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

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

A http://views.cira.colostate.edu/iwdw/docs/wags_2014v1_shakeout_study.aspx

ASeveraI MPE issues were identified in 2014v1 MPE:

o EPAGs 2 0 1-€he@ Emuation overestimated ozone year -round
A Conducted revised 2014 GEOS  -Chem simulation that corrected problem

0 Coastal SO4 overestimation in CAMX
A Conducted sensitivity tests (e.g., DMS chemistry) but was unable to correct issue

o NO3 underestimation in western U.S.
A Tested and adopted ammonia bi -directional dry deposition module

0 BEIS vs MEGAN biogenic emissions

A Evaluated 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 )

Model CAMXx 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)

A CAMx V7.0 & 2014 Annual Period
A 36US1/12WUS2 Two -Way Grid Nesting

A Evaluate CAMx performance generally using
same procedures as i n EPA
national regional haze modeling that used
CAMx v7.0 and 2016betad p

A CMAQ 2014v2 modeling on hold:
o New CMAQ v5.3 (Aug 2019) & MCIP v5
o0 Needs complete re -processing of WRF met data

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

o Doesndét s ufwpymesting t wo
0 Reported issues with source apportionment

o New version of model needs more tests
A CMAQ v5.3.1 released Dec 2019 w/ bug fixes
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CAMX 2014v2 MPE for 12WUS2 Domain and 7 Climate Regions

A Climate Regions used by EPA to Evaluate
12WUS2 Domain CAMx 2016 bet ab

U.S. Climate Regions

A For CAMx 2014v2 evaluation have whole
climate regions:

Morthern Rockies

and Plains Up yer Midwiest . “ (@) WeSt

West North @entral] ¥ East North Cetral)
o Northwest
Ohio Yalley . ;
'f‘:l._l.:'::ntr'al: : ’ 0] SOUthWGSt
Southeast ) 0 NRockiesPlains

A And partial climate regions:

o South
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Primary Model Performance Statistical Metrics used by EPA

A Mean Bias ( MB) average difference between A Mean Error ( ME) avg absolute differences
Predictions and Observations (ug/m3) between Pred and Obs (ug/m3)
1 n 3 15"
_ ME m )= — P, — 0
MB (ugm=3) = - E (. — 0)) (g m™) nZH' Uil
mn i=1

A Normalized Mean Error ( NME ) avg
absolute difference between Pred and Obs

A Normalized Mean Bias ( NMB ) avg difference normalized by avg Obs

between Pred and Obs normalized by avg Obs

T
. NME (%) = 1':?_0'*101}
1(P —0) 21(0)
NMB (%) = - + 100
Ei(ﬂ} APersonds Correlat)ion Coef
Compare with EPA 2016betad MPE and use B _
Performance Goals and Criteria to help put CAMx Yieq (B — P)(O; — 0)
2014v2 MPE in context r=
(Emery et al., 2016, JAWMA) JE?Zil:P:' _ sz JE?zili'Df _ ﬂ}z
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SO4 NMB Winter -- Spatial Maps of MPE Statistics for WUSA
WAQS CAMXx 2014v2 EPA CAMx 2016betab

UNER =
S04 NMB (%) for run WRAP_2014v2b for Winter B0 AR ) b non CAUe ST0END e TR dmg 19

 coverage ek - TS
1-\‘1-.

P T
K;".‘ ™ ¥ = 100
 run & " a0

80
7O
&0
S0

| . 40
l"[ 20
3 Sy by

10
]
=1
-20
30
—40
-50
-
-7
-BD
~30
100

CIRCLE=IMPROVE; TRIANGLE=CSN; SQUARE=CASTNET: CIRCL E=|MPRIOVE: TRIANGLE=CS

S04 NMB MPE i T  voverage lonkt = T

Goal O+ 10% —

Criteria O 30% ;




SO4 NMB Summer -- Spatial Maps of MPE Statistics for WUSA

WAQS CAMx 2014v2

S04 NMB (%) for run WRAP_2014v2b for Summer
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S0 HME Plidor mun CANG D06k camaTed dmd wnds -
| coverage ik = T5%

SO4 NMB MPE GIRGLE-IMPAOVE, TAIANGLE-CS T~ 00
Goal Ot 10% 8

Criteria

O+ 30%



S04 NMB Kellygrams -- IMPROVE Regional Model Performance

A Note different AMET auto  -scale

ANorthwest SO4 overestimation both base cases, wo
A 2014v2 better SO4 MPE West, Southwest and NRockiesPlains

A2014v2 | arger underestimation than 2016betad in
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2014v2 SO4 Scatter

A Winter, Spring, Summer, Fall
A NMB =17%, -16%,

A Goal+t10 %: Cr

-23%,

- 1%
t 8001

A Coastal SO4 overestimation in

summer

A Northwest SO4 overestimation

A SO4 underestimation in South,
especially in Spring and Summer
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Scatterplot S04 Improve network for Winter
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Scatterplot SO4 Improve network for Summer
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Scatterplot SO4 Improve network for Spring

© IMPROVE (WRAP_2014v2b)

©

o

o o®  SO4 (ug/m3)
o] o
o o o
° o &7 e, ® WRAP_2014v2b -
© o v
8 60 O, ® o .
. & %g’o P02 & ® MO Mn_M RMSE NMB

o o O o]
§88Cg@ SAMPROVE 3002 06
@ %O Qo O °
8B o °
oo go °
@

o

05 043 -155

0 1 2 3 4 5 6

Observation

Scatterplot SO4 Improve network for Fall
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SO4 Time Series

SO4 (ug/m3)
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I MORA -Northeast & PORE

WRAP_2014v2b SO4 for IMPROVE Site: MORA1 in WA
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SO4 Time Series T
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CANY & BALD - Southwest

WRAP_2014v2b SO4 for IMPROVE Site: CANY1 in UT
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SO4 Time Series T

BRID & THRO

- NRockiesPlains

WRAP_2014v2b SO4 for IMPROVE Site: BRID1 in WY
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NO3 NMB Winter -- Spatial Maps of MPE Statistics for WUSA

MOY KMB [ for run CERy 208G camaTh? dms 18 ynpes -

NO3 NMB (%) for run WRAP_2014v2b for Winter
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NO3 NMB Summer -- Spatial Maps of MPE Statistics for WUSA
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NO3 NMB Kellygrams -- IMPROVE Regional Model Performance

A2014v2 higher NO3 than 2016betabd
0 2014v2runwith bi  -di ammonia and drydep with lower surfaced resistance (RSCALE =1)

A 2014v2 Northwest All Year and Fall Most Regions NO3 overestimation bias
A 2014v2 better winter NO3 performance
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NO3 IMPROVE WUSA

A Winter, Spring, Summer, Fall

A NMB = 8%, 0%, 4%, 39%

A Goal+xl1® %;:

A Fall and Summer NO3
overestimation
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Scatterplot NO3 Improve network for Winter

oo
NO3 (ug/m3)
- R R
o o o
o, ® o WRAP_2014v2b
o @ 4 N Mn_Q Mn_M RMSE NMB
1 oee ‘tgﬂ Q IMPROVE 2870 06 06 137 7.8
g ° o :
o
(o]
%O ° o 5 o
@_ %%
) ° o
T T T T T
0 5 10 15 20 25 30

7| © IMPROVE (WRAP_2014v2b)

Observation

Scatterplot NO3 Improve network for Summer
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Scatterplot NO3 Improve network for Spring
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Scatterplot NO3 Improve network for Fall
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NO3 (ug/m3)

NO3 Time Series

I Northwest: MORA & CRLA

WRAP_2014v2b NO3 for IMPROVE Site: MORA1 in WA
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NO3 Time Series

NO3 (ug/m3)

3.5
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I West: JOSH & JARB

WRAP_2014v2b NO3 for IMPROVE Site: JOSH1 in CA
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NO3 Time Series

NO3 ( ug/m3)

Southwest: CANY & BALD

WRAP_2014v2b NO3 for IMPROVE Site: CANY1 in UT
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NO3 Time Series

NOS3 (ug/m3)
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I NRockiesPlains: THRO & BRID
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