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Treatment of Aerosols in coupled CMAQ-APM

The original CMAQ Release Model
contains:

* One new particle formation pathway
via binary sulfuric acid nucleation
* No dedicated “nucleation” mode

Coupled model includes:

* Nucleation (H,SO,—H,0-NH, ternary
ion-mediated nucleation (TIMN)
scheme), condensation, coagulation,
equilibrium/partition, and deposition
processes

(Yu and Luo, 2009; Luo and Yu, 2011; Murphy, 2015; Appel et al., 2021)
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» 40 size-bins for secondary particle,15 size-bins for OC and BC, 20 size-bins for sea salt, and 15 size-bins for

dust




Model configurations

CMAQ-APM
Mechanism: cb615 ae7 aq
Resolution: 12km

Simulation period:

1) Winter Case: Nov. 1- Dec. 30,2013

2) Summer Case: Jun. 1 —July 31,2013

Observations

Measured SO2, CN10, PSDs, CCN
Sites: seven sites located in CONUS
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Particle size distributions

Observed PSDs, SGP, Winter  dN/dlogDp (#cm™) _ _ _ _ _ _ _ ____
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CN10 abundance

—— Simulations-CMAQ-APM  ——— Simulations-CMAQ

Pearson Correlation Coefficients (r) for CN10

Observations
THD, Summer ~ NMB =62.85% NMB =-24.40% Bondville, Summer ~ NMB_= 65.39% NMB_=4.09%
o | ' | | ' 1 .- S | | ' ' ' | Summer case  Winter case
A P N / ~
2 10° /‘L\ [ — — A, SR Sites CMAQ-APM CMAQ-APM
S A R IRA “ | S N j\( g |
5 T FOA s | fm> T LS ﬁj:%%?;?« 5 I | Ty | ‘ (CMAQ) (CMAQ)
oo emomoe e AL Sl T {iﬁ; \xbfvf{«g/ o1 e10 e 71 70 720 73 Bondville 0.30(0.22)  0.39(-0.10)
THD, Winter ~ NMB_=19.92% NMB = 27.92% : [ Ty Ny popadie s vi ; = 192.32% = 417.33%
' . ' ‘ . \ \w"“*, - IJ}\‘ L [:/72;1;;# Bond Ier,Wnteyr NMBa 192.32% NIVIIBO a7 ?3/ APP 057(050) 066(009)
\7\;\ » [ ] SGP’)/ZF/,,,\J:{}\; -
T | A N - )
\\r\\ - : E\% @:Ci{j\{\ SGP 0.02(-0.03)  0.40(-0.08)
. | . | | | LN RN j/bé : N A THD 0.15(-0.02) 0.12(0.18)
T 0 R0 A Az0 A220 12 Gt 10 1120 14 210 120 1231 SPL 0.53(0.15) 0.59(0.13)
SPL, Summer  NMB_=-40.30% NMB_= -80.93% SGP, Summer  NMB.=.14.13% NMB = 48.78% APP, Summer  NMB_=-6.32% NMB_=-43.82%
% *The mean Normalized Mean Bias
*® % 10 o3 .
= : : for CMAQ-APM (NMBa) is 41.24%
(@] 5 { ) ; ) ) )
102—1 6-10 6-20 71 710 7-20 7-31 1026_1 610 620 71 710 720 731 Y51 610 6-20 71 7-10 7-20 7-31 (-642% tO 1 9232%)
SPL,Winter  NMB_=82.99% NMB,_= 402.35% SGP, Winter  NMB_=31.84% NMB,_= 68.57% APP,Winter  NMB_=17.53% NMB_= 72.88% C ompare d to the ori gln al CMAQ
S A | | i i, | | e | | | | | | | | | | . g ’
Sl b i Ll T the CMAQ-APM model significantly
2 | N improves CN10 simulations,
0121_1 1110 1120 124 1240 1220 1231 10121-1 110 1120 124 1210 1220 1231 0121-1 110 1120 21 1210 1220 1231 partlcularly at the APP and SPL
sites.

At APP and SPL sites, the coefficient (r) with CMAQ-APM is 0.66 and 0.59, respectively, compared to 0.09 and
0.13 with the original CMAQ.

CMAQ-APM successfully captures the temporal variability of CN10, aligning well with observations.



CCN abundance
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Observed PSDs, SPL, Summer dN/dlogDp (# cm'3)
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Summer case:

TK (K),RH (%),XQ (ion pairs cm-3 s-1),CNH3(ppbv)
291.,47.,12.,4.7

MSO4,MBC,MOC,MDST MSEA (ug/m3)
0.65,0.06,0.08,1.d-20,0.02

PH2SO4max,PLVSOGmax (# cm-3 s-1)
1.d5, 1.7d5

NUCLEATION SCHEMES.:
TIMN, THN, BIMN, BHN

11



10°

2

Diameter (nm)

10’
5.0x10
4.0x107
3.0x107
2.0x107

[H2504] (# cm-3)

1.0x107

:

6.0x10%

4.0x10°

CS (s-1)

2,0x10%

CLVSOG (# cm-3)
o
=
=

10°

10°

Diameter (nm)

10
1.0%10°
0.8x10°
0.6x10°
0.4x10°

[H2S04] (# cm-3)

L 0.2x10°

iR
2.5x10°
2.0x10°
1.5x10?
1.0x10?
05107
1.8x10°
1.5x10°
x10°
<10°
x10°
<10°
<10

CS (s-1)

(#cm-3)

CLVSOG
e o oo =
o wo © N

APM-SP NUCL@TIMN  dN/dlogDp (#/cm®)

e

[
T

RN RANR

BN LN LN N LN LA UL L L L L LN B LB

0 12 24 36 48 60 72 84 96 108
Time (hr)

n
=1

APM-SP NUCL@BIMN  dN/dlogDp (#/cm’)

U AN RARS RAN

|

<

T

12 24 36 48 60 72 84 96 108 120
Time (hr)

(=]

1E+05
1E+04
1E+03
1E+02
1E+01
1E+00

[CERT

J (# cm-3s-1)

o W o O

1E+05
1E+04
1E+03
1E+02
1E+01

AE+00

3.0x10
2.5%10°
2.0x10°
1.5x10°
1.0x10°
0.5x10*
0.0x10

J (#cm-3 s-1)

10° 1E+05
= 1E+04
E
= 10° 1E403
S
£ 1E402
K]
2 4 1E+01
1.0x10° E o 1E400
= L J— -
2 08x10" F 0.0030 =
= 0.6x10° = s o
= E - 0.0020 £
© 0.4x10° — B s
2 ] B #®
£ oax10t /\ /\ £ 0.0010 =
y E E 0.0000
:5)6)><116’“’ — L
= p—ee -
25%10° 3 —_ s
B 20x10° 3 — =
8 15210 5 —_— -
1.0x10° / -
0.5%107 E o
& 1.8x10° 5 —
£ 1.5x10° = -
® 1.2x10° E
8 ooxi0® 3 =
w s —
> 0.6x10° - :
© 0.3x10° o | =
0.0 'Dd T 1 'll T I T \‘ T I TT 111 ‘ TT 1T 7T T' T T | LI I L TT I TTT T T I T TT 7T | UL
0 12 24 36 48 60 72 84 9% 108 120
Time (hr)
APM-SP NUCL@BHN  dN/dlogDp (#/cm’)
10° 1E+05
= - 1E+04
E
< 102 1E+03
g
£ 1E+02
g
9 4o 1E+01
1.0x10" — - 1.0x1025%
ﬂg 0.810° — = 8.0x10%
= 0.6x10° —| = 6.0x10% &
= 7 F £
S 0.4x10° o F 4.0x10% 3
@ 1 o *
I 0.2x10° - 2.0x10% ~
0.0x10% —f < — 0.0x10%'
30x10° —
E y E
2.5%107 — o~ -
B 20%10° 5 — =
B 152107 5 _-—_-/ —
1.0x107 / -
0,5%10 —— -
& 1.8x10° 5 -
E 1.5x10° o C
£ 1.2x10° — -
8 o.ax10®° g £
@ Bwdind . | —
> 0.6x10° - | =
O 0.3x10° \ =
0.0 .DU T 'll T I T IK L I TT 11T | LI ] T T ‘ L I T TT I TT o1 I T TT T ‘ TTTrTT
0 12 24 36 48 60 72 84 9 108 120

APM-SPNUCL@THN  dN/dlogDp (#/cm’)

Time (hr)

12



Winter case:

TK (K),RH (%),XQ (ion pairs cm-3 s-1),CNH3(ppbv)
285., 52.,10., 1.1

MSO4,MBC,MOC,MDST MSEA (ug/m3)
1.0,0.15,0.23,1.d-20,0.03

PH2SO4max,PLVSOGmax (# cm-3 s-1)
1.8d5, 3.5d5

NUCLEATION SCHEMES.:
TIMN, THN, BIMN, BHN
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