasted
(NAAPS) AOT

e Some pixels with “bad SDR” QF can still have
“high” quality AOT

DATA\201 330N VAOT _npp_d20131105_t0746432 0748074 b10484 c20131105094308348538 noaa ops.hS

Aerosol Osptical Thickness (IP) at 550nm
IP Bad SDR=True -AND- IP AOT Cluality=High

2013.11.05; NPPO0O0§43096033

00 01 02 03 04 05 08 0.7 08 09 10
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AOT & APSP EDR QF

There are 17
quality flags (QF)
for AOT and APSP
EDR

Examples are
shown in next two
slides

QFs were examined
and some
Inconsistencies
were found. DRs
were submitted to
fix them in Mx8.5.
(see DR slides)

QF1
AOT Quality

APSP Quality

Land, Ocean, or
Not Produced

AOT out of Spec
Range

APSP out of Spec
Range

QF2

Cloud
Contamination

Cloud adjacent
to cell

Cirrus
Contamination

Bad SDR

Sunglint

Cloud Shadow
Snow/Ice

Fire

QF3

Low sun,
degraded

Low sun,
excluded

Bright surface
(land)/Shallow or
Turbid Water
(ocean)

Low AOT, APSP
Excluded

10



NATIONA,

AercEDR - Land/Ocean

2013.11.05 NPPOO0E43006033 \%
—

)
e,
R T4
DATALZ01 ZE0SWVAOO0_npp_d201 31105 10746432 e0748074_b10484_c201 31105141 304029562 _noaa_opahS —_

DATAZ 330MVACOO npp_d20131105 10746452 e0T48074_b10484_c2(1 31105141 304023562_noaa_ops.hS
\

\:‘, ”
\\-‘ ?

Angstrom Exponent Product Quality
2013.11.05 NPPOHE43086033 \%
-

DATAZ01 330SMAOCO_npp_d201 31105 10746432 0748074 b1 0484_c201 31105141 304029562_noaa_opahS
AOT Product Quality

2013.11.05 NPPOHE43088033

Ocean EscludedMat Produced

o
" Lo
: A ;
L ]
Hgh Land
DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS
AeroEDR - Cloud Contamination Flag

— ?* H —
IATAVZ01 330AWAOO0_npp_d201 31105 t0746432_e0T48074_b1 0484 _c20131105141304029562_noan_ops.h
Angstrom Exponent Out of Range Flag
2013.11.05 NPPOO0E43006033 \%_\ 2013.11.05 NPPOHE43086033 \%_\
y 22 ) 1 y

Not Produced
DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS
AOT Out of Range Flag

2013.11.05 NPPOGDB43096033 “‘%
-
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DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS
AercEDR - Bad SDR Flag

False
DATAZ1 SE0MMAOCO_npp_d201 31105 10746432 0748074 b 0484_ca01 &11061 41 304029562_noaa_opah§
\‘\___?. 2013.11.05 NPPOU0E43096033 \%
-

False
DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS
AeroEDR - Cloud Adjacent Flag AeroEDR - Cirrus Contamination Flag
‘\__?. 2013.11.05 NPPOODE43096033 ‘\‘%
[ ) [
| gl A\
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)
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S
(= 7
5,

i

| u. f u.

o o L

% S S SR S s L.\ 4 ¢ 7 1 la LA S ¥ SRS S SR S
I




<y
&

&
o
g
=z
Q
=
z

OT & APSP EDR QF Examples

R,
DATAL201 S30MVAOOC_npp_d20131105 10746432 0748074 _b10484_c201 31105141 304029562 noaa_opshS DATAL201 S30MVAOOC_npp_d20131105 10746432 0748074 _b10484_c201 31105141 304029562 noaa_opshS ATALZ01 330WVACOO_npp_d201 31105 10746432 (748074 _b10484_c201 31105141 304029562 _noaa_opshS —_—
AeroEDR - Sun Glint Flag AeroEDR - Cloud Shadow Flag AeroEDR - Snow/lce Flag
2013.11.05 Nl'I’U(HJé43093033 \% 2013.11.05 NPPOU0E43096033 \% \‘\_ ~ 2013.11.05 NPPOHE43086033 \%
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\ y [l \ 22
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False True False True False True
DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS DATAL201 S30MWVAOOC_npp_d20131105 10746432 0748074 _b10484_c201 31105141 304029562 noaa_opshS DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS
AeroEDR - Fire Flag AeroEDR - Low Sun (85<5ZA<=80) AeroEDR - Low Sun (SZA>80)
2013.11.05 NPPOO0E43006033 \% ‘\___?. 2013.11.05 Nl'l’UI.HJé-l(iDDBD:i:} \% 2013.11.05 NPPOO0E43006033 \%
= e = - —
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T kA
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| . | .
L.t Ay ¢ » ¥ P Jer L T A2 9 ¢+ % I i
| |
False T False True False True
DATA201 330MVAOCO_npp_d201 31105 10746432 0748074 _bi1 0484_c201 311051 41304029562_noaa_opahS DATAL201 S30MWVAOOC_npp_d20131105 10746432 0748074 _b10484_c201 31105141 304029562 noaa_opshS
AeroEDR - Bright Land Surface or Turbid Water AeroEDR - Excluded Angstrom Exponent (AOTS50<0.15)
‘\___?. 2013.11.05 NPPOHE43086033 ‘\___?. 2013.11.05 NPPOO0E43006033
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4 Aerosol/VIIRS Cloud Mask (VCM Validation Stage 1 Review)

http://www.star.nesdis.noaa.gov/smcd/embl/viirs _aerosol/documents/validated 1 review/VIIRS VCM aer
osol stagelvalidation 2jan14.pdf




VCM Impact on Aerosol Retrievals:
Feedback from Aerosol cal/val Team

Contributions from: Hongqging Liu (IMSG), Sid Jackson (NGAS), Jingfeng Huang (UMD-CICS),
Hai Zhang (IMSG)

Presented by: Shobha Kondragunta and Istvan laszlo

January 7-8, 2014
VCM EDR Stage 1 Validation Review




VCM Flags Used by Aerosol Algorithm

Flag description Key Impact On Aerosol Retrieval

Cloud Detection Result & No retrieval if probably or confidently

Confidence Indicator cloudy

Snow/Ice No retrieval if snow/ice detected

Sunglint No retrieval over ocean if sunglint detected ~ Major Impact
Fire detection No retrieval if fire detected

Heavy aerosol Cloud mask is reset to confidently clear if

heavy aerosol is detected and aerosol
retrieval attempted

Land/Water Background Selecting retrieval path (land or ocean
algorithm)
Shadow detected Retrieval quality degraded if shadow
detected ,
Marginal
Volcanic ash Retrieval quality degraded if ash detected; " Impact
set suspended matter type as ash
Thin cirrus Retrieval quality degraded if cirrus detected




VIIRS AOT550

20

Ocean “a Land b
WRScagis 0o3xAERONET . IR - —— ) Comparison of VIIRS AQT to
2 DT A AERONET AOT showed that
“ | _ . VIIRS AOT has a small positive
_M - bias over land but no obvious

major issues with clouds.

o i
o

T T T
05 1.0 15

. 05
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Mean AOT for February — May 2013
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Comparison of global mean
AOT maps of VIIRS and
MODIS, however, did reveal
a few issues with
information from VCM:

O Data artifacts (high

AOTs) in the northern
high latitudes due to
snow/melting snow on
the ground.

=)




Issues Reported at VCM Provisional
Review

e Dust/cloud discrimination over land and
ocean

e Data artifacts (high AOTs) due to
snow/melting snow on ground not detected



Issues Reported at VCM Provisional
Review

e Dust/cloud discrimination over land and
ocean
— No concrete solution identified

e Data artifacts (high AOTs) due to
snow/melting snow on ground not detected
— Aerosol team developed a new internal test based

on spatial variability using M1 band to flag
snow/cloud contaminated pixels.

— NGAS also developed a new internal test based on
| bands and improvements to NDSI.



VCM Issues Recently Identified

*Testing a modified version of the VIIRS Aerosol code which
retrieves AOT up to 5 revealed three problems with the current
VCM

— Heavy smoke over land is not identified as heavy aerosol some times

— Clouds detected by the M7 visible reflectance test over ocean (day) are
not always classified as probably or confidently cloudy

—The M1 reflectance test over desert and barren backgrounds is not fit to
the proper function resulting in leakage and false detections under some
viewing geometries
*These problems did not impact the current VIIRS Aerosol
algorithm because most heavy smoke plumes and undetected
clouds have a retrieved AOT > 2 and are not reported
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M1<0.4
M1/M5 < 0.9 and M7 <0.15 and M11< 0.1
M7/M5 < 0.9 and M11/M5 < 0.45
M11 < 0.25 and M11/M5 < 0.45

M7 < 0.45 and M7/M5 < 0.95

Heavy Smoke Over Land
Granule d20130704 11647572

In the IDPS version of VCM, heavy smoke
was identified as confidently cloudy.
Heavy aerosol flag was NOT set due to
which no AOT retrieval.

Heavy Aerosol Flag from updated VCM
(ADL testing by NGAS)




Cloud Confidence for Day / Ocean is Confidently Clear
Despite Detection by the M7 Reflectance Test

Day time clouds over Ocean
are some times set to
confidently clear because
thermal IR tests are not
catching these low level clouds
that do not have a large
thermal contrast. Recommend
the use of M7 reflectance test
for low-level water clouds over
Ocean.

Ccloud

True

False



M1 Reflectance Test Day / Desert Fails to Detect
louds
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M1 Reflectance Test Day / Desert is a Function of Scattering

Angle Rather than Air Mass Resulting in False Alarms
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M1 Reflectance Threshold

% |
False Alarms at edge of scan are the result of the M1 reflectance threshold being a function of
scattering angle rather than air mass.
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Potential Solutions

Heavy smoke over land
— Alternate algorithm currently being run in an ADL version of the code

— Requires additional testing to verify that the amount of clouds
misidentified as heavy smoke is acceptable

Cloud confidence set to Confidently Clear for Day / Ocean
despite detection by M7 reflectance test

— Change logic in VCM so that cloud confidence is a least probably cloudy
when a single test positively identifies a pixel as cloudy

Leakage and false alarms over Day / Desert result from
incorrect functional for the M1 reflectance test

— Change functional form of threshold from scattering angle to air mass
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IVAOT_npp_d20120516_t1934363_e1936004_b02858_c20120516220101493799_noaa_ops.h5 IVAOT _npp_d20120516_t1934363_e1936004_b026858_c20131216173502607910_ssec_cspp.hs
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False True False True
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20130507 Best QF AOD 550nm

ELE

94°N

S0°N +

48N

42°N

Best QF AOD
from the

Baseline Run
with VIIRS
snow test

Best QF AOD
from the run

with MODIS
snow test and
M1 spatial filter

20130507 Best QF AOD 550nm

. Circled high AOT values appeared
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Smoke over land identified as cirrus cloud
(6/20/2013 Kansas sm case)

VIIRS RGB ;

No AOT
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VIIRS IP AOT hi

0.0 0.2 0.4 06 08 1.0 20 5.0 conf clear prob clear prob cloudy conf cloudy

VCM cirrus flag

S

These areas do not have high quality IP AOT
retrievals because the pixels are set as cirrus
cloud in VCM
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Concluding Remarks

Cloud mask in general appears to perform well. But some cloud
leakage and cloud contamination in aerosol product exists.

Solutions for some problems reported here are in
development/testing phase by the aerosol team. We have to
ensure that these fixes do not deteriorate the product in other
places.

— As these tests mature, aerosol team will submit (if not submitted
already) a DR and propose the changes.

Tuning out volcanic ash test (as of November 2, 2012) by VCM has
impacted the Suspended Matter product.

Aerosol team has not looked at a few other variables such as cloud
shadows and ephemeral water to make a statement.

Solar eclipse related issue identified (presented in the next set of
slides).

17



Nov 3, 2013

High AOT
present in
VIIRS is absent
IN
MODIS/AQUA

Aqua AOT 2013-11-03
.
| |

0.0 0.1 0.2 0.3 0.4 0.5

VIIRS & MODIS/AQUA AOT
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unchanged, so

e pissmallerthan it actually
IS.

e Retrieved AOT is expected
to be smaller than it
actually is.

e But, AOT in VIIRS filed is
high, not small!? +
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> * In eclipse, radiance, L and
O TOA irradiance, E,are
Z VIIRS RGB (True Color) 2013-11-03 reduced
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DATA\201 330MIVACT _npp_d20131103 t1321517_e1323159 b10458 ¢20131103151817267949 noaa_ops.hd

Aerosol OpticI:PaAc;kgEa]ktnegs IP) at 550nm RGB Image [R=M5 (672 nm), G=M4 (551 nm), B=M3 (488 nm)]
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e oo el NPPO008415691

2013.11.

2013.1 1.0;3 NPP000641569 122

T S T

5 b
I [ [ [ .
0.0 0.1 0.2 0.3 04 05 0.6 0.7 08 09 1.0

DATA\2013307ICMO _npp_d20131103 t1321517_e1323169 b104568 c20131103195149663322 noaa_cpshb DATA\2013307ICMO _npp_d20<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>