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Background

® Future Ozone standards could result in many areas in
western U.S. being nonattainment

® \Western Regional Air Partnership (WRAP) has initiated
the West-wide Jump Start Air Quality Modeling Study
(WestJumpAQMS) to:

— Initiate next generation of regional technical analysis for ozone
planning in the western U.S.

— Continue work conducted at the WRAP Regional Modeling
Center (RMC) and leverage recent air modeling studies

— Provide a preliminary assessment of the role of ozone transport
to elevated ozone concentrations across the West
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Background

® Contracting team of ENVIRON, Alpine Geophysics and UNC IE
® WestlumpAQMS Website with products to date
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WestJumpAQMS

The Western Governors’ Association (WGA), on behalf of the Western Regional Air Partnership (WRAP), is coordinating state, local, and federal agency involvement in a large regional
2008 baseline year air quality modeling study called the West-wide Jumpstart Air Quality Modeling Study (WestiumpAQMS). The study is supported by three expert technical contractors
to WGA and western public air quality and land management agendies for the study. The WGA prime contractor is ENVIRON International Corporation (ENVIRON), with Alpine Geophysics
and the University of North Carolina - Chapel Hill as subcontractors. The objectives of the WestlumpAQMS are as follows:

Click to expand. ]
WestJumpAQMS - Modeling Materials

Final WestJumpAQMS Modeling Protocol and Source A rtionment Design document, May 1, 2013

Draft Modeling Protocol Response-to-Comments document, May 1, 2013

Final Review Draft - WestJumpAQMS Modeling Protocol and Source Apportionment Design document,October 19, 2012

Final WestJumpAQMS Modeling Plan, January 23, 2012

Draft Modeling Plan Response-to-Comments document, January 23, 2012

WestJumpAQMS - Emissions Materials

-
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WRAP RMC vs. WestlumpAQMS
Parameter WRAP Westlump
RMC AQMS
Modeling Year 2002 2008
Met Model MM5 WRF
36 km CONUS 165 x 129 165 x 129
12 kemm WESTUS Not Used 235 x 240
4 km IMWD NA 325 x 525
Vertical 34 37
Total Grids 723,690 9,187,470
(13x grids)
(81x resolution)
AQ Model CMAQ CAMx & CMAQ
36 km 148 x 112 148 x112
12 km NA 227 x 230
4 km NA 164 x 218
Layers 19 25
Total Grids 314,944 2,613,450
(8x grids)
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WestlumpAQMS Completed Tasks

(today’s topic)
® \WRF Application/Evaluation
® 2008 Oil and Gas Emissions Update
® 16 Emissions Summary Memorandums
® SMOKE Emissions Modeling
® CAMx Model Input Development

® Calculate Basin-wide WRAP Phase Il O&G EFs for use in
2011 NEI

e CAMx 2008 36/12 km Base Case
— Model Performance Evaluation

¢ CAMx 2008 State- Specnflc Ozone Source Apportionment
Modeling ' AR
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WestJumpAQMS Ongoing Tasks

® CAMx 2008 State-Specific PM Source Apportionment Modeling

® CAMx 2008 Source-Category-Specific Ozone and PM Source
Apportionment Modeling

® CMAQ 2008 Base Case Modeling

® CAMXx 4 km Impact Assessment Domain (IAD) Inputs

® MOZART vs. GEOS-Chem Boundary Condition Sensitivity
® Data Transfer to Three State Data Warehouse (3SDW)

® Final Report and Two more Webinars

— July 17 @ 10am MDT: 4 km IAD; Outline Final Report; State-specific PM
source apportionment; MOZART vs. GEOS-Chem BC sensitivity

— Mid-August: Source category-specific ozone and PM source apportionment;
final report; wrap up
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36 km CONUS; 12 km WESTUS &
4 km IMWD processing domain
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Summary of CAMx 2008 36/12 km Inputs

e \WRF 2008 36/12 km Meteorology
® MOZART Global Model Boundary Conditions

® 2008 Base Case Emissions

— WRAP Phase Ill 2008 Oil and Gas Emissions
= 2008 NEI O&G outside of WRAP Basins

— MEGAN Biogenic Emissions
— Hourly CEM for Electrical Generating Units (EGUs)
— 2008 National Emissions Inventory (NElv2)

— Fire INventory from NCAR (FINN) [Base08a&b]

— DEASCO3 Fire Emissions (Base08c)

AN
1™ 8
J IS8 v s




el [« F] ENVIRON
CAMx 2008 36/12 km Base Cases

® Base08a — FINN Fires -- May, Jun and Jul 2008
® BaseO8b — FINN Fires — 2008 36/12 km Annual

— Correct double counting of SUIT O&G emissions
(Southwest CO) from WRAP and 2008 NEI

® Base08c — DEASCO3 Fires (WF, Rx & Ag) — 2008
36/12 km Annual

— Correct O&G county swapping

— Model performance evaluation

" ozone, PM,  and speciated PM,  (SO4, NO3, NH4, EC, OA,
Soil and OPM?2.5)

" 36 km CONUS and 12 km WESTUS domains and by western
state ‘A Y Y
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CAMx 2008 36/12/ km Base08c Ozone MPE

® Ozone Model Performance Goals
— Bias £ +15% and Error £ 35%

— Original EPA (1991) guidance used Mean Normalized
Bias (MNB) and Gross Error (MNGE) 1 i(Pi -0,)
— Simon, Baker and Philips (2012): N O

i=1 i
® Don’t recommend MNB as not balanced and can blow up at
low observed concentrations so recommend:

— Fractional Bias (FB): ZZN:(F% _Oi]
=" Bounded (<+200%) NZ\ R +0;
— Normalized Mean Bias (NMB): iOi
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Ozone Model Performance

® Daily Maximum 8-Hour Ozone (DMAXS8)
® Matched by day and location (grid cell)

® Scatter Plots of Predicted and Observed DMAXS8 with
Model Performance Statistics:
— Fractional Bias (FB) and Error (FE)
— Normalized Mean Bias (NMB) and Error (NME)
— Correlation Coefficient (R?)
— Regression Equation

® By western state for:
— AQS monitors (urban oriented)
— CASTNet monitors (rural focused)
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Arizona 36 km (red) and 12 km (blue) DMAXS8

® AQS Monitors ® CASTNet Monitors
— NMB=6% & FB=7% — NMB=2% & FB =2%
— NME =13% & FE = 14% — NME =10% & FE = 10%

MDAS Observed vs. Model for AZ MDAS Observed vs. Model for AZ
100 100
12 km 12 km

MNMB 5.8% NMB 2.0%
NME 13.3% NME 9.8%
B 6.8% 80 FB 2.2%
FE 13.8% FE 9.8%
y=0.6917x+18.292 ¥ =0696x+ 16.454

= R® =0.5965 5 60 R®=05313

[-3 [-3

£ 2

3 3 36 km

H 36 km H NMB 1.6%
NMB 5.9% 40 + NME 9.8%
NME 13.5% B 1.8%
FB 7.3% FE 9. 7%
FE 14.1% 20 y=07023x+ 15964
y=06424x+ 20844 R*=0.5373

R =0.5838
o + 12km o T T T T . + 12km
0 20 40 60 80 100 sk 0 20 40 &0 80 100 . 36km
Obs (pph) " Obs (pph)
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cHEES
California 36 km (red) and 12 km (blue) DMAXS8

® CASTNet Monitors
— NMB =-7% & FB = -5%
— NME =14% & FE = 14%

¢ AQS Monitors
— NMB=5% & FB =8%
— NME =20% & FE = 21%

MDAS8 Observed vs. Model for CA MDAS8 Observed vs. Model for CA
140 140
12 km 12 km
NMB 5.3% NMB -6.8%
120 NME 19.6% 120 NME 13.9%
FB 8.4% FB _5.1%
100 FE 21.2% 100 FE 13.9%
y=0616x+ 19452 y=05604x+ 20934
i& 50 4 RZ=0.5795 i& 80 R =06516
3 36 kim 3 36 km
2 0% NMB 6.7% & 50 NMB -8.5%
NME 19.9% NME 14.4%
a0 FB 10.2% 40 - F8 -6.5%
FE 21.5% FE 14.5%
20 y=0585x+ 21048 20 y = 0.55009x + 20.507
R*=05788 R =0.6644
. . r T + 12km 0 T T . r + 12km
60 80 100 120 140 - 36km 60 80 100 120 140 = 36km
Obs (ppb) Obs (ppb)
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Colorado 36 km (red) and 12 km (blue) DMAXS8

¢ AQS Monitors
— NMB=9% & FB =10%
— NME =16% & FE=17%

Model {ppb)

120

g
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MDAS Observed vs. Model for CO

60
Obs (ppb)

T
80

T
100

1
120

12 km
NMB 8.9%
NME 15.8%
FB 10.4%
FE 17.2%

vy =07038x+ 18 467
R*=0.6128

36 km
NMB 11.2%
NME 16.9%
FB 12.9%
FE 18.2%

y=0.6607x+21.614
R? =0.5965

+ 12km

= 36km
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® CASTNet Monitors
— NMB=9% & FB = 9%

— NME =14% & FE = 14%

Model {ppb)

&

g

[e]
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MDAS8 Observed vs. Model for CO

T
20

T
40

12 km
NMB 8.8%
NME 14.1%
FB 8.8%
FE 13.8%
y=04914x+29.774
R* =0.2653
36 km
NMB B.6%
NME 14.0%
FB 8.3%
FE 13.8%
y=0.5785x+25.313
R*=0.3102

+ 12km

= 36km

CASTNet DMAXS overestimations due to modeled stratospheric ozone intrusions
when none occurred [Apr 11 (102), May 8 (129) and Jun 13 (165) — (JDay)]
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Montana 36 km (red) and 12 km (blue) DMAXS8

¢ AQS Monitors ® CASTNet Monitors
— NMB =24% & FB =23% — NMB =26% & FB = 25%
— NME =27% & FE = 26% — NME =29% & FE = 28%

MDAS8 Observed vs. Model for MT MDAS Observed vs. Model for MT
100
100 ko 12 km
NMEB 23.7% NMB 25.7%
MNME 2? 1% NME 239%
80 ® : 80 *
N FB 23 604 . FB 25.2%
! - ;'g'. ' FE 25.8% FE 27.5%
'l " P v =0.5345x+ 24,574 v =04607x+ 28738
= 60 o R? =0.3098 5 60 R*=0.2754
g &
= =
% 36 km = 36 km
§ 40 NMB 26.6% E 20 4 NMB 29.2%
NME 29.4% : NME 31.6%
FB 25.2% FB 28.0%
30 FE 27.5% FE 30.0%
‘,.r=D.522=1-Sx+25.934- 20 vy = 0.4365x 4 30.89
R*=0.28389 R? = 02556
o T T T T * 12km . 12km
0 20 40 60 80 100 o T T T T 1
= 36km
Obs (pph) 0 20 40 60 80 100 " 36km

Obs (ppb)

Cause for overestimation under investigation [CASTNet consists of one site, Glacier]
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ND and SD 36 km (red) and 12 km (blue) DMAXS8

ENVIRON

MDAS8 Observed vs. Model for ND

MDAS Observed vs. Model for ND
5 . 12 km
NMB 7.0%
NME 15.1%
0 FB 7.7%
FE 15.2%
y=06594x+ 15676
= R? =0.5268
g
S 36km
E NMB 7.5%
NME 15.3%
FB 8.3%
20 FE 15.4%
v =06507x+16.193
R®=0.5225
o . . . . + 12km
o 20 40 60 80 = 36km
0Obs (ppb)
MDAS Observed vs. Model for SD
B0 12 km
NMB 13.7%
NME 17.5%
o FB 14.0%
FE 17.3%
y=06924x+ 17516
= R? =0.5507
g
S0 36km
E NMB 13.6%
NME 17.6%
FB 14.0%
20 FE 17.4%
y=06714x+18.308
R®=0.5443
o . . . . + 12km
0 20 40 60 80 = 36km
0Obs (ppb)

80 12 km
: NMB 4.3%
NME 12.6%
o FB 4.6%
. FE 12.4%
¥ = 0.7068x+ 13.697
5 R? =0.5249
g
i a0 36km
g NMB 5.2%
NME 12.8%
FB 5.6%
20 FE 12.6%
y=06912x+14699
R®=05199
0 ; ; ; : + 12km
20 40 60 80 = 36km
0Obs (ppb)
MDAS8 Observed vs. Model for SD
B0 12km
NMB 10.2%
NME 13.2%
© FB 10.2%
FE 12.9%
v=07426x+ 15636
= R?=0.5644
£
S a0 36km
E NMB 8.6%
NME 12.4%
FB 8.7%
20 FE 12.1%
vy =07502x+ 14629
R =05719
o . . . + 12km
20 40 60 80 = 36km

0Obs (ppb)
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ID, NM and OR DMAXS -- AQS Only

100

80

Model {ppb)

5

20

MDAS Observed vs. Model for ID

[=1]
o

a0 60 80 100
0Obs (ppb)

12 km
NMB 2.2%
NME 14.3%
FB 7%
FE 14.5%

¥ = 0.4878x+25.218
R*=0.2877

36 km
NMB 2.2%
NME 14.2%
FB 2.8%
FE 14.4%

y=04867x+25.279
R* =0.2887

+ 12km

= 36km

ENVIRON

® |daho low bias (2-3%)

® NM and OR
overestimation (bias =
14% to 23%)

100

Model (ppb)

MDAS8 Observed vs. Model for NM

40 60 80 100
0Obs (ppb)

12 km
NMB 14.4%
NME 17.5%
FB 14.6%
FE 17.5%
v =06968x+20.147
R* =0.5557
36 km
NMB 15.5%
NME 18.2%
FB 15.7%
FE 18.2%
v=06675x+21952
R*=0.5504
+ 12km
= 36km

Model {ppb)

MDAS8 Observed vs. Model for OR

100
12 km
NMB 13.7%
. NME 22.9%
80
FB 15.0%
: FE 23.3%
- W y=0.5539x%+ 20.75
60 R?=0.3788
- .
T, 36 km
v
LRI [~ NMB 16.2%
40 L] by
i T NME 25.3%
i " ¥ FB 18.0%
.J«'
N LW, - FE 25.7%
20 % i 3] v =0.4442x+25513
TS At o R =0.2953
* +
” + 12km
0 : : : : :
20 a0 60 80 100 " 36km

Obs (ppb)
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Utah 36 km (red) and 12 km (blue) DMAXS8

¢ AQS Monitors ® CASTNet Monitors
—NMB=7% & FB =10% —~—NMB=1% & FB=1%
— NME=15& FE=17% — NME =9% & FE = 9%

MDAS Observed vs. Model for UT MDAS8 Observed vs. Model for UT
100 12 km 80 12 km
NMB 7.2% NMB 1.1%
NME 15.4% NME 8.7%
80 FB 9.8% . FB 1.0%
FE 17.2% FE 8.6%
¥ = 0.5437x + 26.062 ¥ = 0.8044x + 10.663
5 60 R =0.5199 5 RZ =0.5901
[} [-3
2 =
3 36 km < 20 36 km
-
E w0 NMB 8.3% g NMB 1.4%
NME 16.1% NME 8.8%
FB 11.1% EB 1.9%
FE 18.0% 20 FE 8.7%
20 v =0.4952x+ 28.989 ¥=0.819x+ 10.043
R? = 0.4855 R* =0.5893
) * 12km 0 . . . * 12km
0 20 a0 60 80 100 " 36km 0 20 40 60 80 = 36km
Obs (ppb) Obs (pph)

AQS overestimation at low end due to urban monitoring sites and coarse grid.

Very good ozone performance at CASTNet (Canyonlands).
18
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Washington 36 km (red) & 12 km (blue) DMAXS
®* AQS Monitors

— NMB =17% & FB = 15%
— NME =30% & FE =30%

® CASTNet Monitors
— NMB=47% & FB =42%

— NME =48% & FE =43%

N

100

MDAS8 Observed vs. Model for WA

o]
Q

=)
Q
|

Madel (ppb)

=
Q
1

=]
o
L

(=]

12 km
NMB 16.9%
NME 29.5%
FB 14.9%
FE 30.2%
v =0.6608x+16.472
R* =0.3442
36 km
NMB 22.3%
NME 28.8%
FB 22.7%
FE 28.4%
y=05538x+21.68
R* =0.3559

+ 12km

1
100 = 36km

Obs (ppb)

Model (ppb)

80

=]
=]

e
=]

(=]
=]

MDAS8 Observed vs. Model for WA

12 km
NMB 47.2%
NME 48.3%
FB 42.0%

FE 42.8%
y=04581x+29.597
R® =0.3054

36 km
NMB 46.2%
NME 47.4%
FB 41.5%

FE 42.2%
y=0.453x+ 29.46
R* =0.3092

* 12km

T
0 20

T
40 60 80 = 36km

CASTNET (MOR & NCS) has severe overestimation bias partly due to stratospheric
intrusion (e.g., highest modeled DMAXS8 = 77 ppb at MORA on May 27).
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Wyoming 36 km (red) & 12 km (blue) DMAXS
¢ AQS Monitors ® CASTNet Monitors
— NMB=4% & FB = 5% — NMB=3% & FB =3%
— NME =14% & FE = 13% — NME=11% & FE=10%

MDAS Observed vs. Model for WY MDAS Observed vs. Model for WY
140 12 km 100 17 km
NMB 4.1% NMB 3.4%
120 NME 13.7% NME 10.6%
FB 4.5% 80 - FB 3.4%
100 FE 13.4% FE 10.4%
v =0.5489x+ 23461 y=0.6784x+17.681
= R =0.3514 5 60 R =0.4284
E = g
i 36 km i 36 km
2 60 - NMB 4.4% 2 . NMB 1.3%
NME 13.7% NME 10.3%
0 FB 4.8% FB 1.4%
FE 13.4% o FE 10.3%
20 y=0.5532x+23.426 y = 0.6398x+18.553
R* =0.3569 R*=0.4139
0 . . . . . . + 12km o . . . . + 12km
0 20 40 50 80 100 120 140 . 3gkm ) 20 a0 60 80 100 . 36km
Obs (ppb) Obs (ppb)

Model not configured to simulate high winter DMAXS8 ozone in JPAD (e.g., 122 ppb at
Boulder on Feb 21, 2008). CASTNet likely modeled strat ozone in Apr (PND & YEL)
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Summary Base08c DMAX8 Ozone Performance

® Mostly reasonable performance with low bias and
error (some positive bias tendency)

— Larger overestimation bias in WA, NM, OR and MT

— Some occurrences of modeled stratospheric ozone
intrusion when none observed (and vice versa)

® Underestimation of JPAD winter high ozone and
highest ozone in California
— Model not configured for simulating cold pooling

— Coarse (12 km) grid limits urban ozone simulation,
especially in marine environment
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Example Daily Max 8-Hr Ozone Time Series

® Northern California June and July 2008
— Dry lightning on June 21 ignited multiple wildfires

® Gothic, CO CASTNet Apr, May, Jul & Aug

— High terrain monitor susceptible to stratospheric
ozone intrusion

® Glacier, MT CASTNet Jun-Aug

— Why do we have MT ozone overestimation bias?

® Denver Ozone Monitors July 2008

— Several high ozone episodes

22
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Northern California Wildfires Jun-Jul 2008

June Base0D8c DMAXS8 Ozone Shasta 0007 July Base08c DMAXS8 Ozone Shasta 0007
100.00 120.00
90.00
K 100.00
__ 8000 _ &
2 2
& 7000 & 50.00
g 60.00 == b5 rve d E e s rve d
g2 50.00
= °0.00 === Predicted 8 == Predicted
40.00 ﬂ g )
% Su_m —— F"'E qﬂ_m + F'rE'
8 oo A\ £ =
- f H 20.00
10.00
0.00 Ml— 0.00
13 5 7 9 11131517 19 21 23 25 27 29 135 7 9 11131517 19 21 23325327 2931
June Base08c DMAXS8 Ozone Butte 0007 July Base08c DIMAX8 Ozone Butte 0007
120.00 14000
100.00 120.00
2 Z 10000
£ 3000 2
2 == Obse rved g s0.00 #=— Ohserved
[=] 60.00 [=]
8 === Predicted & 60.00 == Predicted
g 40.00 = Fire g g Fire
= Z 4000 I
20.00 50.00
0.00 Wﬂ‘t&uij— 0.00
13 5 7 9 11131517 19 21 23 25 27 29 1 35 7 9 11131517 19 21 2332537 29 31
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Gothic, CO CASTNet Site

April Base08c DMAXS8 Ozone Gothic, CO

90.00
£0.00
= 70.00
[-}
2 50.00
2
£ 50.00
8 40.00
g 30.00
8 70.00

10.00
0.00

e N A
= Obszerved

F 3 == Predicted

v vV

=gl Fire

ik
i 2 3 4 5 & ¥ & 9 10 11 12

May Base08c DMAXS8 Ozone Gothic, CO

90.00
80.00
= 70.00
o
2 50.00
g
£ 50.00
8 40.00
g 30.00
8 70.00
10.00
0.00

= Ohserved

Pt T

drdririeieieieicieicicdeicioieioieioeioes:
1 3 5 7 9 11 13 15 17 19 21

== Predicted

== Fire

July Base08c DMAXS8 Ozone Gothic, CO

=== Ohserved

=== Predicted

== Fire

el e T bt

1 3 5 7 9 111315 17 19 21 23 25 27 219

Aug Base08c DMAXS8 Ozone Gothic, CO

80.00
70.00

= 50.00

- D
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1 3 5 7 9 111315171921 232527 2931

== Ohserved
== Predicted

== Fire
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Glacier, MT CASTNet Site

May Base08c DMAXS8 Ozone Glacier, MT

S0.00

80.00

= 70.00

o
& 50.00

= Ohserved

== Predicted

== Fire

1 3 5 7 9 11131517 19 21 23 25 27 29

Axk Tithe

Jun Base08c DMAXS8 Ozone Glacier, MT

80.00

70.00

£0.00

50.00

=== Ohserved
40.00
=== Predicted

30.00
V e Fire
20.00

10.00

0.00

1 3 5 7 9 11131517 19 21 23 25 27 29

Jul Base08c DMAXS Ozone Glacier, MT

7y

30.00 == Predicted

F0.00

S 5 8
g8 8 8

== Ohserved

MANB Ozone (ppb)

== Fire
20.00

(=]
10.00

000 Uity s iyt ittty

1 3 5 7 9 111315171921 232527 2931

Sab. A

Axi Title

Aug Base08c DMAXS8 Ozone Glacier, MT

F0.00

50.00

50.00

30.00 == Predicted

= Ohserved

== Fire
20.00

10.00

0.00
1 3 5 7 9 111315171921 232527 2931
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Denver Ozone Monitors July 2008
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Jul DMAXS8 Ozone Rocky Flats No

Jul Base08c DMAX8 Ozone Chatfield

90.00 100.00
20.00 Q000
70.00 5 000
50.00 g 7000
_".; 50.00 === Ohserved E 60.00 === Ohserved
2 an.00 == Predicted 8 =0.00 == Predicted
- 40.00
30.00 =glr= Fire % 30.00 =glr= Fire
20.00 J—
10.00 10.00
0.00 ciebirsubebedd ok i bbb e 0.00 ceiiobededed etk bk e deied
13 5 7 9 11 1315 17 19 21 23 25 27 29 31 1 35 7 9 11131517 19 21 2325 27 29 31
Jul Base08c DMAXS Fort Collins West Jul Base08c DMAXS8 Greeley
90.00 90.00
80.00 80.00
3 70.00 3 70.00
£ 60.00 £ 60.00
£ 5000 == Observed g s0.00 =—#— Observed
8 s0.00 == Predicted 8 4000 8- Predicted
30.00 = Fire 30.00 e Fire
S 20.00 S 2000
10.00 10.00
0.00 Hiotdeiriebebed b gk sbibetededebeied 4 g drdciied. 0.00 gl o bttt b etk

1 3 5 7 9 111315171921 232527 2931

1 3 5 7 9 111315171921 232527 2931
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Next Steps Ozone Model Performance

® Continue analyzing ozone model performance results

® Performing MOZART vs. GEOS-Chem 36 km CONUS
Boundary Condition (BC) sensitivity test

— Tracking ozone from BCs at three vertical levels:
= Clearly stratospheric ozone (upper levels)
= Clearly tropospheric ozone (lower levels)
" |n between (middle levels)

— Determine whether GEOS-Chem does better job in estimating
stratospheric ozone intrusion and reduces ozone positive bias
® After performing simulation for 4 km Detailed Source
Apportionment Domain (DSAD) analyze 4 km ozone
performance and compare with 12 km results

G\
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Base08c Particulate Matter Model Performance

® Total PM, . Mass
— FRM, CSN and IMPROVE monitoring networks

® Speciated: SO4, NO3, NH4, EC, OA, Soil, OPM?2.5, PMC
— CSN, IMPROVE, CASTNet and NADP
— Soil & OPM25 two measures of other PM2.5

® PM Model Performance Goals and Criteria from RPOs

Fractional Fractional
Bias (FB) Error (FE)

Ozone Performance Goal <+15% <35%

PM Performance Goal <+30% <50%
PM Performance Criteria <+60% <75%
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Base08c PM Model Performance

® CAMx 2008 36 and 12 km Base08c PM model
performance across 12 km WESTUS domain and
comparison with PM performance goals and criteria

® Bar Charts of monthly and annual Fractional Bias (FB) and
Fractional Error (FE) across CSN (urban) and IMPROVE

(rural) monitoring sites in the 12 km WESTUS domain for
total PM, . mass and speciated PM, .
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Total PM, . Mass 12 km WESTUS
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Sulfate (SO4) 12 km WESTUS
CSN IMPROVE
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Nitrate (NO3) 12 km WESTUS
CSN IMPROVE
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Ammonium (NH4) 12 km WESTUS

CSN

IMPROVE (NH4d)
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Elemental Carbon (EC) and Organic Aerosol (OA)
CSN IMPROVE
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Two different ways of looking at Other PM2.5

® Observed

— Soil =3.73*Si + 1.63*Ca + 2.42*Fe + 1.94*Ti

— OPM2.5 = PM2.5 - (SO4+NO3+NH4+EC+0A)

= |[f OPM2.5 is negative it is set to zero, which happens fairly
frequently

® Modeled

— PMFINE = all PM2.5 not explicitly speciated into SO4,
NO3, NH4, EC or OA in the emissions modeling

® Different PM measurement techniques have
different measurement artifacts

AN
NS
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Other PM2.5 WESTUS 12 km Domain

CSN IMPROVE
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PM Model Performance using Soccer Plots

ENVIRON

® Soccer Plots are scatter plots that plot monthly Fractional
Bias (FB: x-axis) versus Fractional Error (FE: y-axis) with
the PM Model Performance Goals and Criteria
represented as boxes

¢ |f the FB/FE monthly point falls within the Performance
Goal and/or Criteria box that that benchmark is achieved

® Separate Soccer Plot for each western State and PM
species

® Examples focus on Colorado

® Note that x/y axis scale in Soccer Plots can vary but
Goals/Criteria boxes represent same values
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CO, UT, WY & NM

CAMx Base08c FRM PM, . MPE
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CAMx Base08c IMPROVE PM, . MPE: CO, UT, WY & NM

ENVIRON
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Colorado Sulfate (SO4) Performance

Fractional Bias

® Generally good SO4
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Colorado Nitrate (NO3) Performance

12k_CSN_CO NO3 () Summer NO3
150 . . .
underestimation bias at
5 | o CSN & NADP
S 5 L0 SR May  alun
5 | |
£ 90 i Rl '
i ‘ ! e Jul mAug
25
0 ] i i i i ) i i i i i i i Sep Oct
-150 -125-100 -¥5 -50 -25 O 25 50 75 100 125 150 175 200
Fractional Bias Mov & Dec

12k_IMPROVE_CO NO3 12k_NADP_CO TNO3_wdep
®Jan H Feb
® Jan H Feb 125
E 75 [ :'___________________.____i _______ -, E
= | Mar @ Apr = o0 | . Mar  ® Apr
o 307 | PTTTTTW T ! i May & lun g 757 N May & Jun
2 . . ! | g | !
e C sp L D e
i i ' ! | L ! ! i
25 | | ' ' ®lul W Aug | el B Aug
i i ' 25 [
0 . . . . . . . sep Oct 0 - - - - - - - - - e oct
100 75 50 25 0 25 50 75 100 125 100 75 50 -25 O 25 50 75 100 125
Fractional Bias Mov & Dec Fractional Bias Nov & Dec

41



Cmicrogram- m3l

BazeBfc 2&k-BaseBfc 12k NOZ2

CSH
-~ 3
]
=
3
=
m
I
o
o
<
o 4
=
=

CSH

Ba=zedfc 36k-Ba=ze@Sc 12k NO3
n

vs. BaseBBc 36k-FaseBfc 18k HOZ at 2 stations on 20080E1-2000031

T T T T T
Ease@Sc 36kg = B.2Fx + B.45 BaseB8c 36k &
rE2 = @.19 Baszedfc 12k +
Fractional Bias(X) = -28.19
Fractional Gross Error(X) = B7.13
[ Base@Zc 12kg = B.39x + B8.2%2 B
r2 = B.37
Fractional EBias(X) = -£9.39
Fractional Gross Error(X) = 74,
+
+
+
+
e
+
+ @
- - i
N +
+
+ #
¥
- L4 + + -
+
+
+ @ e
+
+ @
&
* @
k] 1 1 1 1 1
a 1 2 2 4 =1
CEH HOZ (microgram-m3)

vs. BaseBBc 36k-Fase@fc 12k HOZ a2t 2 stations on 2082123-0B@22132

T T T
BaseBSc 36kg = 8.83x + @.11

T T
Easelc 26k

EaseBic 12k

r2 = @.81
- Fractional Bias(X) = -21.5¢ -
Fractional Gross ErrorcX) = 114,34
BazeB2c 12kg = B.17x + B.69
rg = @.18@
Fractional EBias(k) = -F3.73
- Fractional Gross ErrorcX) = 185,77 =
- + 4
#
+ +
& +
£
. +
L3 L3
& " +  * R - & @
+
* 1 1 1 ot 1 1
=] a.z2 a.4 B.6 a.g 1 1.2
CEH MHOZ (microgramsm3}

ENVIRON

CO NO3 Performance

< January CSN

® Summer NO3 underestimation
occurs when observed NO3 very
low and not important component

of PM, ¢ or visibility

® |n past some improvements seen by
including mineral nitrate to lift
modeled NO3 away from zero

< July CSN
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Colorado Ammonium (NH4) Performance

12k_CSN_CO NH4

® NH4 performance tied to SO4
h and NO3
R . "~ e |MPROVE uses derived NH4
i (NH4d) assuming SO4 & NO3
D . von are completely neutralized so
T Mot e aome underestimation expected
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Colorado EC and OA (=1.4x0C) Performance
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Summary Base08c CAMx PM Performance

ENVIRON

® There appear to be operational difference on how
the speciated PM species are defined in the
networks and modeled vs. monitoring

® [n general PM2.5, SO4, NH4 and EC performance
is reasonably good

® NO3 underestimation in summer when
concentrations are very low

® OA is underestimated especially in summer and
OPMZ2.5 is overestimated year-round

N R
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Summary Base08c CAMx PM Performance

® Potential OA underestimation causes:

— Monitoring artifacts and model/monitoring discrepancies

= SANDWICH method doesn’t use OC measurements but instead gets OA
through mass balance with PM2.5

" |sthere some OA in the OPM2.5 emissions
— Missing SVOCs from inventory (VBS SOA module will address)
— Higher underestimation in summer implies missing some SOA

® OPM2.5 overestimation tendency

— Different monitoring artifacts in PM2.5 mass and speciated
PM2.5 measurements make taking their difference problematic

— Model OPM2.5 from emissions modeling speciation profiles

— Given these uncertainties hard to interpret OPM2.5
performance
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Ozone and PM Source Apportionment Modeling

® 7008 Base Case emissions scenario

® State-Specific Source Apportionment
— Source Regions: Western States

— Source Categories: Natural (Biogenic, Lightning, Sea Salt and
WBD), Fire (separately for WF, Rx, AG) and Anthropogenic

— CSAPR-type transport analysis

= Examine upwind state anthropogenic (Anthro+Rx+Ag) contribution to
downwind state ozone and PM, . Design Values (DV)

= CSAPR used “significance threshold” of 1% of NAAQS
— Spatial extent of state contributions to high ozone/PM, .

= For example, maximum state ozone contribution to daily maximum 8-
hour ozone > 76, 70, 65, 60 and 0 ppb
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State-Specific Source Apportionment
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Ozone and PM Source Apportionment Modeling

® Detailed Source Category-Specific Source Apportionment

Natural (Biogenic, lighting and sea salt)

Canada/Mexico

Fires (WF, Rx and Ag)

Upstream Oil and Gas (All — 2008 WRAP Phase Ill plus NEI)
Point Sources (EGU and non-EGU)

Mobile Sources (On-Road + Non-Road + CMV)

Remainder (Area, Ag Ammonia, FD, etc.)

® Current Status
— State-Specific 2008 36/12 km Ozone — Done
— State-Specific 2008 36 km PM — Running
— Detailed Source Category-Specific 2008 36/12/4 km Ozone —to do
— Detailed Source Category —Specific 2008 36/12 kmm PM —to do

S *" b N
a
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36/12/4 km Nests and 4 km DSAD
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CSAPR-type Analysis

® State-Specific Anthropogenic (Anthro+Rx+Ag)
contributions to 8-hour ozone Design Value (DVs)

® Model Attainment Test Software (MATS) to project
current DVs without a selected state’s contribution

— Use relative change in model results to scale observed current
year DV (DVC) in absence of a state’s anthropogenic emissions

— Difference is state’s ozone contribution at each ozone
monitoring site

® Asin CSAPR, use two sets of DVCs
— AvgDVC = Average of 2006-2008, 2007-2009 & 2008-2010 DVs
— MaxDVC = Maximum of 2006-08, 2007-09 & 2008-10 DVs

® CSAPR used significant contrlbut|qn threshold of 1% of
the NAAQS | AN
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2008 36/12 km State-Specific Analysis

® CSAPR-type Analysis using current (March 2008) 0.075 ppm ozone
NAAQS
— Also looking at 70, 65 and 60 ppb future NAAQS

® 136 ozone monitorsin 12 km WESTUS domain with AvgDVC
exceeding NAAQS (76 ppb or higher) [86/63% in CA and

® Maximum (ppb) and number of downwind state monitors with
upwind state ozone contribution above 1 % of NAAQS (0.76 ppb):

Maximum 1.23 | 16.65 | 0.51 | 895 | 1.02 | 0.39 | 6.52 | 1.13 1.03

Count 24 18 0 4 2 0 18 25 1

Source State AZ CA CO KS ID MT OK OR WA
Maximum 1.53 0.12 0.13 0.36 1.28 2.53 10.17 0.82
Count 5 0 0 0 20 5 6 2
Source State WYy ND SD NE NV uTt TX NM
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State-Specific Ozone Foot Prints

® Examine spatial distribution of state’s highest
contribution to modeled daily maximum 8-hour ozone
concentrations for total modeled ozone greater than or
equal to several thresholds:
— 76 ppb (current NAAQS)
— 70 ppb
— 65 ppb
— 60 ppb
— 0 ppb (highest contribution in year)

® Results follow for 0 ppb and 76 ppb

55



CEEEU ENVIRON
Arizona Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
AZ Anthropogemc Max Contribution

AZ Anthropogenic Max Contribution

Max(83,53) = 49.38 Max(83,53) = 49.38
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o EEE 4 ENVIRON
California Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
CA Anthropogenic Max Gontribution CA Anthropogenic Max Contribution

W

Max(40,69) = 95.85 Max(40,69) = 95.85

"[:«--5,""-;. \ S
W Y SEEN RN\
# < : m ', 57
w i

ESTERN REGIONAL AIR PARTNERSHIP |



el [=F) ENVIRON
Colorado Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
CO Anthropogenic Max Contribution CO Anthropogenic Max Contribution

. ‘i"

Max(144,110) =29.18 Max(144,110) = 29.18

58

ESTERN REGIONAL AIR PARTNERSHIP |



CEEEd ENVIRON
Idaho Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
ID Anthropogenic Max Contribution ID Anthropogenic Max Contribution

40 Ex
35 ‘1
30
25
20
15 §
10
5
1
0.5
0.1
0

Max(80,177) = 26.00 Max(80,177) = 26.00
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CEEEU ENVIRON
Montana Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMXx Daily Max 8-Hour Ozone >= 76 ppb
MT Anthropogenic Max Contribution MT Anthropogenic Max Contribution

e I\

Max(107,181) = 33.07 Max(91,178) = 6.10

 pobesofl PV (i )
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CEEEU ENVIRON
North Dakota Highest 8-Hour Ozone

Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
ND Anthropogenic Max Contribution ND Anthropogenic Max Contribution

U, [

o
15 &
10
5
1
05
e, 0.1
N o o
1\ a i M
Max(168,174) = 15.46 Max(179,168) = 5.57
” ; &, ha 61
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cEBREE.S ENVIRON
New Mexico Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
NM Anthropogenic Max Contribution NM Anthropogenic Max Contribution

lﬁ%(

“J .
A ,Ji. .
1 :
-
N
Max(136,72) = 25.68 13672) 25.68
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CEEEU ENVIRON
Nevada Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMXx Daily Max 8-Hour Ozone >= 76 ppb
NV Anthropogenic Max Contribution NV Anthropogemc Max Contribution

40
35
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0

Max(68,80) = 27.50 Max(65,83) = 26.29
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o EEE 4 ENVIRO
Oregon Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
OR Anthropogenic Max Contribution OR Anthropogenic Max Contribution

S, b,

Max(32,148) = 43.53 Max(32,148) = 43.53
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o EEE 4 ENVIRON
South Dakota Highest 8-Hour Ozone

Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
SD Anthropogenic Max Contribution SD Anthropogenic Max Contribution

Ry

(

Max(157,146) = 12.72
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o EEE 4 ENVIRON
Texas Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
X AnopogenicMax Contribution TX Anthropogenic Max Contribution

i %( 40
k\r

t-.a.

b

1

Max(216,7) = 69.59 ax(216 ?) 69.59
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CEEEU ENVIRON
Utah Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
UT Anthropogenic Max Contribution uT Anthropogemc Max Contribution

Max(94,122) = 33.70 Max(94,122) = 33.70
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... ENVIRON
Washington Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMXx Daily Max 8-Hour Ozone >= 76 ppb
WA Anthropogenic Max Contribution WA Anthropogenic Max Contribution

Ay

Max(44,192) = 61.37 Max(44,192) = 61.37
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CERE .2 ENVIRO
Wyoming Highest 8-Hour Ozone Contribution

Contrib. to CAMx Daily Max 8-Hour Ozone >= 0 ppb Contrib. to CAMx Daily Max 8-Hour Ozone >= 76 ppb
WY Anthropogenic Max Contribution WY Anthropogenic Max Contribution

. ‘i’

QL

Max(136,136) = 22.95 Max(127,128) = 9.02
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el [<F] ENVIRON
WestlJumpAQMS Next Steps

® Complete State-Specific PM Source
Apportionment Modeling

— Displays of annual and 24-hour PM2.5
— Visibility and Sulfur/Nitrogen Deposition

® Set up and start Source Category-Specific Ozone
and PM Source Apportionment Modeling

® Next Conference Call July 17 @ 10am MDT

— State-Specific PM Source Apportionment
— Final Report Outline and Other
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