Question |

Why does the SAPRC chemical mechanism give
different results than CB-1V?

Which replicates the actual chemistry better?
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CB-4 & SAPRC Comparison

e 2000 TexAQS Episode with NEI99

e 2000 TexAQS Episode with
TEI2000/imputed HRVOC

e 2006 TexAQS-2 Sept 6-8 Episode with
TEI2000/imputed HRVOC

e 2006 TexAQS-2 Sept 6-8 Episode with 2005
projected El (SAPRC run not completed yet)

University of Houston



CAMx and CMAQ with CB-4 and
SAPRC99

TexAQS 2000 Episode

List of CAMx and CMAQ simulations for CB-4and SAPRC99

Runs X38 X39 Q79 Q80
Air Quality Model CAMx 4.03 CAMx 4.03 CMAQ4.4 CMAQ 4.4
Horizontal Advection Bott Bott PPM PPM
Chemical mechanism CB-4 SAPRC99 CB-4 SAPRC99

Anthropogenic
emissions

Base5b imputed,
SMOKE-processed

University of Houston



(a) CAMx CB4

%38 bSbps CB4 CAMx4.03 Bott
Q03

August 25
2000
TEI2000 0.135
“Iimputed”

0.180 &5

0.090
0.045
0.000 1
ppmV
o August 25,2000 15:00:00
wchc Min= 0.000 at (1.1). Max= 0.147 at (20.32)
(¢) CMAQ CB4
Q79 bsbps CB4 CMAQ4.4 PPM
03 (UTC)
0.180

0.135

0.090

0.095

0.000
ppmy
s August 25,2000 21:00:00
mowe Min= 0.030 at (31,23). Max= 0.133 at (20,30)

University of Houston

(b) CAMx SAPRC99

%39 bSbps SAPRC39 CAMx4.03 Bott
03

0.180 65
0.135
0.080
0.045
0.000 1
ppmVv
o August 25,2000 15:00:00
uene Min= 0.000 at(1.1). Max= 0.160 at(20.31)
(d) CMAQ SAPRC99
Q80 bSbps SAPRC99 CMAQ4.4 PPM
03 (UTC)

0.180

0.135

0.080

0.045

0.000
ppmv
Pave August 25,2000 21:00:00
uone Min= 0.034 at (31.23), Max= 0.163 at (20,30)



(a) CAMx CB4
%38 bSbps CBA CAM4.03 Bott

0.180 &5 v
August 31
2000 0.135 0.135
" ” 0.080 0,090
imputed
0.045 0.045
0.000 0.000
ppmV ppmV
Fave August 31,2000 15:00:00 Pave
wene Min= 0,000 at(1,1), Max= 0.174 at (33,28) wewe
(c) CMAQ CB4
Q79 bsbps CB4 CMAQ4.4 PPM
03 (UTC)
0.180 &5 - ¥ — 0.180
0.135 0.135
0.090 0.090
0.045 0.045
0.000 1 0.000
ppmv 1 83 ppmy
pave August 31,2000 21:00:00 Pave
wene Min= 0.038 at (61,53), Max= 0.165 at (33,29) e
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0.180 65

65

(b) CAMx SAPRC99

X39 bSbps SAPR&HQQ CAMx4.03 Bott

August 31,2000 15:00:00
Min= 0.000 at (1,1), Max= 0.201 at(33,28)

(d) CMAQ SAPRC99

(380 b5bps SAPRC93 CMAQ4.4 PPM
03 (UTC)

August 31,2000 21:00:00
Min= 0.041 at (61,53), Max= 0.203 at (33,29)



CAMS Site Comparison: O3

X38=CB4, X39=SAPRC99, Q79=CB4, Q80=SAPRC99
Smaller difference between mechanism with CAMx

(2) CAMXx (X38 & X39)

BAYP, Bayland Park C53, Harris Co., TX
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03 (PPEV)

alu}

0 LB S "‘ TR STRTNY._ JRPRTRE: "WIRPRA NINIA IR JTRTNN AT
612180 61218 0 61218 0 61218 0 61218 C 61278 0 61218 0 612183 C 681218 0 61218 0 61218 &

TIME (CST} 8722 8/23 8/24 8/25 826 8/27 8/28 8/29 8/30 8/31 9/01

o Dbserved —— CAMx_X38 - CAMx_¥39
(b) CMAQ (Q79 & Q80)
BAYP, Bayland Park C53, Harris Co., TX
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®
[v] ""- AR,

0 61218 0 61218 © 61218 0 612158 0 61218 ¢ 61218 0 1218 0 61218 & 61218 0 61218 0 61218 &
TIME (CST} 822 8/23 8/24 8/25 8/26 8/27 8/28 8/29 8/30 8/31 9/01

o Observed —— CHAO_O73 —-=- CHAD_0B0

(c) CAMX (X38 & 39)

©3 La_Porte

L T L0 Ll L R R L LA L LA LS L LA LR R L AN L LA L R L LA L LR L RN L LR LN L AR R LS L LR L L R

150

100

03 (ppb)

50

0 I ud d B i ef) T X i ¥ 4 o[,
81218 0 61218 © 61218 0 61218 0 61218 0 61218 0 61218 0 61218 0 61218 0 612183 0 61218 ¢
TME (CST} 8/22 8/23 8724 8/25 8/26 8s27 8/28 8423 8/30 8/31 9401

o Dbserved —— CAMx_%38 = = CAkx_X39

(d) CMAQ (Q79 & Q80)
G3 La_Porte

200 [T T O T I O O A O e O AR e e e A
150
o
a
2 00f
"
o]
sof % ~
%
o
: X CB-4

0 61218 0 61218 © 61218 0 61218 0 51218 0 61218 0 61218 0 61218 0 51218 0 61218 0 61218 ©
TIME (CST) 8/22 8/23 8/24 8/25 8/26 8/27 8/28 829 8/30 8/31 9401

o Dbserved — CHAD_O79 = = CHAO_080

CMAQ at La Porte is very sensitive to the choice of mechanism

University of Houston



HNOS3 & PAN

X38=CB4, X39=SAPRC99, Q79=CB4, Q80=SAPRC99
HNO3 CAMX PAN

(a) CAMXx (X38 & 39) (a) CAMXx (X38 & 39)
HNO3 Williams_Tower PAN La_Porte
S0 [ T T I T I T O R e O TR T 8.0
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I
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TIME (CST) 8722 8/23 8/24 8/25 8/26 8/27 8/28 8/29 8/30 8/31 9/01 TIME (CST} 8/22  8/23 8/24 8/25 8/% 8/27 8/28 8/29 8/30 8/31 9/01
o Observed —— CAMx_¥38 = = CAMx_X39 o Observed —— CAMx_X38 = = CAMx_X39
(b) CMAQ (Q79 & Q80) (b) CMAQ (Q79 & Q80)
HNO3 Williams_Tower FAN La_Porte
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TIME (CST} 8722 823 a8/24 8/25 8/26 /27 /28 8/29 8/20 /31 /01 TIME (CST} 8/22 8/23 8/24 8/25 /26 /27 a/28 8,29 8/30 831 9/01
o Observed —— CHAO_079 = = CMAO_080 o Observed —— CHAD_079 = = CHAO_080

*Note: species definitions of PAN for CB-4 and SAPRC are not directly comparable
*SAPRC: HNO3v PAN*
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TexAQS 2000
Episode

CAMS site

O3 from SAPRC >

O3 from CB-4 for
> 100 ppb

SAPRC has
tendency of
overestimating
medium O3
range

University of Houston

(a) CAMx CB-4

03: CAMS vs CAMx_CAMx_X33

200 T
|l y=ax+b X ,'_
a= 0,816670 T
[ b= 673612 ‘
b= 6.73 o
- r2 = 0,741819 P
a s
| n = 4642 . 2

Simulated 03 (PPBV)

0 50 100 150 200
Observed 03 (FPBY)

(c) CMAQ CB-4

03: CAMS vs CMAQ_cb4

200 T T

Simulated 03 (PPBY)

Observed 03 (PPBV)

(b) CAMx SAPRC99
03 CAMS vs CAMx_CAMx_X39
200 [T T T T T T
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W.P.L Carter, Low NOx Mechanism
Evaluation, Chamber Experiment Results

COMPARISON OF CB4 AND SAPRC-99
MODEL ERRORS FOR UCR EPA SURROGATE RUNS

W. P. L. Carter

» SAPRC-99 OCB4
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Low NOx Mechanism Evaluation

This includes
more recent
runs carried
out for EPA
OBM project

Low NOX —
SAPRC shows
slight overprediction



(a) CAMx CB-4 (b) CAMx SAPRC99

03: NOAA Canister ws CAMx_X38

03: NOAA Canister vs CAMx_X39
200 T T T T T 00 LT T T T ’;‘1' ,',_
TexAQS 2000 87
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¢] 50 100 150 200 0 50 100 150 200
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(c) CMAQ CB-4 (d) CMAQ SAPRC99
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200 ._-I LA L L L B 200 gl _ :ax +'_ bl I ',_
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TexAQS 2000
Episode

NOAA Aircraft

Ozone

(a) CAMx CB-4

03: NOAA—AL vs CAMx 38
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(b) CAMx SAPRC99

03 NOAA—AL vs CAMx_X39
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CAMx with CB-4 well simulated O3 peak but overpredicted with SAPRC

(c) CMAQ CB-4

03: NOAA—AL vs CMAQ_Q72_D4k
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C3: NOAA—AL vs CMAQ_QB0_D4k
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CMAQ with CB-4 underestimated O3 peak but well predicted with SAPRC
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TexAQS 2000
Episode

NOAA Aircraft

HNO3

(a) CAMx CB-4

HNQO3 {ppb)

HNO3J: NOAA—AL vs CAMx_X38
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(b) CAMx SAPRC99

HNQ3 {ppb)
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CAMx with CB-4 and SAPRC both overpredicted HNOS, including the background
(d) CMAQ SAPRC99

(c) CMAQ CB-4

HNO3: NOAA—AL vs CMAQ_Q79_04k
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CMAQ with CB-4 overpredicted HNOS slightly, but SAPRC compared well with obs.
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Ozone production efficiency for Aug. 25, 2000

OPE for CAMS 604 HRM-4 OPE for CAMS 403 Clinton
160 — Aug 25, 2000 160 -~  Aug 25,2000
140 + 140 +
OPE =4.08
OPE =4.65
120 + o 120 1 OPE = 4.75
= OPE = 6.17O = A
5;. 100 ~ 5;. 100 ~
x x
O 804 O 804
60 nei_s99 60 - O nei_s99
tei_s99 A tei_s99
i chd 2 nei_cb4
40 5 ?eeii_ccb“ 40 +54 O tei_ch4
—— l % % % %
3 6 9 12 15 18
NOz (ppb)
OPE for TEI_saprc99
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—~ L] —
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. . =<
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60 4 " A CAMS 604
i ) O CAMS 403
40 - .‘. O CAMS 26
l l l l l l
T T T T T T
3 6 9 12 15 18
NOz (ppb)
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2006 simulations
Purpose 1: To compare CMAQ simulations for CB4 and SAPRC99

Purpose 2: To compare CMAQ simulations for base year El and projected ElI
(lower NOx) for 2005

CB4 B (Q117): CMAQ4.4, CB4, Base year EI (2000)
S99 B (Q118): CMAQ4.4, SAPRC99, Base year EI (2000)
CB4_P (Q119): CMAQ4.4, CB4, Projected EI for 2005

Layer 1 Q3a

a=CONC.G117.04k.2006.0908
0.185 55

0173
0.165

AQF: F1 0,135
> Dates: September 6t ~ 9, 2006 0 1os
> Domain: HGBPA 4-km domain o 105
> MCIP: AQF F1 MCIP 0.085

0.075
0.065
0.055
0.045

0.035
| 0.025
0.015
0.005
— 0.000

ppmy

. : FALE September 8,2006 20:00:00
University of Houston e Min= 0.046 at (29,45), Max= 0.104 at (30,33)



Daily max 1-hr O3 for September 8, 2006

CB4/Base year E| =MAd._Q117

0.175 65
0.185
0.155
0.145
0.135
0.125
0.115
0.105
0.095
0.085

0.075
0.085
0.055

0.045
0.035
0.025

40015
ppm¥

September 8,2006 0:00:00
Min= 0.046 at (18.56), Max= 0.108 at (30.33)

SAPRC99/Base year EI 18

0.175 &5
0.165
0.135
0.145
0.135
0.125
0.115
0.105
0.095
0.085
0.075
0.065
0.055
0.045
0.035
0.025

0.015 1 L.

ppmv

September 8,20086 0:00:00
Min= 0.051 at (18,56), Max= 0.121 at (14,30)

CB4/Projected EI  “Ma@._Gn3

0175 &5
0.163
0.155
0.145
0.135
0.125
0.115
0.105
0.095
0.085

0.075
0.063
0.053

0.045
0.033
0.025

= 0.015
ppmY

September 8,2006 0:00:00
Min= 0.047 at (30,64), Max= 0.109 at (13,30)

CB4_B: 106 ppb

SAPRC99 B: 121 ppb
CB4_P: 109 ppb

University of Houston



Daily max 8-hr O3 for September 81, 2006

CB4/Base year E| “MAQ_0117 CB4/Projected EI “MaQ_0n9
0175 &5 0175 65
0.165 0.165
0.155 0.155
0.145 0.145
0.135 0.135
0125 0125
0115 0115
0.105 0.105
0.095 0.095
0.085 0.085
0.075 0.075
0.065 0.065
0.055 0.055
0.045 0.045
0.035 0.035
0.025 0.025
0.015 1 0.015 1
ppmY ppmY
o September 8,2006 0:00:00 o September 8,2008 0:00:00
WG Min= 0.039 at (18.56), Max= 0.091 at (21,5) WG Min= 0.040 at (72.47), Max= 0.091 at (21,4)

SAPRC99/Base year EI 118

0.175 &5
0.165
0.135
0.145
0.135
0.125
0.115
0.105
0.095
0.085
0.075
0.065
0.055
0.045
0.035
0.025

0.015 1
ppmV

PaVE September 8,2006 0:00:00 i i
e Min= 0.043 at (18.56), Max= 0.100 at (21,4) University of Houston

> CB4 B: 91 ppb

» SAPRC99 B: 100 ppb
> CB4 P 91 ppb
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1-hr O3 for September 8th, 2006 at 13 CST

(a) CB4/Base year El (b) SAPRC99/Base year El (c) CB4/Projected El
0.175 50 — —r 0.175 50 — —— 0.175 50 prs e
0.165 [ [ 0.165 [ 0.185 :/$__ _,-——j [
0.155 0.155 0.155 o '
0.145 0.145 0.145 '
0.135 0.135 0.135
0.125 0,125 |[F <X : : 0.125
0.115 0.115 T o R el e 0.115
0.105 0.105 g n % ; £ L 0.105
0.095 0.095 0.095
0.085 0.085 0.085
0.075 0.075 0.075
0.065 0.065 0.065
I 0.055 I 0.055 I 0.055
0.045 0.045 0.045
0.035 0.035 0.035
0.025 Sl 0.025 0.025
U 0015 5 ! LT srsssssd L g5 5 U 0015 5 !
ppm¥ 5 50 ppmY 5 5(ppm¥Y 5 50
September 8,2006 13:00:00 (CST) —_° September 8,2006 13:00:00 (CST) —_° September 8,2006 13:00:00 (CST) —_ -
Min= 0.046 at (29,45), Max= 0.106 at {30,33]00 Min= 0.051 at (27.44), Max= 0.110 at {30,33]00 Min= 0.046 at (29.45), Max= 0.099 at (31,317 0-0PI
SAPRC99 predicted ~ 10 ppb higher O3 over downtown Houston. Reduced NOx emissions
. . fromtg)_%jnt sources.
Difference (b) - (a) Difference (c) - (b) Ifferenc ?c) - (a)
0.020 50 _ 0.020 50 pam _ 0.020 50
0.010 0.010 0.010
0.000 0.000 0.000
-0.010 -0.010 -0.010
-0.020 -0.020 \ -0.020
ppmy 3 ppmY s 5 5 PPMY > 5 50
September 8.2006 13:00:00 (C3T) September 8,2006 13:00:00 (T3T) September 8,2006 13:00:00 (CST)

Min- 0.003 at (18,48), Max- 0.017 at (18.29) Min=—0.020 at (30,33), Max= 0.012 at (18,49) Min=-0.015 at (30.33), Max- 0.020 at (18,49)
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1-hr NO for September 8th, 2006 at 06 CST, yer No concentrations

In early morning, mobile source is dominant. predicted w/ projected EI.
0.080 50 0.080 50 0.080 50 ‘\
0075 [0 0075 [O 0075 [
0.070 0.070 0.070
0.065 0.065 0.065
0.080 0.080 0.080
0.055 0.055 0.055
0.050 0.050 0.050
0.095 0.045 0.095
0.040 i 0.040 A 0.040
0.035 ) 0.035 Py 0.035
0.030 *é 0.030 § 0.030
0.025 ] 0.025 Wy 0.025
0.020 7 0.020 7 0.020
0.015 Y 0.015 Y 0.015
0.010 4 0.010 4 0.010
0.005 o 0.005 A 0.005
0000 5 L 4 L o000 5 A 4 L 0.000
ppmVy 5 S( ppmV 5 5 ppmV 50
September 8,2006 6:00:00 (CST) —_ September 8,2006 6:00:00 (CST) —_ September 8,2006 6:00:00 (CST) —_
Min= 0.000 at (30,43), Max= 0.066 at (25,2900 Min= 0.000 at (30.43). Max= 0.066 at (25,29]0-0 Min= 0.000 a} (30,42). Max= 0.052 at(21,300.0P|
CMAQ with projected EI shows lower NO concentrations from point sources during daytime.
0.010 50 0.010 50 0.010 50
=3 =3 =3
0.005 0.005 0.005
0.000 0.000 0.000
-0.005 / -0.005 -0.005
0010 0010 0010
ppmy 5 5 PPV 5 5 PPMY 5 50
September 8,2006 6:00:00 (CST) September 8,2006 6:00:00 (C3T) September 8,2006 6:00:00 (CST)

Min=-0.003 at (18.18), Max= 0.000 at {19,31) Min=—0.029 at (23.25), Max= 0.008 at (20,30) Min=-0.030 at (23.25), Max= 0.008 at {20,30)



1-hr PAN for September 8%, 2006 at 13 CST

(a) CB4/Base year El (b) SAPRC99/Base year El

0.0048 50
0.0045
0.0042
0.0039
0.0038
0.0033
0.0030
0.0027
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Ozone concentrations at CAMS sites
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NOx concentrations at CAMS sites
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CB4 and SAPRC99 simulations with base
year EI doesn’t show appreciable difference
in NOx concentrations predicted.
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Summary (Houston)

, CMAQ with SAPRC performed well both O3, HNO3
« CB4 generated more HNO3 less PAN

« SAPRC generated less HNO3 more PAN, thus higher O3
productivity at O3 > 90 ppb

« SAPRC overpredcted medium range O3 a few ppb

, CB-4 with 2000 EI and projected 2005 (actually 2003
NOx) compared: show small difference in O3.

 With SAPRC, high O3 enhancement area coinicides with the
downwind area of high HRVOC emissions.

« SAPRC with 2000 EI overpredicted observation at 60 ppb range, but
compared well with O3 > 90 ppb

University of Houston



Dallas 2005 (preliminary)

Table CAMx and CMAQ base simulations for 2005

Run Description

X41 CAMx 4.31, CB4, TAMU MMS5, June 18 ~ June 23, 2005

X42 CAMx 4.31, SAPRC99, TAMU MMS5, June 18 ~ June 23, 2005

X43 CAMx 4.31, CB4, TAMU MM5, August 30 ~ September 9 2005

X44 CAMx 4.31, SAPRC99, TAMU MM5, August 30 ~ September 9 2005
Q84 CMAQ 4.4, CB4, TAMU MMS5, June 19 ~ June 23, 2005

Q85 CMAQ 4.4, SAPRC99, TAMU MMS5, June 19 ~ June 23, 2005

Q86 CMAQ 4.4, CB4, TAMU MM5, August 31 ~ September 9 2005

Q87 CMAQ 4.4, SAPRC99, TAMU MMS5, August 31 ~ September 9 2005




June 21,
2005
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Figure Daily maximum 8-hr O3z concentrations predicted by (a) CAMx CB4, (b) CAMXx
SAPRC99, (c) CMAQ CB4, and (d) CMAQ SAPRC99 for June 21%, 2005.



Dallas
June 18-23, 2005

(a) CAMx CB4 (b) CAMx SAPRC99
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Figure Scatter diagrams of (a) CAMx CB4, (b) CAMx SAPRC99, (c) CMAQ CB4, and (d)
CMAQ SAPRC99 compared to CAMS measurements for the period of June 18" ~ 23", 2005.
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2005
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Dallas
8/30-9/9, 2005
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Figure Scatter diagrams of (a) CAMx CB4, (b) CAMx SAPRC99, (c) CMAQ CB4, and (d)
CMAQ SAPRC99 compared to CAMS measurements for the period of August 30" ~ September

9™ 2005.



