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2 3 ()

- Tahle 3. Summary of the major characteristics of selected air quality models for PM.

(Seigneur, 2001)

Model  Spatial and Gas-Phase  Aqueous-Phase morganic PM  Organic PM Size Applications to
Temgporal Chemistry Chemistry - (Thermodynamic ‘Distribution Date
Characteristics ' (Mechanism Modale and (Piocesses
and Number of $Species) Treated)
Reactions)
cIT Urban scale, CACM (361 Nore SCAPE2 (S0 42', 42 condensable  Sectional Los Angeles 19
episodic reactions) NOS‘, NH ;, CI",  speciesgrouped  {nucleation, Basin, CA
Na', K, Mg, into 5 condensation,
Ca®, COaz‘. BG,  hydrophobicand  kinetic mass
H,0, other) Shydrophilic ~ transfer)
suffogate species,
primary 0C
DAQM-VZ Urbanio RADM2 (158  19equilibriaand  MARS (SOf'. NO,", 6 hydrophobic Modal Benver, CO 62
regional scale, reactions) § reactions for NH;, HZO, BC, condensable (nucleation,
episodic S0 f‘ other} species, primary  condensation,
0¢ coagufation)
GATOR  Urban, regional Augrmented 67 reactions EQUISOLY Il 10soluble VOG  Sectional Los Angeles 63
to global scale, CBM-IV (more (S0 f‘. NDJ‘, NH,', species, saverab  (nucteation, Basin, CA
-gpisodic than 200 Cr, Na*, K, Mg®™,  nonvolalile condensation, :
reactions) G 0BG, species, primary  coagulation,
H,0. oifier) 0c Kinetic mass
transfer) -
Models-  Urbanto CBM-V (93 19equilibriaand  MARS (SO f‘, NDS'. 6 hydrophobic Madat Eastern United 64
3/CMAQ  regional scale, reattions) or Sreactionsfor  ~ NH 4', 1,0, BC, congensable {nucleation, States; western
episodic io RADM2 (158 S0 f‘ other) spacies, primary ~ condensation, United States;
long-term reactions) oc coagulation) contiguous United
States; Los
Anggles Basin,
CA: Nashville,
TN; Vancouver,
Canada
Models-  Urbanto CBM-IV (93 35 equilibriaand  ISORROPIA (SO fﬂ 38 hydrophobic  Sectional Los Angeles 65
'SICMAO regional scale, ieactions) or 89 reactions Iqr NOa‘, NH 4’, cr, condensable (nueleation, Basin, CA;
EPRICARB episodic CACM (361 S0 42‘ and NO; Na', H,0, BC, species or 42 condensation, Nashvitle, TN
version® reactions) other) condensable hybrid mass
species grouped  transfer)
. into 5
o hydrophohlif: and
: 5 hydrophilic
suriogate
species, primary
0C
SAQM-  Urbanto ' CBM-IV{(-30  None SEQUILIB (SO f‘, Nonvolaile Sectionat SHﬂ\JanUiﬂ 3,66
AERD regionat scale, reactions) NOS‘, NH ;, CI",  species, primary _ (pucleation, Vallay, CA; Los
_ episodic Na*, HZO, BC, oc condensation, Angeles Basin, CA
otfier) hybrid mass
transfer)
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2 3(2) (Seigneur, 2001)

Tahle 3. {cont.)

Madel  Spatial and Gas-Phase . Aqueous-Phase  Inorganic PM  Organic PM Size Applications to References

Temporal Chemistry Chemistry {Thermodynamic Distribution Date
Characteristics {Mechanism Module and {Processes
and Number of Species) Treated)
Readtiuns)
UAM- Urban scale, SAPRCO7 (185 35equifibiaand  ISORROPIA 6 hydrophobic Sectionat " los Angeles 12,56
AERO episodic reactions) reactionsfor (SO f‘, NOQ'. condensable {nucleation, Basin, CA (CRC,
. CRC 3042' andNO,~ N “, CI~, Na', Species, primary _ condensation, - CARB,and
Version® - H,0, BC, ather) 0oC hybrid mass Sun/Wexler
transfer) versions); San
Joaquin Valley,
CA; Salt Lake
City, UT; Tokyo,
Japan (CARB
version)
REMSAD  Regional scale, pGB4 (60 3 reactions for MARS (SUf‘, Primary 0G Fingandcoarse  Eastern United 67,68
Vgrsinn 6 long-term reactions) S0 :‘ b NOQ‘, NH .:' HzD' (condensation)  States; contigtious
BC, other) United States
UAMAERQ- Urban scale, CBM-IV(~90  Simple Paramelerization 2 hydrophobic Fineand coarse  Lds Angeles 69
LT long-term feactions) parameterization (SO _f', NOS‘, condensable {condansation) Basin, CA
for 80, NH,%, O, Naf, species, primary
HZD, BC, other) 0C
UAM-LC  Yrban scale, Parameterized  Simple Parameterfzation  Primary 0C One section Los Angeles 70
fong-term chemistry parameterization (SO f‘. NDG', {condensation) Basin, GA;
. for SO 42‘ . NH,', CF, Na, Phoenix; AZ
H,0, BC, other)
URM Urban to LLC (~100 2 reactions for ISORROPIA Nonvolatile. Seetional Eastern United TR
regional scale, reactions) s0> (80,780, species, primary  {condensation)  States (southern
episodic NH ". CI7, Na*, oc Appalachian
H,0, BC, other) Mouniaing)

*EPRI is formerly Electric Power Research Institute, Palo Alto, CA; CARB is California Air Resources Board, Sacramento, CA; BCRC is Coordinating Research Council, Alpharefta, GA;
the CARB version™ has a paramelerized aqueous-phase chemistry; the version by Sun and Wexler (UAM-AIM) uses the resulls of a Gibbs energy minimization for incrganic aerosol
thermodynamics.

@)
4 (CIT, UAM-AERO, UAM-LC, UAMAERO-LT)

urban-scale

7
regional-scale 3 (REMSAD,
UAMAERO-LT, UAM-LC)
( )
( ) CMAQ

36km
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UAM-LC H2SOs4 HNOs OC

CIT CMAQ

©)
CIT, SAQM-AERO, UAMAERO-LT, UAM-LC

REMSAD SO+ CMAQ, UAM-AERO

S042, NOs, CI, COs2

4 ( )
S042, NOs, NH4*, H20, BC
(CIT, GATOR, CMAQ, SAQM-AERO, UAM-AERO, UAM-LC)
Ca2*, Mg2+ 2
GATOR)

®) ( )
ocC 0C(SOA)
REMSAD  UAM-LC
URM  SAQM-AERO
DAQM, CMAQ, UAM-AERO
SOA

2 CIT

(6)

simple (fine and coarse)

REMSAD, UAM-LC, UAMAERO-LC

modal

DAQM, CMAQ

sectional

CIT, GATOR, CMAQ, SAQM-AERO, UAM-AERO, URM
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SOA
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(EPA)
EPA 1980

RADM, UAM

CMAQ
( , 2000)
UAM 2000 (

Wakamatsu et al, 1999; Streets et al,2001; Biswas et al, 2001) EPA CMAQ

CMAQ

CMAQ

Reference (Seigneur, 2001)
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1)
2005 CMAQ
Community Multiscale Air Quality model CMAQ EPA 1998
Byun and Ching,1998
CMAQ
One Atmosphere
CMAQ - - 1
1 lkm 100km
CMAQ 3
CMAQ
UAM Urban Airshed Model = RADM Regional Acid Deposition Model
UAM RADM
CMAQ one-way nesting
Process
Analysis
Plume-in-Grid
http://www.epa.gov/asmdnerl/models3/
(2) CMAQ
CMAQ CCTM CMAQ Chemical Transport Model
CMAQ
2-4 CCTM
2-1
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2-4 CMAQ

ECIP
(Emission-Chemistry ECIP MEPPS(Models3 Emission Processing and Projection
Interface Processor) System) 1 CCTM 3
MEPPS
MCIP
(Meteorology-Chemistry | MM5 CCTM MCIP
Interface Processor) MM5
ICON
(Initial Conditions) ICON
CCTM
BCON
(Boundary Conditions) BCON
CCTM

JPROC
(photolysis processor) JPROC

JPROC
CCTM
(CMAQ Chemical CMAQ
Transport Model)

19




@)
CCTM

2-1 CMAQ CCT™

(CCTM)
(MM5)

CCTM 2-5
2-2

2-5 CCTM

DRIVER

I/’0

HADV

VADV

ADJCON

HDIFF

VDIFF

CHEM

CLOUD

AERO

PING

20




ECIP

BCON

MCIP
JPROC p
] /’
w 1 E
ICON
—
————— >
2-2 CCTM
(4)
CMAQ 2 6




2-6(1) CMAQ

A case study of high ammonia concentration in the nighttime by

means of modelinganalysis in the Kanto region of Japan

Tatsuya Sakuraia, Shinichi Fujitaa, Hiroshi Hayami, Noritaka

Furuhashi

Atmospheric Environment, 37, 4461-4465 (2003)

MM5-CMAQ

. MM5 915> 915km( 15km) - 365km ><

365km( 5km) CMAQ 255><205km(- Fig. 1)
° Kannari et 2(2001) (1994

)

o CBM-
[ )
[ )

(- Fig. 3) © Observation

@ Caloulation

Akazm
- eﬁg& %&Tcﬁ%gaﬁ;ﬁ&&&k&
0
O-skasi j'M
(0 Eagarazska TR I T M I S S A S S ) i AT

Espurazsks

N (g m#y
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i ohet [
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12 18 0 6 12 18 © & 1z 18 O &
Fun 31 Ans 1 Aug. 2

NHijg m*)

| it i | D-1

Fig. 1. Modeling domain system, consisting of nested 15 and
8 ktn prids. ig. 3. Time vardation for observed and caleulated concentra-
h vons of NH; at Akagi and Kaguraeaka. The numbers on the
horizontal axis indicate the start time of esch sampling. The
observed wind welocity and wind direction averapged during
every 3h are also shown.

Kannari, A., Baba, T., Hayami, H., 2001. Estimation of ammonia emission in
Japan. Journal of Japan Society for Atmospheric Environment 36, 29 — 38 (in

Japanese).
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2-6(2) CMAQ

RAMS/CMAQ

,40(4),148-164 (2005)

RAMS CMAQ
80km 2001 3,4 2
RAMS 8000km 7200km
80km CMAQ
80km 7868 14  23km _ TFig.2
Streets et al. 2003a,b
SAPRC-99 AERO3
ECMWF
EANET VMAP Matsumoto et al.,2003

Fig. 2 Numerical model domain of RAMS (outer grid)
and CMALG (inner grid). Character symbals are
the location of observation sites (R=Rishiri,
T=Tappi. Ry= Byori, S=5ado, Hp=Happo,
Ts=Tsukuba, Ha=Hachijo, Og=-Ogasawara,
Ok=0d, B=Banryu, Yu=Yuruhara, F=Fukue,
He-Hedo,/Okinawa, Hi=Haterurma and
Yo=Yonaguni)

S02
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2-6(3) CMAQ

,39(5),229-245 (2004)

RAMS CMAQ 2001 4 EC 0OC
2001 4 EC 0OC
0oC
RAMS 25 115
80km  100>=<90 20 23km CMAQ
31 121 80km 7972
16 20km - Fig.1

Streets et al. 2003a
CB4_AE_AQ Byun and Ching,1999
ECMWF

2001 4 EC OC

EC oC

B Fa W

Fig.1. CMAQ domain. Cross points indicate the
surface observation sites (R: Rishiri, S:
Sado, H:; Hachijo, C: Chichijima), dotted
line is drown along course of ship (R/V
Ronald H. Brown), and a circled area
shows flight area of Twin Otter. Y line
shows a north-south line near the 140°E.

oC

EC OC
oC
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CMAQ
JCAP PEC-2004AQ-09 Japan Clean Air Program
CMAQ RAMS
URM
36 139
80km 66><56 20 8km 66><66
19 2km 62><62 19 - Fig4.1
JCAP
2000
SAPRC-99
2
NOx
Ox
SPM
R e LB SRRy 12 e et
RN YR AMS ] E{.ﬁ
Iﬁﬁ%m o 4km
2km
H T 1km
St il (RAMS
H LT +
/ CMAGH+RAMS Grid 1 iz + SUMM)
77 CMAQ+RAMS Grid 0™

Fig.a.1 BR &
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Meigen Zhang, Itsushi Uno, Yasuhiro Yoshida, Yongfu Xu, Zifa Wanga,Hajime Akimoto,
Timothy Bates, Trish Quinn, Alan Bandy, Byron Blomquist, Transport and
transformation of sulfur compounds over East Asia during the TRACE-P and
ACE-Asia campaigns, Atmospheric Environment, 38, 6947 — 6959 ( 2004)

RAMS-CMAQ (SO: S042)
6240
><5440km 80km

Pedro Jime'nez, Rene” Parra, Santiago Gasso’, Jose” M. Baldasano, Modeling the ozone
weekend effect in verycomplex terrains: a case studyin the Northeastern Iberian

Peninsula, Atmospheric Environment, 39, 429 — 444 (2005)

MM5-CMAQ O3 weekend effect
272> 272km CBM- Weekend effect
NOx NOx/VOC

Qi Mao, Larry L. Gautney, Toree M. Cook, Mary E. Jacobs, Shandon N. Smith, Jimmie J.
Kelsoe, Numerical experiments on MM5-CMAQ sensitivity to various PBL schemes,
Atmospheric Environment, 40, 3092 — 3110 (2006)

MM5-CMAQ PBL
36km
PBL

Daniel Q. Tong, Denise L. Mauzerall, Spatial variability of summertime tropospheric ozone
over the continental United States: Implications of an evaluation of the CMAQ model,
Atmospheric Environment, 40, 3041 - 3056 (2006)

MM5-CMAQ
36km

Meigen Zhang, Hajime Akimoto, Itsushi Uno, A three-dimensional simulation of HOx
concentrations over East Asia during TRACE-P, Journal of Atmospheric Chemisty, 54,
233 - 254 (2006)
RAMS-CMAQ OH HOq
6240><5440km 80km
RADM2
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Pedro Jime'nez, Oriol Jorba, Rene” Parra, Jose” M. Baldasanoa,

Evaluation of
MM5-EMICAT2000-CMAQ performance and

sensitivity in complex terrain:

High-resolution application to the northeastern Iberian Peninsula, Atmospheric
Environment, 40, 5056 - 5072 (2006)

MM5-CMAQ 300> 300km O3

CBM- 8km,4km,2km 3

2km

Yang Zhang, Ping Liu, Betty Pun, Christian Seigneur, A comprehensive performance
evaluation of MM5-CMAQ for the Summer 1999 Southern Oxidants Study

episode—Part I: Evaluation protocols, databases, and meteorological predictions,
Atmospheric Environment, 40, 4825 - 4838 (2006)
MM5-CMAQ (

( 32km) ( 8km)

Yang Zhang, Ping Liu, Ashley Queen, Chris Misenis, Betty Pun, Christian Seigneur,

Shiang-Yuh Wu, A comprehensive performance evaluation of MM5-CMAQ for the
Summer 1999 Southern Oxidants Study episode—Part II: Gas and aerosol

predictions, Atmospheric Environment, 40, 4839 - 4855 (2006)
MM5-CMAQ (03,NOx,HNOs )

( 32km) (

8km)
CBM-

Yang Zhang, Ping Liu, Betty Pun, Christian Seigneur, A comprehensive performance
evaluation of MM5-CMAQ for the summer 1999 southern oxidants study episode,

Part III: Diagnostic and mechanistic evaluations, Atmospheric Environment, 40,
4856 - 4873 (2006)

MM5-CMAQ PM (

( 8km)

Meigen Zhang, Itsushi Uno, Renjian Zhang, Zhiwei Han, Zifa Wang, Yifen Pu, Evaluation of

the Models-3 Community Multi-scale Air Quality(CMAQ) modeling system with
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observations obtained during the TRACE-P experiment: Comparison of ozone and its
related species, Atmospheric Environment, 40, 4874 - 4882 (2006)
RAMS-CMAQ (0s OH NOx )
6240><5440km
80km RADM2

Saravanan Arunachalam, Andrew Holland, Bebhinn Do, Michael Abraczinskas, A
quantitative assessment of the influence of grid resolution on predictions of
future-year air quality in North Carolina, USA, Atmospheric Environment, 40, 5010 -
5026 (2006)

MM5-MAQSIP(CMAQ )
36/12/4km
CBM- 4km  12km

T.W. Tesche, Ralph Morris, Gail Tonnesen, Dennis McNally, James Boylan, Patricia Brewer,
CMAQ/CAMx annual 2002 performance evaluation over the eastern US, Atmospheric
Environment, 40, 4906 - 4919 (2006)

MM5-CMAQ MM5-CAMx PM (
32km) ( 8km) CB- 2002
1
2 3
CMAQ
CMAQ
CMAQ
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MM5 WRF
Kusaka et al, 2006)
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Fig. 1. Three nested domains
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Fig. 2. Summeer simulation results of surface w- and v-component (m's) of wind, and temperature (deg. C) m Osaka
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Fig. 3. Winter simmulation results of surface u- and v-component (m's) of wind, and temperature (deg. C) in Osaka
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3-3(0)

2002/4/1 2002/4/15 2002/8/18 2002/9/1 2002/12/10 2002/12/24
No.
anemos| NHM MM5 Janemos| NHM MM5 Jlanemos| NHM MM5 Janemos| NHM MM5 Jlanemos| NHM MM5 Janemos| NHM MM5

754 0.38 0.30 0.32 0.57 0.55 0.61 0.00 0.00 0.02 0.36 0.48 0.14 0.23 0.22 0.30 1.03 0.24 1.27
762 0.26 0.28 0.19 0.34 0.30 0.24 0.14 0.04 0.03 0.39 0.39 0.14 0.20 0.33 0.40 0.48 0.43 0.71
784 0.33 0.31 0.36 0.47 0.44 0.39 0.15 0.04 0.04 0.54 0.51 0.26 0.14 0.29 0.50 0.16 0.30 0.74
800 0.17 0.22 041 0.21 0.31 0.49 0.30 0.28 0.13 0.52 0.47 0.14 0.22 0.19 0.22 0.36 0.30 0.52
805 0.31 0.19 0.27 0.36 0.50 0.32 0.21 0.27 0.23 0.56 0.61 0.39 0.22 0.41 0.32 0.63 0.50 0.85
807 0.20 0.25 0.23 0.22 0.40 0.25 0.03 0.24 0.16 0.09 0.58 0.30 0.27 041 0.27 0.53 0.56 0.87
809 0.14 0.31 0.29 0.24 0.60 0.38 0.13 0.14 0.20 0.25 1.07 0.48 0.30 0.45 0.42 0.46 0.62 0.78
812 0.25 0.22 0.24 0.29 0.26 0.33 0.15 0.27 0.28 0.60 0.37 0.47 0.28 0.48 0.54 041 0.59 0.78
813 0.23 0.14 0.28 0.34 0.34 041 0.19 0.14 0.22 0.35 0.30 0.35 0.34 041 0.42 0.46 0.43 0.59
814 0.08 0.22 0.20 0.18 0.43 0.34 0.11 0.03 0.10 0.27 0.05 0.27 0.31 0.47 0.42 0.43 0.54 0.84
815 0.17 0.05 0.22 0.24 0.13 0.35 0.25 0.16 0.17 0.44 0.18 0.24 0.34 0.52 043 0.46 0.55 111
817 0.12 0.17 0.20 0.12 0.23 0.26 0.27 0.29 0.28 0.51 0.34 0.30 0.30 0.33 0.38 0.36 0.35 0.60
819 0.14 0.25 0.24 0.15 0.25 0.45 0.25 0.07 0.17 0.47 0.07 0.27 0.38 0.27 0.33 041 0.27 0.92
821 0.03 0.27 0.36 0.03 0.33 0.45 0.17 0.42 0.42 0.18 142 0.61 0.18 0.39 0.44 0.18 0.65 0.90
822 0.12 0.00 0.25 0.27 0.13 0.61 0.20 0.09 0.14 0.55 0.17 0.23 0.45 0.48 0.43 0.54 0.65 0.85
823 0.25 0.07 0.32 0.29 0.16 0.47 0.33 0.32 0.21 0.45 0.35 0.36 0.36 0.29 0.36 0.43 0.35 0.85
824 0.21 0.23 0.32 0.30 0.38 0.43 0.24 0.44 0.38 0.31 0.46 0.45 0.45 0.35 0.40 0.47 0.44 112
827 0.13 0.11 0.19 0.28 0.28 0.43 0.34 0.38 0.26 0.46 0.42 0.32 0.36 0.26 0.37 0.44 0.30 0.75
829 0.19 0.03 0.27 0.32 0.15 0.68 0.25 0.34 0.33 042 0.34 0.40 0.36 0.26 0.32 0.52 0.47 0.92
830 0.17 0.03 0.25 0.40 0.11 0.51 0.23 0.14 0.04 0.43 0.20 0.04 041 0.36 0.41 0.54 0.52 0.74
831 0.16 0.11 0.15 0.40 0.31 0.58 043 0.38 041 0.68 0.40 0.59 0.26 0.14 0.25 0.59 0.35 0.91
835 0.21 0.04 0.16 0.48 0.16 0.58 0.30 0.04 0.05 0.35 0.06 0.05 0.37 0.29 0.37 0.46 0.50 0.76
836 0.21 0.38 0.28 0.29 0.67 0.52 0.36 041 0.18 0.46 0.87 0.25 0.31 0.48 0.45 0.39 0.68 0.59
837 0.31 0.17 0.35 0.45 0.28 0.60 0.45 0.24 0.27 0.54 0.29 0.28 0.28 0.19 0.40 041 0.28 0.59
838 0.33 0.13 0.29 0.38 0.38 0.45 0.38 0.16 0.26 0.63 0.17 0.29 0.37 0.31 0.36 0.52 0.37 0.91
843 0.11 0.15 0.20 0.17 0.23 0.32 0.39 0.46 0.42 0.52 0.46 0.43 0.29 0.34 041 0.38 0.37 0.73

0.20 0.18 0.26 0.30 0.32 0.44 0.24 0.22 0.21 0.44 0.42 0.31 0.31 0.34 0.38 0.46 0.45 0.82

SDP =777 00 0.0 05mm 0.1

=0.1

0.4




Ge

3-3(2)

2002/4/1 _2002/4/15 2002/8/18  2002/9/1
No, RSME RSME
anemos| NHM | MM5 Janemos| NHM | MM5 Janemos] NHM | MM5 anemos| NHM | MM5 [anemos| NHM | MM5 [anemos| NHM | MM5

754 422 | 092 090| 093] 1090[ 177| 202] -0.76] -069| 145| 2641| 0.86] 087 080| 202| 1.99| 348 -1.15] -099| 275
762 1486 | 087] 082 080 175| 2.66] 155] -0.25] -0.85] 022 2695 082 087 ] 077| 1.05| 1.92| 104[ -045] -139] 112
784 1426 | _092] 088| 092| 201[ 309| 220] 006 -147 | 1.26| 2651| 0.89]| 086 088| 180| 249| 287 -060] -161| 226
800 1503 | 0.85] 073| 08L| 232 256| 191]| -157| -141| 028 2540 0.88] 081] 0.76| 114| 1.39| 2.89] -0.32] -002| 245
805 1444 090] 088 090| 138| 1.76] 212] 037] -006] 170 2518 087] 080] 080| 1.36| 1.36] 301] 000] -004] 2.74
807 1564 | _090] 085| 083| 165] 387| 207]| -034] -297 | 047 2690 0.88] 0.79| 066| 126] 3.82] 2./6] -0.03] -3.22| 193
809 1481 089 083] 091| 237 339| 267] 000] -201| 1.95| 2598 0.89] 0.86] 079| 169 2.65| 424| 008] -1.88| 3.65
812 1526 | 085] 082| 086 221 204| 213 -078] -067| 117| 2679| 084 079] 078| 102| 167| 3.35| -1.14] -049| 257
813 1503 | 0.88] 085| 091 264 265| 285] 096] -0.30| 2.26| 2634 | 0.88] 084] 082 202] 208| 351 0.70] -049| 3.04
814 1447 088] 083]| 089 289 | 343| 369] 106] -057| 267 2509 089 083| 080| 1.82| 247] 4.73| 039] -0.86] 409
815 1446 | 084] 078| 086 327 316| 369 188| 0.40| 307 2654 001 081 079| 122 207] 3.30]| -0.14] -1.04| 2.79
817 1531 087] 077] 087] 181] 225| 240] -014| 010 1.68| 2650| 0.85] 0.76] 0.79| 145]| 153| 342] -0.33] 024 2.90
819 1566 | 087 079 001| 246| 3.29| 337] 058] -016] 278 2709] 089 082| 082| 163| 232| 464] 002] -089] 414
821 911| 075]| 073| 088| 563 448| 571] 407] 280| 528 1903| 085| 086] 078| 552| 342] 750| 494| 2.97] 7.20
822 1543 |_090] 087 ] 093] 268 264| 354] 189] 040| 3.12| 2620 0.87] 0.79] 077| L75]| 2.10] 4.16] 086] -062| 361
823 1521 088 078] 080| 197| 228| 304] 121| 071] 268 2613 086] 078] 077| 150| 153| 4.23| 085] 046] 382
824 1450 | 0.85] 080| 089 335] 333| 390] 170 052| 300 2528| 0.85] 0.79| 0.75| 227 243| 492| 1.26] -001| 431
827 1673 | _091] 081] 092 202 235| 274] 087] -031| 1.89| 27.70| 0.84] 0.70| 077| 141| 187] 230] 0.14] -0.76] 1.70
829 1586 | 093] 089| 095] 209 243| 330] 083| 002| 284 260L| 087] 082 078| 103| 213| 481| 071] -008| 435
830 1711 092] 089] 093] 185] 218| 300] 0.76] -023| 258 2693| 0.86] 0.77| 078| 145| 1.94| 4.04| 046] -038| 3.70
831 1502 | 090| 070 088| 194| 338| 310] 088| 151| 244 2656] 0.76] 066] 066| 1.71| 2.30| 383] 032] 120] 3.16
835 1716 | 0091] 086| 086 108| 244| 326] 064| 063| 202| 2703| 084] 072] 058| 113| 143| 2.78| 022] 034 2.20
836 1731 0.86] 083| 074 201| 379| 327 203| -320| 2.04| 2647| 0.77] 080] 051| 210] 329| 281| 167] -304| 2.14
837 1794 000]| 078] 080 135| 1092| 224] 038] 058 138 27.36] 086 067] 066] 096| 142| 222| 022] 059 1.6
838 1571 087] 062| 079] 173| 258| 253] 046] 040| 1.17| 2686] 083] 058] 069 150] 197| 234] 0.10] 0.36] 1.50
843 1502 | 083 ] 071] 083| 231] 245| 256] 042] 022| 1.71| 2594] 0.86] 0.75]| 082| 145]| 157] 305]| 0.23]| 053] 2.71

1525 | _088] 081] 087] 233 278 288] 0.66] -0.290] 204][26.16 | 086] 078 075] 174| 2.12| 358] 038] -043] 3.02
* ANEMOS 0m
* NHM 10m
* MM5 2m ( )

*
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3-3(3)

2002/12/10 2002/12/24
No. RSME
anemos| NHM | MM5 Janemos]| NHM | MM5 fJanemos| NHM | MM5

754 8.24 0.89 0.87 0.88 1.62 1.95 320 | -0.41 1.25 2.85
762 9.14 0.91 0.83 0.79 1.35 180 4.03 0.50 | -0.30 3.70
784 6.75 0.89 0.89 0.88 2.02 2.00 3.00 0.76 0.12 2.43
800 9.31 093] 0.86 0.91 1.56 234 3.38| -0.13 1.07 2.87
805 9.57 095] 090]| 092 1.54 1.35 341 1.22 0.10] 3.20
807 9.06 0.91 0.86 0.85 1.69 3.02] 4.60 099 ] -231| 4.28
809 7.20 0.88 0.86 0.88 2.26 212 361 0.96 | -0.58 3.11
812 9.63 0.92 0.83 0.90 1.53 2.15 216 | -0.51 1.00 1.59
813 8.03 0.89 0.85] 0.90 2.23 2.19 3.08 0.91 0.77 2.63
814 6.36 0.86 0.83 0.81 297 272 4.13 1.65 1.00] 3.28
815 8.81 0.84] 0.83 0.84 231 2.16 3.31 0.56 034] 275
817 9.73 0.93| 0.82 0.90 1.38 3.05 2.48 014 | 237 1.98
819 8.56 093] 090]| 091 1.99 2.25 3.11 0.73 0.65| 247
821 1.84 0.82 0.80] 091 5.01 3.91 6.11 3.85 2.79 5.85
822 8.94 0.88 0.85] 0.87 277 244 3.42 1.95 041 2.76
823 10.05 0.91 0.85] 0.87 3.18 2.60 3.44 2.85 1.76 3.03
824 7.49 0.82 0.82 0.78 3.81 3.33 ] 4.38 2.09 145] 3.37
827 11.63 0.92 0.84] 0.76 3.28 2.28 5.29 2.81 0.37] 4.65
829 8.55 090] 0.85]| 0.83 2.74 293 | 4.28 1.52 117 3.36
830 9.98 090 ] 0.87 0.86 248 234 4.02 1.55 1.05] 340
831 11.54 0.92 0.80] 0.86 199 430 341 1.07 3.49 2.65
835 11.10 090| 0.77 0.77 3.27 4,23 6.20 2.70 3.38 5.64
836 14.15 0.87 0.81 0.82 390 4.16]| 4.95 350] -359| 4.56
837 14.10 090] 0.84]| 0.83 2.27 290 | 4.66 1.90 248 4.38
838 10.62 0.91 0.84] 081 3.11 356 | 4.95 2.81 312 ] 458
843 10.43 093] 0.77 0.86 1.56 337 ] 4.18 0.52 231 3.60

9.26 090] 0.84]| 085 245 2.75 3.95 1.40 0.99 3.42
* ANEMOS 10m
* NHM 10m
* MM5 2m ( )
*
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3-3(4)

2002/4/1 2002/4/15 2002/8/18 2002/9/1

No. RMSE RMSE

m m/s| anemos| NHM | MM5 | anemos| NHM | MM5 [anemos| NHM | MM5 m/s| anemos| NHM | MM5 | anemos| NHM | MM5 [anemos| NHM | MM5
754 18.1 294] 049] 035| 062| 190| 186] 167] 071| 021 0.10| 334] 076 069| 044] 204] 157]| 217| 107| 0.13] 0.23
762 30.6 338 068| 046| 052] 144] 214 196| 030[-129] 059 329] 080 082| 068| 218] 136 251 | 132[-066] 154
784 15.3 183] 0.69| 062| o050| 1.72] 107] 169] 128] 0.18]| 0.74 281 085| 0.79| 063| 181] 163] 187] 120]-047] 0.35
800 12.9 3.77] 049 028| 050] 231] 339 224| 085 161] 019) 338 082| 0.76] 081] 3.02| 416| 268] 201] 3.08]| 1.69
805 11.0] 388] 057 045)| o061 189] 205] 207 | 057(-016] 067 451 082| 082] 074] 224 | 164| 243] 117]-052] 1.16
807 24.5 290 067 058| 050] 135] 144 162| 027 (-029] 007]) 417 080f 0.77] 081] 163| 2.03| 154]-0.24]-1.20]-0.19
809 11.1 265] 057 042| 060] 1.72] 166 152| 061[-0.33]-0.06]) 333| 078f 070 076] 177 155| 155] 049]-048] 0.33
812 131 345] 069 066 063] 1.73] 193] 192| 0.07| 0.58]-0.52 443 086 087 | 0.77] 166] 169 220| 038 0.32]-0.96
813 25.5 263 051 047| 053] 169] 187 1.69|-0.06|-1.05]-0.37 457] 082 080| 0.79| 202] 338 232]|-0.88|-245]-1.29
814 10.6 155] 057] 024 045| 196| 159] 124] 140 085 0.19 185] 0.68] 057 058 275| 142] 144] 187 0.79 [ 0.50
815 19.8 223] 056] 050) 042] 161] 118] 170 0.72]-0.30| 0.13 348 | 088] 083)] 065] 141] 181 187| 056 |-122| 0.26
817 18.7 226 049 048| 041] 209] 319 207 | 131| 244] 0.97 265] 061] 061 060| 3.36| 419] 247 217 | 269 1.38
819 14.8 227 051 044 o050] 140] 142] 143| 005[-063]-044]) 356 074| 076] 0.77] 167 202| 155]-0.10]-142]-0.04
821 10.3 448 | 048] 026]| 049] 246] 323 | 267 |-097|-226|-1.72 550| 0.76] 0.77] 0.72] 255]| 284 | 277 ]|-052]-198|-1.69
822 13.2 253 048] 033| 032] 187] 184 183| 081[-087]-064]) 386 077 080] 0.70] 225| 262| 211] 1.19]-181]|-0.84
823 134] 294] 065] 054 063| 184]| 154 130 114 038]-003) 373| 074| 073] 072] 337 192| 140] 210] 026] 0.17
824 12.1 166] 055] 019 o052 198 1.77] 123] 139| 112 021 227] 0.72] 060| 066 331| 202] 186] 218| 0.62 | 0.46
827 220 352 060| 045] 057] 150 182 169]-0.25]-0.74]-0.42 460] 085 086| 083| 221] 270 215| 035[-146] 0.02
829 11.7 197] 065] 063]| 049 183] 101] 161] 1.07| 011 0.68 284] 087] 086 063| 227| 163] 231] 1.38]|-053 0.76
830 21.2 336 050 037| 024] 1.75] 243 210|-057[-175]-046]) 4.07| 087| 089] 0.79]| 156 2.84| 198 ]-0.04]-2.03]-0.02
831 104] 421) 068 050| 062f 144] 3.01] 189|-033f 162]-116] 539| 090| 089] 088] 204 331| 295] 0.14] 160]-1.23
835 19.0 453] 051] 025] 036] 200] 260 255]|-0.75]| 0.28 | -1.27 6.16 | 089| 086| 083| 246] 2.80] 3.23]-0.68]-0.70 | -1.39
836 9.9 456 055] 031| 063] 253]| 279 265| 064 [-074] 061 6.11] 093] 0.79| 089 239]| 406 258| 083 [-155] 0.02
837 10.6 443] 040 038| 046] 218] 332 206| 030] 1.82]-0.32 396 091 090| 079 309] 402]| 192| 185| 266 | 0.03
838 20.6 2531 055] 035]| 044] 232 447 279 161| 341| 165 355] 0.78] 0.79] 060] 328 452| 398 220| 3.20| 2.26
843 10.3 327 067 051| o071 1.74] 367 155| 087 | 263 ]| 042 464 091 088| 091 198] 354 | 159| 098 250]| 0.25

3.07] 057 042 o051] 186] 224 187| 050| 0.26]-0.01 393] 081 079 0.73] 232] 259]| 221| 0.88[-002] 0.14

* ANEMOS 10m
* NHM 10m
* MM5 =10m( )
*

0.6
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3-3(5)

2002/12/10 _2002/12/24

No. RSME

m m/s|anemos| NHM MM5 Janemos| NHM MM5 |anemos| NHM MM5
754 181] 353| 056| 0.10] 068] 194| 245| 180| 077] 0.75] 066
762 306 347| 073] 010 046] 202| 233| 281| 005] -084] 123
784 153 | 138 039| 041] 022] 204 131| 209| 151] 0.70] 1.26
800 129 339 064| 049 051 314| 498 235| 245] 403| 111
805 110 403| 067] 055] 054 2904| 182| 2.66| 206] 063] 134
807 245| 267| 057] 043] 044]| 205| 151| 235] 120] 038 131
809 111] 187 054 017] 052 182| 227| 144 113]| 128] 0.49
812 131] 356 050| 045] 027] 235| 283| 259| 072] 149] 0.23
813 255 | 341| 062 0.76] 074| 202| 247] 1.80] -0.76 | -1.34 | -0.66
814 106 123| 063| 041] 031] 207| 163| 132| 176] 128] 062
815 198 269| 048] 040] 042| 1.70| 1.23| 150 0.85] -049| 0.38
817 18.7] 209| 047| 047] 029 292| 429| 252| 226] 367] 166
819 148 | 2.72| 056 052] 069| 153| 1.84] 154 -0.39| -1.00 | -0.83
821 103 | 594| 046| 058 062] 3.77| 3.84| 3.67| -2.00| -242 | -2.33
822 132 2.79| 046 043] 041| 221| 169 188 1.25] -0.66| 0.29
823 134 407| 055| 051] 053] 220| 163| 1.46| 1.08] -0.38 | -0.31
824 121] 127| 047] 036] 031] 218| 168| 126| 165] 136] 024
827 220 349 042| 038] 039] 234 179| 2.63| 080] -0.35] 1.22
829 11.7] 210| 076| 076] 068] 159| 113| 157| 103] 019] 0.80
830 212 310| 021] 002] 013[ 22| 228| 259| 003] -1.04] 0.79
831 104 | 415| 054| 047] 050] 188| 493| 174| 018] 3.75] -0.37
835 190 542 043| 036] 042] 263| 3.75| 3.43| -0.50| 144 | -0.01
836 99| 654| 057] 064 060] 3.00| 2.97| 308] 029] -1.25| -0.88
837 106 | 435| 072 057 0.70| 2.66| 515]| 232] 190| 4.05| 1.17
838 206 | 286| 025| 030 041] 369 481| 4.09| 274 407] 3.39
843 103 | 382 | 075| 0.73] 065| 208| 488 179 127| 431| 059

331 054| 044] 048] 234] 274 223| 093] 091] 052

* ANEMOS 10m
* NHM 10m
* MM5 =10m( )

*
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ANEMOS
3-4 ANEMOS
NHM MM5
NHM
ANEMOS
MM5
3-4
ANEMOS
NHM
MM5
3 3 MM5
3 2 MM5
MM5
MM5
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3-5 MM5

MM5
3
o
10km km
100m  200km
3
4
4
MP1 WPI
Message Passing Interface
2 CMAQ
Models3/CMAQ MM5 MCIP
MCIP CMAQ CMAS Center (Community Modeling &
Analysis System) MCIP3.1 2006 3
CMAQ MM5 WRF(Weather Research
& Forecasting model) MCIP3.0 CMAQ
MM5 WRF RAMS CMAQ
MCIP
MCIP for RAMSver4.3
3 4
MM5
Models3/CMAQ MM5 MCIP
CMAQ MM5

40



CMAQ MM5 WRF(Weather Research & Forecasting model)

MCIP3.0 CMAQ MM5 WRF
WRF WRF
MM5
CMAQ MM5
MM5 SYNFOS(Synthetic
Numerical Forecasting System)
SYNFOS MM5
( )
SYNFOS MM5

SYNFOS

Kusaka,H., H. Hayami, Numerical Simulation of Local Weather for a High
Photochemical Oxidant Event Using the WRF Model, JSME international
journal. Ser. B, Fluids and thermal engineering, 49, 72 - 77 (2006)

Shrestha Kundan Lal, Kondo Akira, Morikawa Tazuko, Kunimi Hitoshi, Nakatsuka
Seiji, Kaga Akikazu, Inoue Yoshio, Evaluating and comparing the predictions of
meteorological models and their suitability for air quality modeling, 47

, 1F1012 (2006)
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4. VOC ( )
CMAQ(v.4.6)
4 1
CMAQ(v.4.6) AERO3 AERO4 CMAQ
CMAQ-MADRID
MADRID
(AERO3) MADRID 4-1 MADRID
AERO3
4-1 AERO3  MADRID (Schwartz et al., 2005)
AERO3 MADRID 1, 1a MADRID 2
Size modal (3 modes) sechional (2, 8 sections) sechonal (2 sections)
distribution number PDF mtass PDF mass PDF
Nuclealion absolule rate relative rate refalive rate
Condensational | modal noving-center not treated
growth _
Coagulation nodal not treated not treated
Gas-particle full equilibrium CIT equilibrium or CIT equilibrinum or
mass transfer CMU hiybnd CMU hvbrid
Inorganics S04 . NHy . NO;~ |SO.". NH,", NOy~, Na", CI SO, NH,", NOy", Na”, Cl
Secondary “parametenzed” “parameterized” “first prnciples”
Organic (Schell et al. 2001) [ (Odum et al . 1997, (Pun et al. 2002)
Aerosol Griffin et al, 1999) hydrophilic / hvdrophobic
2 predicted species: | 38 predicted swirogate species: |42 predicted explicit species:
1 anthropogenic 4 anthropogenic 31 anthropogenic
| biogenic 34 biogenic 11 biogenic
Gas-phase CBM-TV (46, 96} CBM-TIV (92, 117) CACM (1921, 361)
chemistry RADM?2 (75, 200) |RADM2 (121, 221) (Griffin et al. 2002)
SAPRC-99(79, 214)
Aqueons RADM (33, 23) RADM (33, 23) CMU (55, 133)
chemistry CMU (55, 133)
Heterogeneous | not treated HO-MWNOMWNOMN 05 on surfaces | HOWNOWNO/MN 05 on surfaces
chemistry N30O; in droplets (Jacob 2000) | N2Os in droplets (Jacob 2000}

Features to be
added

alternate nucleation
schemes

coagulation

| increased size resolution

coagulation
increased size resolution

:(http://www.asp.bnl.gov/ASP_ST_mtg_pres_2005/Wright-Schwartz/Wright_presentation.pdf)
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MIR(Maximum Incremental Reactivity) CB4
CBO05 CBO05
(Yarwood et al., 2005)

CBO05 CB4 8%
CBM- (CB4) SAPRC99 4-2
VOC CBM- VOC
(Lumped structure mechanism)
SAPRC99 1
(Lumped molecule mechanisum)
SAPRC
4-2
CBM-1V SAPRC99 CBO5
Carbon Bond Statewide Air Carbon Bond
Mechanism, Pollution Research | Mechanism,
version IV Center, version 99 | version 2005
Gery et al.(1989) Carter (2000) U.S.EPA (2005)
type LSa LMP LSa
81 198 156
33 72 51
Constant species 2 4
9 14
( ) 5 6
6 25
( ) 5 14
PAN 1 4
4 4
1 1
a: Lumped structure mechanism. Jimenez et al.(2003)

b: Lumped molecule mechanism
17
CBO05
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Fig. 2. Simulation results for ozone concentrations (ppb) and relative deviations with respect to the average behavior (%) during
daylight hours. Simulation was initiated at 0 h LST with the parameters and initial conditions specified in Table 2.
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E.M.Knipping, D.Dabdub, Impact of chloribe emissions from sea-salt aerosol on coastal

urban ozone, Environmental Science and Technology, 37, 275 — 284 (2003)
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(Available at http://www.camx.com/publ/pdfs/CB05_Final Report_120805.pdf.)
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Dodge M.C., Chemical oxidant mechanisms for air quality modeling: critical review,
Atmospheric Environment, 34, 2103-2130 (2000)

Jimenez, P., Baldasano, J.M., Dabdub, D., Comparison of photochemical mechanisms

for air quality modeling, Atmospheric Environment, 37, 4179-4194 (2003)
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6-1(1)

Characteristics of Asian aerosol transport simulated with a regional-scale

chemical transport model during the ACE-Asia observation

S. Satake, I. Uno, T. Takemura, G. R. Carmichael, Y. Tang, D. Streets, N.
Sugimoto, A. Shimizu, M. Uematsu, J.-Seok Han, S. Ohta

Journal of Geophysical Research, 109, D19S22, 2004.

ACE-Asia
CFORS

RAMS
80km

Streets et al(2003)
ACE-Asia2001(2001 )

PMio (- Fig4)

(- Fig.11)

1) Mineral dust
I D PMyg  —— PMpgodel [ Mass loading in the atmasphere_6.7 Tg (6%) 1
. T T
T - T A Dy Wet Gravitaional
- 20014 Gosan Max=390 | dipelion dipuiiion selfing Ouiflow from
B 344Tg 94Tg 264Tg simulation domain

¢) Carbonaceous serosols (BCHOC)

T ]’D T IJS Mass loading in the stmosphere  0.22 Tg (7%)

100 (33%) (%) (27%) _tothe East 9.02 Tg( W,}I
Emission 1o the West 3,30 Tgi 2%
iy —to the South 0.0 Tl 1%) g,
s~ D ks - s = o the North 152 Ta(13%)
e 95 100 105 110 (15 120 | _l_?—_z_p..
3 300
‘E b) Sulfur (Salfate concentration level Is convened fnto g-50,.)
£ 200 || Mass loading in the atmasphere 030 Tg-S0514%) |
E i) T
£ 100 Dry Wt
2 deposition  deposition Outflow from
g ok Ttoal Emission 1,74 Tg-50, 272 Tg-50, simulation domin
L 3 .
T = to the East 504!
3 B0 Tg:SO_21%) OB ) e Bast 22775505 27%)
£ ¢) Sado Max=325 E 6.11 Tg-50, to the West 0.11 Tg-504( 1%)
5 200 “ Volcanic to the South _0.02 Tg-50,(0.2%) -'
; I 8 e @ Ly ‘rlg.sn: fothe Nowth 124 T3-S0,(15%)
100t s J
=
> )
=
B

=1
=

7 s
95 100 105

00— T T - pfyl Wet
| d) Amami e deposition  depasition Ouitflow from
= - Tioal Emission 0.50 Tg 015Tg simulstion domain
200
L o o & kil 07Ty _(16%) (5%)
100 [ Y 9. . & % o Anthropogenic to the East |49 Tg( 49%)
d TEh 5 o % 1 1.63 Tg 0 the West o
0 5 . k Biomass buming tothe South 0.01 Tgl 0%) »
95 100 105 110 115 120 LA fothe Noah 0 44 Tyf 14%) i

Day of year 2001 (JST)
. 3o y Fij 11. Regional budgets fi ineral dust, (b)
Figure 4. Time variation for simulated total acrosol iy © A gw::usg[s.(? A -:Icpl:)siliiiu'.
concentrations (PMoser) _(by solid line) (!-‘g‘rm ) and for  anq ourflow are shown by arrows in Tg (Tg-SO; for sulfur
observed PM o concentrations (jig/m”) (open circle and dot  cycle). Numbers in parentheses under each deposition and
line) for (a) Gosan, (b) Rishiri, (¢) Sado, and (d) Amami. outflow indicate the ratio to emission.

56




6-1(2)

,39(4),200-217 (2004)
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1995 7 12
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et al. 2001 1995
EDGAR3.2 2003 1995 1992
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7
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12% 12
58% 17% 13%
8%
12

75%

Fig.2. Model domain and regional zone for source-recepter analysis

by HYPACT. Circles denote the volcanos having SO, emis-

sion.
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-2(1)

Surface ozone at four remote island sites and the preliminary assessment of the

exceedances of its critical level in Japan

P. Pochanart, H. Akimoto, Y. Kinjo, H. Tanimoto

Atmospheric Environment, 36, 4235 — 4250 (2002)
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Fig. 3. Multi-year monthly averaged O, seasonal varations at Rishiri, Oki, Okinawa, and Ogasawara. The symbols indicate the
averape and the whiskers indicate +1 standard deviation. The periods of 0; monitoring varied among sites from 1994 to 2000, The
dats at most sites were collected for the entire years except at Ogasawara where 5 was monitored from July 1997 to Angust 1998,
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6-2(2)

Contribution of regional pollution and long-range transport to the Asia-Pacific

region: Analysis of long-term ozonesonde data

M. Naja, H. Akimoto

Journal of Geophysical Research, 109, D21306 (2004)
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Figure 3. Relative contributions of air masses from (a) regionally polluted, (b) Eurasia, (c) Pacific, and

(d) Japan regions at Sapporo (SAP), Tsukuba (TSB), Kagoshima (KAG), and Na

ha (NAH) in the

boundary layer (left column) and lower troposphere (right column). Results are shown using data for all
months, wintertime (December—January—February (DJF), when photooxidation is least active), and late
springfearly summer (April-May—June—July (AMIJ), when it is most active). These estimates are made
for days with valid ozone measurements.
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Figure 15. Changes in anthropogenic NO, emissions over
central Europe (35°—60°N, 10°W—-30°E) [Festreng, 2001]
and east Asia (China, Japan, Korea, and Taiwan) (Kato and
Akimoto [1992], shaded symbols; Streets et al. [2001], open
symbols; van Aardenne et al. [1999] solid squares).
Extrapolated central European values during the 1970s
are based on the work by Organisation for Economic
Co-operation and Development (OECD) [1993]. The
decrease in emissions over central Europe during the
1990s is mainly due to reduced emissions over Germany
and the United Kingdom, while the increase over east Asia
is due to increased emissions over China.

6-2(3)

Analysis of the seasonal variation of ozone in the boundary layer in East

Asia using the Community Multi-scale Air Quality model: What controls

surfacezone levels over Japan

K. Yamaji, T. Ohara, I. Uno, H. Tanimoto, J. Kurokawa, H. Akimoto

Atmospheric Environment, 40, 1856 — 1868 (2006)
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(below 2km), averaged over 2 months.

, arrows) in the boundary layer

Table 1
Ozone concentrations (O and Cg) and eastward (FRU) and upward (FRW) ozone flow rates

0 concentration Crf Cy (%) 05 flow rate (FRW/FRL)
%)

Ca (control) Cp (Asi_emissions) FRU FRW

(ppbv) {ppbv) (moleculess™) (moleculess™)
Jun-—Feb 471 59 128 4.36E +28 (13.1) —280E+127(5.2) 6.4
Mar-Apr 564 121 214 4.56E +258 22.9) —1L.T3E+27 (9.4) ig
May—Jun 581 19.7 140 1.96E + 2§ (36.1) —9 9E+26 (16.1) 4.6
Jul-Aug &2 0.4 LET 1.46E +28 (57.9) 250E+27 (246) —17.1
Sep—Oct 513 l6.4 &) 1.76E +28 (26.8) —7.63E+26 (13.1) 43
Nov—Dec 50.0 4.8 a7 4.32E+28 9.0y —542E+27 (0.1) 12.5

Cy: ozone concentrations on a latitudinal o oss-section (Fig. 1) in the boundary layer (below 2km). Cg: concentrations of chemical ozone
prodoced by east Asian emissions on the latitudingl wosssection in the boundary layer. Cg/Cy: contribution ratios of east Asian
amissions to ozone concentrations on the latitudinal aoss-section. FRU: castward ozone flow rates on a latitudinal cross-section in the
boundary layer, numerals in brackets are contribution ratios of east Asian emissions (%). FRW: upward ozone flow rates at top of the
boundary layer over Japan (closed by dotted line in Fig. 1), numerals m brackets are contnbution ratios of cast Asian emissions (%),
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D.G. Streets, T.C. Bond, G.R. Carmichael, S.D. Fernandes, Q. Fu, D. He, Z. Klimont, S.M.
Nelson, N.Y. Tsai, M.Q. Wang, J.-H. Woo, and K.F. Yarber, An inventory of gaseous and
primary aerosol emissions in Asia in the year 2000. Journal of Geophysical
Research-Atmospheres, 108, (D21) Art. No. 8809 (2003)
http://www.cgrer.uiowa.edu/EMISSION_DATA/index_16.htm
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M. Liu, D.L. Westphal, S. Wang, A. Shimizu, N. Sugimoto, J. Zhou, Y. Chen, A
high-resolution numerical study of the Asian dust storms of April 2001,
Journal of Geophysical Research, 108, ACE21-1 — ACE21-21 (2003)
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(PM25/SPM )

8-3

94

8-3
PM, ;/SPM
* 0.759
( ) 0.862
( ) 0.862
( ) 0.852
( ) 0.294
0.882
0.937
0.937
0.700
* JCAP
PM2s SPM
(PSO4) (PNO3) EPA  SPECIATE(v3.2)
PM SPM
( 84)
8-4
PSO,/PM,, | PNO,/PM,,
9.053% 0.208% Industrial Manufacturing-Average
() - -
( ) 0.100 0.003 Industrial Manufacturing-Average
( ) 1.950% 1.070% Heavy Duty Diesel Trucks Light Duty Vehicle
( ) - -
1.950% 1.070% Heavy Duty Diesel Trucks Light Duty Vehicle
1.950% 1.070% Heavy Duty Diesel Trucks Light Duty Vehicle
1.950% 1.070% Heavy Duty Diesel Trucks Light Duty Vehicle
0.084% - Municipal Incinerator
NOx 95% NO 5% NO2 SOz SOx
97% (Byun et al., 1999)
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8-10

8-5 (MM5) 1

35.7N, 139.9E

(MX,MY,MZ)=(45,45,24)

DX=15000m, DY=15000m

o=

MZ+1 (1.000,0.998,0.995,0.990,0.980,0.950,0.900,0.850,0.800,
0.750,0.700,0.650,0.600,0.550,0.500,0.450,0.400,0.350,
0.300,0.250,0.200,0.150,0.100,0.050,0.000)

Xo= 337,500m Yo= 337,500m
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(MM5) 2

35.7N, 139.9E

(MX,MY,MZ)=(55,55,24)

DX=5000m, DY=5000m

MZ+1

o=
(1.000,0.998,0.995,0.990,0.980,0.950,0.900,0.850,0.800,
0.750,0.700,0.650,0.600,0.550,0.500,0.450,0.400,0.350,
0.300,0.250,0.200,0.150,0.100,0.050,0.000)

Xo= 137,500m Yo= 137,500m
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35.7000007629395N, 139.899993896484E
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o
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0.750,0.700,0.650,0.600,0.550,0.500,0.450,0.400,0.350,
0.300,0.250,0.200,0.150,0.100,0.050,0.000)

Xo= 130,000m Yo= 130,000m
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p
() 2 }
3
N\
v
e
3 (dst) (©
1 dstl) C()
2 dst(2) C(2)
L 3 dst(3) C(3)
(1) dst(1)=0 km
4’[ iy 1 C@) }
(2) dst(1) 20 km
—{ dst(l) dst(3d) 2 (i) }
(3) 20 km dst(1) 50 km
dst(l) dst(3) 2
(i)
(4) 50 km  dst(1)
4,[ (i) }
A T '
E SO, 2ppb NO 2ppb NO, 2ppb CO 0.8ppm i
N _______Ox 20ppb NMHC 10ppbC_SPM Opig/im® __________. ,
8-10
8-8 NMHC
ETH OLE ISOP TOL
1.240E-05 2.172E-05 2.055E-06 3.136E-05
XYL PAR FORM ALD2
1.476E-05 5.569E-04 0.000E+00 8.066E-06
NMHC 1ppbC (ppm)
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8-9 NMHC
ETH OLE ISOP TOL
1.228E-05 2.310E-05 7.278E-07 3.138E-05
XYL PAR FORM ALD2
1.011E-05 5.941E-04 0.000E+00 5.188E-06
NMHC 1ppbC (ppm)
PM
EC OC S04 NOs NH4*
PMFine PMCoarse( SO42 )
SPM 15 (
SPM
8-10 8-11
8-10 SPM
EC oC SO42 NOs
0.14674 0.14185 0.16047 0.02297
NH4+ PM_FINE PM_Coarse
0.06165 0.19494 0.27138
8-11 SPM
EC oC SO42 NOs
0.08442 0.08947 0.18112 0.10883
NH4+ PM_FINE PM_Coarse
0.09855 0.34226 0.09535
CMAQ 8-12
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8-12 CMAQ

Variable  |[Settings Selection Variable |Settings Selection

ModDriver ctm chem_noop
ctm_yamo o smvgear

ModInit !n!t ModChem ros_3
init_yamo o ebi_cb4 o
adjcon_noop ebi_cb05

ModAdjc |denrate ebi_saprc99
yarmu Uptruim uutsS TTOUTIETU
o, o aero_noop

ModCpl  [gencoor o ModAero |aero3 =)
hadv_noop aero4

ModHadv  |hppm ModAdepv aero_depv_noop
hyamo o aero_depv2 o
vadv_noop cloud_noop

ModVadv  [vppm ModCloud |cloud_radm o
vyamo o cloud_acm

ModHdiff hdlff__noop ModPaT pa_ o
multiscale o ModUtil  |util o
vdiff_noop ch4_ae3 aq o

ModVdiff |eddy o ch4_aed aq
acm2 Mechanism |cbh05_ae4 aq

ModPhot phot_noop saprc99_ae3 aq
phot o saprc99_aed aq
ping_noop o

ModPing  |ping_smvgear_aero3

ping_smvgear_aero4
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CMAQ
8-13
8-13
NO NO ppb
NO, NO, ppb
NOXx NO+NO, ppb
Ox O3 ppb
PO O3 + (NO; - 0.05*NOX) ppb Potential Ozone
SPM PM, s+ACORS+ASEAS+ASOIL ug/m?
Sulfate ASO4J+ASO4I ug/m?
Nitrate ANO3I + ANO3J ug/m?
Ammonium | ANH4I + ANH4J ug/m?
POA AORGPAJ+AORGPAI ug/m* | Primary Organic Aerosols
SOA AORGAJAGRGA| ugin® Anthropogenic Secondary Organic
Aerosols

SOA B AORGBJ+AORGBI ug/m® | Biogenic Secondary Organic Aerosols
EC AECJ+AECI ug/m* | Elemental Carbon

ASO41 + ASO4J + ANH41 + ANH4J +

ANO3I +ANO3J + AORGAI +

AORGAJ +
PM_; ug/m?

1.167*AORGPAI + 1.167*AORGPAJ+
AORGBI + AORGBJ + AECI + AECJ +

A25] + A25]

: U.S. EPA, Technical Support Document for the Proposed PM NAAQS Rule Response Surface

Modeling, 2006
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