HAENDOREEICK 5
HBTT » ER AR o — )V RKUTG Y D5
(Impacts of urban and hemispheric air pollution

on air quality over Japan)

= /A N
ﬁ"&/ﬁ H;D\

(CHATANI, Satoru)

Al BRFER BB AT R M ERBR LR 2 s B Am S i (BRR)

2011 4F






B2E

AARDOKDE I HRAICKESNTE TVDEHR, KB ERIR I % 58
H % & BHRIERAY (NO <°NOy) | UM IRWE (PMys) . BE A Y > (03)
REDIALFA XV H U FDOREIZOWTIE, FEEEORMN K IV, NO,
OPFEIIATHEOME CThebm < . WA E LTRSS TV 523, NO,
FEICH T TE S HEHSILD NO & O DRIC L > TAERENDT2D, O3 D
B OKELZU 5, PMys ORI B BT T OIRTE T b mns - 7278,
P CIRIRIE, AT, BITHOREEI NI R0 | R 22 8 O FRAH 23
R o TETWD, MEIX, HMEFAFT X FOEHRSTHD 0 THD,
O; OFERF MO EREHR G CRET D Z L BZVA, RN EER R
T L D BT TEWEIA D D, I HIT, O3 [ERKFHMA L
WHEL . BAUSAOTT U7 G E D Ofse, YR ORI D8 L K
REIND, Lo T, AARENIZEIT S NO,, PMys, O; DFSEICK L, £D
REH TOYBYLFN 2B A PR L. AR O RITHE DT T 720123,
FIERNOH T ETCEELYNANT AT — VRNV ETH L, £ TARMIET
X, PEER~SEI R T — L LRI~ T R — v 2 FEREO 3 T KRRV R 2 L
—va O AEREE LTz, £ LT, PER~EBRA T — LD I a2l —T g
ATEY (1) BARENOHER O3 LIS 2T V7 4 & Ok D4,
(2) AARENOHZER O IEICHT LT U7 OPEH & E [RESIFORE,
IR~ A — LDy I alb— a2k b, (3) HAROELEHBDOIBHKR
BT D REULFET v AOKEIOBGE, (4) AAROELEHOKZEIZHT 5
PR DEN A Z IR H & & U E DR, IOV TIRT 21T o 72,

MR~ FHIE R =L DY R 2 L— g O EART, EER(LER% T T LD
CHASER & fHIEA S - (LFEEEFE S A2 T A4 T /LD WRF/chem 7> 5 ARk
&M%, WRF/chem OIS EIKIIHE T O 7 #BEOTEE 2G5 A TBY . £ DR
I EEDS CHASER o iEflta i 5, ANZAEPRHPEH &I21X Regional Emission

i



inventory in Asia (REAS) 28\ b, AMEJFSEHEITE T VN THESG N S D,
HI A~ T ATy — 1Dy I 2 b —a rOpMRIT, EERREET LD
WRF-ARW, FHIE(LFHEET /LD CMAQ DT /L& P EHFET L
T N=ZbEREND, AARERNO BB HEPEH I, Japan Auto-Oil
Program (JATOP) o Jiigk B @ dgk i &HEZHE 7L, HBY LI O PR &I
Georeference-Based Emission Activity Modeling System (G-BEAMS) . “EWitiiHE
Hi &#:/% Model of Emissions of Gases and Aerosols from Nature (MEGAN) THzt &
b, BARUSD NGEFEPEHEIZIX REAS AW SLIL D, R E AT
AT DT LR HHHENC IS T DGR E DOk A 4 X 4km O S G T
KHT 5 LFARHC, (GYUE O REM@% L ZET 5 LN TE D,

FT R~ ERA S — LD 3 RIERK Y T 2 b— 3 L2 XD 1996~2005
D HARENHZR T O I DR~ 258 L RIMEAIC)TT 2 5T U7 406 O
BEOEBIZOWTHRIT 21T o 72, FHHE S - 2B O #3105 I D KF
SyAiE, HE, SRS, B E AR EREFEBICEDN S L O R s
B = %R L, KBRS U= FEME ORI b feRd S iz, HiZRim O i

OFFEEIE, AARERNOETE 2T Clide ez S raikicks T, &
=B AN CRAGHIEINIC H - 7248, HiEH O IRIEDE L LT L K
B OWTIE, BT AVBEMIIRG Cholo, BEMITOR RN, Hik
M Os I DRI 704 2 BN T 2T VT 440 b OBk OB T/ N X < |
7R EEENT, EICHT VT NORGEEIEOE 2 EEFHNFI &L LT
LT ENbhote, LnLRns, HiZRin O ORI Z2 i m 12 L T
X, /T T4 5 ORISR 3 BloF5E2KELTND Z LR HEES
iz,

(2 FER~FHIEA 77— v D 3 IRTRR Y R 2 b—3 3 /2 i, 1996~
2005 G0 HAREN I E O3 JJE D 2 2858 & REIEHMANIT S L, /T 7 Nk
HER L ORGSR OEBRZNENED X 9IS MOV TER - fi#

1



Wrattotz, [BEMEEBEE L, JEHEOEIDOIEBE LI ERTiX, #E
T O3 I DHIMEANII T U, SEHEOZBIER K S EIOFEEHT H L0 ) fn ik
PREbIIZ, Zo& &, AARENOFTEEIH EICIXBEE LR Z T b
W2 15 D AIVICEIMERNE B AR O T 27 A E ORISR E PEH E OO
HELZ T TNDLZEDRRBIND, REOHNMMEMIZIZFHIZE2EN DD
D, FFELHFCIPEBET., ERIFEIEREZPLCENIAREL, Zh
ZEEEZ N L CHARICH B Z KT LTz, AZFRITIE NOx OFEH EOHEN

IZEV O3 DAL RIEE RS, TEALA TIE O IREDK TR LN, —
i HEHEERFEE L., KRELEOEOHEEE L EBRCIT, MR O, 2
DEIAN 2 BB L HE S, TOLEEIIH RN BEOZ (Lo EL KX
< kRl Tz, FMPEROMZFEE Os i E OBz L Tix, [REELEED
SN TIARE I IIBL IR D o oAy L RO M3t L CIER RS S
HOFEEZAT DLWV IRRBFTELIL, HHEOEIDZEZ Fhl> T,
L7edo T, K[GEREORMIRES) - BN EFEOMEA Y O RIS
A G2 TWD RN RIS,

RIZ, B~ EH A7 =D 3 W KRR I 2b—ya il k b, HROH
T OBERKRKICBIT D KRG FE T 5t A DOEEZHBEE LT, HARDRBAZK
SJEZHEMET 5 LT, WMHICBT 2RO FLENEETER20R, #HTTRR
HORZALTF T v 2 DOEMITIIEIRE L TCRERAEIEDNFET D, 22
T, AT TIIRK T ONALFLORIT R 2 582 SO L7 BB R & LT,
OH FUGHEIZH B LIZ ' TV - fRT 24T o 72, 2007 £E0E 2R AUHLED
ICBWTCRII S o4 OH BOUGHEE, RIRHCEI S 7o BRI ORE & % D
BOSIEEEEE D BHE M L7z OH SUSHEDOGEHEA EEl-> Tk | Bl S /- {E
AR IITE ENRWD PO B2 KT L TW S et o & 5 OH
Ry VTV DIFED R S VT, BB 2 X 3 IRoTRR Y R 2 b
—arEFATLIEE I A, VOC & X w77 @ OH RSO/ N

111



(&Y. & OH FUSHEITRIEZ2E/ NI Ch o7, HEHIE & BEIREE 58 %
FeUatEZET L, REFREMELBAMEIIZE-SSE, T ThRE
v Ty O OH BOSHEIRR 4 B0/ N Cd o7z, RREEFRIT D5 R D
O, Iy Ty ONH BRI O ZIRAERRMR S Th oot Ik
RIF-Rsy DR A 1 BIFEEEHI L, O3 DA ARt S B 5082 A9 %7

REMEDS IR STz, ETo, REED =R Th - 1o 81013, 2R
BhEAL DD, R KA (SOA) OARE 2 5L FICKIFICHIN &
% RIREPEAN RIS S 47,

BZIZ, S~ A — LD 3 KKK I ab—va itk fko
15 L B Bl 3 BRORCHTS D D RAVES RT3 588 2 Tl L 7o, AORER OIS
BT 5 NOx. NMVOC, PM,s DFEHEIL, 2005 2% LT 2020 Fi2idenz
A 44.5%, 18.1%. 41.7%HIT S D L HEGH S 4172, NO, & PMy s D RIS
2020 FEIZENEI 30~40% & 15~20% KBS D & FlIS L, £72. NO IZ
L DWHE DWW LD AZFED O; DREITBEZEITHEMT 208, BELEORE 5
IR NSV E TRIES N, S 512, REAS THEF STV A 3 FEOPEH &
U A E R, CRERO R EREBER S O R A TN L7z, Rk O KRB S O
BT LER D O3 & PMys DIREEICE B Z KIF T3, £ DOKRE SITENPEL
BEOEDOFETI D IS E TFRISNT,

VED XSz, ALY, ARORKE EZOEFBHHONTIEIER
B2 A - I2B ST, TERDEHR A —L D I 2 L —3 3 T,
PERIBL O O EBNI AL SN TV DD, AHFIEIC L 0 2 OFBOEEMEN
O Eleole, RIFFEOMRIT. 4% OWZE TITFERBUE Ok DL ELE
BT HUEPRHLZ L, BEO, BARERNORKE DD 72 DITIFT BRI
TOMVMEABEETH L Z LR LTS, 4 OH FUGH: D EHEIE
VIalb—v g r & DOlEBFHITREIIHE AW A TH D, £ ORER,
WRDY 2 2 b— g BT HFETH D SOA D/ N Ok I A 53

/

v



DAREME S REN, SBDORGE Y I 2L —3 a VORER FICKEL HE L
720 FERO N ZEIRPEH & & BT OB A Tl L7/ R 0 51k, NOx HEH
BOWBAICEY O BSHINT DT, AAD 1000 T AZ#Z D KD 78
AH T 4T NOx P EOEIRHE A TV D BT HEFUTIEE LT AFEIC X
DELNIRERIIBERLETEHE L TWDI AT VT s O5KORKEZE T
L. SHICEOHEOHMMELZIRET DIZODOFEERMAIZRY 5 5,



B T B BB S oot 1
LT — OO T OO 1
1.2 RFFED BB oo 10
1.3 ARERITDRER c.ovovoeieieeeeeeeeee et 12

B2E 3RIEARVIAL—2aVOBMAEE. .o 14
21 FEE~EHRT—ILIRTRRL I AL =3V e, 14

2410 TEREEIT oo 15
212 FEEAEBEIETE TIL oo 16
213 IR R E T Il 19
214 HEMREREVOCHEHE ... 20
215 BAREMNBEIEHEE ... 21
216 BAEMNBEFHELUIEEE. ... 23
217 BARLUNDABEREEE ... 24
22 FIR~EHRAT—ILIRTRR LI AL—23Y s 25
221 RERFEIE oo 25
222 MEESR - EEEET L TA UEEET I e, 26
223 BEAEBHETETIL oo 28
224 FTOTEEDAEBREHEER ..o 29

E3E 1996~2005FENDBEAERNMEREA Y VIZHT HET U7 HH 5 DX

) BB ettt 31
K TRt N b= S 5 ) TR PSOPSRR 31

B2 BT i e 33



B2 BT B oo 33

3.2.2 BT B e 34
33 YEXal—YavITkAMREAYVUVREDERM ., 35
331 MREA Y UBEDKEDT oo 35
332 HAHHOMREAVUVEREDAZED ..o, 38
333 HAOHBREHMIZEITAMEREA YV VREEDCDALE ..o, 39
334 HMEREAYVUVEREBHRMDER .. 40

34 WMREAYVUVEEDELKEHICRTIRTOTIHNLDEEDIE .. 42
35 MREAYVVEEORIERICHTHIRT OTHMNLDEIEDIE .. 45

$4F 1996~2005 FDHAERNMKREA V VICHT HIRT7 OTHHELRR

GEDBIE oo, 53
T = 3 OO OO 53
A - TR 54
43 MREAVVEREORAERICH T AIRTOTHHEDEE ... 55
44 MREAVVEREIINTIRTOTARREHDOEZE . 59
A5 FEEBD oo 66

E5E HADOHDHDFEARICEITARREETOLIDOEZE.......oc. 69
T T = D5 =TT 69
5.2 BT I e 72
5.3 BRI ..o, 73
54 3RFAEARRVIaAL—P a3 VDFERR 76
55 OH IS UV DREBERRIT oo 82

551 KRHDZRETDEEE ..o 82



552 RREED—REFHBADEE ..o 87

26 E BAOMULEDAREICHT 2FEDERNASERYEHE & Bt

1)Y= S 93
8.1 1F DT oo 93
6.2 HRADEOFLEMEREDBEERM ..o 95

R - s OO 96
6.2.2 RERFRFULEER ..o 99
6.2.3 ELREEETEMEDEB ..o 102
8.3 JF T T oo 104
6.3.1 FFEOBARERNAAEFRHEHEDEE ... 104
6.3.2 FROERTFTOTHHEDREE ..., 107
B4 T B e 109

g3 A T O 11
71 AR R R I R e 111
7.2 G RDERERE oo 113

2SO 116



F1E #S

11 Bx

AARENORGEIL, BEO®mEREMI Lo Tz L, WATEA
ZL R EORNENBEME LTz, 1970 I NI 0b) 5 AEESTIX, AF
REZ R S 5 01, KRRTEHBE IEEN KIBICKIE SN0 ZIT LD, &
MEORNERRIERDPRAL LTz, ZRLCR, RRBIIMR 2 IZ8EE S, B o
TV Y — RCIREAD NN EEE Z 1 5 L 5 BRI Sy, 1BHEr 72
MELED CRAEGS, KRB b LRBEITEREIN TV LIRS 5,

HABUR L. N OREFEDRGE KR O EEREORED 5 2 THEFFS LD Z &M
PELWEREL LT, RRUGRITHRDBEREEENE (LIT, RRRELE) 28D
TWb, Fio, FEORKAEROEELZ T RV HRICR T b5 —KERETEAK
HER LT, —#%F) &, ERDECRT N BEEEH T 2JER (LL
T, BYER) o 2 FEONE R %2 2E S HICERE L, KREREIEMED ZRCR I
ZEEFEEAR L TWD, DIT T, BEADEEE L O TV LB R BREAE,
2010) 26, O RKVE O 2 8 5.

“mfbEH#E (NOy) ., FiFhL-IRWE (SPM)., JtfbFAFv &~ (0x). —
e biiEE (SO, . —MfbiRs#E (CO) 1T oW T, —f%/&5 (General ambient) & H
PR (Roadside) (281 5 RXUERELAMEREBCROHER % Fig. 1.1 12T, 723,
Ox DIREIT—MFHEY b APFROGIMRNMERIZH Y, Ox OBIHIAZTT> T
D EPERR DN, HRIZIIR LTV, UL RE (PMys) 12D
WTh, 2009 4 9 HICKRKERBEEEDSH7ITHIE STV DA, BRI
FEHE STV, SO, CO IZOWTIE, EIEETO—KF L BB
WAL TWD, NO IZHOWTIE, —MAITIFIFEEZZERL TWD, BHF
JA IR EER RN A L LTV D b D0, —HE O HLS TR 72 B 2 i L T
W5, SPM IZDOWTIE, 2003 4EtH F CITEMEZERRNRKE S EABHL T D, =
U, HEHEERIEER OHIE S, W IXAER] AL 2% 0BG % Bro L CTirbi

1



L5, 2 AR L CHREZBEIET 25513, 2%RIMNI 00 b3 R UEIE R
CHIEIINDT2HTH D, 2002 43R 2 H KO SR KV FEERR & H)
Wr STBIERR L <, MIPORELZBZIT L bDOTHLEBZHLNLTVD
ZHEFEICBW T ZERTO R L BYRAEELER L T D, —H,
Ox [ZOWTIE, IRERTO—MRRNEREZZMR L TR, RREREEED#
AR &V D BLEDN DT IE D NO, & — KK D Ox BERFHREThH D L F 25D,

General ambient Roadside
100% - 100%
© 80% - o 80% -
o ©
€ 60% A € 60% A
(0] [0}
1S 1S
.E A0% - Ox----1 § 40% A
=«=S02
0% - R A ,,,—————
==CO —#=CO
0% -+ttt e T A 0% T T T T
(2] o - N [a2} < [Te] (e} N~ [} (2] o ~— N [a2} < [Te} [(e} N~ [co]
(o] o o o o o o o o o ()] o o o o o o o o o
(o)) o o o o o o o o o (o)) o o o o o o o o o
-~ N N N N N N N N N -~ N N N N N N N N N
Year Year

Fig. 1.1. The attainment rates for the Environmental Quality Standards of NO,, SPM,

0Ox, SO; and CO at general ambient and roadside monitoring stations.
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Fig. 1.2. Trends of NO,, NO, Ox and NMHC concentrations at general ambient

monitoring stations.
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Fig. 1.3. Trends of PM; s concentration at background, urban and roadside sites.
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Fig. 1.4. Monthly variations of daytime average and maximum concentrations of

photochemical oxidants averaged during 1985-2008 at general ambient monitoring

stations in regulated and non-regulated areas.
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Fig. 1.5. Trends of annual and seasonal daytime average and maximum concentrations
of photochemical oxidants at general ambient monitoring stations in regulated and

non-regulated areas during 1985-2008.
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Fig. 1.6. Photochemical reaction cycle in the atmosphere (Meng et al., 1997).

ZD X HIZ. NOy 050 PMys ZRKF OBEMER AL F IR DB L Z T Dz
D, %< OYE . TR L AR E O & & O BIRITHRIE T2, FRIC 05 1,
NOx & VOC IZxt L CIRWIERIEMEZ R T 2 L 3 BT\ 5, NOx & VOC IZ
%% O3 DPLFELAMRE O —45] (Kannari et al., 2010) % Fig. 1.7 (2R3, it
23 NOx #REE. A2 VOC IR T, FE#A NOx & VOC DIREIZKIST 2 Os
DIRPEZFR LTV D, FEROTERIEL, KRR VOC Ok &, SEIF
RERNIC LV BT 5, BB SI DT D REREY & EFTIX, VOC 238
DU O3 IREEIFME T3 528, NOx 238 L T8 Oz IREEIZAR T4, WflzHy
T2 aRettEz2 R LT 5, 2 OFEEIE VOC-limited & FHELTW 5, JEITRL
7o b . AARENTIENOx & VOC 23D L TN DI 230 63, O3 23N
BRI H D0, TOHERE LT, HAREND NOx & VOC D REF%EAY VOC-limited
DOFEIICH 2 ATREMES RIB S NS, WiC, BR LV L FETIE. NOx 234
5L O3 IREIFET T 525, VOC AL TH Oz IREIRIT L A LAV,
Z OFEEUE NOx-limited & FHIN TV D, O3 IREOEIA 2 FHIT 2 72021E, =
D & 572 NOx X VOC [Tk T 2 MR BIR 2 BIET D LERH D,
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Fig. 1.7. An example of the ozone isopleth that indicate the relationship of ozone

against NOx and VOC concentrations (Kannari et al., 2010).

L7235 T, NOy, Oz, PMays IREOZN A7 FEARRIR 2 M3 2 I12Bs L C
. B E OPEH & OIERERBRE R T 572012, K&K HF TOHiES
EEITINZ . ARSI IAENT- 3 W KRR I a2 b —3 g UNLAEE
%5,

1.2 KHEDOEH

ABFFETIZ, NOy, PMas, O3 & o7z HARENKGE OEAFIRE DRI ICE
TOHHREZ/RAZ AN ET D, ZODIT, PER~FHIE A 7 — /L & fElg~
HH A —LO2FEED 3 IRTTKRZAY S 2 b—y g VOV A ST 5,
AEiOim & B E 2 5 & BAFREOMIIZIT D &b 2 DORFEEMEDN
FET D, —2l, WEICKDZEMA T — L OEVOEETHD, FFIZ 012D
WL, RATR e AL FROSIZ X DA ST Tidle <. FERHE £ Cofk s
ZETHMENH D (Akimoto, 2003), & Z TAMFFETIL, HFER~FILA 7 —L
DYzl —variEfn,
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(1) HARENOMFER Oz IREICXTT 2 HT U7 405 Dk D 54
(2) HARENOMER Oz IREICHT 2T U7 OHEH & & KB4 2

EFHOLMICT D, BEICHET T O Oz EICHT P BERCRGL IO
ERNT LT2F2E (B 21 Kurokawa et al., 2009) [IfFFET DAY, HT VT 405
DEGED B ONWTRED A — LD I 2 b— g TRELEEITR S
Ny, 22T (1) Tk, Y O7 4000kl & H L, BARENO A E
O; IRk AR AT+ 5, F£7-. Kurokawaetal. (2009) @ L 512, JEAT
FZEIE B AR~ OMBEEE DR EN R ENEFEHRICLIEZLONEL, mDZFE
Hiza KR LIS RIZR b T D, (2) TiE, (1) THLAICT 2R T T
WD DEEICIN 2, BT U7 O R & RGEEN, BERLT TERIAT
OZEFIOHZR T O3 I I KT T B OV TRITT 5,

b O —ODARHERMEIT, HMEFRIS DO ETH D, NOy, PMys, O3 DRERSY
TREH O IACF IO 2 BT RN AER S, Z OREITMIRIITAL X
JSDEAZ T DI LD, ENEIEMRICEHMET 22 BN RO BN D, FRZH
T CIXRTRE OHEH R 2 < MEFRIGDOHEE L REWVWEEZ b D, (1),
(2) THWDYER~FIRA 77—V DY 2 2 b—3 g VT Ao A3 72
., Ft km OHIFATOFEIH 72 RS0 T DRk 2 e B A fiRAT 3 512138 LT
WD A TR O FER 7 ARG & BT 2123 L TRy, £ ZCARF

Tl R ORI~ T A — LD I ab— g VAR L,

&

(3) HARDHERLERDIGRREKUCIB T 5 RafbF 7 1t 2 D& El

EALPICT D, T 2T RIS O & B4 5 HE R EE & LT OH
BOSHAIZ A B LI 2470 #LERIZ BT DRk % 7o RTG Y B IR B 69
LDIACERIC D BN N T D, TORMRNE, HROV I 2 b—2a
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CITAC GO S ED X 5 RBEANH Y . ZNBKEAF OIEYRYE
IREEC & OB E LT RIRRENH 5 &R T D,

UL EOFRER DG | PERHBLICE S M A 7 — v & LRSS RT3 52
AR L7z BT, BRAARRE TH D NOy, PMys, O3 IZDWTC, i i o fElsk ~

WHATr—NLDvIalb—ar2Hun,

(4) AAROHELLERO KRZENS T SRR O EN AR ERPE & &
BT g 125 0D 5 7

ETNT 5, Zab (1) ~ @) OFFEZITS 2Ltk ARENORSE
(ZHD3 0 D FRAFREIZ DV T, R~ I~ T D22 2 - — v & | BUE~I%
ROBFH A r—/v S HIINALFPRIS OB EZ I &2 L, BREERIZmT
TEAMRMRAZGD Z LR TE D,

1.3 KX DIEL
5 2 BT, ARHFIE THEEE L 72 BRI~ AR T A o — b & EER~ TR A 77— /L D 2
MO 3 WL RKAY 2 2 b—y g VORI ON TS, 5 3 = TIE, ¥
BR~GEIE R 77— LD 2 2 L—3 g T K A O IR O F M A MEE L=
BT AARENOHER O3 IS 5 T U7 S & Offisk o 28 % fif i L
TNBEZBR~D, 5§ 4 BFTIEH, FUSFER~EHA T — LD Iab—a v
(&Y. BARENOHZEE O3 JEEITKT 2T 27 OPEH & & [RESRIF DR
RN LTENR Z RS, & 5 BECIE, i~ Ar—nrorIial—rva
AN XD HBMEE OH BUSTEDBLE I HRRFEE LT BT, BHAROELHE OIHYLKR
BT RXULT 7 1t XOREN T LTENE 2R ~5, 5 6 =TiX, H
AROKZEDFERAFIRE TH 5 NOy, PMys, O3 I22OW T, FEIE~H T A7 —/L D
VIalb—va VIR DREFBMEAREE L. LT RERO A A PRk R
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E2EF IRITAREVIAL—arOREMESE
ABFZECIE, FEI A~ T A r— L & Bk~ A 7 — L 2 FEED 3 Rtk
AV Ial—a VORSHAZREE LT-, AETIXZOFFEMICHOWNW TS,

21 fEE~FHRT—ILIRTRKEVIal—ray

FEI~ERTH A 77— LD 3 IRTERE Y 2 2 L—3 3 OV ORERL % Fig. 2.1
(R, TG YW R B 1T E I b 85 77 /LD The Community Multi-scale Air
Quality modeling system (CMAQ) TiEtHE I b, CMAQ ~D AJ] & 72 5555
1%, FEIRA S /L D The Weather Research and Forecasting Model (WRF) THIH
b, JEHEOHEEHZIX, Fig 2.1 (R LSO EHFIET L T —X
N=ZBHWHN D, B km BALOFEMR G ERES M ZFHET 5 2 & 448

. MR & AT T — Z OZER] - RIS A FTRE 7R TR Y m D T D D3
B Cch b, AFFETIE, FEZE/BOOT 572012, KHIKGETRLESE
Y — VORI AT o T, B ADOFERIZ DWW T, LTI

Biogenic VOC emission Regional
estimation model < Meteorological model
MEGAN ver.2.04 WRF-ARW ver.3.1.1

Meteorological
Vehicle emission l g
L A fields
estimation model Sy 1 >
gl v - -
JATOP Emissions Regionalchemical
transport model
» B
Non-vehicle emission e " CMAQver.4.7
estimation system ||
Pollutant
G-BEAMS > | > concentrations
o Merge Post-processing
Asian emissiondata Speciation
_ Spatial and
REASver.1.11 temporal allocation Various analyses

Fig. 2.1. Schematic of the three-dimensional regional air quality simulation
framework for the regional to urban scale. Components shown in gray have been

developed in this study.
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211 RREHE

ARBFGE TR G & LRI A Fig. 2.2 (2 d, T U7, BA, BEO 3 8
S R UTe, EEBRERIZ B SRR O BT 23 X & FE i SRR S L5,
HARBERFIX, 2001 4512 B EhH NOx « PM ¥EA#IE L, fEERIIZIH W T HE
BER Z M3 5 72D ORFRI 72 L& 258 LT 5, Fig. 2.2 IZiE, A 23 K& 2
T, HEJH NOx * PMIEIZ L 5 BB CHIKZ KA TRLTEBY, ZbD
HIIZ 31T 2 R 70 VG Y IR FE b A & T BLT 2 Z 2 E L T 5, BIHE
DAY 2t A XF4X4km TH D,

/5400 km ' 1808 km & 272 km

Tokyo's-twenty-three
special wards

3816 km

1808 km
1

320 km

Specified areas for
the Automobile
NOx-PM law

East Asia (Mesh size - 36 x 36 km) Japan (Mesh size - 16 x 16 km) Kanto (Mesh size - 4 x 4 km)

Fig. 2.2. Maps of the target domains used in this study. Outer lines indicate the WRF
domains, while inner lines indicate the CMAQ domains. Tokyo’s twenty-three special
wards and the specified areas for the Automobile NOx-PM law are shown in black and

gray, respectively.

HAE ORLE L, EFORAEIT T TiEie <. BEREESN D OI53mE
DEEDHELZ T TND LB DND, HIESNID Dk EBET 272012,
B SR AEIR D SMANT B ARG & T 7 sEIk A BOE Lo, HARTEIRIL R VERE S &
PR AR E 22— T T KEO A B AL TND, AARERDO A v v 29 A
AL 16X16 km TH D, K7 PT7HBUT AR, TE, £ =0, JLafkE,
WE, BiEEZEATBY ., BARN» L OEREME OIS 2 EE8TE 5 X
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IS LT, T VT HBODA v > 2 A XL 36X36 km TH D, sniEfdHid,
R 25 100 hPa £ CTOfE], WRF T29J&, CMAQ C19/@Thd, & FED
m S IR T3l m TH D,

212 FEEEFEHEETIL

15 YL I FE D EFFRLIZIE . CMAQ ver. 4.7 (Byun and Schere, 2006) Z{# ] L 7=,
CMAQ (%, U.S. Environmental Protection Agency (EPA) 723Bf%& L TV 5 fEIR LS
WIEET NV ThH D, MREAY | WUk, HHEWE. BYER, SRE 2
. SEIERRKBEMEZF CET NV TRAD L) ICHFENTWD, &
7. Bt IEEL bR &L ERMBEIRE A B S E L/ T mE ARE
THARNTEY 22— TWD, TNENDOTrE A IOV Ta—HF—a3
22T AR LEEEEOE Y 2 — A 0HABEENTEY, 2—YP—13KHDOH
BTG U THREREY 2 — LV EZBRTELONKRERFETH DL, BT VITE
ETAFTE L0, AP TR AL TS,

A THNIZE Y 2 —/L% Table 2.1 1Z7-7, (LFEKIGA B =X LTI
SAPRC99 (Carter, 2000), =7 1Y )LDE Y = —/LZIL AEROS ZfiH L7-,
SAPRC99 D X4 H Ak 4r % Table 2.2, AEROS DXfGhi 1% %) % Table 2.3 1R
T, BEH R, PIREE | BRI 134 T SAPRCY9 & AEROS O BN 5 2 72,
RO MGIRE & 17 VT EBMOESREICIE, CMAQ (IIATHET ST
— A R—2AEFEH LT, AT v e LT, FHEEFME RO 1~ ARl
OB SED 2 LIC LY, VIHREOREL YR U, AAREE, B
O FPE P IIMU O FEIR O FHRAE A2 AV SIS B Dk & B LT,
MR OPEH R, [REFORE L LT AEROS I THRIEESLD,

RFEAC LT D AT — X I3eT 1 FiEIc G 2, fHHEIX 1 BHEMTT-
oo HEHEIZOWTIX, HRAOHACHERICHIS LT —Z ZERL, —DD
7 7 A MZER L TR\, 3%, 1 RO ER5 Y BEIRIE & i &,
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ML g B, RRRICET 27 A —=20HhShvd, fREMR DORSRIERE,
—EMROFEREZRE . HHT7— %2 BRITS CTNTLT %Y — /v &2 S5 4k

L., T VW,

Table 2.1. Numerical options, modules and data used in the WRF and CMAQ
simulations.
Model Option Setting
CMAQ Advection Yamartino
Vertical diffusion ACM2
Chemical mechanism SAPRC99
Aerosol AEROS5
Cloud ACM
WRF Microphysics WSM 3-class simple ice

Longwave radiation
Shortwave radiation
Surface layer

Land surface

Planetary boundary layer
Cumulus

Analysis data

Sea surface temperature
Grid nudging coefficients
Landuse data

(for East Asia and Japan domains)
Lin et al. (for Kanto domain)
RRTM

Dudhia

MMS similarity

Unified Noah land-surface model
ACM2 PBL

Betts-Miller-Janjic

(for East Asia and Japan domains)
N/A (for Kanto domain)

NCEP global analysis

NCEP RTG_SST

1.0x10*

USGS

J-IBIS (in Japan islands)

17



Table 2.2.

Gaseous species treated in SAPRC99.

Name Description Name Description

NO2 Nitrogen Dioxide ACET Acetone

NO Nitric Oxide NPHE Nitrophenols

o3P Ground State Oxygen Atoms PHEN Phenol

03 Ozone BZNO2 O Nitro-substituted Phenoxy Radical

NO3 Nitrate Radical HOCOO Radical formed when Formaldehyde reacts

N205 Nitrogen Pentoxide with HO2

HNO3 Nitric Acid HCOOH Formic Acid

01D2 Excited Oxygen Atoms RCHO Lumped C3+ Aldehydes

HO Hydroxyl Radicals GLY Glyoxal

HONO Nitrous Acid MGLY Methyl Glyoxal

HO2 Hydroperoxide Radicals BACL Biacetyl

CO Carbon Monoxide CRES Cresols

HNO4 Peroxynitric Acid BALD Aromatic aldehydes

HO2H Hydrogen Peroxide METHACRO  Methacrolein

SO2 Sulfur Dioxide MVK Methyl Vinyl Ketone

SULF Sulfates ISOPROD Lumped isoprene product species

C 02 Methyl Peroxy Radicals DCBI Reactive Aromatic Fragmentation Products

HCHO Formaldehyde that do not undergo signficant

COOH Methyl Hydroperoxide photodecomposition to radicals

MEOH Methanol DCB2 Reactive Aromatic Fragmentation Products

RO2_R Peroxy Radical Operator representing NO to which photolyze with alpha-dicarbonyl-like
NO2 conversion with HO2 formation action spectrum

ROOH Lumped higher organic hydroperoxides DCB3 Reactive Aromatic Fragmentation Products

R202 Peroxy Radical Operator representing NO to which photolyze with acrolein action
NO2 conversion without HO2 formation spectrum

RO2_N Peroxy Radical Operator representing NO ETHENE Ethene
consumption with organic nitrate formation ISOPRENE Isoprene

RNO3 Lumped Organic Nitrates TRP1 Terpenes

MEK Ketones and other non-aldehyde oxygenated ALK1 Alkanes and other non-aromatic compounds
products which react with OH radicals that react only with OH, and have kOH < 5 x
slower than 5 x 10" cm® molec™ sec™. 10 ppm'1 min”

PROD2 Ketones and other non-aldehyde oxygenated ALK2 Alkanes and other non-aromatic compounds
products which react with OH radicals that react only with OH, and have kOH
faster than 5 x 10™% cm® molec™ sec™. between 5 x 10 and 2.5 x 10° ppm’1 min”

CCO_02 Acetyl Peroxy Radicals ALK3 Alkanes and other non-aromatic compounds

PAN Peroxy Ace[yl Nitrate that react only with OH, and have kOH

CCO_OOH Peroxy Acetic Acid between 2.5 x 10° and 5 x 10° ppm™ min™

CCO_OH Acetic Acid ALK4 Alkanes and other non-aromatic compounds

RCO 02 Peroxy Propionyl and higher peroxy acyl that react only with OH, and have kOH
Radicals between 5 x 10° and 1 x 10* ppm'l min”!

PAN2 PPN and other higher alkyl PAN analogues ALKS Alkanes and other non-aromatic compounds

CCHO Acetaldehyde that react only with OH, and have kOH

RCO_OOH Higher organic peroxy acids greater than 1 x 10* ppm'1 min

RCO_OH Higher organic acids ARO1 Aromatics with kOH < 2 x 10* ppm'1 min”’

BZCO 02 Peroxyacyl radical formed from Aromatic ARO2 Aromatics with kOH > 2 x 10* ppm™ min™
Aldehydes BENZENE Benzene

PBZN PAN analogues formed from Aromatic OLE1 Alkenes (other than ethene) with kKOH < 7 x
Aldehydes 10* ppm’™ min™

BZ O Phenoxy Radicals OLE2 Alkenes with kOH > 7 x 10* ppm’l min”

MA_RCO3 Peroxyacyl radicals formed from SESQ Sesquiterpenes
methacrolein and other acroleins NH3 Ammonia

MA_PAN PAN analogue formed from Methacrolein HCL Hydrogen chloride

TBU_O t-Butoxy Radicals
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Table 2.3.

Aerosol species treated in the AEROS5 module.

Name Size modes Description
ASO4 ILJ,K Sulfate
ANH4 ILJ,K Ammonium
ANO3 ILJ,K Nitrate
AALK J SOA from "long" alkanes
AXYL (1-3) J SOA from low-yield aromatics
ATOL (1-3) J SOA from high-yield aromatics
ABNZ (1-3) J SOA from benzene
ATRP (1-2) J SOA from monoterpenes
AISO (1-3) J SOA from isoprene
ASQT J SOA from sesquiterpenes
AORGC J SOA produced in clouds
AORGPA LJ Primary anthropogenic organic aerosol
AEC I,J Elemental carbon
A25 L] Other components in fine aerosol
ACORS K Coarse anthropogenic aerosol
ASOIL K Coarse soil-derived aerosol
AH20 ILLJ, K Aerosol water
ANA LK Sodium
ACL LK Chloride
AOLGA J Anthropogenic organic oligomers
AOLGB J Biogenic organic oligomers

(1-3) or (1-2) : Number of products from precursors

I : Aitken mode, J : Accumulation mode, K : Coarse mode

SEERZEETIL

FHH 21X, Advanced Research WRF (WRF-ARW) ver. 3.1.1 (Skamarock

etal., 2008) Z{/H L7, WRF i, [R T & REAMFEOM S OHBRICE T 572
WIZ, 7 A Y J1® The National Center for Atmospheric Research (NCAR) & The
National Oceanic and Atmospheric Administration (NOAA) 23H.0MZ72 > TRIFE L
TV ARG ET LV Th5H, WRF (21X, Advanced Research WRF

(ARW) & . Nonhydrostatic Mesoscale Model (NMM) @ 2 DD /N—3 g U )MF
fEL, AW TITRIEZ MM L7z, ARW TlE, ZERJEMFEFKIEIRE )75
AW SEN, AU T —IIRFIND, RRTOBEWHI RO X F — LfRE
CONWTHEELL DA T aryPHESNTEY, 2= —3ZHFBOM®EITIET
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eI AT v a VEBRRT 52 LR TED, CMAQ & [FERIC, BT /VITMEE
TAFARETH D, CMAQ IL,. WRF-ARW O /17 7 A4 V% CMAQ D ASI7 7
ANWNIERT DA H—T 2— A%l TWHTD, CMAQ D —H—|ZH A
<SHWHRTWD,

AWIECHW AT v a v & T — 4 % Table 2.1 (Z3d, B 1 £, 6 K]
# ™ National Centers for Environmental Prediction (NCEP) & &t — & & W1 -
BERSE L RUICE ] L7z, ME/KIRIZ 1T NCEP ORI 0.5 B, 24 FBEfEEDOT
— % (RTG_SST) % £ F L 7=, £ #F| 121, United States Geological Survey (USGS)
DT =X LR LR, ARENTE, HHRAREE L0 EfICmRsE5
72T, BREEE WS ERIEE # Y A7 & (J-IBIS) @3 A v 2 () 1X1km)
BEAE T — % % USGS O tH#iIFIH A7 T U =2 TUIDTEM Lz, _KT V7
SEIB D FHRITHIITAT o 7228, HAHEE & BRI O FHEIXRIRFITITV, WifE
S OB 2B 8 Lz, FHERIT 1 RIS CMAQ IZ#fik L7,

214 HEYERVOC Hit=

AL IR VOC HEH B OHERHZ 1%, Model of Emissions of Gases and Aerosols from
Nature (MEGAN) (Guenther et al., 2006) ver. 2.04 Z /] L7z, MEGAN |%, &
Bk AW RL)R VOC BEHEZHEFH T 272912, NCAR THE SN TWAHET LT
b, TTIALTTIERL, HFHZHAW O D REROEDE, B, PRk
7y RF— & BMMRIGEE 30 B (B 1X 1 km) &V 9 &g E THE STV
F72. CMAQ ODREANN T 7 A WA EFEGIFIAIA, A v ¥ 2 BIOREAE &R %
RS LIz EZ R T 5 Z E R ARECTH D, AR TIE, BAFT X
S DARE IR A EE STV D CMAQ @ AEROS £ ¥ = — /L%t
JIEEEDTED, BEAXRT AR OPHELZNMEICHEI TE L L) IC R a2
TREH L7z,
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215 BAENETE#HEE

HAEN O B #h3PEH & HEFHZIE, The Japan Auto-Oil Program (JATOP) D Ji
R E B PR B E T AR Lie, ZOET AT, EfTREHE, 448
Repe . 78%8 P& (Running loss, Hot soak loss, Diurnal breathing loss), %
X RFHM CA. # A YERIEHESHEG S D, HEFHRYEIL SO,. NOx, 4
fRAtAKFE (THC), CO, NHs, SPM Th %, HEHEITFFHEI, EAKRAR], A5
ICHERF S LD, HBEH NOx « PM JEIC X 2 EE U OMEES, 8 #RTTT « — &
JVHRNG & B %R OREEN BRI N TV D, £, BIEECSEEED
Lo, MEOBRBHHIE LY bPFHEIKEICZ ), Wb H NS =X v X —
SOEmPHIELER I N TN D,

EATREOPEH BT, EARMICHEHREICETEZ R U RO BN D, EITE
(ZIE, PR OB B AT =2 2EA L, 207 —212i%, @R
W 1A 1 ROETET —ZPERINTEBY, 7 VX VEBHIK EOEE &
KT 25 2 & T, HBMEH I AT A (GIS) ZHWTH LW LB H
FToLNRTXD, P L, BHERSEYE L RIETOEREMEBEL TRV
O, BEIEOLETEBEA LR L E TASEE O BB RS A L e
BNECDH, ZOHBERERGHE L ERSHEE PR EDEITEREDZE
%, EEEASEE Y ARIRAOME R O BT R E B L, BEUERKELIZE Y
BTl F7o, PR FEDDMOFE~OFERFMIEIC S, HEV RS HEZ
iz, e e O3, TR TR REERICKT T 5, ABER
BRGNE R LD TR BIRA BT — 2 27 ¥ 2 VI EICHI D £FT,
EATE L FMRIZ GIS TH LD LMGEEIZEIV I LATREE LTc, AFZE T, &
TEERAEEHEEBART2RA Y2 (10X10 km), BIHHG T3 KA v
VaHAIZEY L, Ay v aBlicHE B A Lz, Bl LT, #EFE S
NOx O B34 % Fig. 2.3 (239, AARREO M T, B, 4B, Kk
Vo BT A OIS, PREERE L o T D, Fio, BRI 054 T
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I, mEER 2 PO HEHE S SO T MA R Do AARTIRTIZ 2 IRA v =,
BIRBESCIL 3 IRA v v aD 7 =2 2 L, SHENOR A v v o~ LT

43 LT

’I High

M0

Fig. 2.3. Distributions of estimated vehicle NOx emissions.

Japan Kanto

NOx, THC., SPM O &L, £ L NO & NO,, SAPRC99 @ VOC J% 4y
T BIRL TRV R L 72 %, CMAQ IZ A1 %, NOx HEH %45 NO,
DWFFIHT YV HT2%, 74— ELHETI13%E L, HLT 4 —ELE
(ZOWTIE, BB OLERE 2 0E L, NO, D% 44%& L7z, THC 1T A X
> % PR BT SAPRCY9 D VOC A3 I E S 4L, THC & L CTHRE SV
A L AMDBIME N D, SPM ITHLIKL T & U NRL IS iR S v, T80V 713
S HICmFEIRIRFE (EC), AHKFE (0C), SO, NO3. Z DD I/ fif &
h5, VOC & SPM O #IZ1%, Japan Clean Air Program (JCAP) 1T O#fK

GrfRT —2% (&I, 2008) ZfEA L7z, BEIEHERTO SPM (34 CHUINKLT- &
RESND,
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216 BAENBBHEUNMFHE

HAREWNOBH#FEUSNO N ER S OPH &H# 52 1L, The
Georeference-Based Emission Activity Modeling System (G-BEAMS) (Nansai et al.,
2004) % VN2, G-BEAMS (%, [ESZEREEAFZEHT & JATOP 23 3L[F TRI%E L T
HHFHBEHERI S AT A TH D, HERIRWEIT SO, NOx, FHEAF RALKSR

(NMVOC). CO, NH3, SPM, PM,s Th 5, FMPEHEAHER L=, HBM 4
IZRRE S TW D pld A%z 3 U T AR, BRBIPEH IS oM L7z, BEHEO
PRGN, A v v a Bl H LIz BT RCHRA B S HEE B 2 iR
HARBNLT v T FEERA L TWD0IC% L, G-BEAMS If, =x/L¥ —H#& &
72 8 OIEBENG DD EENFIR EDOILNEM CEFHHBEAHR L, A v
TaBlDONER GDP 72 & BEMADOTEENRIL 2 ZHL L. 530 K0l ijg
AT ORHAT =22 AT, fHEZ A v 2 lZHIV S TDH by FX¥ T U F
BEBRAL VD, AIFRTIE, BENRBGELZ2AART 2 KAy v o, B
WG T 3 A v =& Ui, R AAGE, %8 ZBE AR C AV,
WD A > 2~ LRSS LT,

BREAIL. BARERNOHBEEERIE SO EA X MY 2B LT D,
G-BEAMS THEEF S 7z VOC e Efp &L, BREE DA X MU ICBIT 258k
HEREIZED XOICMIELTe, 2L, BEADOA XU MIZIFEENT
WA, G-BEAMS (2T E ENTW WM O PR RIL, 2 D 2R 5347 & IRpfHIZ
N AHATH D7D BER Lz, REBER &AM DUV Tk, East Asian Air
Pollutant Emissions Grid Database (EAGrid-2000) (Kannari et al., 2007) (2§55
— X R Uiz, 8 & ORBIBENRIZ o UC, B2 m SO HGEE e & ofF R
NELNTEY , ZREOEHROHED 2B U, M #RIZIZ, JCAP
I DAARL ST — % ()11, 2008) A A L7z,

Bl & LT, REBER & ifin s & BB LIS O NOx HEHH &4/ % Fig. 2.4
(Y, BAZEOSAMATIE, A, AR, K&V TH TR 21T T,
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T D & DWFNHER EDIRF THHEN®m <> TWn o, BERMT D5
ACIE,. BRI O THEH B & < L TR RIS IR K 2 ik
FAEL T D, BR FZE U600 F 22 2 BEFE A5 D M2 DR B b R T B
Do MR THBGNZRL DI, BURTIIMMOPEHEIINEBICR O TR Y | 4t
B O BT Z R STV,

“mw

MO

Fig. 2.4. Distributions of estimated anthropogenic NOx emissions except for vehicles.

Japan Kanto

217 BERLUNDAGEFERHFEE

A ALIAN O N2 T8 AR & a7 & O & (21%, Regional Emission inventory in
Asia (REAS. Ohara et al., 2007) ver.1.11 Z{H L 7=, REAS OFEMIZ OV TId,
224 THIRT D, T VT B S BRSO B ARFIEIMNCIB VT, iRERE
0.5 FEHNLOAFEM —HEOPRHHEZ & A v ¥« ICHEE S L ThH 2, R 72225 E)
EEZE L hoT, BRSO AL v 2ANR—=2 72 L HHE I, AWFgE
TITEBE Lo T,
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22 FH~EEHRAT—ILIRTRKEVIal—ay

PER~FHIE A 77— LD 3 IRITEKRE Y R = b—3 3 O DORERL % Fig. 2.5
(R, SRR E T L O WRE AL FH RN A > T A o TlAIA T 78
RS - ALFERE A S T A RSB TET LD WRF/chem TRE8; & LMk DE)
BRRIRHIAT DD, BEFURE 2 2 L5 #i5E 7 /L D CHASER 7 b 5
ZEIZRY | A — KT DR A T — VL OWik D BEINE R I ND,
21 TRARFZFEH~HHT A7 — 1Dy 2 b— a0 HEMARR L 2o
TERY . HATE O T G YR A & R T D IR E R A+ TH
03 EERBUE O #2475 8 L 72708 HEC km OHH OO LI 7075 Je B R %
HHTHZEEMELEMERE 2o TS, AHFETIE, FEZELHEOST 5D
72IC, RPIZIRG TR LESEY — VOB EITo -, stk & . Bk
DEEF DOV T TITRR S,

Speciation Regional meteorology P Speciation
. . and chemistry transport [ L .
Spatial allocation Emission online coupied model Boundary Spatial interpolation
1 WRF/chemver.30.1.4 || °"¢ A
Meteorological Pollutant
. - fields concentrations Global chemistry
Asian emissiondata

e saan transport model

REASver.1.11 CHASER

Various analyses

Fig. 2.5. Schematic of the three-dimensional air quality simulation framework for the

hemispheric to regional scale.

221 XRBEE

WRF/chem 73%5: & 3 2 % Fig. 2.6 |23, HA, ®E, JL@ifE, S5,
FraLE PEEREOTEERRGENTVD, KPFEERIZT L M E
£ [ SEERE SR T RSO UL TR 36 BE, HER 127.5 EICE T 5, 7 U v N
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DREZ1L54X54 km T, 7'V v FEIIHEE 100X 7L 80 TH 5, $HEJEFE A

H

1% o -P JEAEA T, B F¥BIEZ 5047 hPa ThH 5, SAEEEIZ 25 BT, 2 TCOBOE
IRERET L E L TWAD,

50°N

110°E 120°E 130°E 140°E 150°E

Fig. 2.6. Target domain of the WRF/chem simulation.

222 MEERR - LFWEF S UREETIV

KRG LSk OFHRIZIX,. WRF/chem (Grell et al., 2005) ver. 3.0.1.1 % f
VW72, WRF/chem 1%, 2.1.3 TR ~/-fEHBKEE T /LD WRF IT/bF Mk G5 23
MAAEN TR L - LFEA L T A VREET NV TH D, [ L%
Rk DFHEMBFEFICITON, =7 0 YV EREOMEERR ELRATETH
%, WRF/chem & [RIfRIZ, 2.1.2 TR 7= fHIB/LFWisE£ T LD CMAQ b, b
B EEIC L VBTV D, LA L, Linetal. (2009) <° Lam and Fu (2009)
1L, RERETNVOHERMEEZENRE L LT CMAQ OFHRICERMEA L% E
(2. BB TE2 DAY > (05) DMEARIC FREL, HiZRE O O K28 K EEAT
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RS ITEVWORBEAZERML TS, ZOREITFIC. CMAQ DOFHEHA
a2 IO T DICKRRET NVOSREREZ ML WIZGEICKRE BN D, CMAQ
FRRET NV CHIEHE SN R85 5 AU Tk 25t /7047714
EFETNTHDLD, MEREFENKEET VEEG L TWARNWI R —ZRE
LLTEZBND, —F. A TA FF/NLD WRF/chem Tld, K& L0
A O FHRLIC R U SN IE S & 5HR 2 2 — A0V v, BAMENHER S5,
ER~FHIR A 77— LDV R 2 b— 3 T, I O3 O KE 2218 K ETA % e
F DD SEEREFRICBITORGS SIbFmEOEAE AT L.
WRF/chem Z 3R L 72,

WRF/chem OFHHRICHWZAT v g A% —AL AJj7—HF % Table 2.4 (T
Y, IR 2.5 B 6 Wil D NCEP/NCAR F#tTs — 4 (Kistler et al., 2001)
Z W - BERSRM E RMEIC W2, EEIRPEH E1X, Guenther et al. (1994) @
AF =L IV ETFTANTEB SN D, (LFRA T =X LI, Regional Acid
Deposition Model (RADM) 2 (Stockwell et al., 1990) % f#fH L 7=, RADM2 D xf
LA ARGy % Table 2.5 123, HEHE & BERREL 134T RADM2 DRI /0 fif

L CTHW,

Table 2.4. Numerical options, modules and data used in the WRF/Chem simulation.

Process Option Setting

Meteorology Microphysics WREF Single-Moment 3-class
Longwave radiation Rapid Radiative Transfer Model
Shortwave radiation Dudhia
Surface layer MMS similarity
Land surface Noah Land Surface Model
Planetary Boundary layer ~ Yonsei University
Cumulus Grell 3d ensemble cumulus
Analyses data NCEP/NCAR global reanalysis
Grid nudging coefficients  1.0x 10™
Landuse data USGS

Chemistry Chemical mechanism RADM?2
Photolysis Fast-J
Biogenic emissions Gunther simple
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Table 2.5. Gaseous species treated in RADM?2.

Name Description Name Description
502 Sulfur dioxide hc8 Alkanes with HO rate constant
sulf Sulfuric acid greater than 6.8 x 1072
no2 Nitrogen dioxide eth Ethane
no Nitric oxide co Carbon monoxide
03 Ozone ol2 Ethene
hno3 Nitric acid olt Terminal alkenes
h202 Hydrogen peroxide oli Internal alkenes
ald Acetaldehyde and higher aldehydes tol Toluene and less reactive aromatics
hcho Formaldehyde xyl Xylene and more reactive aromatics
opl Methyl hydrogen peroxide aco3 Acetylperoxy radical
op2 Higher organic peroxides tpan H(CO)CH=CHCO3NO2
paa Peroxyacetic acid hono Nitrous acid
oral Formic acid hno4 Pernitric acid
ora2 Acetic acid and higher acids ket Ketones
nh3 Ammonia gly Glyoxal
n2o5 Nitrogen pentoxide mgly Methylglyoxal
no3 Nitrogen trioxide dcb Unsaturated Dicarbonyl
pan Peroxyacetyl nitrate and higher PANs onit Organic nitrate
hc3 Alkanes with HO rate constant csl Cresol and other hydroxy substituted
between 2.7 x 10" and 3.4 x 107 aromatics
hcs Alkanes with HO rate constant iso Isoprene
between 3.4 x 10"% and 6.8 x 1072 ho Hydroxy radical
ho2 Hydroperoxy radical

223 EHILFWEETIL

WRF/chem O X%} RAEIK OB IR 1T, RER(LFH5E 7 /LD CHASER (Sudo
etal,2002) |2XBH¥ 2l —arOitEEREZMAV -, CHASER IZL 53
o b—y 3 VOFERIZ OV T, Sudo et al. (2002), Sudo et al. (2007) (2R
HAVTN D, ARG 1 T42 (2.8 X2.8 i) T\ B EHUIHIZK A H> & 7 40km
EFTE2FLRBETHD, JBRGOOMEM & [FYEIZIZ, NCEP/NCAR O Ff#HT
7 —4 (Kistler et al., 2001) 23HNHA TV D, 1996~2005 F D DOHEH E 1%
2ERYEH BT — ¥ ~X— 2 EDGAR-HYDE 1.4 (Van Aardenne et al., 2001; Olivier
and Berdowski, 2001) & EDGAR 32FT2000 (Olivier et al., 2005) % 512, %45
DIENE 2 5TV D, 2000 ELIEDOT AV B T U7 M OPEHEIX,. 2h
ZH1L U.S.EPA (2007). U.S.EPA (2006) & REAS THE SN TWAHHMIZE
IOz TWD

CHASER D% 7" U v RIZEIT 25 Os D HRE & £ DDk D H FEJE OF
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%A% . WRF/chem DOXfRFIROFLFUITHIH L7, CMAQ A L7-fidbisE
(Kurokawa et al., 2009a; Lin et al., 2009; Lam and Fu, 2009) T, FFlZhk/E T
IZOWT, BERET VO RITMOOMIEZMA T2 ET, e T L O5ER
BREICERL TV, —J, AL TIIHELRE ST, KEE FHEH T
CHASER OFMHEFEREZ D E EMT L7z,

224 FTOTEEONARRELE

T T EHENZRT 5 AN OYEH #1213, REAS ver. 1.11 (Ohara et al., 2007)
A L7-, REAS X, 7 V7 & EDOME~BIE~FERICO T 2P & OHEET -
TR ZELT S T2 OPHEA R R U TH D, HEFHRYE X, NOx, SO, CO,
Black Carbon (BC). Organic Carbon (OC), CO,, N,O, NH;, CH;, NMVOC T
o, SRENIPE, AA, @E, b, =90, BB TAXA DY
RIPT . AV RRVT, A, ~L—y7T, Ixyr~—, 74V, v
HR=, ZA XETF L RNUTTTFva, T7—=22 AR, X3—/b,
RERBZL AVFG U, TIHZAZY BEADTOT VT HET, BB
IX05ETH D, ffilL LT, 2000 FITF1T 5 NOx HEH &40 % Fig. 2.7 (TR-T,
AARZIZC®, FfEEE, HE. B8, 42 2L 0HEENRZ VT2 D)
5o LEEMEOMAN S OPEHELE TN TV 5D,

FIZEI L TIEL 1980 4E22 5 2003 4E £ T, MAEOHHEDNHEEI STV D
FERIZ DUV TIX, Reference case (REF) . Policy success case (PSC) . Policy failure
case (PFC) O 3D F U AIZH1F 25 2010 4F & 2020 FEOPEH B THI S 41
TW%, 2004~2009 DOV TIE, 2003 4 & 2010 FFEOHEH & B A L
=4 PHESh TS, FREHEOARRA S TEY, BETHY Y 1
— RARETH D,
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Fig. 2.7. Distribution of NOx emissions in 2000 estimated in REAS.

FI3E, F4FETIEL. 1996~2005 FOFKAEOHH EAMEH L7-, REEL#ENT

ZEET, 0.5 EHENOEM —HOPEH &% WRF/chem D47V v RIZHEBETE S
LTExTm, " A ANR—= U TOPEHEIL. AR TITEE Lo 7,

30



% 3 FE 1996~2005 FOHAERMEEA YV VICKHTEIRT VT
"o DEIEDFZE

31 [EFL®HIZ

HREAY v (05) IZADEESCARERICH L THETH Y, MERER RIS
BRenRICEBZ A LSS (WHO, 2006), £7o, HWOREZHE L, BEY
DINFER &) &% (Wang and Mauzerall, 2004) , Oz IZKKIGUME TH 572
FTIER < RIRIC L KJE T, PEESEMLIEOXRRE 0512 X 2 il
IE, BHEOBREDNRKAEOF T 3 FHIZEHVMEL 72> T% (Forster et al.,
2007) . JEAEROBRMIC LD IRFEWINEN ZHET D2 L2k, RAF O
(LR FEIRIE IS b MBEAICE L 5 5 (Sitchetal, 2007), ko T, M O;
OARUL, RRE DOk E & KBELBOMGI O™ T OBLENG, AR THdHEF
Z %,
H1ETRANZLOIZ, BARENTIE, O; O EERFIME Th 2 BRI
Y (NOx) RFFEAZ v fR{b/KFE (NMHC) DR L LW HERHLHINIC &0 K
END T, O3 DIEFEEITHR 2 TN L T D (BREEA, 2010), EERiERME
P LTWDICE 00 68, O3 IREEIN L TW D HEH 23 572012,
W DPDOIFZER T TV 5, Kurokawa et al. (2009a) 1%, 1981~2005 40D
BEEBE L 3 Rt K&y S 2 b—3 3 %9 T L7, Regional Emission
Inventory in Asia (REAS) (Ohara et al., 2007) ORI OPEHE A H L= 7 —
2L HEHIEE 2000 FICEE L2 — ZOFEEITV., BIEOTRERE O;
EEOHEIMEMZ XV B<HET LI L0006 BRE O IREDOEMMBET U7,
FRZ R ENC 3T 2 NBEIED S ORI EHEH EOIINC L > Tl &z Sh
T D L HEZL LT, Tanimoto et al. (2009) (X, HARDHTE A B < B 1L
[EIEC 31T D Os BEFE O HAME M 2 BRI L W B S 20 L, 500 S Ol BTl
DA R e LTz, LU, BRI O BLR & HIZR i O IR EE O H e 12
HHLO 5, G5 (2004) 13, IHEEOKGSM O LN I Os #EEE ORI
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ERICEE L TV D ATREME AR LT\ 5, F£7-, Chatani et al. (2011) 1%, mkL
WHERHATNIZ &0 NO $EH &N RIFIZHITE S 41, NO I X 5 O DILFRITHE )
WA LTclo, EHEOME R O3 IRES ML TW S ATREMEIZ DWW TE K LT
WD,

MR D O DRKZHFFMITEFT 1~2 @E], £FT1~2 r HLEL,
& B KM EOIGYHE CARR vz Os 1%, LD RKE~E X S4L 9 5 (Akimoto,
2003), Vingarzan (2004) %, ALYERD HERE 2 KB Clik S D Ny 7 7
T v RO IBEDOHIMERZ /R Lz, 20Oy 7 7T 70 KO REDEMG .
HAROHZER O3 IEDOHINCTES LTV AHAREMENRH 5, £ Z TR TIX
1996~2005 4D H AE N HIF T O3 5 DF~ 1) & RIUE M2 -7 27
I D DEGITE DRI DOWN T, 2.2 TR ER~FHIR A 77— /L D 3 Rt KK
Ralb—va XN THIEEENE Lz, ST T L O X5k
Wi, KT UTREEO FEHIAA S EN TV D, EOBRIRE 2 RKE T L)
SHeft U, Bi5URE OZEMIRg, RrHARY 72 22005 xF G aaisi N O iz 1 O5 iR 21T &
T B OWTIEIT 21T o 72,

WEDHETIL, BARIZH T 2B O O3 Dk DRELZ D720
BERET DAL TS, FlZIEX, Wild et al. (2004) X, Y 74 1=7
K Irvine £ DA ERE 5 /L D Frontier Research System for Global Change (FRSGC)
&R, =T o7 REEZ iz 575 E Ok » H RO KB RIE T
BIZOWTHIT 21T > TV D, DL, I3—ry R 0db7 AU st En
HEEEE S AARDORGEICHEL TS E W ERE R L, 72770, &K
ETNVOEPTO—D2E LT, EENIHL, HHCHA0R[E 2 RBLT DI
FAR+STHLENFET oD, RFFETIL, BRERET VLY RIS E

THEBIBEO KRE 2R T D012, 2.2 THRARZ2KET L EEETT LA
fEaSELYIalb—ra r OPEALZREE LT, ENOEEDOS (Yamaji et

al., 2006; Yamaji et al., 2008; Kurokawa et al., 2009a) T, REKET /L OFHHERKE R
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WEEIET VOBEFIRE L LTHNOA TS, ETFTAMHAERE Y r Y =7 b
T2 MICS-Asia 11 T, RERET VOFREAERD BIER SN HRE T —
ZRERME S LTS (Carmichael etal., 2008), LU, Z4L 5 OFFFETIT A T
EEENEELE LTHEAT 200880 THY | FLELBE I TWRY, —
7. ABFETIX, Takigawa et al. (2007) & [AERIZ, SESRE O H 4 B#)OF ~
EEZEBEL TND, RO L 5 — DD, HADOHKE 05 iR E DR
I 2 AT B 72010, FIET VT I0ERE WV B I 2 b—va v
ZFEITLIR TH 5, Kurokawaetal. (2009a) (X, 1981~2005 4 F TD 25 4]
ERBICLEEMMOY I 21— a U EFITL VDR, FHITERICRS
NTWD, AMFETITETOFH ZMME L. BELZT TERMMOFEHIZEBT
LM O3 IR T D EIZ DWW T BT 21T o 72,

SRS LMW BT — 212N T 3.2 TS, v 2 b—v g
(X DREFHMEICHOWTIZ 3.3 Tl D, VR 2 b—3 a3 VIZ K DEHARRR
D 1996~2005 4D H AR E RN QMK O5 I DFE 42 BENI T 2T V7 4k
D DWE D% 3.4 THNTT 5, £72. 1996~2005 40> H A[E N O i
O3 IEFE D RMEMNCKT 2T P74 b Ot O 8% 3.5 TR 5, 1%
ODNTHREZ 36ICELDD,

3.2 FEWAE

321 EEEH

AWFFETIE, 2.2 THARTZFEER~FHIRA 77— D 3 RTERKR Y I 2 b—a v
MWz, ¥ ab—va COMEHIFIE 1996~2005 40 10 M & Lz, K
T T I D Ok OB E TN S 72912, Table 3.1 12779 BXX, B00 @ 2
Ir—ADRREEFAIT L2, BXX 7 — ATl FEOEFBELZHER L, —77.
B00 7~ — A Tl&, 2000 LIS & %5 & L7-FHAE T 2000 FEOBESFRIRE A L
72 BXX 77— A & B00 77— A DFHREAERDFEE | 2000 6T 2 KT 2T 4D
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B DO LB DR L R LT,

Table 3.1. Years of boundary concentrations, emissions, and meteorological fields

used in the simulation cases performed in this study.

Boundary L Meteorological
Cases ) Emissions
concentrations fields
BXX Each year Each year Each year
B00 2000 Each year Each year

322 #HElT—74

HAR D ERR I L O ITE O B R AR R CBUR S fv7o4E, A SESRED T —
FN—=2F T =T YA b (ESLERENFZERT, 2010) TR ST\ 5, AIFFET
IE. 1996~2005 > 10 ke L OUEFEAF &~ (0x) OBIHIZTT-
TWe—ikfR 1,045 G OBIRT — &2 21 U7z, EHGITENS, BREALED =
ORI OFHEI A BRY L LT, BREHRR AR T T D, Lo TTE A LEDREIE,
Fig. 3.1 IR L D IZIHEYEMEREN B WIREORTEICALE L TWD, 20T
— A N—ZA T, Ox ORRFEITERFE L BHEAEE WO TETEIHRES LT
%o BRENTART 5 B B8 % 8 ek TICHIY T 5, BUEITIE, Ox IT1E H0, %
PAN 72 EDORUSHST & & E D A EBRITIE O O 2[RI E IR e BLHIZEE & FRFE
i, —HMORTHEHRINL TS, EiX, @EOBHT —2 716, 03 LSOHK
B Ox IEEEIC RIATT BTN E W L &R L, Ox IBEE A O3 DR L 37
BAThELIARWEND AfZH L TWD, AIFFEIZE N TS, Ox & O;
DPLEDIENTHER L7z, 1,045 FF) (BLF, AAEHE E R4 2) OBM
Y EE OBIHIE & FHAEME Z . EICFEEICAE A L7,

Acid Deposition Monitoring Network in East Asia (EANET) %, EIZ#HEHICE
U DIGY R O A 1T > T D, 2000~2005 4500 EANET @ 10 Hi15

(ZBIT HHEE Oz IRIEEOBLIIEZ, AADREMICKIT LI I 2L —arD
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FHHUE 2 G 2 72 DI A L 7=, EANET O&LHIH S DAL E % Fig. 3.1 (27,
ALHEE D I E TORERCHEHN OB T HUTHIE L TV 5,

Monitoring stations in populated area EANET monitoring stations

Fig. 3.1 Location maps of monitoring stations in populated area and EANET

monitoring stations in Japan which were used in this study.

33 YIal—YavitkbthkREAVUVEEOHERMK

331 HMEREAYVVEREDKEST

BXX 77— A TRHEAE S 72, 1996~2005 4= D2 #if 5 L OVFRHEiBI T o #iZ
O3 M & Bl DA AR % Fig. 3.2 17T, 2 oRESfAciX, PE, &
. FIEEEE & AAROIKE S 2 @R E IS DN TV D, RT3 I
REMEHNRO N D, HEE (MAM) 121X, BARIZFEICKENSOERE L
HHAEE R A ZZ T TV D, i IR SR e 2 > Tl 0, AT~
EIRRSTWD, IFETIE, B b L CHiERREOECRRLNS,
TR LR WWHERERENZ & IREICE AFHET DR AERN DY S
D NOIZEY O3 MEFRICTHE SN D 2 & B b & EORKQEEEDEN,
RENKEL WD bD BN, B (JJIA) 23, KEEEREND O
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Fig. 3.2 Horizontal distributions of simulated yearly and seasonal surface ozone and

wind fields averaged during 1996-2005 in BXX case.
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RESFEENAH Y, BRIZHIEN > TWD, ZOEBEFRE ., mifE LOKRE
FEBOKH T, HARTITREARLLNKRELS 2> TW5, ZF (SON) D434l
FERELFELLTOER, OXEWDRAOND, FEALHEED & B~ Ok 2
IVHEHETHY, EEHTIHRENEZLI bEL, BB TIHES LoTn D,
A7 (DJF) i, BRI AU 7EKEN D OIFERILE R Z 2 TW\Wb, %
7o, FERMTEE LT RKD T T, AT TP Sz NO 12 & H1hFHY
IRHEIC LD . O3 DRENMELS oo T D,

Kurokawa et al. (2009a) 1%, FtHE SNT-EFEOBERE O3 B DKFEHAMITE
W, FEACE E BARNRREFESICEDN TV AR E R L, ks R
DOPEEDFENTEIUE EPE TRV, MK H 03 Tl <, & lkm £TO
BB O3 Z R BRICLTWDONERKRDO—> L EZ B 5, Linetal. (2009) 1%,
FHR S 72 2001 4 6 H O O3 IREATICIN T, miie BEsEi)s i E AL BRI A7
TET DHFHE AR L7z, Zhuetal. (2004) &, FHHEINIZEFD O3 RE DK,y
A3 b 35~45 B, GRS 70~130 FEIC SR EE R A D KA R L, A
FETH. ZHH DR L FEROAKESM DR LEN TN D,

AARIZIT DR O3 IBE DOFHEEC OV TIIBR T 528, FEIIZEIT S
FERIEBCOWCRHICE R T 5, MR Os L O R HIZB) O BLIR 5L X5
WA IN TS, Wang et al. (2009) (EZFHED Hok Tsui T 1994~2007 4 ] Ht
K O3 IR OEFEBLIHIZITV, RN 10 AlCHRKE2RDAZEBEZH LML
Teo —J7. WEHEROD Linan TIE 5 H. FEIEESD Shangdianzi TIiL 6 H IR
WK & 72D AR, ZNF1 Xuetal. (2008) & Linetal. (2008) (2L - T
RENTND, ABFZE TR DI R O3 IREE D AKF A, HEALES & FEEs
DZEFEFBOFENEZFELL TWD 0, AL H Z= O i KB 130 KFHE C &
HEBZZBND, ZORMBERIZOWNWTIX3.3.4 TRk 5,
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332 BA#ImHMOMKREA YV VEEDALEH

1996~2005 4= D4 A O H AT 51T 2 HIF 1 O5 £ OBLHIE & 31 R E %
Fig. 3.3 127, HME ~— 0 —IZRMFEHREOBHE,. F#H1L WRF/chem (Z
£ % BXX 77— A DB REOFEE, Fk#rkliT BXX 77— 2O B SEEREO
FHEAE, 4581% CHASER |2 K 5 A EARE OFHREA £ LT\ 5, BLIIME & 3
BT, RICE < AIRTARWHRIR 22 Z8) 28 7 5%, CHASER (34 EE A
W2 RIEZRERFAMN & 22> T D, L0 IR EE D WRF/chem (T X
D, FHREEABREIZE SV TS, LavL, 1996, 1997, 1999, 2002, 2003
FIZALNDKOE— 7 OHBUTEEMICIZHE SN TWD DD, B b4

ZAZNT T OPREFHRAE OHERHE @ KT & 72 > T D,
—— Observation (Daytime only) ——WRF/chem BXX (Daytime only)
WRF/chem BXX (Whole hours) ——CHASER (Whole hours)
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Fig. 3.3 Observed and simulated concentration of surface ozone over Japanese

populated area in each month during 1996-2005.

HAERTHERIZ I 1T D 1996~2005 A0 45 H E-HE O MFHE O3 12 OB &
BXX 77— ADFHEME % Fig. 3.4 12853, 1 A2 4 A £ Tid BHIE & WRF/chem
WCEAHEEMNMIIE L TCWD, 5 HITBENRERE 2 AZEBL R INT
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W, LarL, BllEICR 6D 5 HLBEORE T AFREMED ) TIER+5
TH Y GEKFHmAY 12 H £ TV T\ %, Z O MAIE CHASER £ ¥ & WRF/chem
DHIZE VB ABND, Ko T, AT —/L D O3 ERSCHED BRI
KiZI->TWD Z ERHfERI SN D,

—— Observation (Daytime only)

——WRF/Chem BXX (Daytime only)
WRF/Chem BXX (Whole hours)

——CHASER (Whole hours)

217 r\\
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Fig. 3.4 Monthly variations of observed and simulated concentration of surface ozone

averaged during 1996-2005 over Japanese populated area.

333 BARMEEHMICHITHMEREA YV VREDALE

EANET @ 10 #112351F % 2000~2005 4F-D45 H PO #iZE i O; & D&M
fili & BXX 7 — 2 DO HAE % Fig. 3.5 R, Al I BRE & 53 TR
FETHDLN, FHEIPRR-> TS, ETOMAITBN T, BHMEIZEFIZ
K, BRICR/NERS>TVD, 1ZEAEOHEIZBNT, #Kich 9 —2DE
— I NROND, EilE EO/NEFRLIA IR TIIE ORE O HIAAZNFHE I
TWDLD, ZNLUANOHE TITEFOFHREMEIZE HIARTIZE A LR B,
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Fig. 3.5. Monthly variations of observed and simulated concentration of surface ozone

in the BXX case averaged during 2000-2005 at each of ten EANET monitoring stations.
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Fig. 3.6 Yearly and seasonal anomalies of observed and simulated daytime average

concentration of surface ozone in BXX and B0O cases over Japanese populated area.
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Fig. 3.7. Distributions of surface ozone and wind fields in “High” years (a), “Low”
years (b), and those of differences in surface ozone and wind fields between “High” and

“Low” years (c) in MAM, JJA, SON, and DJF in BXX case.
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Fig. 3.8 Yearly and seasonal anomalies of observed and simulated daytime average
concentration of surface ozone in BXX case, and differences in anomalies between
BXX and B0O cases (shown as BXX-B00) over Japanese populated area. Each value is

represented by a marker, and regression lines are drawn.
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Fig. 3.9 Increasing rates of observed and simulated concentration of surface ozone for
whole months and each season over Japanese populated area in BXX case. Increasing
rates of differences in simulated concentration of surface ozone between BXX and B0O

cases (represented as BXX-B00) are also included.

BXX 77— A & B00 77— A D FHEE D 7= DO M IR % 6 S AEik A3k 1 > TR
L. 1996~2005 = D2 R 5 0 K 4541 & §F T Fig. 3.10 (27”9, BXX 77—
Z L& B00 7 —RADFHBEDOZDOHEMNRIT, ZEFRIKTEDHEE > TWD, H

47



(ppblyear)

-2-15-1-05.0 .05 .1 .15 .2
Whole months

VA e
2 29 - |- 7
WPaER S BTTRE : oy
BV Y ANS \ A
s S G 7\r
o Vs DI O Y o 7
€ et )
S
“ rllr,‘ Z "I
\ Bty AT AN Y 11
s o PN SER N
A > AN (RN L\ A
— ' RGN
e ¥OE g NIRRT
AN 7R 1 hor sty N A
O YA LN .| R A '
AV By SN g B TN
1NV A S PR R Y . o) A AN T
AR RN N NN e g T ’,’ ,7,"’
- =< RV AR NN \ Ay r/r//,ﬂ TN\
RN Sy . Ve 8
78 YN Y d HHART
70 AN S R O S el TR0 (IR IR Nt
r LN ) ’ [ R R R R =
A L AR AN TR T (B L (BN B (PR TR NN
) oy 2R LA L L AN N T T
1N s TP
QN IR A
(1 AN R NN
/ DR 25 W N ~ =
(T A ATR TS AN -
A, N

(ppb/year)

-4-3-2-1.0 1.2 3 4
JJA

] e I~ =~ —
i S -t o\~ =
ARG B S s = A
:‘\ 2 - - A A
= e A T
~ N .
S TER LSRN O
P SR QN el iy
8 RSy SN s I
<SR S RS o A
SRS X = S =
N\ -~ ~ o
- DR
s
NN
NN
1A 4
\ 5
7
I

R pE R R ; &
(ppblyear) (ppb/year)
T [ .

-4-3-2-1.0 .1 .2 3 4 -4-3-2-1.0 1.2 3 4
SON DJF
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Table 4.1. Years of boundary concentrations, emissions, and meteorological fields

used in the simulation cases performed in this study.

Boundary o Meteorological
Cases ) Emissions
concentrations fields
MO0 2000 Each year 2000
E00 2000 2000 Each year
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Fig. 4.1. Simulated influences of variations in East Asia emissions on the trends of
annual and seasonal daytime average concentrations of surface ozone over Japanese
populated area. (MO0O: Influences under the meteorological field of the year 2000;

B00-E00: Influences under the meteorological field of the respective year)
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Fig. 4.2. Horizontal distributions of changes in simulated annual and seasonal surface
ozone concentrations during 2000-2005 in MO0 case. Yearly and seasonal wind fields

are also shown.
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Fig. 4.3. Increasing rates of observed and simulated daytime average concentrations of
surface ozone in BXX case, and those caused by inflow to East Asia (BXX-B00), East
Asia emissions under the meteorological field of the year 2000 (M00), and East Asia
emissions under the meteorological field of the respective year (B00-E00) over

Japanese populated area.
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Fig. 4.4. Annual and seasonal anomalies of observed and simulated daytime average

concentrations of surface ozone in M00 and EO0 cases over Japanese populated area.
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Fig. 4.5. Increasing rates of observed and simulated daytime average concentrations of
surface ozone in BXX case, and those caused by inflow to East Asia (BXX-B00), East
Asia emissions (MO00), and variations in the meteorological fields (E00) over Japanese

populated area.
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Fig. 4.6.  Distributions of increasing rates of simulated surface ozone in the E0O case.

Average wind fields during 1996-2005 are also shown.
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Fig. 4.7. Variations of surface ozone concentration, wind speed, wind direction,

temperature, and solar radiation at Oki and Linan in JJA simulated in the EOO case.
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Fig. 4.8. Variations of surface ozone concentration, wind speed, wind direction,
temperature, and solar radiation at Hedomisaki and Hok Tsui in SON simulated in the

EOQO0 case.
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F72. Fig. 1.6 TR L7ZE DT, OH 1AL FERUS D F NN ET 5T VAT
HY ., ZORISHEITEFERIS & ZIRERDORE Z KL TWD, LoT, &
KEF DA OH RISHEOBHNME L v 2 2 L— 3 I L HHHEIE & O kT
VIial—va VIR MRS OBFEMEERGET 2 A TR L L TER
HTZENTED,

4= OH BUtWE % B89 2 Hifffi% Sadanaga et al. (2004b, 2005b) (2 & > CH
% 472, Yoshino etal. (2006) 1 Z DA 2 FHV N, HURHERLER A & PEIZK) 30km
AL 7= U\ E A TSRV T, 42 OH SUSHEDOBIN 21T~ 7=, £z, &M
B ORE LU TBIIL, Q) XL XS, RIS DR E & SO HE
EEHPGH OH Kt a B Lz, ZofEER, 3) RA7BITHY 2 & HEk
IREE & RONREEL L EH L2 OH SO A LT MEix, (3) XL
FEY 3 DA S e OH RUSHEZ I TREIS Z &N LNIRoT2, 2

i

70



D OH FUSHED EHBLIE & FE 7 I & OFIX, RIFEE DR OIRE & KOS
HEEEOFHHE L, OH 7 P AND v 7y v 7 EFEN TS, 20

TR B DDOTE TREF O ER ZIRAERIC b
KIELTWAZEREZEZLND,

AWFFETIE, AR E OHFE R L WHRFEOEICB N T vy v 7 v 78
EOREAET DN EW LT HZ L, &2 OH RINMEDBl A NG I 2 b
— a3 YR DM FUC OB Z T 572007 — 2 2 WG T 52 & &
HAYE LT B LERIZ I8N T 2007 A2 ICHE B 21TV, 4 OH Utk &
FRERTIRE 2B Lz, Z OBIMIM A xS, gL FERETT LD
V3alb—yaraFET L, SdbEE T VTR B EROS & UGS
7703 CB4 (Gery et al., 1989) <> SAPRC99 (Carter, 2000) 72 & DALZFESIG A H1 =
AL EMHIND FHEIZE> TEHIN TV D, LIS A T = AL, KREH
DIACFIIE EOEK T DETERRT DD THLTZD, Iy Ty
TN EINTH T ONTNNCEENDIRET LD TH D, A TIE, £,
Vial—varEREEKEOBENOREET A0, Sy Ty
ZEies OH MUCMEDBIHNEE V2 2 L — a UNHETE 50 E 90, iHl
1o, BT, v Ty BIEFRIGR IR BT TR
DT h, JREFNTIC L Y BRET&21T - 72,

4 OH FUSTED E BN IO E 2 THITHIL T 5, Di Carlo et al. (2004)
E. U MALEROFHRMTE OH SOEDEEBIN 21T > 7, 7 27 Hilgin)»
B R E~DIG G E DRk | M % 2 C 7 INTEX-B 181 TlL., Mao et
al. (2009) 734 OH FUGHEDZEHBI 21T > TV %, MHTE T, =2—3—7

3
AN

171

(Ren et al., 2003), A ¥ 2227 ¢— (Shirley et al., 2006), KA Y D~A
(Sinha et al., 2008) . FE D)) (Hofzumahaus et al., 2009) T4 OH kD E
TR T O TS, ZRODIATMIIEDO RN T, Ly 77 OfF
ERRBREINTEY, BMiREFEREOHESR y 7 227 V2 T, Bl

71



i ROIEHTMTION TS, L L, 3IRICRR Y I ab—Ya VORI E D
POREREA 24T = 7oA FEBI L L 2 72 B 720,

= 3WIERRY R 2 b— a3 COMITIE, SRS ORESHAE & FHRE
% OH FUGHEIZHAR L, £ OFBMEOFEMA T T %, Steiner et al. (2008)
& Stroud et al. (2008) %, FALENA Y 7 /L =T MR & T &5 RIC
Vialb—varz3TL, OH MEDBLRD b HHMEOREEZTT > TV 5,
L. ZHHOWZETIE, AR IR E OBIIE & A A OH BUGHEIZH#Ht
BLTWDHDOART, 4 OH RISHEDEZBIEIIANTE LT, Iy 7y
YIIZONTEHFERSN TR, KOFEE, ¥ I=a2b—3{lkd OH X
JISMEDRIRAEZ . I v vy E A OH RUSTED EHEBIANE 2 FvC
b« FEAR A2 ATV, BEMEARIE L BT, S v sy s R RIETEREC
DONWTHRH LB D TH D,

AWFFEDIRMT 71k % 5.2, LPBLIOME %4 5.3 THMT 5, ¥I=2b—vs
N2 X% OH RSVED FHIMEE 5.4 THREET D, X v v 7 v 7 (BT DL
FEHTIZOWTIL 5.5 Tilimd %, FONTZHMAELB56ICELDD,

52 FRWAE

AR T, 2.1 THRARZEHR~HH Ay — LD 3 KRTREY I 2 —va v
A LT, 8 L7ALZRRS A 7 = R 20 SAPRC99  (Carter, 2000) T 5,
LR ELH CELIN S BRI 7> & . SAPRCY9 T OH 7 V1V & RST By &
O xR % Table 5.1 12773, SAPRC99 DA%y DEFRIZ DOV TIX, Table 2.2
ESRENTV, B S RIS 1. SAPRCI9 DRKST DT HUANI Y Tl
F5, THHORSIE Table 5.1 12777 X 912, AVOC, BVOC, OVOC &9 ik
SREICERT D, UL, SAPRCY9 DRL O HITIE, BRI S AL 85 pl 7y 73—
OBYTUIESLRNEDBAET D, OO 2, ABFSETIE OH 12X
HIvy T E LTS,
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Table 5.1. Relationships among species group, SAPRC99 species and individual

species measured in the observation campaign in this study.

Major species SAPRC99 Measured
group species species
NO, NO2  NO,

NO NO NO
0; 03 o,
(6(0) CcO CcO
SO, SO2 SO,
AVOC ALK1  ethane

ALK?2  acetylene, propane

ALK3 isobutane, n-butane, 2,2-dimethylbutane

ALK4  2,3-dimethylbutane, isopentane, n-pentane, cyclopentane,
2-methylpentane, 3-methylpentane, n-hexane, methylcyclopentane,
2,4-dimethylpentane, 2,2 ,4-trimethylpentane

ALKS5  cyclohexane, 2-methylhexane, 2,3-dimethylpentane, 3-methylhexane,
n-heptane, methylcyclohexane, 2,3,4-trimethylpentane,
2-methylheptane, 3-methylheptane, n-octane, n-nonane

ETHENE Ethene

OLE1  propylene, 1-butene, 3-methyl-1-butene, 1-pentene,
4-methyl- 1-pentene

OLE2 butadiene, trans-2-butene, cis-2-butene, trans-2-pentene,
cis-2-pentene, 2-methyl-2-butene, cyclopentene,
2-methyl- 1 -pentene, trans-2-hexene, cis-2-hexene, styrene

ARO1  0.295xbenzene, toluene, ethylbenzene, iso-propylbenzene,
n-propylbenzene

ARO2  p,m-xylene, o-xylene, 1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene

BVOC ISOPRENE Isoprene
TRP1 a.-pinene, camphene, 3-pinene, limonene
ovoC MEOH  methanol

HCHO  formaldehyfe

CCHO  acetaldehyde

ACET  acetone

Missing sinks NO3, HNO3, HONO, HO2, HNO4, HO2H, COOH, ROOH, RNO3, MEK,
PROD2, CCO_OOH, RCO_OH, PHEN, HCOOH, RCHO, GLY, MGLY,
CRES, BALD, METHACRO, MVK, ISOPROD, DCBI1, DCB2, DCB3

53 SHERAOME
HRENDES TI T = E P BIHICOW T, FOMELZ RS, FEAIZOWNT
X, FUES (2009) 12X o THRR_RETWS,
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SEHBLINE, 2007 428 H 21~29 H O, HARHAROHENIT IO AR L R X
(2 & D H BB R PR SUAT T oM S AL, OH S & AR B A 53 i B D8

X 8 H 21, 22, 23, 26, 27 HIZAThN T, BUAIEHIE 2@ L CTlERam % v T,
8 H 23 HOAILW TH -7z, B ODIENOEELZRT 570, MEN KA T
o7l 8 H 21, 22, 26, 27 HD 4 AMOBINT — 2 2 LTz, K& & OGE
PIZEAL, L= —ZRGENICHE LT OH 7 VL& NI AR S
FISEND OH 7V INEBEOEEZ L —V—FERN 77 o —73ETHEIL
7o FTo. FEHMIES (NO;. NO, Oz, CO. SO, &, BFEDHRAKERT
MR L EW DIREBLINT O Tz, B S 72 TOMEBIAST & SAPRCI9 DfL
oy & OxtIEBIFR % Table 5.1 127”7, Table 5.1 (/R T35y 1%, OH 7 ¥ A /L721F T
1372 < NOs, O3 2 EDR & b IIST 203, BUSEN TIZABRNZ AR S iz
OH 7 ¥ I N DIREED & < MBI FUS T D 72D DGy & DRSS K 5 T
TG TE D,

flE LT, 8 H 21 HICHEBEBN S/ OH SUGHE & A REERIR 218 5 & K
JEOEE EH B FE I S OH RUSHEOR A EIFE & Dl % Fig. 5.1 (231,
BOSHREE EHUZIE, NO+OH D& R & | BEFD 7 — # ~— 2 (Atkinson, 1994,
1997; Atkinson et al., 1997; Calvert et al., 2000; Sander et al., 2003) ZfEH L 7=,
NO,+OH D & E BT A FEMEN K& VY, Sadanaga et al. (2004a) 1%, =
LT — 2 = Z[#] D NO»+OH D FUSH L E R DENNI DWW TR L, OH [UR
MHOFHmIC 3 2 EEMEE /R L7-, & LT, Sadanagaetal. (2005a) 1¥., K%/E
T TD NO;+OH FUGSIHEE EB D FR 24T o 7o, AWFZETIXZ OFERIEZ AT L
2o OH SUGHED EHEE HAMEIZ R A LI E & v Bldam <. B LE o K
b Iy TV PFET D T L DVRIR S LT,
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_ 60 . ® Directly measured
<, 50 1 .3'\ © Bottom-up estimate
> 40 | oo }‘«'\ !“
P= A
2 30 M -4.1 J
o LJd
3 o N e s »
© 20 - - e
2 WMW
o 10 A
0

9 10 11 12 13 14 15 16 17
Hour

Fig. 5.1. The total OH reactivity measured directly, and the bottom-up estimate of OH

reactivity of the individual species measured on 21 August.

BB O OH BOSEDNER % Fig. 5.2 12787, NO, & AVOC D FH 3K
ELAVAR

]/

T DEHITENLLE ERloTWS, ST
VX AL DER DO AL S & RAERRIZ R L CTEEREZE ZH > TV D Z &2
REEND,

NO,21%

NO 2%
CO+0,+
SO,+CH,
7%

Oxyge-
nated Anthro-
VOC Biogenic pogenic
13% VOC6% VOC
21%

Fig. 5.2. Contribution of species groups to directly measured OH reactivity which is

averaged over the target period.

OH St D [ BB A0 45 FRAE 1) 5 43 0D 3 FEE AT IS TE A
I REEFEMENG £ TS, UL, Yoshinoetal. (2006) X, &2 v
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YTV PIREE R ERDFHMEMLEND, I v T IR HEEN
WCERT 26D TIE AR, MEPRICOBIS 2R L72b D TH D &m0
TWb, o, Iy 7y BPRIZREEEICER T 260 TH-ThH,
FONERERE CRIETEEL, V2 —3 g VO RE A - REET
HERCEBET REARFEFEREO—FE L LT, FMIIZET 250 TH D,

54 3XTARRLIal—LarvDitE#fR

SEREIITT DI 2007 45 8 H 21, 22, 26, 27 HEE LM x4, 3K
TERRY R 2 b=y a 2T Uiz, ARG D SAPRCI9 45 i%75 I FE O
HME 33 2 3RO L % Fig. 5.3 REZ 7 7) 1R T, 13 L A ELTD VOC
FRATIZOWT, BUIMEICXH T 2 BN 1.0 Z K& FlE->TWb, Z0KLAE
PR, PEHEA R NVICE EN D RHEEETH D, HARTIX, 4 VOC
PE BTkt LTl AIOME O %5038 b K&V (Kannari et al., 2007) 23, & D4
HEOHEFHIII R E R RHEEMENH Y | 22, BRI R 04018 b R 722 58
%, FFIZ VOC FATIEDWT, HEHEA R MY O BIZHIIT 72 S 672 50
WNETH D, oM, G OKRESM b /IO ZER & LTH %
HiILd, XS AZE L CRAIXIZIERE Th o720y, Bl SIE RS ) 53K
km ALIZAZE L TR Y . BIHHLE OFEANZ FE R ERIIFE L 2V, E
DIAEIRDF B A T T D AREMEN R < . BRI A EMEICHEBITE TV
INE D MINEETH D, BTSSR TOEYME D554 1T EEEIE SRS & — b
TA Ty RBROEBELB ZITTWDHI ENMHITEY (Yoshikado, 1992) |
ZNODOBRIZ L - Tol & Z SN D BMERTN O BRI RED & 5 ATREME
bd D,
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ISOPRENE
TRP1
HCHO
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|
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Fig. 5.3. Ratios of simulated to measured concentrations of SAPRC99 species which

are averaged over the target period before and after application of scaling factors.

2T, bl L7y 2 b—y g v EOMBESIMER ST % ORRE 2 AT
T %, BUME & FHRMEAUTST 5 72512, SAPRCI9 454y DHEH B & B F i
IZENENEREF U, FRIE, Fig 53 1R LEBIE ORE7 7 7) okt
TLRBEMEOLROME L L-, NO & NO 22\ Tk, NOx HH&EH o NO
ENO LA Z 720 K 912, NOx (NO+NO,) IZ2OWTHIH S fER 2R L
Too Oz IZEFEPEHE A 202 h | BHRIREIZOMERE R Uiz, FREZFCE
BN S BT 23 RMOLREABERH L, MReRU-HEL
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BDIRT LR, VI ab—va VIR DREHREMZ BT ST T,
7272L. TRP1 (T AUHF) T FEICEMEIRTH O . ABOLERICI T 2 IR
PED B RRE ST fF 3R 2 IR —HRICR U D & ZBHM T RIE i R &
72D ATRBMEN B B 72D TRP1 IIRIGS & Uiz, (R AT Uloth DA OIRE
BUEI T D EHRAE DO R (after scaled) % Fig. 5.3 (&2 7 7) IR T,
O3 & HCHO X EIC AR Th D72, HFEE 1.0 1ZEST 5 2 & IXNE
Thoto, NODED 1.0 # KX < EE-> TS, RBIFEH O NO JRE DK
<ONOX IZHDDEIE /NI hoTelzh, NOx IZ DWW TR S A7 f53:1%, NO
DIREZ T ST DI R+ Tholo, TSN DRIIITON T, IR ESH
KT D REMAEOHEINEIT 1.0 o7,

BREFCDAMED, FHROTEORE 1 FERIME OG0 & BUAE O R R 51k
W7 Fig. 5.4 1R T, (FRZFLDATTS ., FEBIHI S DR EEAGHE & 28X
gy & < BELEITWA 23, AVOC, BVOC, OVOC (X KIE 723 /NeFAM & 72 -
TWo, BFREFELDHZEICLY, ZHUOHDORSEECONT S FHHEEBLE
SRS IARGAYN

RIZ, ER 2R L D% D4 OH FUGHE 1 RpE O FHEAE & BLRIE DR 51
Lg% Fig. 5.5 127”7, 42 OH RUGMEDFHEAEIL, SAPRCI9 £l 77 DR FEFH A
fli &, SAPRC99 TR¥E SN TV 5 OH & OIS ESRE AW TR L, &
OH SUSPED BT S & & Hlzm < . BHITITEL 722 2 R A8 3 L H
% (54 U D104 OH RUSHEDFI AT b FER DO RFRIZEN N 7 & 412 23,
AERHEFORME 2208/ Nl & 72> TV D, EREZFLLHTEICKD, 2 OH Kt
PEDFHEAE & BUANEIZ TSV T 2,
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Fig. 5.4. Time series of measured and simulated concentrations of species groups

before and after application of scaling factors.
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Fig. 5.5 Time series of measured and simulated total OH reactivity before and after

application of scaling factors.

R 3 U 5 iR ORI ORI HER] OH SOGHEOBLRIE & FHEE D
Lb#k % Fig. 5.6 (g, EEHHIR S IZOWTIE, OH SO BRIE & 515 E
PR —E L TWD, LaL, fiFRo@EAEiL, AVOC, BVOC, OVOC @ OH
BOGSTHEDS K 7238/ NaF- Al & 72 > T D, 230D ORGEED OH SUGPED /NG
flins, 4 OH FUGHEDE/NEMOERFR L > TWD, FREZFELDHZ LI
£V 4 OH FUSHEDOFEMEABLRIEIZ TSN T WD, L LR35, 4 OH X
SRR 2 By Bl A A W IR 2 T 5,

Fig. 5.3 (O Lz & 91T, 842 U=%I1X AVOC #5535 & 8
EIT L < —FHLTWDZ &5, AVOC O OH I PEDFHHME & BUAIE & — 5

DX THD, Lo LEBITIE, AVOC @ OH SUSEDFHRMITBRIMB L b &
VMEE 725> T D, T, SAPRCY9 TERE STV 25 OH & O SOtk B 4k

B S @RI OROSEEEE LY bW L AR LTINS, FOH
& LT, OH & OUSEEER D < o BT STV RV OAF
1E23, SAPRCY9 TRESNTWDH I ENBZXHND, b LEDL D IRk A FE

KHPICAFET D &L, 26134 OH KUSTEOBRIEIZ S v v 7y v
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Measured

Simulated
Simulated
(after scaled)
0 5 10 15 20 25 30 35
OH reactivity (s)
NO, NO 0;+CO+80, AVOC
BvVOC OovocC Missing sinks

Fig. 5.6. Measured and simulated OH reactivity of species groups which is averaged
over the target period before and after application of scaling factors. Contribution of
species groups except for missing sinks in measured OH reactivity is obtained from
measured concentrations of species and their reaction rate coefficients. OH reactivity of
missing sinks in measured OH reactivity is obtained by subtracting sum of OH

reactivity of species groups from directly measured OH reactivity.

7ELTHENTNWD Z LI D, £z, ZDHAEIZIE, AVOC @ OH RUSHETE
F TR < AVOC DORERHRE b BIREZ ERl> TWHRMERH D, AVOC
ICEENTWDIAREOH DI v T 7 OFBZONWTIE, KETES
(CHRET AT 9, TOMODIRK & LT, FRAHEVLERO AL IS A, SAPRCI9 D
HELESTHDHAREME S B 2 5415, SAPRCI9 Tix, HEE OB 44
T DB, Al & DRy OB E ER A AR CTEAMT L TREL TN D
D3, T ORI R O EE DS . HOSELER D ERRDIRAE & 135472 5 AT e
D H 5,

OVOC @ OH JUGHEDFHEMEIZBIE L v b &Em < eo TV DA, ZRAERKD
WEICL Y| FREFE L% D HCHO OFFFMEABIIEIZ AL THR0non
JFRTH 5, HCHO #IEDOFHHEME & BIHIE —Bd 71T, OVOC @ OH KUSHE
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OBRME & BB S —BT 5, I v v 7Y v 7 O OH KIS EHE (5.3 s7)
TEIE (855" LV B oo TWD, IZIERTORDIIE DFHE & B
N —ET HREICBNT, Y Iab—vaiIIvi 770 OH Kk
PEDKT 60%ITEKBLT D23, FED D 40%ITRELS N TWRNT LT D, KET
X, EFATERESN TR v 7270 OH RUSHE (83.0s7) 12Xk
BEBIZOW TG LT RICOWNW TR B,

55 OH I v T vy ORERT

ATEI Tl A~T@ ) | JREFH A & BENZE - B L2 REBIZB VT, 3
Y Y7y O OH BUREDFHREIL, EHBINE %% 3.0 s FlEl> Tz,
BRIATHRWI vy 77 OfiE LT, REO RS & RIFED
—UHEHE Sy D 2 FEAEZ 6D, PR & ESUREICHE R LR 2RO
HARME — 2L L KA RS & RIFIE O —RPEH RS 53R DAk
FROS & ZIRAERIZEIETREICOW T, REMT CRET 21T o 72,

551 KRHDZREHNDFE

REND IR £ 2 BOFIIL, BUSTRECRSIEE & RN TH D120
BB IZIIARATRE CTH D, L L, 2 2 CTIEREO WA MBER O RSy &
MU LEMEE2AT D EMREL, Table 51 TI vy 7y 72 %ELE
SAPRC99 DRy D 9 H1E b DA BERO ks & LTH]RY BiF 5, x5
LI DI v v 727 O OH ROSEDFHRAEIC )3 2 % 5- % SAPRC99 O
BB Fig. 5.7 127”3, RCHO IFRFEE 3 LA LD T /L7 & R, DCBl I3 A &K

RALIKFBINS DRIGERY D 5 BT PN IV~DHRNTEAE TR D,
PROD2 |37 k> 72 EOEMFEAKY D 5 H OH & O SGEE E$ A 5x10" cm
molec” s' LA LD DITHY TS, I v 77 O OH KGO R R %
L. RCHO 7% 30%. DCBI1 7% 10%, PROD2 73 8% D% 5-%H L, EF/L KK
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EIRoTND, RO RSN 2D O FE RS E BB L B A2 f
T EME L. E DAL SUER IR A A RAE T B DV TIRIT 21T > 720
chg-RCHO, chg-DCB1, chg-PROD2 ® 3 /7 — A % % & L. £ 14 RCHO,DCBI ,

PROD2 DJEEZ M S, OH USHEZ M ST 57-0ic, ZONERT S
BSOS % Fe U= 21T o7, IR E OH SUSHEOH OB
FRITHIE T 5 L RE L, OH [GHED 3.0 s #9445 X 512, RCHO, DCBI,

PROD2 DUYLRIZKT AR % F 1 E4 4.6/1.6, 3.6/0.6, 3.4/0.4 T3 E LT,

DCB1
0.55s"
PROD2 (10%)
0.41s

(8%)

Fig. 5.7 Contribution of SAPRC99 species to simulated OH reactivity of missing

sinks which is averaged over the target period in the base case.

chg-RCHO, chg-DCBI1, chg-PROD2 7 — R IZH1F 5 xR D OH Kk
PEFHRE & iR BERINAR % Fig. 5.8 (2”7, ¥4I & &7 RCHO, DCB1, PROD2
. OH & BRURT 2B ORS AR D72, OH SUGHEITERICIZ 3.0 s 2L
ML T3, S — 2% L, chg-RCHO, chg-DCB1, chg-PROD2 7 —
AIZBITF B N0y, 05, OH & UKL 7RSO SO~ NOy, NHy', Ao
TIRAERIT (ASOA) . AEWIRD “IRAFERL T (BSOA) D XF G-
DEALHE %L Fig. 5917, £, ZOMD SAPRCI9 OEBIA 7 D EZE AL =R
% Fig. 5.10 lZR T, O3 1ZWVTHDOFr —ZATHRRMIM L TV 528, 2 bRiTsr
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— Ak -THER D, OH X, #8/1 L 7= RCHO, DCBI1, PROD2 |2 & » TiH#E
o WERRD LTS, fERE LT, OHIZ X o5 Okl i, &
R LA T H 5 SO, NOs, ASOA, BSOA 23 LT\ %, OHIZ L 52
BTNz, SO/ IHIEFI TP SO, & Hy0, DS, NO3IE 0312 K D NO, 75 NO;y
R N20s ~Dffb & HO & DARE—E, ASOA X° BSOA 3 03 <° NOs (2 K % i
BEMVE DRREIZ L > THAEMT D, 05 LRERIZ, H 0, NO; bR TDH S —AT
ML CTW5 28, SO, NO3y, ASOA, BSOA 13 LT\W5, L-T, OHIZ
LD OMEIC L Db L D bEBRTH D & 525D, NH 1 SOS7<° NOy
DRI EIRDHA A THY . SO/ NOy DAL > TR LT b, NOy I
FIZ NO+O; DS THAR L, OH IZ X Vb sind, O; 23N, OH 234
LTWA7ZH, NO, BWHIMT 2133 Th 525, FHEEERIZIX NOy IE chg-RCHO 77—
AT L. chg-DCB1 & chg-PROD2 77— A CHETHIML CTWAHRRETH 5,

ANIFF LT LT P H LN RCHOHOH DG TR L, NO, & DG TrL
FH T FA R L— k (PAN) 22 %, FEIZ chg-RCHO #— A T, PAN

1 1 1 1 1 1
L 1
oxce NI
1 1 1 1 : I
1 1 1 1 1

1

1

1
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\\ |

chg- : |

RCHO - 88 \:

1 1 1

chg- S04
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chg- 92 !
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OH reactivity (s)

B No, B NO [ 0,+CO+SO, B Avoc
B BvVOC B ovoc Missing sinks

Fig. 5.8. Simulated OH reactivity of species groups which is averaged over the target

period in the base, chg-RCHO, chg-DCBI1 and chg-PROD2 cases.
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Fig. 5.9 Incremental ratios of concentrations of NO,, O3, OH and secondary aerosol
components in the chg-RCHO, chg-DCBI1 and chg-PROD?2 cases compared to those in

the base case, which are averaged over the target period.
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Fig. 5.10. Incremental ratios of concentrations of individual SAPRC99 species in the
chg-RCHO, chg-DCBI1 and chg-PROD2 cases compared to those in the base case,

which are averaged over the target period.
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Fig. 5.11 Contribution of SAPRC species to the simulated OH reactivity of AVOC

which is averaged over the target period in the base case.
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Fig. 5.12. Simulated OH reactivity of species groups which is averaged over the target

OH reactivity (s™')
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Fig. 5.13. Incremental ratios of concentrations of NO,, O3, OH and secondary aerosol

components in the chg-ALKS, chg-OLE2 and chg-ARO2 cases compared to those in the

base case, which are averaged over the target period.
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Fig. 5.14 Incremental ratios of concentrations of individual SAPRC99 species in

and chg-ARO2 cases compared to those in the base case,

the chg-ALKS, chg-OLE2

which are averaged over the target period.
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olz, B, HEFEAF LA R E Oy OEWVTEMR L, YIal—Ta D
FFRIARNIL, NO, DIRENERAE\ 2005 FED 4 A, 6 A, 11 HO3 AL L
7

HO 23 KNITAFAET 2 26 IR o —RERERKHER (LUF, —&FE) 12k
% B R EE LN E & B & | FBISREL. Mean Normalized Bias (MNB) |
Mean Normalized Error (MNE) ZHH L7-, W7 U7, HA, BHHMHEEL O HKE
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Table 6.1. Correlation coefficient, MNB and MNE calculated from observed and
simulated daily concentrations at 26 monitoring stations located in Tokyo’s twenty-three

special wards.

Species Month Domain Correlation MNB MNE
coefficient

NO, April East Asia 0.463 -30.0% 35.0%

Japan 0.737 -29.5% 32.5%

Kanto 0.741 -29.7% 33.0%

June East Asia 0.345 -24.6% 34.1%

Japan 0.577 -17.4% 29.1%

Kanto 0.665 -23.1% 30.2%

November East Asia 0.521 -16.7% 24.5%

Japan 0.805 -6.73% 14.8%

Kanto 0.833 -6.52% 15.2%

O3 April East Asia 0.457 +41.6% 44.9%

Japan 0.720 +32.1% 34.5%

Kanto 0.727 +30.4% 33.0%

June East Asia 0.496 +67.5% 73.6%

Japan 0.581 +33.1% 49.4%

Kanto 0.692 +36.4% 47.3%

November East Asia 0.329 +139% 142%

Japan 0.510 +95.0% 102%

Kanto 0.532 +87.1% 94.2%

SPM April East Asia 0.702 -51.1% 51.3%

Japan 0.706 -55.9% 56.0%

Kanto 0.701 -55.7% 55.7%

June East Asia 0.490 -58.5% 58.7%

Japan 0.507 -58.6% 58.7%

Kanto 0.460 -61.0% 61.2%

November East Asia 0.793 -45.3% 46.0%

Japan 0.847 -37.6% 39.1%

Kanto 0.842 -37.2% 38.5%

Note: Underlined values indicate the highest value among the three domains.

6.2.1 REKESM
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Fig. 6.1. Horizontal distributions of monthly observed and simulated concentrations of
NO, in the Kanto domain in April, June and November in 2005. Observed
concentrations at monitoring stations are allocated to corresponding 4 x 4 km grid cells.

Grid cells in gray represent no available station there.
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Fig. 6.2. Horizontal distributions of monthly observed and simulated concentrations of

O3 in the Kanto domain in April, June and November in 2005.
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Fig. 6.3. Horizontal distributions of monthly observed and simulated concentrations of

SPM in the Kanto domain in April, June and November in 2005.
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twenty-three special wards. Simulated concentrations in East Asia, Japan and Kanto

domains are separately shown.
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Fig. 6.5 Time series variations in daily observed and simulated concentrations of SPM
and PM, s at Ayase monitoring station, where simultaneous observations of SPM and
PM2.5 were made in the target months. Simulated concentrations in the Kanto domains

are shown.
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Fig. 6.6 Correlations and regression lines between daily observed and simulated
concentrations of NO,, O3 and SPM at 26 monitoring stations located in Tokyo’s

twenty-three special wards. Simulated concentrations in the Kanto region are shown.
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Table 6.2 Years and scenarios of emissions used in the case studies.

Case Vehicle emissions Other anthropogenic Emissions
in Japan emissions in Japan out of Japan
All-05 2005 2005 2005
Veh-15 2015 2005 2005
Veh-20 2020 2005 2005
All-20 2020 2020 2005
REF-20 2020 2020 2020 (REF)
PSC-20 2020 2020 2020 (PSC)
PFC-20 2020 2020 2020 (PFC)
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Fig. 6.7 NOx, NMVOC and SPM emissions estimated for Cases All-05, Veh-15,
Veh-20 and All-20 in the specified area for the Automobile NOx-PM law in the Kanto
domain.
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Fig. 6.8 Calculated average monthly concentrations of NO,, O; and PM,s over
Tokyo’s twenty-three special wards in April, June and November in Cases All-05,
Veh-15, Veh-20 and All-20. Upper figures show absolute concentrations, while lower
figures show the rate of change in the concentrations in each case with respect to that in

Case All-05.
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Fig. 6.9 Calculated average monthly concentrations of NO,, O; and PM,s over
Tokyo’s twenty-three special wards in April, June and November in Cases All-20,
REF-20, PSC-20 and PFC-20. Upper figures show absolute concentrations, while lower
figures show the rate of change in the concentrations in each case with respect to that in

Case All-20.
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72 SEOEE
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PR & R DOBLE G CMAQ IR L TV | WA — /L THRRLET NVEAE
AL TWLOR—20HEKNTHL, TNEN—K—EIHY, EHLLNDET
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IATERTH R KGR+ 2 1O I SN TE /b D TH D (Scheffe and
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