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CMAQ

A copy of NCEP developmental
PM version of air quality forecast
system (no updates since 2006)

CONUS (5x) domain: 442x265
with 12 km resolution

Vertical: 22 layers
Aerosol variables: 26

~7x107 aerosol observations required for IC !!!
Satellite AOD provides 442*265~10° at most !!!

Species description

Variable Name

Accumulation mode sulfate mass

ASO4]

Aitken mode sulfate mass

ASO4I

Accumulation mode ammonium mass

ANH4J

Aitken mode ammonium mass

ANH4I

Accumulation mode nitrate mass

ANO3J

Aitken mode nitrate mass

ANO3I

Accumulation mode anthropogenic secondary organic mass

AORGA]

Aitken mode anthropogenic secondary organic mass

AORGAI

Accumulation mode primary organic mass

AORGPA]

Aitken mode primary organic mass

AORGPAI

Accumulation mode secondary biogenic organic mass

AORGBJ

Aitken mode secondary biogenic organic mass

AORGBI

Accumulation mode elemental carbon mass

ACE]

Aitken mode elemental carbon mass

ACEl

Accumulation mode unspecified anthropogenic mass

A25]

Aitken mode unspecified anthropogenic mass

A2S]

Coarse mode unspecified anthropogenic mass

ACORS

Coarse mode marine mass

ASEAS

Coarse mode soil-derived mass

ASOIL

Aitken mode number

NUMATKN

Accumulation mode number

NUMACC

Coarse mode number

NUMCOR

Aitken mode surface area

SRFATKN

Accumulation mode surface area

SRFACC

Accumulation mode water mass

AH20]

Aitken mode water mass

AH201




GASP AOD

4 km X 4 km horizontal resolution
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MODIS AOD

MODIS ACD Retrievals
20060905:15:35:43 — 15:43:28 —> 20060905:16

\\.

MODIS ACD Retrievals
20060905:17:13:41 - 17:22:21 —-> 200680945:17

MODIS ACD Retrievals
20060905:18:51:41 — 19:00:058 —> 20060905:19

a0 g

MODIS ACD Retrievals
20060905:20:31:25 - 20:39:34 —> 20060805:21
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More accurate AOD retrievals from advanced instruments

Limited temporal resolution



Schematics of AQF System
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An Example of AOD Analysis

FIRST GUESS GOES Aerosol Optical Depth 12:15UTC B/1 /2006
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Aerosol Concentrations Adjustment

anda

T
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T

* Number, surface area and mass concentrations of all aerosol
species in all layers are adjusted the same way, so that the
size, type and vertical distributions from the first guess
are all kept the same
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Eastern U.S. Urban/Industrial Haze
Episode

July 30-August 6,

2006

Eastern US

Hot and humid
weather

Industrial Haze
— Ozone and PM

iolati Image source, UMBC smog blog
violations (http://alg.umbc.edu/usaq/images/20060

801img.jpg)
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A Wildfire Episode

« Sept. 01-09, 2006
« US NW Region
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Aerosol Vertical Distribution

5X Domain 5X Domain
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* In general, CMAQ aerosols have a gaussian distribution with
two peaks. One near the surface and one near 850 mb

« This profile needs evaluation. Since aerosol sources are near
the surface (with some exceptions), there should be a vertical
gradient in aerosols with peak concentrations near the

surface A



Sigma Level

Comparison of CMAQ and CALIPSO Vertical Profiles of

Aerosols (Sulfate Episode)
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« Since assimilation tunes the profile by same ratio

everywhere and aerosols were confined to the boundary

layer, improvements at the surface are observed.
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Comparison of CMAQ and CALIPSO Vertical Profiles of
Aerosols (Wildfire Episode)
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Assimilation tunes aerosol concentrations based on CMAQ
aerosol vertical profile

Since assimilation tunes the profile by same ratio everywhere,
aerosol concentrations are amplified in the region where

aerosols peak. Thus, aerosol concentrations near the surface

can be underestimated/overestimated despite data

assimilation
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Height — Time Cross-section of Aerosol Extinction

Equivalent Extinction Profile at (362,103) of 5X Domain
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Conclusions

* Aerosol assimilation studies show a big impact
on CMAQ PM2.5 predictions

— GOES AODs have a bigger impact on PM2.5
predictions than MODIS. Specifically due to frequent
updates of CMAQ initial conditions with GOES
compared to MODIS

— Improvements depend on
 Original CMAQ aerosol vertical profile
 Quality of satellite data

— An objective way to determine altitude dependent
tuning of aerosol concentrations is required

* Investigate how to use OMI Al for this application

« Assimilation using GSI methodology is currently
under development
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