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Evaluation of Dominant Factors Causing Error in PM2.5 Simulations by Air Quality
Models
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In order to identify dominant factors causing error in PM2.5 simulations by

air quality models, the following studies were conducted: a comparison of model performances for air
quality simulations by CMAQ and CAMx; an evaluation of model performance for simulating local
pollution and long-range transport of PM2.5; an impact assessment of meteorology-chemistry feedback
on PM2.5 simulation by using the online-coupled WRF-CMAQ; a sensitivity analysis of simulated PM2.5
concentration fields to air quality model configurations. Various air quality simulations in these
studies generally underestimated PM2.5 concentration in Japan. Therefore, factors causing the
underestimate of PM2.5 concentration was revised for improvement of the air quality mode
performance, which resulted in mitigation of the underestimate by 39%.

PM2.5



2013 1
PM2s
PMazs
PMazs
2009 9
2000 PM2s
PM:s
2011
27.6
PM:s
PM:s EC
OA SO042 NOs
NH4*
5
EC
PM:s
PM:s
PM:s EC OA NOsz
PM:s
PM:s 5
UMICS
EC
NOs-
OA
UMICS UMICS
Community

Multiscale Air Quality model CMAQ
Comprehensive Air Quality Model with
Extensions CAMx Weather Research and
Forecasting model coupled to Chemistry
WRF-Chem
CMAQ

UMICS

CMAQ
UMICS
PM2s
UMICS
PMa2s
PM2s
PMa2s
PMa2s
@
CMAQ
2010
CMAQ
v5.0.1 CAMXx v6.00
CMAQ
64km
16km 4km 3
CAMXx
CMAQ
WRF v3.5.1
MOZART-4

INTEX-B JATOP
EAGrid2000-JAPAN OPRF
MEGAN v2.04

SAPRC99
CMAQ AERO5 CAMx CF

@ PM:s
PMazs
PMazs
CMAQ v5.0.2
2010
64km 16km 2
WRF
v3.5.1
MOZART-4
INTEX-B EAGrid2010-JAPAN JATOP
OPRF
MEGAN v2.04



CBO05
AEROG6
CMAQ
Ebase
Ejapan
PM2s 15 pg
m3 PMa2 5
Ejapan/Ebase 30
30
PMa2 s
e -
PBL
(1 )
CMAQ CAMx
2014 1
3 45km
WRF v3.4
CMAQ v5.0.2
WRF
CMAQ
1-way CMAQ
WRF
2-way
(2) Ebase
C))
PMas 2013 1
CMAQ
PMa2 5
120x100
45km 30 100hPa
1 55m
Base WRF v3.4
NCEP FNL MSM
PBL/ ACM2/PX
MOZART-4 INTEX-B

EAGrid2010-JAPAN JATOP

OPRF MEGAN v2.04

CMAQ v5.0.2 CB05
AERO6 Base
FNL
FNL ERA ECMWF
ERA-Interim ERA+MSM
ERA-Interim MSM  SnowFNL1
FNL Soil
PBL SnowFNL2
FNL Soil
PBL SnowFNL3
FNL Soil
PBL YSU PBL/
YSU/Noah MYJ PBL/
MYdJ/Noah MYNN25
PBL/ MYNNZ25/Noah
Onlinel 1-way WRF-CMAQ
Online2 2-way WRF-CMAQ
Z1mod 1 40m KZUmin
1.0 m2 st
0.01 m? sl
REASv2 REAS v2
HTAPv2 HTAPv2 W37
WRFv3.7 C51 CMAQv5.1 W37C51

WRF v3.7 CMAQv5.1 SP07
SAPRCO7tc  C51SP07 CMAQ v5.1
SAPRCOTtc 20

(5)PMa2;
PMa2s (2
2 PMa2s
CMAQ v5.1
HTAP v2
OA
SAPRCO7tc

CMAQ v5.2beta

(5)

@
PMoa s
1
O3 SO2
PMa25
CAMx CMAQ O3
10 20%
CMAQ
2
PMas 5
CMAQ CAMx SO42
NOs OA



=0bs. OCMAQ ¢ CAMx

80 qrm-mmmmmmmmm e
sz 0 Tg¥%FTRYG >
2 40 SRR TV
O 20: ________________________________

0 11

Y J R
N Bty | Rk
S b4
~ 1 -4 F-ll-sy------ EE. < P -
S :_.ﬁ.&&&gi ..... 3%

0 1+

8 e mmm e mm e
%; 6 : --------------------------------
E gttt

0 ] I I I I I I I I I I I I I

R
o L I e
2 'Qg- gé gf
2 16 +-EX-Fr T Pg
s 1¥ g &
ERPS ALY I L
o ]

0 1+

235335854582
Month in JFY2010
1 2010
25 175
O3 8

PM, 5 (ug m™®)

2 PMz5 5
2010 2
@) PMs5
PMa2 s
42 3
4
PMas
NMB
PMoas
PMoss
—5.5+ 5.1 ng m3
—-26 + 24% 2.8+ 3.1
pg m3 —-10 + 12%

PMa2 5

40
30
20
10

Number of station

1-Apr 31-May 30-Jul 28-Sep 27-Nov 26-Jan 27-Mar
Date in JFY2010 (Local time)

120%

L 90%

L 60%

L 30% =
o i 0%

el gl o

-60%

129 131 133 135 137 139 141

T 120%
r 90%

r 60% p
r 30% =
0%

- “Y. - -5 -30%
-20.:.:.'.'. -60%
129 131 133 135 137 139 141

East longitude (degree)

4
PMas NMB
PMas
@ -
5 21
6
1-way
2-way PMz s
1-way 2-way
27 25 2-way
1-way PMzs
6
2-way PMos5

oDCcC DD 3 = =e)je) =1 c ‘©
=) gc®© DIIFTOECLTUCOF
CC(UCCCO_:N.CO(UCCCOO_:CSB¥¥>.>.-°‘—
CE IO CEXEIBLLCT=SLELHESELCOTOXLE Q
CEECB>ETS>ONSETENND>CTILO0G S
XEC255TETEPS M8 2255 P2T 08¢ T
SESM ITE8a¢c cHZL c 20 ¢ S~z ©
E=50% T8 2 T OR6GE ° @

o N o

2014 1 3 PMa2s



PMzs  (ugm®)

1-way 2-way

PMoas
PMas

PMo2s

PMas s

PMas s

1-way 2-way  20%

PMas s

Q)

8
PMas
Index of Agreement TA

1.5

PMas
2-way

PMoss

PMa2s
Base

NMB

Online2 Base

O Obs. ——Sim. (Base) s Sim. (Max - Min)
1000

"-’E 800

2 600

"o 400

Z 200

o DY ; R L ye
1-Jan 6-Jan 11-Jan 16-Jan 21-Jan 26-Jan 31-Jan

100 o mmmmm e

P R ORRRRERRER mmmmemeen

© B0 Fommmmmmmmmmemmemeoeoeofe oo fr----

=) . R

° 40 +--f---

20 -

0 + - e bt g
1-Jan 11-Jan 16-Jan 21-Jan 26-Jan 31-Jan
Date in 2013 (Local time)
7 2013
1 PMas
ONMB OIA
40% == m e - 0.9
20% ------m=mm--- A S - 0.8
@ 1090 Boo,0088%800000
o, o3 . (Ao A Rk <O L <
; 0% U-Da-a -El-DE}-D B DDDD 0.7 <

-20% -------- & TTTTTTTT T - 0.6

-40%IIIIDIﬂIIIIIIIIIIIIIII0.5

40% T-==m==m=mmeemmmemeemeeeemeeececeemeeeen - 0.9

20% TR BT AT T A S A A NS K TR - 0.8
Sm © 80 aoboa T >

Jis} 1 o ] 8 8 8
% 0% __E_]__.QD_? _____ g _____ D_D_g_____n_[]____g__c_]___ 07 <

-20% +--------- LR R e - 0.6
1 m]

-40% +—+—+—+—+—+—+—+—+—+—+—+—+—+—++—++++++ 05
8Z3 > d03 9008 ESSERRSS
s

$885 sCC7xer = 3
W wn
8 2013
1 PMas
YSU
Base 1.3
SnowFNL1 SnowFNL2
Base
SnowFNL3 Base
PBL
PMa25
(5)PMz5
2 (5)
9 PMa2 s
10
PMa2s PMass
3



PM, 5 (g m3)

1-Apr 31-May 30-Jul 28-Sep 27-Nov 26-Jan 27-Mar
Date in JFY2010 (Local time)

9 2010
PMss
oSim. (2) oSim. (5) 0OObs.

24

18

12 H !

o] !

. |
[eNoNoNoNoNoNoEoNeoohoNoNoNoNoRoN o]
T NHO T DO O - - ANOANT®M~— — — N
O OO0 000000000000 O0OoO
D= O T OO OO N = = AN
T MOOOO T~ T OO0OO0OWMmOO OO
T T AN ANANANTANANNN®— - OO0 —
MONTOONIT " OO0 OITMOO I —
TTOOOANANNNNTT -~ OOO

10 2010

PMss
(5) OA
11
PMzs
(5)
PMss 39%
8

Shimadera H., Kojima T., Kondo A.,
Evaluation of Air Quality Model
Performance for Simulating Long-range
Transport and Local Pollution of PM2.5
in Japan, Advances in Meteorology,

, Vol. 2016, 2016, Article 1ID
5694251, 13 pages
DOI: 10.1155/2016/5694251
Shimadera H., Kojima T., Kondo A., Inoue
Y., Performance comparison of CMAQ and
CAMx for one-year PM2.5 simulation in
Japan, International  Journal  of
Environment and Pollution, , Vol.
57 (3-4), 2015, pp. 146-160
DOI: 10.1504/1JEP.2015.074498
Araki S., Iwahashi K., Shimadera H.,
Yamamoto K., Kondo A., Air monitoring
network optimization method using

chemical transport model and
metaheuristics, Atmospheric
Environment, , Vol. 122, 2015, pp.-
22-30

DOI: 10.1016/j-atmosenv.2015.09.030
Nishimura H., Shimadera H., Kondo A.,
Bao H., Shrestha K.L., [Inoue Y.,
Evaluation of light dependence of
monoterpene emission and its effect on
surface ozone concentration,
Atmospheric Environment, , Vol.
104, 2015, pp. 143-153

DOI: 10.1016/j.atmosenv.2015.01.011

40
Shimadera H., Sensitivity of Simulated
Severe PM2.5 Pollution to WRF-CMAQ model
Configurations, 15th  Annual  CMAS
Conference, 24-26 October 2016, Chapel
Hill, U.S.
Shimadera H., Evaluation of Air Quality
Model Performance for PM2.5 Simulation
by Focusing on Long-range Transport and
Local Pollution in Japan, 13th
Atmospheric Sciences and Application to
Air Quality, 10-13 November 2015, Kobe,
Japan
Shimadera H., Evaluation of air quality
model performance for long-term PM2.5
simulation in Japan, 16th International
Conference on Harmonisation within
Atmospheric Dispersion Modelling for
Regulatory Purposes, 8-11 September
2014, Verna, Bulgaria
Shimadera H., Comprehensive sensitivity
analyses on air quality model
performance for PM2.5 simulation, 16th
International Conference on
Harmonisation within Atmospheric
Dispersion Modelling for Regulatory
Purposes, 8-11 September 2014, Verna,
Bulgaria

¢y

SHIMADERA, Hikari

20647367



