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WRF-NMM-CMAQ AQF Modeling System

Meteorological
Observations

WRFE=INWIY

WHEPast : Vertical interpolation

: Horizontal interpolation to Lambert grid

NAM Meteorology model

CMAQ-ready meteorology and emissions

Chemistry/Transport/Deposition model

AGEROS] Gridded product files for users

VErirication Tools Performance feedback for users/developers




<EPA

United States
Environmental Protection
Agency

CMAQ Configuration

« Advection

— Horizontal: Piecewise Parabolic
Method

— Vertical: Upstream with re-diagnosed
vertical velocity to satisfy mass
conservation

« Turbulent Mixing

— Asymmetric Convective Model (ACM2);
more later by Jon Pleim

« Cloud Processes
— Mixing and aqueous chemistry
— Scavenging and wet deposition

— “In-cloud” mixing based on the
Asymmetric Convective Mixing

- Atmospheric Modeling Division
National Exposure Research Laboratory

« Dry Deposition
— M3dry modified to use NAM land surface
parameters

— Estimated V sensitive to NAM LSM
changes

« Gas-Phase Chemistry
— ODE Solver: EBI solver
— CBM-IV in Operational model
— CBO05 in experimental/developmental model

— Below cloud attenuation based on ratio of
NAM radiation reaching the surface to its
clear-sky value

« Aerosols

— Superposition of 3 log-normal modes
(aitken, accumulation, coarse)

- 80,%, NO;, NH,*, OC, EC, Na+, CI-, other
primary

— Chemically inactive coarse mode in current
version



<EPA

United States
E

Emission Updates for 2008

« Area and Non-road sources « Mobile Sources
— 2005 NEI v1 — In previous years used T-based
— Non-road emissions based on linear regression approximation to
estimates from EPA Office of MOBILE-6
Transportation and Air Quality (OTAQ) « VMT projections were available
— Wild/Prescribed fires: 1996-2002 till 2007
average  Impact of T-variations is small
L ~2%
- Emissions for Canada - 2005 OTAQ estimates are 12-
— 2000 Base year estimates 15% lower than 2007 AQF
o _ estimates
- Emissions for Mexico — Based on-road emissions on 2005
— BRAVO 1999 inventory for point and OTAQ estimates to account for
area recent changes in this sector
— Included surrogates for spatial :
allocation of area sources » Point Sources
— NO, and SO, using 2006 CEM in
« Biogenic Sources conjunction with DOE/AEO
— Biogenic Emissions Inventory System projections
(BEIS) v3.13 — Other pollutants and non-EGUs:
2005 NEIv1

- Atmospheric Modeling Division
National Exposure Research Laboratory
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EGU NO, adjustments 2008/2006 by region

1.29

AEO estimated
an increase by factor 2.6

Source: derived from Department of Energy Annual Energy Outlook 2007

http://www.eia.doe.gov/oiaf/aeo/index.html
- Atmospheric Modeling Division
National Exposure Research Laboratory



Mechanism (CBMIV, CB05) and Emission (2005 NEI, 2009) Sensitivity
Max. 8-hr O5: August 15, 2007

CBMIV + 2005 NEI CBMIV + 2009 Emission

85

75

« CBMOS5 generally higher

« CBMIV w/2009 emission
estimates may have resulted in
low bias in operational run
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Mechanism and Emission Sensitivity
Max. 8-hr O5: August 15, 2007
CBMIV + 2005 NEI CBMIV + 2009 Emission

« CBMOS5 generally higher

« CBMIV w/2009 emission
estimates may have resulted in
low bias in operational run




SEPA Mechanism and Emission Sensitivity

L Max. 8-hr O3: August 5-18, 2007
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« CBMIV with 2009 emission estimates may have deteriorated peak prediction
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MEB (ppb)

CBMIV (Operational) vs. CBO5 (experimental) performance

Max 8-hr O;, CONUS, June 15-Aug. 31, 2008
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 Lower bias and error with CB05 at moderate-high O5 mixing ratios
* Higher error in regional statistics due to over-prediction at low mixing ratio range

- Could it be for reasons other than chemical mechanism?
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Wildfire Emissions:

Source Characterization and Air Quality Impacts

HMS Fire Detects

Emissions = (Fuel Loading) x
(Acres Burned) x
(Emission Factor)

!

NAM-CMAQ

Atmospheric Modeling Division

* Fuel loading based on the National Fire Danger Rating (NFDR) system
* Emission Factors: Fire Emission Production Simulator (FEPS)

In subsequent runs:

Function of fuel class

National Exposure Research Laboratory
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Impacts of Wildfire Emissions on Max. 8-hr O,
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Impacts of Wildfire Emissions on Daily-avg. PM, ¢
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Can Use of Potential Vorticity Improve Simulated 3-D O, Distribution?
Early Results: Modeled O5 specified by enforcing proportionality to PV (altitude>8.5km);

Obs —@—Base —&— w/PV

Brattslake

0 50 100 150 200 250 300 350

Median 0; (ppb)

* Improvements in upper and mid-troposphere

at all IONS sites
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* Improved representation of lower tropospheric

values in SE U.S.

Layer 1 (O3_PV-03b)

2007 PREMAQ & CMAQ rerun ( PBL_ACM?2 & KZ_min=0.1)
L1-03-aqm.t12z.conc Difference

August 6,2006 12:00:00
iin=0.0 at (1.1), Max=0.0 at (1,1)

« Enhancements in surface-level O,
in regions of convective activity and
frontal passage
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- Atmospheric Modeling Division
National Exposure Research Laboratory
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results in even greater

improvement in upper and

mid-troposphere
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Kalman Filter Predictor Bias Adjustment Method (Kang et al., JGR, in press)
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‘ * Significant improvements in correlation
 Significant reduction in bias and error

- Atmospheric Modeling Division
National Exposure Research Laboratory




Bias Adjustment: Testing in near real-time during 2008

Categorical Statistics Summary (June-August, 2008)

Domain (75 ppb Threshold)

Domain (85 ppb Threshold)
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* Reduces False Alarms
* Improves Hit Rate




<EPA

United States
Environmental Protection
Agency

Bias Adjustment: Testing in near real-time during 2008

Bias and Errors in PM, - forecasts (June-August, 2008)
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Methodology can also improve PM, . forecast guidance

Atmospheric Modeling Division
National Exposure Research Laboratory
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Looking Ahead: CMAQvA4.7
SOA Formation Pathways in CMAQv4.7

Sources

Anthropogenic:
Alkanes
Xylene
Toluene
Benzene

Biogenic:
Monoterpenes
Isoprene
Sesquiterpenes

Products (Accumulation Mode Only)

AALK low-NO

X

(higher SOA yields
under low-NO,)

AXYL1, AXYLZ, | AXYL3
ATOL1, ATOLZ,| ATOL3
ABNZ1, ABNZ2,| ABNZ3

=
.

anthropogenic oligomer products

high-NO,

ﬁ%’

2-product

ATRP1, ATRP2 \

AISO1, AISO2, | Also3 |, aged” SOA

ASQT

model

: — aeid, catalyzed
biogenic oligomer products

7 Precursors

- Atmospheric Modeling Division
National Exposure Research Laboratory

18 SOA Species

Courtesy: S. Napelenok 19
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Anthropogenic SOA
(monthly average, yg/m3)

* Improves seasonal variability
* Summer-time aromatic SOA
increase ~ factor of 3

Change to enthalpy of
vaporization

SOA model update

January

>0.20

0.15

0.10

0.05

0.00



Biogenic SOA
(monthly average, yg/m3)

Change to enthalpy of
vaporization

SOA model update

January

>2.0

1.5

1.0

0.5

0.0



Looking Ahead: CMAQv4.7:

Coarse-mode Chemistry

4 )
In current Developmental AQF model:

« Coarse mode is inert.
- Fine mode species equilibrate
instantaneously w/ inorganic gases

\ J
HNO,
Sea Salt
NH,
H,SO,
Soil, Other
2 FINE MODES COARSE MODE

Courtesy: P. Bhave



Science Improvements for CMAQv4.7:
Coarse-mode Chemistry

/CMAQV4.7: N

» Coarse mode interacts w/ inorganic NO;
gases
- Sink for nitrogen in coastal areas
 New species and interactions NH,*
\_ shown in RED J
HNO,
SO,
NH,
Na*
CI-
HCI
Soil, Other
2 FINE MODES COARSE MODE

Courtesy: P. Bhave



Science Improvements for CMAQv4.7:

New vs. Old model average change: January 2006

Coarse NO, (ug/m3) Increase

Model - Observed (ug/m3)

Model - Observed (ug/m3)

Coarse-mode Chemistry: Impacts
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l Coarse Mode Update

- Accurate representation of partitioning of airborne NO, is important for
describing transport distances and deposition amounts
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Have model changes resulted in performance improvements?

East U.S. sites, Max 8-hr O,, operational model predictions
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* Continuous improvements in performance over years across most conc. ranges

» Reduced over-prediction at low concentrations

* Reduced under-predictions at high concentrations
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- NAM-CMAQ performance for surface-level O, forecast guidance has
improved continuously during 2004-2008

— Forecast guidance coverage also continuously expanded

« Though regional statistics with CMAQ-CBO05 exhibit higher bias/error
compared to CMAQ-CBMIV, CMAQ-CBO05 improves “peak prediction”
accuracy

— Lower bias/error at moderate-high observed O,

— Regional statistics skewed due to over-prediction at low O, range (larger
sample)

— Transitioning operational system to CB05 recommended

« Bias-adjustment can improve the accuracy and utility of the model forecast
guidance

— FY08 testing suggests that implementation in real-time is feasible

« Incorporation of a methodology for including impacts of wildfires on both O,
and PM is desirable

....... Its been fun !

- Atmospheric Modeling Division
National Exposure Research Laboratory
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