
Annual Model Simulations and Annual Model Simulations and 
Evaluation of Particulate Matter at Evaluation of Particulate Matter at 
3636--km and 12km and 12--km Grid Resolutionskm Grid Resolutions

Sharon B. PhillipsSharon B. Phillips
US EPA / OAQPS / EMAD / AQMGUS EPA / OAQPS / EMAD / AQMG

4th Annual CMAS Models-3 User’s Conference     
September 27, 2005



AcknowledgementsAcknowledgements

OAQPS / EMAD / AQMG & EIG:OAQPS / EMAD / AQMG & EIG:
–– CoCo--Authors:Authors: Carey Jang, Norm Carey Jang, Norm PossielPossiel, Pat , Pat DolwickDolwick, , 

Brian Brian TiminTimin, Tom , Tom BravermanBraverman, Marc , Marc HouyouxHouyoux, and , and 
Tyler FoxTyler Fox

ORD / NERL / ASMD / MEARB & AMDB:ORD / NERL / ASMD / MEARB & AMDB:
–– Ken Ken SchereSchere, Alice Gilliland, Shawn Roselle, Jon , Alice Gilliland, Shawn Roselle, Jon 

PleimPleim, Jeff Young, , Jeff Young, WyatWyat AppelAppel, Robert Gilliam, etc., Robert Gilliam, etc.

EPA contractor EPA contractor –– CSC (support staff)CSC (support staff)



OverviewOverview
PurposePurpose
–– Evaluation/comparison of 2001 annual CMAQ model simulations Evaluation/comparison of 2001 annual CMAQ model simulations 

at 36at 36--km and 12km and 12--km grid resolution focusing on:km grid resolution focusing on:
Case study analysis of Sulfate PM predictionsCase study analysis of Sulfate PM predictions

BackgroundBackground
–– As part of a collaborative effort involving OAQPS (AQMG & EIG) As part of a collaborative effort involving OAQPS (AQMG & EIG) 

and ORD (ASMD) this CMAQ comparative evaluation for 2001 and ORD (ASMD) this CMAQ comparative evaluation for 2001 
has led to:has led to:

Improve the science in CMAQImprove the science in CMAQ
Investigate model performance at finer (12Investigate model performance at finer (12--km) resolutionkm) resolution
Develop meteorological and emissions data for 2001 at 36Develop meteorological and emissions data for 2001 at 36--
km & 12km & 12--kmkm
Develop boundary conditions from a global chemistry / Develop boundary conditions from a global chemistry / 
transport model for continental U.S. modelingtransport model for continental U.S. modeling



Configuration of Model PlatformConfiguration of Model Platform

Model version:Model version:
–– CMAQ Version 4.4CMAQ Version 4.4

Model domain:Model domain:
–– Continental U.S., 148 x 112 at 36Continental U.S., 148 x 112 at 36--km resolutionkm resolution
–– Eastern U.S., 279 x 240 at 12Eastern U.S., 279 x 240 at 12--km resolutionkm resolution
–– Lambert Conformal map projectionLambert Conformal map projection
–– 14 vertical layers14 vertical layers

Model inputsModel inputs::
–– Meteorological data:  MMMeteorological data:  MM--5 v3.6.1 (365 v3.6.1 (36--km); MMkm); MM--5 v3.6.3 (125 v3.6.3 (12--

km); MCIP v2.3 (36km); MCIP v2.3 (36--km & 12km & 12--km)km)
–– Anthropogenic emissions based on NEI 1999 projected to 2001 Anthropogenic emissions based on NEI 1999 projected to 2001 

(SMOKE), Biogenic emissions based on BEIS 3.13(SMOKE), Biogenic emissions based on BEIS 3.13
–– BCsBCs/ICs nested from a global chemistry model (GEOS/ICs nested from a global chemistry model (GEOS--CHEM)CHEM)





Components of Model PerformanceComponents of Model Performance

Relative performance across model applications Relative performance across model applications 

Predictions of PMPredictions of PM2.52.5 component species from component species from 
3636--km & 12km & 12--km model grid resolutions versus km model grid resolutions versus 
ambient dataambient data

STN STN –– urbanurban
CASTNetCASTNet –– rural / suburbanrural / suburban
IMPROVE IMPROVE –– rural / remoterural / remote

Case studyCase study -- compared SOcompared SO44 & NO& NO33 speciesspecies
Nitrate PM Nitrate PM –– JanuaryJanuary
Sulfate PM Sulfate PM –– JulyJuly



■ IMPROVE – rural / remote (145 sites)

▲ CASTNet – rural / suburban (83 sites)

● STN – urban (139 sites)



January - Nitrate PM (µg/m3)

36-km 12-km



July - Sulfate PM (µg/m3)

36km: 2001 ag CMAQ 4.436-km 12-km



July - Sulfate PM (ug/m3)
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July - Sulfate PM (ug/m3)
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Issues examinedIssues examined
(differences among grid resolutions)(differences among grid resolutions)

Why is summer SOWhy is summer SO4 4 different between different between 
3636--km & 12km & 12--km?km?

–– used postused post--processing technique to processing technique to 
evaluate/compare 36evaluate/compare 36--km vs.12km vs.12--km model resultskm model results

1.1. Emissions inputs Emissions inputs 

2.2. Meteorology (processes) inputs:Meteorology (processes) inputs:
Cloud processesCloud processes
PrecipitationPrecipitation
Wet depositionWet deposition



July - Precipitation (cm)
12 km36 km 36-km 12-km

Bias ≈ +50% Bias ≈ +25%



July - Sulfate Wet Deposition (kg/Ha)

12 km36 km 36-km 12-km



July - Wet Sulfate Deposition
% Change between 36-km & 12-km

Wet SO4 deposition –
greater at 36-km; 
removing more SO4 in 
36-km therefore less 
SO4 ambient concs.



More cloud fraction cover in 36-km –
potential for producing more aqueous 
phase SO4.

36-km 12-km

Total Cloud Cover – used for aqueous 
phase chemistry, i.e. aqueous 
oxidation of SO2 to SO4.

July - CMAQ Total Cloud Cover (%)



July - Resolved Clouds & Sub-grid Clouds
Δ Rn (36km - 12km) Δ Rc (36km - 12km)

Resolved clouds (Non-convective 
precipitation)- negligible differences 
between 36-km & 12-km. 

More sub-grid clouds (convective 
precipitation) in the 36-km. 



Sulfate PM (µg/m3): July 19th

12km: 2001 ag CMAQ 4.436-km 12-km



Δ Sulfate PM (µg/m3): July 19th

(12km - 36km)



Wet Sulfate Deposition: July 19th

% Change between 36-km & 12-km

Wet SO4 deposition–
greater at 36-km; 
removing more SO4 in 
36-km therefore 
less [SO4].



Sub-grid Clouds: July 19th

Δ Convective Precipitation                             
(36km - 12km)

More sub-grid clouds 
(convective precipitation) in 
the 36-km.



SummarySummary
Annual CMAQ simulations showed comparable PMAnnual CMAQ simulations showed comparable PM2.52.5 species species 
between 36between 36--km & 12km & 12--km resolution; except for summer sulfate which km resolution; except for summer sulfate which 
was notably higher in 12was notably higher in 12--km modeling. km modeling. 

CMAQ modeling was sensitive to differences of meteorological (MMCMAQ modeling was sensitive to differences of meteorological (MM5) 5) 
inputs used for the 12inputs used for the 12--km grid resolution (more convection enhancing km grid resolution (more convection enhancing 
precipitation) due to:precipitation) due to:
–– Cloud processesCloud processes
–– PrecipitationPrecipitation
–– Wet depositionWet deposition

Summer wet deposition in 12Summer wet deposition in 12--km modeling was lower due to lower km modeling was lower due to lower 
precipitation amounts at 12precipitation amounts at 12--km, resulting in less deposition and km, resulting in less deposition and 
therefore greater sulfate PM concentrations.therefore greater sulfate PM concentrations.

This case study helped inform CMAQ developers on issues This case study helped inform CMAQ developers on issues 
addressing:addressing:
–– Grid resolutionGrid resolution
–– Meteorological modelingMeteorological modeling
–– Chemical transport model (CMAQ)Chemical transport model (CMAQ)



This case study:This case study:
–– Led to a rapid incorporation of the ACM cloud model (from the Led to a rapid incorporation of the ACM cloud model (from the 

forecast model into the community version of the model)forecast model into the community version of the model)
Added new subAdded new sub--grid cloud mixing algorithm/modulegrid cloud mixing algorithm/module

–– ReRe--examination of the aerosol dry deposition algorithm and examination of the aerosol dry deposition algorithm and 
model updatesmodel updates

–– Inclusion of extra cloud variables into the cloud diagnostics fiInclusion of extra cloud variables into the cloud diagnostics filele

CMAQ ImprovementsCMAQ Improvements

RMSE (%)RMSE (%) NMB (%)NMB (%) NME (%)NME (%)

v4.4v4.4 v4.5v4.5

3.233.23 2.532.53

3.393.39

1.741.74

4.144.14

2.602.60

v4.4v4.4 v4.5v4.5 v4.4v4.4 v4.5v4.5

IMPROVEIMPROVE 26.6926.69 2.922.92 41.6441.64 32.8532.85

STNSTN 28.7128.71 13.8313.83 52.352.3 44.4844.48

CASTNetCASTNet 21.1021.10 0.590.59 27.3627.36 19.0319.03
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