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WRAP 2014v1 Shake -Out Model Performance Evaluation (MPE)

ÅCAMx & CMAQ 2014v1 36/12 -km Modeling Platform and MPE

Á http://views.cira.colostate.edu/iwdw/docs/waqs_2014v1_shakeout_study.aspx

ÅSeveral MPE issues were identified in 2014v1 MPE:

o EPAôs 2014 GEOS-Chem simulation overestimated ozone year -round

ÁConducted revised 2014 GEOS -Chem simulation that corrected problem

o Coastal SO4 overestimation in CAMx

ÁConducted sensitivity tests (e.g., DMS chemistry) but was unable to correct issue

o NO3 underestimation in western U.S.

ÁTested and adopted ammonia bi -directional dry deposition module

o BEIS vs MEGAN biogenic emissions

ÁEvaluated new MEGAN v3.1 that performed better than previous version of MEGAN, but 
retained BEIS for 12WUS2 domain due to mostly better PM2.5 OA performance
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2014v1 vs. 2014v2 Final Model Configuration
(Major Changes in Red )

Option CAMx CMAQ (Postponed)

2014v1 2014v2 2014v1 2014v2

Model CAMx v6.5 CAMx v7.0 CMAQ v5.2.1 CMAQ V5.3

Nesting One-Way Two - Way One-Way One-Way

# Levels 25 25 25 35

BCs EPA GC WRAP GC EPA GC WRAP GC

Anthro. 2014v1 2014v2 2014v1 2014v2

Biogenic 12WUS2 BEIS BEIS BEIS BEIS

Fires Bluesky WRAP Bluesky Bluesky

NH3 BiDi No Yes No No

Elements No Yes Yes Yes

SOAALK No Yes Yes Yes



CAMx 2014v2 Base Case / Model Performance Evaluation (MPE)

ÅCAMx v7.0 & 2014 Annual Period

Å36US1/12WUS2 Two -Way Grid Nesting

ÅEvaluate CAMx performance generally using 
same procedures as in EPAôs Sep 19, 2019 
national regional haze modeling that used 
CAMx v7.0 and 2016betaô platform

ÅCMAQ 2014v2 modeling on hold:

o New CMAQ v5.3 (Aug 2019) & MCIP v5

o Needs complete re -processing of WRF met data

o No longer supports layer collapsing, so run 
times ~ 2x CAMx

o Doesnôt support two-way nesting

o Reported issues with source apportionment

o New version of model needs more tests

Á CMAQ v5.3.1 released Dec 2019 w/ bug fixes
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CAMX 2014v2 MPE for 12WUS2 Domain and 7 Climate Regions

ÅClimate Regions used by EPA to Evaluate 
CAMx 2016 betaô

ÅFor CAMx 2014v2 evaluation have whole 
climate regions:

o West

o Northwest

o Southwest

o NRockiesPlains

ÅAnd partial climate regions:

o South
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12WUS2 Domain
Boundary



Primary Model Performance Statistical Metrics used by EPA

ÅMean Bias ( MB ) average difference between 
Predictions and Observations (ug/m3)

ÅNormalized Mean Bias ( NMB ) avg difference 
between Pred and Obs normalized by avg Obs

ÅMean Error ( ME ) avg absolute differences 
between Pred and Obs (ug/m3)

ÅNormalized Mean Error ( NME ) avg 
absolute difference between Pred and Obs 
normalized by avg Obs

ÅPersonôs Correlation Coefficient (r )
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Compare with EPA 2016betaô MPE and use 
Performance Goals and Criteria to help put CAMx 

2014v2 MPE in context
(Emery et al., 2016, JAWMA)



SO4 NMB Winter -- Spatial Maps of MPE Statistics for WUSA
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WAQS CAMx 2014v2 EPA CAMx 2016betaô

SO4 NMB MPE
Goal Ò± 10%
Criteria Ò± 30%



SO4 NMB Summer -- Spatial Maps of MPE Statistics for WUSA
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WAQS CAMx 2014v2 EPA CAMx 2016betaô

SO4 NMB MPE
Goal Ò± 10%
Criteria Ò± 30%



SO4 NMB Kellygrams -- IMPROVE Regional Model Performance

ÅNote different AMET auto -scale

ÅNorthwest SO4 overestimation both base cases, worse with 2016betaô

Å2014v2 better SO4 MPE West, Southwest and NRockiesPlains

Å2014v2 larger underestimation than 2016betaô in South
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SO4 NMB MPE
Goal Ò± 10%
Criteria Ò± 30%



2014v2 SO4 Scatter

ÅWinter, Spring, Summer, Fall

ÅNMB = 17%, -16%, -23%, -7%

ÅGoal Ò±10%; Criteria Ò± 30%

ÅCoastal SO4 overestimation in 
summer

ÅNorthwest SO4 overestimation

ÅSO4 underestimation in South, 
especially in Spring and Summer
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SO4 Time Series ïMORA -Northeast & PORE -West
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Mount Rainer (MORA), Washington

Point Reyes (PORE), California



SO4 Time Series ïCANY & BALD -Southwest
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SO4 Time Series ïBRID & THRO -NRockiesPlains
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NO3 NMB Winter -- Spatial Maps of MPE Statistics for WUSA
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NO3 NMB MPE
Goal Ò± 15%
Criteria Ò± 65%



NO3 NMB Summer -- Spatial Maps of MPE Statistics for WUSA
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NO3 NMB MPE
Goal Ò± 15%
Criteria Ò± 65%



NO3 NMB Kellygrams -- IMPROVE Regional Model Performance

Å2014v2 higher NO3 than 2016betaô

o 2014v2 run with bi -di ammonia and drydep with lower surfaced resistance (RSCALE = 1)

Å2014v2 Northwest All Year and Fall Most Regions NO3 overestimation bias

Å2014v2 better winter NO3 performance
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NO3 NMB MPE
Goal Ò± 15%
Criteria Ò± 65%



NO3 IMPROVE WUSA

ÅWinter, Spring, Summer, Fall

ÅNMB = 8%, 0%, 4%, 39%

ÅGoal Ò±15%; Criteria Ò± 65%

ÅFall and Summer NO3 
overestimation
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NO3 Time Series ïNorthwest:  MORA & CRLA
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NO3 Time Series ïWest:  JOSH & JARB
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NO3 Time Series ïSouthwest:  CANY & BALD
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NO3 Time Series ïNRockiesPlains:  THRO & BRID
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