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In this Talk

e Aerosol prediction systems developed by NRL
* Tools for investigating model behavior
 Some real-world analysis challenges

e Update: VIIRS AOD assimilation

e Update: Reducing FLAMBE false alarms
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Navy Aerosol Applications

 Navy Aerosol Analysis and Prediction System
(NAAPS)

— Global
— Offline driven by NAVGEM meteorology
— AOD assimilation with NAVDAS-AOD

e Coupled Ocean-Atmosphere Model Prediction
~ System (COAMPS®)




Navy Aerosol Analysis and Prediction

System (NAAPS)

e QOperational at FNMOC since 2005 (first global operational forecast in the world)
e Assimilation of satellite AOD operational since 2009
e In 2013, operational NAAPS was upgraded from 1-degree to 1/3-degree resolution

e Also upgraded from NOGAPS to NAVGEM meteorology
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NRL Aerosol and Radiation Activities

Quantitative Aerosol FLAMBE S Aerosol Effects on
Measurements from Smoke Visibility / Atmospheric

: e Database .
Satellite Obs. Emissions Correction

Ensemble Methods for

Navy Variational Navy Aerosol R

Data Assimilation A EWSSEIe!

System for Aerosol Prediction System Model Verification and
(NAVDAS-AQOD) (NAAPS) Observing System

Simulation Experiments
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Use of LIDAR to support Model Simulation of
aerosol modeling / Aerosol Microphysics in Air Quality Applications
LIDAR data assimilation COAMPS
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Overview of Satellite Data Usage In
NAVDAS-AOD and NAAPS:

Component

Assimilated Data

FLAMBE — Hourly, global,
biomass emission fluxes in
real-time and archived since
2000

MODIS and GOES data used to produce gridded smoke
emissions (FLAMBE, WF-ABBA)

DSD - Global dust source
database

MODIS Dust Enhancement Product and TOMS Al used to
identify dust sources

NAVDAS-AOD - data
assimilation, produces 6-

NRL Level 3 version of MODIS AOD




Better tools for examining model behavior
in real time: Innovation and Increment

NAAPS AOD Innovation for 2014100912.34346

min= -1.53 max=

Total Obs: 6787 Obs within range: 6614
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NAAPS AOD Innovation for 2014100912.10783

min=  -0.61 max= 1.04 mean= 0.002769 stdv= 0.05142
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Total Obs: 6787 Obs within range: 6766
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Better tools for examining model behavior
in real time: Innovation and Increment

NAAPS AOD Increment for 2013092218 NAAPS AOD Increment for 2013092218
min= -0.1967 max= 015:3 mean= 0.002529 stdv= 0.01512 min= -0.3044 max= 03152]1._" mean= 0.001163 stdv= 0.02717
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Real World Validation Issues

* How to have confidence in results based on
short time series?

— Update cycle of different model components
— Not possible to do long runs for all changes

— Scorecards for rapid evaluation




Update: VIIRS aerosol assimilation

e Bottom Line Up Front:

— VIIRS AOD over land not ready (MODIS-like
algorithm would be better)

— VIIRS AOD over-ocean looks generally OK

— Last round of testing showed improved
- correlation, worsened RMSE
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VIIRS Aerosol Products (1)

e Aerosol Optical Thickness (AOT)
— for 11 wavelengths (10 M bands + 550 nm)
* APSP (Aerosol Particle Size Parameter)

— Angstrom Exponent derived from AOTs at M2 (445 nm) and M5 (672 nm) over
land, and M7 (865 nm) and M10 (1610 nm) over ocean

— qualitative measure of particle size
— over-land product is not recommended!

e Suspended Matter (SM)




VIIRS Aerosol Products (2)

At NOAA Comprehensive Large Array-data Stewardship System (CLASS):

* Intermediate Product (IP)

— 0.75-km pixel
e AOT, APSP, AMI (Aerosol Model Information)

— land: single aerosol model
— ocean: indexes of fine and coarse modes and fine mode fraction

e quality flags
e Environmental Data Record (EDR)

— 6 km aggregated from 8x8 IPs filtered by quality flags
e granule with 96 x 400 EDR cells
el - ~* AOT, APSP, quality flags




VIIRS Aerosol Cal/Val

e AERONET sun photometers are the gold standard

— Accuracy and precision exceed what is expected
even from the best satellite products

— Data should not be used uncritically in regions with
thin cirrus (Chew et al. Atm. Env 2011; Huang et al.

JGR 2011)
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VIIRS Aerosol Cal/Val
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NPP VIIRS pre-processor

e 1-degree, 6-hour

— Operational NAAPS now 1/3°, 1° used for testing
“fullQA” uses information packaged with EDR
granules

— Over ocean only
~ —QA="Good’ (highest EDR QA value)




VIIRS “fullQA’ AOD vs
NRL-UND Level 3 MODIS-- Ocean
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VIIRS+MODIS vs MODIS-only

e Correlation improved
at numerous
AERONET stations

— Gray = no difference

— Larger circle = higher
correlation

— Blue circles are larger
- (VIIRS+MODIS has higher .
s - correlation) for most coastal .
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Using Increments to Diagnhose AOD
Assimilation Results

NAAPS AOD Increment for 2013092218
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Using Increments to Diagnose AOD
Assimilation Results

NAAPS AOD Increment for 2013092218 NAAPS AOD Increment for 2013092218
min= -0.1967 stdv= 0.01512 min= -0.3044 133 stdv= 0.02717
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8\~ Cloud-affected AODs coverage benefit of
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Using Increments to Diagnhose AOD
Assimilation Results

NAAPS AOD Increment for 2013092218 NAAPS AOD Increment for 2013092218
min= -0.19 9 stdv= 0.01512 min= -0.3044 ma 63 stdv= 0.02717

8276 Obs within range: 48272 Fraction of Domain with Increment: 0.74
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Update: False Alarm Removal for
Operational FLAMBE

e Bottom Line Up Front:

— GOES WF_ABBA showed significant false
detections in summer 2014

— Glint problems at high angles appear to be the
culprit
- * Thereal problem is certainly more comple
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Update: False Alarm Problem in
operational FLAMBE

Smoke Surface Concentration {ug/m##3) for 2014070712

e Earlyin July 2014,
we noticed
spurious smoke
emissions near the
US Great Lakes




Diagnhosis of fire detect false alarms

e Operational
FLAMBE uses GOES
WF_ABBA fire fires B
in N. America (and & i | i
S. America) e R g

* Clustering of fires
- along lakeshore

Google earth



Filtering to exclude potential false

alarms

* WEF_ABBA already has a e
glint exclusion )

e Applies only to pixels
mapped near water

e Broader application of
glint mask at high scan

angles resolves false

alarms

% - g GOES-13 (retained)
"o °Cee®e® GOES-13 (excluded)
o GOES-15 (retained)




Filtering to exclude potential false

p— _hh;" - GOES Fires 04—JUL—2013

WF_ABBA 2014-07-04
% GOES-13 (retained)

°© %op p2° GOES-13 (excluded)

. GOES-15 (retained)
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Results of filtering

 WF_ABBA 1-7 July 2014

: ) . - & . Smoke-emitting, retained
N LR S Smoke-emitting, filtered
® - L] P . - -
o X, ,“ _. Non-emitting



Filtering applied in operational
FLAMBE

e Routines added to FLAMBE perform these functions:
— Look up the sub-satellite point based on sensor and date;

— Calculate the solar zenith and azimuth for each WF_ABBA
fire detection;

— Calculate the sensor zenith and azimuth for each
WF_ABBA fire detection;




Thanks!
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