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Numerical Simulation of Ozone Formation over Mountainous Central Japan in Summer Season

-Effects of Biogenic Hydrocarbon Emission and Emission Control of Anthropogenic-NOx and -Non-methane

Hydrocarbons over Urban Areas-
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ABSTRACT; Air pollution transport over the Central Japan was numerically simulated in a typical land and
sea breeze situation in summer season. The models used in the calculation were extensions of those described
in Kitada et al. (1993) and (1998). Sensitivity of the production of ozone and acidic species to emissions
of biogenic nonmethan-hydrocarbon(NMHC), and anthropogenic-NMHC and -NOx were focussed; the ozone,
sulfate, and nitrate are chemically produced in pollutants-rich air mass migrating from coastal big cities to
central mountains. Some of the obtained results are as follows: (1) biogenic hydrocarbons could increase daily
maximum ozone concentration as much as 20 ppb over the Nohbi and Kanto Plains, and (2) reduction of NOx
emission by 20% may result in increase of the ozone concentration by a few percent to almost 20% over the

Nohbi Plain, indicating necessity of careful emission control.
KEYWORDS: tropospheric ozone, sulfate, nitrate, biogenic hydrocarbon, sea breeze

1. LI

PERHLG I, RRICILER. BRICEFRE HFOMBREEOW I, EEBRFEOBERDOH VL 2T, B
A, BRE, EH—EHEARS, BREB»LFHLECE L —~EORNEZTHE L T, LB CH Y Sz KRB EY
a1 AOBICHROINGEHE CHET I EBXMbN TV B E, FEE, A, 1985), EHSIL, L.
FREORBENE B MR LB A, RISAERD 2SR NS OFEEMER S LIZED L ) hiEMEL D00
., BARTRBERE G, AES550kmxBElL450kmxEE6. b kmOFEKREXNRIZ. 1 995%FET7H
26 HMH28HD3ARIICONWT, WMEBILFWHEOEE - KIS - IEBEDL I ab—Ya VBTVHLBMNILE
(Kitada et al., 1999), BE&HIZ, PEHEROKFEROBRE 1500 mBEZ LI, V0, BTN,
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BEBEORICERMOEREBAHRIND Z LERHE S, BEHICT0 — 80 AL, Z0 LI RIBKA
DHBEOTEERHZZ LD (D, 1994), TMILELEZ~OEHMAEERL 2VB D I LATRBREINT,
FRFEIZ. ZOWEEZ T, BICILES THEH Sh 2 MEIRK(L/KE (soprene, a-pinene) &, ¥RFRERATIE
TR AEEHIESES, COBBERRICEIEETINEREY IaL—Ya X VRE L, B 1IZEN
S5 (X 1a) BLOBREBEFHZOIEAKN (K 1b) 277,

2. HEEIER{LAKEBEHIEROHEE

vIal—3ia VEEIE. BETE (Kitada et al., 1999) & F#RIZ 1995 4 7 A 26 B 0600 —[7 28 H 0600JST
ORI IAETH D, YT, KEESIEOFET CHRAFHEE, KEFEFF XU PABHTERE
ELE, Z0OM., BRETE—FEER CIIMEHEN 2 &0 - KEERSLEGRATbh ., flZE, fihiz
DNTH, By FoUb—2 (68), L=U4Y YT (28). Ry 77—V —Fcd ) LBROBRMIIT
bR, ZhbiETRT, BORKBEAER. TAFAZEOMERL LKL, FyPrTICEVRBEBOI I
L—raIZBRDIAENRTWS,
EHNEISHRRIEKRBEEBRET A2 LIZEEONTEY, ABRBEOERMILHOIEA ¥ VRILKE LD
HEEAORNTEY VERIZE D EETEZONTONTHERKTHR Y OEOMES L ENTWD, APFET
. £ Lo L LEEAREDEERILKETHEIA VYT L Y, a-ER IOV TEOHBESMEHE LT, =
wAva (1ZE, IkmETF) 2ECLEEERE7 74V (M) BREEMREVZ—) & SHOKIERLS,
B 45 &% AT, BEIS(Pierce et al., 1990) IZfi> THE LTz, 4 Y T L it BROZOHH 2525, BFS
L. 2OZEREH (10km x 10km) L7-HEH3EE %X 2 1277 $ ((a) isoprene, (b)a-pinene), 7=, & 11, I#

(X10°° molecules/cm?s) g (%10 molecules/cm?s)
T

T T T T T T T
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X 2: SRS (a) 1 Y T L, (b) a-EXR YV,

‘ 1 T
0 100 200

#* 1: X 1b OFEBIIK T 2 BEHIROBEE,

Chemical species.  Emission rate (kmolday~!)  Ratio®

NOx 7.90x10° 1
Ant — NMHCT 7.72x10° 0.978
C2Hg 0.47x103 (0.059)
CszH; 0.81x 103 (0.103)
ALKA# 2.90x 103 (0.367)
CeHy 0.52x102 (0.066)
ALKE* 0.70x103 (0.089)
AROM= 2.32x103 (0.294)
Bio — NMHC? 2.09x10°
ISOP 1.64x108
PINENE ‘ 0.45x 103

1, Ant-NMHC = C3Hg + CsHg + ALKA + C2H4 + ALKE + AROM.

2, Bio-NMHC = ISOP + PINENE.

3, Ratio of emissions of various anthropogenic hydrocarbons to that of NO.
*, C3Hg stands for propane and benzene.

#, ALKA for > C4 alkanes.

+, ALKE for > C3 alkenes.

=, AROM for alkylbenzenes.
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RS ([ 1b) 2> b O#EEHE & AL EIRME I L OHEDERR{IEKFBICONWTRLIE LD TH D, isoprene, a-
pinene ¥ &4 LR OH T VWV & DFRUSERBIZOWT, BEFEEICHE (J. Geophys. Res., Vol.103. No.D19,
1998) DlEN, KZULE~OFER S LIZHLNITR D D05 DM, RIGHRERY O EIC OV TTRHEE
RESHLEL HY, 2B LEDICHWESNDAEENEE 5 7243, Lurmann et al. (JGR, 1986), Lloyd et al.
(1983) D A B = X BIZH LSRR EREEZ —HMEE L T bio-NMHC OBEFNZSEHKE I 2 b—va vl
ol

3. VIal—arshy—A
ALBBLIUOBRARBIROIEAZ LV RAGKEEHEE & ASEIR NOx EHEE A T A =220 Oo»Dv I a
L—Yav®BFEFTLE, B2ICENLOr—A2EH L TRT,

£2 vIal—arhr—2R

Case No. NO¥ Ant-NMHCs# Bio-NMHCs#  Others
701rx 1 1.33 0 _
741rx 1 1 0 -—
Tilrx 1 0.13 0 —
701rxvv 1 1.33 1 —
741rxvv (base) 1 1 1 —
751rxvv 1 0.67 1 —
T1llrxvv 1 0.13 1 —
741rxnoinvv 1.2 1 1 —
741rxnovv 0.8 1 1 —
742rxvv 1 1 1 off*
741rxvvh 1 1 0.5

741rxvvoh 1 1 1.5 e

#, Relative emission strength to those listed in Table 1.

*, All emission sources were turned off after 00 JST, i.e. midnight, on 27 July.

4. fER
4. 1 HHLEEOFY B OB 2T 5 M EIRRLKEDOE

TR R{KFE (isoprene, a-pinene ; AT, Bio-NMHCs L #§) D BE & A Y VIREIZxT5H 52 RS20
2. @ 3 (Bio-NMHCs & ¥ ; case 741rxvv), 4((Bi-NMHCs 72 L; case741rx) 12, 7 A 27T HBOK R TOBE®EA
Y UBREOSE (MR LUV, BE 500 mB L N1200 m) AT, K3, 4 TR, REFE, B
iz, HFEEB & 500m @ THK 20ppb F2E, Bio-NMHCs Y D r— XD FRAY L BEFEVY, 1200m i
TOHEREIE, 20 EEOHRICTEVEEIZE T2V, 10pph BEBRESEWIEIRIA < KEHE EICEY H
LT3,

FlZ, ®H, EE 1500m BEZ P OLIICRUSMERYOERERRER IND Z L 2R LTzh (Kitada et al., 1999),
M5k, ZORBERBIC BioNMHCs BEDBEXRE L TWA0ErRT, Thbb, Kb5add, 27 B0 K,
1500 m & TP Bio-NMHCs (2 & 54 L EERMS (EK : case T4lrxvy - case 74lrx) . X 5b 234 A RE DO
*HE (case T4lrxvv) Th B, FEILE O K FEERILIE VTR K 8ppb BEDBRER B R O 52, MExHEICw L
TR 10 RREOFEERTHHZ L EFBRT 5, Bio-NMHCs OHFHIREIZG TR SR HITHIT THEMNFE
RTRIIKELS (R2), BY, ZOmRRETOWEOIRIZHEV EEICE®E Iz A% NOx & BioNMHCs 64
FELT=AY o hE 5a (L O 3¢) 2R B D AMERHEE T O Bio-NMHCs 12 & 2 5-ROMMHIZ LR 2 b2
BLIELRRES, B, MBRBEOHEIX. MYRFERILKEELED T —ADHFRRBRERORELIRY &K
1.4ppb BRE OB R L7223, fLi>> T PAN(0.5ppb f2E). isoprene & NO3 ORIGIZ & U A/ L 7= IPN4(0.7ppb
FEEE) MMM LT,

4. 2 BREFHICBITALY VBEOSEIEHFBE T ZERE — ABRILKFE, NO,. MBRILKE—

TAQTHOBEEAY VREY., EHROLE HE) KXo TEDLIICELVBLInER~T, (1) 4
HIFREZOLOR, ZOREEMZELZ L. (2) BHREOELZE < =OHMERH#O RS E N
ELES, FHRBEOEBIIKT 24 Y VEKISERMOBRELTF2ERRSH S5, SFHELEBOL TV F
I3, 20\ Thad, BA—R (case T4lrxvv) IZx LT, £EE—BICHEHBELZE(LEE TN D,

1|
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5: 2 7 HFATORE, 1500 mE T Bio-NMHCs (Z L 54 VR (a) #45 (case T4lrxvy -

case 741rx), (b) #xtE (case 741rxvv),

O3max (ppb)

6: ABRACKBHHFIRE ST 2 RETFHORRIIKT 5 BkmA Y ViR,
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REEHOXS (B, D, E, G: K1 bR IRII2AEEAY VBEN, ABRIKFERBIRIZE > T
ESBDLLONERTORK 6, A& NO, RICHT 2EELZRTONRK 7 ThHhbH, 4HEERLOZDIEZKIHIZ
fIET 5B, D, EATIE, HESAY VRESANSRAKFRFEHRE ICH L CEME, A% NO, FERE Iz LT
WHETHHEWVIEMPHEN TS, LRSI LA2F Y VARICE LT, BEEFOHLEHTIE. NO,
BRI H > T, RIGKBREDRHEE 2o TWDIRELZRETE, 77205, NO, el BO A ZHIRT 5 HilH
HELEEROA Y CREAENIEAERESHH T L 2EWRT S, £, ROV RNEOGSE (PE)I) T,
AN&RICKFYEH, NO, FHOWTHICR L THEMBETH S, M6 FORENL, BASE 77— X 5B EFR K
{CARBHEHBOAEZ XS LERETHHH, LRO4AETIHARELS Y VIBEICE ppb BEOHEZ L6
DIHTH L,

5. ¥&®

b, EZEOHARPRETCORIEXE FIBWT, KETTREOHEERSED, YOL BB LEET 0%
2 H (B#T38) MICE-ST, £E55L0HS% - KINET )V, RHEZZETAEZANTY Ialb— Lz, 20
R, AV 2| BB 1 Y N7 EEH RGN GALERIG TERT DIERMER, FEILE O _ EZOIREICE S T
WETLZ L, FRbH, BHO—KRE+HER - £F - BH—EHESEORWIC L > TihEHEEIZLE-TLD
Tl ¥ AFOMECORSBIEENCL > TR0y 7 770 FREZED DL EERHALN T,
DT EIT, MEBEROERE LTFET S,

isoprene, a-pinene 72 SAEMRIEIRILAKFED, YV VAERZICEZTWARELERRICEHME L, M3 LXK 4
DD, biogenic-NMHC (Z X 24 VIREOHMAR T, BEFE, BRI ClI#h®Res L OEE 500m T3
[ZRK T 20pph BEDEFL TH 5,

ANESEFERLAE, ERBRIEYHEHEBICH T2 RSV VBEOBREZHEE L, BRI CIX. UNTLD
FV R U T ABRIEAKBRBEETHY . ZHOBERAY VIREOBNCORR S LEESN, SR
b OB OHNEIL, A VIREOHINZ SRR 5ERERH D, 20 Z &k, FHILE CTORBOA Y 201
ORECHEEL, flziE., 20%0 NOx OAHOHHEEL, 27 B 4810 KD 1500m & TDAY > % KX Tppb.
BT 7 1 VAR K 0.8ppb MM &© 3 LHEE Az,

ZE M
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