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Multi-yearsEpisodic, AnnualSimulation Periods

EMFAC 2010

Surrogates Updates

On-Road EMFAC 2007

Area Sources/Off-RoadEmissions 

- 2008-2009 AQMD Field 

Study

- 2008 NASA/CARB 
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- Extracted from WRAP model 

results

- EPA default clean condition
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July 14-19, 2005 Ozone Episodes was selected for Meteorological Field Evaluation

The  period dominated by high pressure ridge over the west coast

(500 mb Heights > 5,990 m). 1512z1600z1612z1700z



Observed Ozone for July 15Fri(91 ppb,158 ppb), 16Sat (173 ppb,166 ppb) and 17Sun(165 ppb,145 ppb) 
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D02

D03

D01

MM5 configuration

Projection: Lambert Conformal Conic

Central Meridian: -120.5W

Latitude of Origin: 37N

Standard Parallel 1: 30N

Standard Parallel 2: 60N

Coordinate System: Sphere 6370 km Radius

3-Domain configuration

Number of Domains: 3

Domain 1: Grid Distance 36 km, Grid Dimensions 70x70, SW Corner (-1260,-1260)

Domain 2: Grid Distance 12 km, Grid Dimensions 132x132, SW Corner (-756,-756)

Domain 3: Grid Distance 04 km, Grid Dimensions 162x114, SW Corner (-96,-564)

Air Quality Modeling Domain 3 cells offsets from MM5 Domain3: 

(156x108), SW corner (-84,-552)



D02

D01

MM5 configuration

Projection: Lambert Conformal Conic

Central Meridian: -120.5W

Latitude of Origin: 37N

Standard Parallel 1: 30N

Standard Parallel 2: 60N

Coordinate System: Sphere 6370 km Radius

2-Domain configuration

Domain 1: Grid Distance 12 km, Grid Dimensions 138x138, SW Corner (-828,-828)

Domain 2: Grid Distance 04 km, Grid Dimensions 162x114, SW Corner (-96,-564)

Air Quality Modeling Domain 3 cells offsets from MM5 Domain 2: 

(156x108), SW corner (-84,-552)



WRF configuration

Projection: Lambert Conformal Conic

Central Meridian: -120.5W

Latitude of Origin: 37N

Standard Parallel 1: 30N

Standard Parallel 2: 60N

Coordinate System: Sphere 6370 km Radius

3-Domain configuration

Number of Domains: 3

Domain 1: Grid Distance 36 km, Grid Dimensions 70x70, SW Corner (-1260,-1260)

Domain 2: Grid Distance 12 km, Grid Dimensions 132x132, SW Corner (-756,-756)

Domain 3: Grid Distance 04 km, Grid Dimensions 162x114, SW Corner (-96,-564)

Air Quality Modeling Domain 3 cells offsets from MM5 Domain3: 

(156x108), SW corner (-84,-552)



MM5 Physics Options

– Grell Cumulus Parameterization  

– No Shallow Convection

– MRF PBL

– Simple Ice (Dudhia) Explicit Moisture Scheme

– RRTM longwave Radiation Schemes

– 5 Layer Soil Model

– Vertical Structure 34 levels

– Pressure Top = 10000 Pa



WRF Physics Options

• microphysics option= 3, WSM 3-class simple 

ice scheme 

• longwave radiation option= 1, rrtm scheme

• shortwave radiation option= 1, Dudhia scheme

• boundary-layer option= 1, YSU scheme

• cumulus option = 1, Kain-Fritsch (new Eta) 

scheme

• land surface model= 5: thermal diffusion 

scheme  (number of soil layers=5)



Vertical Structure for the WRF Meteorological Model
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Initial/Lateral boundary condition Data Source

ds083.2 NCEP Global Tropospheric Analyses, 1x1 deg

NCEP Global Analyses on 1x1 degree grids covering the entire globe every six 

hours. (NCEP derives these from the FNL (final) run which they make 

with observations collected through at least six hours after the synoptic time)

ds609.2

The operational NCEP Eta 212 grid (40km) model output is archived in this 

dataset

Upper Air Observation Data Source

ds353.4 NCEP ADP Global Upper Air Observation Subsets 

ds351.0 NCEP ADP (RAOBS, Aircraft, satellite April 2000-)

Surface Observation Data Source

ds464.0 NCEP ADP Global Surface Observations 

ds461.0 NCEP ADP (Surface and Ship data  April 2000-)



WRF Sensitivity Analysis (1)

XXXXXXXXXXXAQMD Surface Observation StationsDatasets

XXXXXXXXXXXMETSTAT (WRF 10m Wind T 2m)Statististical Analysis

XXXXXXXXXXXASOS and RAOBSDatasets

XXOBS_DOMAIN301Station Observation 

XXwrfsfdda_d01,02,03 Surface

XXXXmetoa_em +  wrffddaUpper-Air 

Cressman SchemeObjective Analysis techniques 

OBSGRID

XXmet_em

XXXXXXThree Dimensional Analysis NudgingAnalysis Nudging

XXXXXXXXXXXKain-Fritsch scheme (except D03)Cumulus Parameterization 

XXXXXQuasi-Normal Scale Elimination PBL

XXXXXXYonsei University schemePlanetary Boundary layer 

XXXXXNoah Land Surface Model

XXXXXX5-layer thermal diffusionLand Surface 

XXXXXQNSE surface layer

XXXXXXXXXXXMM5 similaritySurface Layer 

XCAM scheme

XXXXXXXXXXDudhia schemeShortwave Radiation 

XXXXXXXXXXXRRTM schemeLongwave Radiation 

XXXXXXXXXXXWRF Single-Moment 3-class schemeMicrophysics

B15B14B13B12B11B10B09B04B03B02B01OptionsPhysics



XXXAQMD Surface Observation StationsDatasets

XXXMETSTAT (WRF 10m Wind T 2m)Statististical Analysis

XXXASOS and RAOBSDatasets

XOBS_DOMAIN301Station Observation 

wrfsfdda_d01,02,03 Surface

metoa_em +  wrffddaUpper-Air 

Cressman SchemeObjective Analysis techniques 

OBSGRID

met_em

XThree Dimensional Analysis NudgingAnalysis Nudging

XXXKain-Fritsch scheme (except D03)Cumulus Parameterization 

XXXQuasi-Normal Scale Elimination PBL

Yonsei University schemePlanetary Boundary layer 

Noah Land Surface Model

XXX5-layer thermal diffusionLand Surface 

XXXQNSE surface layer

XXXMM5 similaritySurface Layer 

XXXCAM scheme

Dudhia schemeShortwave Radiation 

XXXRRTM schemeLongwave Radiation 

XXXWRF Single-Moment 3-class schemeMicrophysics

B17B16B15OptionsPhysicsu

WRF Sensitivity Analysis (2)
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Bias/Gross Error Windspeed
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Predicted Temperature by Stations

Coastal – LAX

Coastal/Inland - Downtown LA

East Basin - Riverside/San Bernardino

Desert – Palm Springs 
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Land use and Land Cover



Land use Table
AWIP40



AWIP40
Land use Table









Observation Nudging

B09 and B10



 Real-time input observations  2005071418   LEVEL = 1001   NO. OF OBS =       85    

Red: Failed errmax test                                                             

Orange: Extrapolated from single level                                              

Violet: Vertically interpolated and failed errmax                                   

Green: Vertically interpolated                                                      

Gray: Single level interpolated, failed errmax                                      

Cyan: Other errmax failure                                                          

Surface Stations Observation included for 

the period of July 13-17
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Sensitivity Run with QNSE

• B11 - 5 layer Soil Model

• B12 - NOAH LSM

• B13 - b12 w/ 3d FDDA

• B14 - 3D, Surface, OBS FDDA

• B15 – B11 w/ CAM

• B16 – B15 3D Nudging

• B17 – B15 Obs Nudging
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CAMx modeling Results

MM5 S02

WRF B04 B09 B10 B14 B15 B17



MM5 Case S02



WRF Case B04



WRF Case B09



WRF Case B10



WRF Case B14







Spatial plots for Ozone

• Poor ---B05, B14 and b15

• Acceptable –B04, B10 and B17



50713 50714 50715 50716 50717 50718
Date

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

O
z
o
n
e
 (
p
p
b
)

Obs

S02

b04

b09

b10

b14

b15

b17

Observed and Predicted Peak



-15 -10 -5 0 5 10 15
Normalized Bias (%)

0

5

10

15

20

25

30

35

N
o
rm

a
liz
e
d
 E
rr
o
r 
(%

)

s02

b04

b09

b10

b14

b15

b17

14
15

16
17

14

15

16

17

14
15

16

17

14

15

16

17

14

15 16

17

14

15

16

17

14

15 16

17

Normalized Bias and Error



Summary and Future Work

• For retrospective runs, 3D FDDA is an effective tool to replicate day to day 
variability.  Surface FDDA reduced the bias of predicted wind speed.  
However, this needs to be used with caution since it could alter the wind 
field significantly.  The effectiveness of Surface Observational Nudging 
needs further evaluation.

• While NOAH Land Surface model has an advanced mechanism to address 
seasonal changes of surface characteristics, the 5 layer soil model 
appeared to perform reasonably well for the South Coast Air Basin.  We will 
also continue to evaluate the static surface characteristics listed in the 
default lookup table.  Land use and Land cover information require updates 
to reflect the urbanization of the eastern basin and complex coastal 
geographic feature. 

• We will consider a nested grid with finer resolution to address local 
meteorological characteristics driven by complex geography

• In all, we will use MM5 as a primary model while we continue to explore an 
optimum combination of WRF Physics and Parameters options for the 
South Coast Air Basin.



END



Sensitivity Runs

3db01  - BASE 3 Domain

- ds83.2 for Initial/Lateral boundary condition

- 3D and SRF Analysis Nudging for Domain 1 and 2 (Wind, Temperature, Moisture

2db01  - BASE 2 Domain

- ds609.2 (AWIP40) for Initial/Lateral boundary condition

- 3D and SRF Analysis Nudging for Domain 1 (Wind, Temperature, Moisture)

3ds01  - Sensitivity to boundary condition 3 Domain

ds609.2 (AWIP40) for Initial/Lateral boundary condition

3D  and SRF Analysis Nudging for Domain 1 and 2 (Wind, Temperature, Moisture)

3ds02  - Sensitivity to MM5OBS nudging 3 Domain

ds609.2 (AWIP40) for Initial/Lateral boundary condition

3D  and SRF Analysis Nudging for Domain 1 and 2 (Wind, Temperature, Moisture)

MM5OBS nudging on DOMAIN3

2ds02  - Sensitivity to MM5OBS nudging 2 Domain

-ds609.2 (AWIP40) for Initial/Lateral boundary condition

-3D  and SRF Analysis Nudging for Domain 1 and 2 (Wind, Temperature, Moisture)

-MM5OBS nudging on DOMAIN2
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Statistical Evaluation

Metstat

Case 3ds02



≥0.60.380.470.390.49IOAHumidity

≤2 g/Kg 2.332.312.42.69Gross ErrorHumidity/kg)

≤±1.0 g/Kg -0.96-1.32-1.18-1.44BiasHumidity/kg)

≥0.80.940.950.940.95IOATemperature (K)

≤2.0 K 2.212.192.082.18Gross ErrorTemperature (K)

≤±0.5 K 0.400.780.550.46BiasTemperature (K)

≤30 degrees 42.8447.9748.1455.32Gross ErrorWind Direction (deg)

≤±10 deg 8.919.198.207.96BiasWind Direction (deg)

≥0.60.840.780.740.69IOAWind Speed

≤2.0 m/s1.231.241.341.49RMSEWind Speed (m/s)

≤±0.5 m/s0.290.330.300.60BiasWind Speed (m/s)

Benchmark7/17/05 7/16/057/15/057/14/05ParametersMM5 case 3ds02

Statistical Evaluation



Graphical Analysis

U10,V10,T2 spatial plots for MM5 

case 3ds02 and WRF run02 at 

Hour 04, 08, 12, 16











Vertical Wind Profile

SkewT

NKX JULY 16 00Z                VBG JULY 16 00Z 
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NKX JULY 17 00Z                VBG JULY 17 00Z 

NKX JULY 17 12Z                VBG JULY 17 12Z 



















PBL predicted by MM5











Diagnostic Analysis of Wind Fields

Trajectory Analysis
Forward Trajectory: July 15 HR 0600 PST-July 16 HR 0000 PST

Backward Trajectory : July 16 HR 1500 PST-July 16 HR 0600 PST







CAMx simulation

CASE 3ds02

Emissions file: ARB zA04  version















Spatial Distribution of the 

Predicted Ozone Concentration

MM5 (3ds02) and WRF (run 02)









Spatial Distribution of the 

Predicted Ozone Concentration

WRF (run 02) and WRF with pseudo 

Observation Nudging (run 04)









Platform:

HP Proliant DL380 G5 3.00 GHz 2x Quad Core Intel Xeon E5450 ,8x2 GB 

DIMM RAM

8x HP 146GB Hot Plug 2.5 SAS Dual Port 10krpm Hard Drive

Linux  ES 5.0 : PGI  CDK 7.2 Fortran 

Benchmark Runs:

Statewide 3domain, 34 layers configuration 

Single memory option: 15.6 hour user time for 1 day WRF simulation

NCPUS=8 shared memory option: 4.0 hour user time for 1 day WRF simulation


