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Synthesis of NASA King Air, MODIS, and
CALIPSO aerosol observations
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Satellite data used in Analysis:

2006-09-07 07-31-55UTC Nighttime Conditions
Version: 1.06 Image Date: 09/25/2006
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Combination of MODIS AOD and
CALIPSO Backscatter provides a
three-dimensional view of aerosol
loading.




Aircraft data used in Analysis:

High Spectral Resolution Lidar
HSRL _____NASA Langley B200 King Air

-1

Telescope
Receiver =%

. Technique Data Products
Scaterng Atmospheric Scattering = Aerosol scattering ratio (aerosol/molecular backscatter) (532 nm)
/_'j‘* oo (Ax ~ 1 km, Az ~ 60 m)
[] — I | o <100 MHz FWHM = Aerosol backscatter coefficient at 532 nm (Ax ~ 1 km, Az ~ 60 m)
ilter <| | i rillouin . . S
Total " g N oy et = Aerosol extinction coefficient at 532 nm (Ax ~ 6 km, Az ~ 300 m)
proriing . £ Ry T CHEEATE = Aerosol wavelength dependence (532/1064) (i.e. Angstrom exponent for
B IR e aerosol backscatter) (similar to backscatter color ratio)
i = Aerosol extinction/backscatter ratio (“lidar ratio”) (532 nm) (Ax ~ 6 km,
Lo Effect of lodine Vapor Notch Filter Az ~ 300 m)
4 s B = Aerosol depolarization (532 and 1064 nm) (Ax ~ 1 km, Az ~ 60 m)
[ ]] z -“2. G{'(z (molecular) Scattering .
o A\ Extensive — depend on aerosol amount and type
owtece| Ve v Intensive — depend on aerosol type

(Left) The HSRL technique takes advantage of the spectral distribution of the lidar
return signal to discriminate aerosol and molecular signals and thereby measure
aerosol extinction and backscatter independently. (Right) HSRL data products with
nominal horizontal and vertical resolutions. Resolutions can be varied depending on
the application.



Modeling system used in Analysis (Chieko Kittaka, Lead)

Real-time Air Quality Modeling System (RAQMS)

RAQMS, ionat (80km) AOD Assimilation/Forecast Procedure

MODIS Rapid Responsé
Wild fire locations

GMAO global aerosol

RAQMS global chemical

forecasts \ RAQMS forecasts
Regional
Sulfate
Nitrate
Black Carbon @
Organic Carbon

Single Assimilation Cycle

* MODIS AOD assimilation constrains total AOD S-day RAQMS

* RAQMS First Guess determines compositions and ‘ BV IO ‘ Regional Aerosol
vertical distributions . 7 t - Forecast
MODIS (Terra) overpass &@&
067 127 187 007

>

eAssimilation of MODIS Direct
Broadcast AOD
*CONUS domain (80kmx80kmx0.4km)

*RAQMS global analyses used for
chemical constraints

*GMAQO global aerosol analysis/forecast
products used for lateral boundary
conditions

*Convective transport due to fires is
represented based on total carbon
burned with the conversion factor of
8000 BTU/Ib. The heat flux is
partitioned into two components,
sensible heat flux and radiative heat
flux, and added to the soil layer of fire
locations. Relative humidity is assumed
to be 100 % where a fire location is.

RAOMS Aerosol Mechanism:

Sulfate [Kittaka, 2004],

*Dust, Sea Salt, Carbonaceous Aerosol from GOCART [provided by Mian Chin, GSFC]
*Nitrate and Ammonium from GEOS-CHEM [provided by Rokjin Park, Harvard]



Continental Aerosols observed
from MODIS (Terra) during Sept. 2006

Mean MODIS AOD for 09/01/2006—09/30

Biomass Persistent sulfate
emission from pollution
wild fires
Dust from
Sahara

Artifact due to high
reflective surface



Deer Park surface data provided by TCEQ

Analysis period: August 23-Sep 15, 2006
August 28: Dust event
Sept 02-09: Sulfate/Carbonaceous event

CAMS 3%, Region 12 Houston, EPA Site: 482011030
Siter Hous.Dear Park 2 ¢35/1001 /AFHT 30F23G [H]

é T 1 1 E 25 2 T I__
£ 3 sa b SO4 b
2 3k E I ]
T e 15 L J
Z S '
5 2° = ok ]
2 g ' :
10F <F ‘ ﬂ 3
AuglS  Aug2B  Sepl7  Sepi? Augl  Aug2B  Sepl7  Sepl7  Sep27
Year 2008 ear 2004
%)
------------------------------------------- = L B S S S
a - 4
BT Carbonaceous = Residual (Dust) :
. L a o ]
Ser . 3 30F E
I a L
Lo B 2
= =
% 2 20
2 3
£ + 1
8 7
.......................... =2 aq E
Sapl7 Sepl? = Augls AugLs Sapl? Sepl? SepZ?

Yedr 2006 Year 2006



Dust Event: Augus’[ 28th, 2006 CAMS 35, Region 12 Houston, EPA Site: 48—201—1039

Site: Hous.Oeer Park 2 C35/1001/AFH139F239 [H]
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Significant fraction of AIRNow A iy e PR P S
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SE Texas on August 28th

RAQMS Dust AOD RAQMS vs AIRNow PM2.5
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Dust Event: August 28, 2006

Ve ry H ig h (>O . 3) to H ig h (> . 15) NASA Langley B200 King Air TexAQSIGoMAC?S August 28, 2006
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CALISPO Backscatter profiles for August 17-28, 2006
Boundary Layer back trajectories from August 28 CALIPSO track shown in red
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Sulfate Event: Sept. 03, 2006 MODIS (Terra) AOD 09 /03/2006

2006-09-03 07-56-58UTC Nighttime Conditions
Yersion: 1.07 Image Date: 09/11/2006
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CAMS 55, Region 1/ Houston, EFA Site: 40—201—-10.549
Site: Hous.Deer Park 2 C35/1001/AFH139F239 [H]
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Sulfate Event: Sept. 03, 2006

HSRL Observations show significant >0.5 AOD

With low Depolarization Ratios, consistent with sulfate

aerosols
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Sulfate/Carbonaceous Event: Sept. 09, 2006

2006-09-08 08-15-03UTC Nighttime Conditions
Version: 1.08 Image Date: 09/27/2006
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CAMS 90, Kegion 1.2 Houston, EFA Site: 4do—201—-10.54
Site: Hous.Deer Park 2 C35/1001/AFH139F239 [H]

Sulfate/Carbonaceous Event:
Sept. 09, 2006

Carbonaceous
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HSRL Aerosol Classification Sept 08, 2006
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Summary

MODIS AOD, combined with CALIPSO attenuated backscatter measurements,
provides a 3-dimensional view of continental scale aerosol transport.

RAQMS aerosol analyses provide insight into continental aerosol composition
and provide link between continental scale satellite, local airborne and surface
measurements.

HSRL aerosol optical measurements provide insight into 3-dimensional SE
Texas aerosol composition, validation of CALIPSO attenuated backscatter, and

verification of RAQMS analyses.

Synthesis of these observations and model analyses show the influences of
synoptic and hemispheric scale transport processes on speciated aerosol
measurements from the TCEQ Deer Park during TEXAQS I1.



