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1. HEYMEEDOA YV UBFEHEIERE (Ozone index)

o248y v ORBIBREHUTHY, RENGEG, BREHHOGRWIZE L EE
REBREH T LI DML TWD, ZO0D, MM EEDOL Y VIgFERE (Ozone
index) & L CiZ, IRHMICKB T2 A Y VIREOHAEM CHL2HMABREELIH VLN TE
72 F72. BRI @ ICP Vegetation! Tlx, &Y v OHEW B % L D EMICFEM T 22 L
LTCRILEZNLEEEOREE A Y W ILE (PODy: Phytotoxic Ozone Dose) & AW\ 51T
W % (ICP Vegetation, 2017),

MWW EOAY VIBBEEL L THOWOR TV ERBEREBREEL LTIEX . UTRH 5,

® SUMO6: METH D 0.06ppm ZHiE Lm4 Y U EE (1HEE) 2, sz
Ml (—HOFOREEXOFEH%) ([Chlz> THELLHE,

® AOTx: BfE Xppb i LAY iE (1 FRFHfE) DR
B (— R of oRFME kR OFH%) ([Ch/zo> THEE L -
W5 IEEE IS BIE Z 40 ppb (IZ&E L7 AOT40 TH %,

o Wi26:fiEsNn-HM (—HOHRORFHGE R OFEH%) ORIICBI Szt Y VR
Eo2To 1 EEICSWT, ¥ 7FA FROBETHREDOFT Y v OEZF T %
L7zE LA A B E (Weighted Concentration, we) ZfEH L 72, 274 F
ROBEAMTEBZEIULTO®EY THDL (ClEAY U RBEO 1EHBME (ppm)),

T

iy A2, fHESI N
s WbIA Wb T

T

c
We = 1+ 4403¢-126¢

B, RIALENLEEOREEAS Y VRINETHS PODYIFMU TFTO LS ICERIND,
® Ynmolm?2s!'Z#MfELL T, TN LEOBEETKRILEZ N L CEICHNI NS Y
VhA, EEOHME D WITKEHBICHOTE > THEEAE L 721,

2. FYVUDEMEEDFM A

KROICHED I A Y VEBEBRTHHNE LT, Y VOMMEBORELA I =X 50O fF
PAA Y VIt THMPORRISESCNEISEOERMNFMAET HNLDL, SHIZ, £h
BORERIZESNT, BATEBETD2EDICKT 24 OEEBIFAMLZ OB 55AF O
fEA 72 E~DOIEH bITbNTERL, 20X A Y v OWMWEELFMT 5 R 7 — i,

1 The International Cooperative Programme on Effects of Air Pollution on Natural
Vegetation and Crops (ICP Vegetation) : [E RN B3 & B &0 K EkE B K K05 Y
%% (LRTAP: Convention on Long-range Transboundary Air Pollution) ® ¢ & 3% &
Lz, BARWEAE L RBIEM~ORIIGREBICHETLIEHEWR 17 770, #1085
HAE~DY X7 OFERLL, KaPOoEeE, 25, BREEARGEDEOHEA ~DIL
EHEDOEE, EVMEHEE~DEE LT, [IUBELIIC L OEAE~DORIGEDE (£
VREHRNRE) OMAEAEN D EEDWI E FE i,

2



© 00 I O Ot B~ W N =

I = T T S SO G Y
SN NG S O JUR N )

18

19
20
21

Biaf LUV EE, ERRADOLVNILVE TS, TAENOHNIZIS LAY v O
B EN B DOk A, 2016 FEH, 2019, AEETIX, &Y OEMZEZFMT 5720
ODEBRTHWLNTEEAY VIREFEIZSOWT, BARATERHA SN TE L FEEZ T LICH
BIAC ARSI

2.1. EYHERORRAHEEOHNA

KRR E VWS Tmb D REEROLEA & Z I T 2 A8 O KIS O KRB R 2 LB IC
fEtr+ 272D DMEL LT, MOPBREMNOREHNGEE TCHL 7/ n—AF vy Xy PRT
A MR YRHHLHHAES, 1978 HHEH,1984), TN HIEZTOFORECRE, 4 v
MEDRKRRIBEREMEORELRFHT H N TELFxF vy Exry PRAOFEREE T, ATK
ZFALTHROBIRLHAREETHBE T 2ALAEM 7o —2F vy Exy FEGEHE S, 1978)
(1), #T7ARYVOEETHNCREST DL TEHRLEZMBET 28887 74
FervBndsEE,1978) (K 2), AIHIEIHAMOL 2BELH/LIENTELHD, 2
NEFALEAY VIRBICL > C DOV U EORILA B = X LD ik
CHDLLIBETERARTEOOEBENAT )V —= T e ST EWESERENLED
S TOMIETICHNLEND Z ERE,

1 AIDRB 7o —2AxryExy b, A ENEREMIEET (KR
<IEM) , A HFERRERFZEERE ¥ — (mERMZET) .
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B 2 BRNEMT 74 Fbwr. B EXREFER (KRR E
M), A RAUR T RZE CERMATH) .

ALHBE 7o —2 %y B xy NI, BEEICINZ CTHRBRESCHENSHHRAGER X, &
Be AT FAPRKBEREITRRD LR, M E NI E OIRBEDZEIC L > THEWICE <
HRENEAT 2, 1978), D NLEBR Z7n—XA Xy xry haflnktdy v
MBEERCTHONCHEREBATEETT 2MEDICHT 24 Y v OREFMICEEBEHN T 5
ZEEFELY, TR LTHERRE T v A M hr . AT AKX DENBRORNN S
EOTHEOEARSL 7 V-2 BILLOINBEORER DD LOO, HFEMITEREEICEN

CAREEEMNWEAY VIRBEERICLD . HHORERLI AR T 2 EMEEL W
STEEL XL TOLFY v OEELZFMT LN TEDL, LT, 774 PR VYHNOD
FYUREIHIEAETCHL LD, BREE T A P br v EEEERHEL, AV
REOLDEZDERETHYZRE L., TOREEELHL LT, AV U OEHEGE
BECHEARNEICHTI2REISESCHNEGE 2 ERMICTHEMT 2208 TE D,

FY T DA O RIS E O E BN 2O M, A e BT K D KK R
WMICKETHEEZFMT 22 E2HMNELTHRER Y 74 b v 2R AT 5 FiEEL
T, ZEX#%1t (FAC: Filtered Air Chamber) 23 ®H 5, Z1 ik, —®DO7 74 Fhmr %
HOBIHIZEE L, HHERZ7 A NVE =R EICLo THEMEEZRELERKJEZEAT L
fbRE, RRIBREWE 2 G0N R[E2TOEEHEAT LM RLZRIT. ZOMENTHY
EFHERLTCHEET I LT, TOBMICET 52 RAIGLRICE MM EELFFMT 5 HikT
bR, 1988), Z D HEE, RRAHOEMHEFELY ., KLEAF X MEdb 0
ThHHZEEMRTDHEIIBNT, REpZBHERE-LTE,

22. Z4—ILEFrxoR—0DFA

BRNKBT7 7 A4 P bR EORBEIBHEXBEL THL7-0IZ, FACIENEHTE S
BEHIZORBEIHAHR S NS FES,1988), £7-, 774 b hu rNOEECRE
BB ICHB I TR, BADOZRO L IXE - B tnb, MYOAEBER
BELTHABRRBEE L, T2 C, BARBKEICLVIEVWABTRE CAHY Vo E %
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i s FEEL AT by T F N — (0OTC) RS (K 3) (Heagle et
al., 1973; /hHk,1999), OTCIXF REHBHEM S NLTZ/NROF v XN —T, 2O FHICRE
SNEER7 70X TTF ¥ A=K EAS . B OB BEIZm N> TR E
KT LH2WEEZFS, 207d, OTC HDIRECIEE TSRO T o IC@EE) L, BRI
EVIEWARTRKLRD, IHIC, 774 M br L TRIEHST =7 ax b
LEMTHY, REGHFTOHKN LRV, ZOXHICHEHGREDHINIHRET L5147
Fx¥ o N—E 74—V RF vy o RX—=LIEN, OTCIEZDOREN 2T ¥y o X—Th b, £
LT, FACHEIZOTC ZzHW\Wb 2 LT, BEHREDEEDOHZTICE W THMK &IEFIX
BT, A OB ETIMT A I LN AR S 2o T (EIHE D, 19845 HHIR S, 1988),
ZL T, OTCIZIXkex 2 BB MZ bt (FEE O, 1984; MR & R H, 2004; ¥ &
KAE,2012), BIMI CORKIBEENZDOFICERT MM KIETHEZRA LN T LD
DRFFEICIELS FIH STV A (FrE | S, 1988, 1992, 2006; i M & MHJE, 2007 T & 5,
2018),

OTC WA Y i, FAC IETHHEN DD X5 ICIEER 7 4V 2 —FICX o> T
BL<IMADZZENTE LR TR, BRT7 70l ICAY U T AEBET S5 & TH
KTHZLBARTHD, ZOXIICLT, AV VIREEZZEZ R OMY O R IGE I
BINEEZTEERNICHEM T2 2B TE 5, 7 AU HTiE 1980 4225 1987 412 National
Crop Loss Assessment Network (NCLAN)., = —1m v /3Tl 1986 25 1991 1|2
European Open-Top Chamber network (EOTC) 7 u ¥ =7 FNE I, 2 LXA
YU FARBREDFEEREMERBIT, FNHOREELEAY VIREL LIIEAY D
MABRZELOMEBRHELISN, £V 00 A 7FMMICHWL RS L 9127 > 7z Uh#k,
1999; B, 2001),

AARIZEBNTSH, KHTARICAY VEBBET L7 4=V FF vy o RN=0HFEIH, £
NOZRH LR ERBROM RS, ERHMB TOA XDOIREIZHT DAY 0 U R 7 G
Wt & hv7= (Kobayashi et al., 1994; /4K, 1999), = L C. BIEWTE T TR, A%
KELE LI XV ) =g 2 T ZRERO T ¢ — )V RF ¥ 3 — D8P3
S (K ), Ay e T 2REIGERNEICEDOEFMFTMEENHICE SIS 7Y T 4
ANV RIVORERLA Y DY A7 FFHICH B TS GTE, 2001; Kohno et al.,
2005; Yonekura et al., 2005; Watanabe et al, 2008, 2010, 2012; {# & H, 2016;
Yamaguchi et al., 2014, 2018, 2019; Kinose et al., 2020),
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3 HATHHEINTWL/NEDF =T by 7T F ¥ 73— (0TC) O —EB.
B ERRERFEER 22— ERMAT), B BiFRKY (BEiF
WEIKT), A LR KY (LRI HFT) . Heagle et al. (1973) 23 5
L7 OTC M OE M T RE THS.

4 TV—=2N\GRABRIDOT 4= VR F o — (R ETRY, HRH /N E
F1) () EHTARB BRI OA—T v by T F o — (e &SRR
r, ERAIET, A HERRERZER R ¥—, BFERIMZAT)

2.3. RZBERAT L FACEREAF Y UBEVRT LA

T4 Mt HBETNIE.OTCREDT 4 — /L RF v U N—NDE TR ILHHN R
FBAZHEWR, WFRDZATDOT7 4 =L FF xRN —IZBWTH, BMEICITRRD, iz
. A EEGUOARDODEANTF ¥y o N=THrbREIND OTC OBE. fiE T m DA
VUREARNBEN TR D, Elh, BHWERDIT T AR T 4 L LI K DN, K
DRI THEBARKROET, BHAO L) REGHO RV —EDRE, MO, K
DEREZNITIHE) RRBZEDOK T L WO MR G O E W TH 5 (Fuhrer, 1994), Z D X
IWTF ¥ RN —NICBITAMRAGEDOENITT v 3N —% % (Chamber effects) & FFiX 40,
WEN~OF Y VIRINEOEE T TAIRERS Y, Fr o AN—FERTHLNIZA Y
RELBLLIHERBELARESCNEL OBRBRPIEFIOZNEFTERDI LV IBENAEL
7- (Kobayashi, 2015), FEOBRENEREE CO:BEZEERICEWVWTHLAELTLTEY ., OTC®
EORWMRGE LI LHERNERDIENRLERT 7 DR VIREETEIRE CO2 % IR
4 5 B iR KA CO2 ¥ (FACE: Free-air COz enrichment) FEBR N S 7= (Allen et
al., 1992), Ziix, BBEN R LR I2MEMHEEOFFAIC CO2 EHDOF 2 —T7 1 7%
REL, ZnbofRigcame BELBH L, 22— =M k> TR EMoF

6
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2—=7hb CO 2 LT, MERAKRLE I RAPO COz2 RE CEHESED LW
IR ThHDH, TOMkEAY CIFEICISH L, HHAFHICE T, (FYOBARICHT 2
FACE B O A4V VIgFHE Y AT A0S, FIH & Tk Y (Morgan et al., 2004; Karnosky et
al., 2007; Tang et al., 2011), HARIZB VW THLHE ARKEZ x4 & L FACE Bl oA > Vg v
AT ANBEH L TS (K 5) (Watanabe et al., 2013; Kobayashi, 2015),

K 5 FACERIOAY VBT AT A, E fEMERtG L LY 2T A
(FET#4) (Kobayashi, 2015). A #AKZ xR E LI AT A
(At E K%, deyEE ALig i) .

FACE O A Y VIEB S AT LA TEHT v U A= BN, TOEBFREIXHIERER
RO Z2<mnwRn, BEEFOLDIZRMULEAY v o¥—{bix., BRIRETAET BELHE &
IR T D720, FICHEENFWREZ2 E0E, MR AR CICEmRESY oK N
B Siv, ZORDOEDOENEEICRD LN Ry P ARy SOFEPBBER S
L, Flo, AV UVREZRTI®ELZZENTERNWED, AV VRENT TITHEDICER
BERKIFTLXALTEHB I T A HIK TIIBRXOFEICHENECD, LT, KH
Wiy VAR GERLHE AT LARLECHY, ERFHE ELT LR I0HEKXO
KEZHRTLZZLEbERLLE. RECKELTREOMBERELT, T ENEERVERK L
725 CTW5(U.S. EPA, 2006). 15 ® FACE® O A4 Y U gE v AT 5O XKLL OTC @
FIRTHibNLTEY, FroA"—PRLEVIXRPFEDOFKNDEWT, HWIZIE U THRE G
FIEERRT 2L ERH DH, 7ok, U.S. EPA(2006)IC L id, Fx v "—2Rix., £ v~
W B2 L S LAREMENH DN, Y VI T MY OIEEE KENICELSED b
DTEHRVWEINTWD, 2D, OTC TG & E A Y x4 D8 O LI & D
B EEEMICEML, ZOBEBELLOBRBICEWTHHARFETHLIEEZEXLNLD, LD
L6, ZNL DR EHATOMBICHT DAY o) 27 FMICENICHMET 57
WX, OTC WORIBLHME, Bl COBMEZLEL TR ZEREETH S (U.S.
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EPA, 2006),

24. AV UVREDGIEIZDOWNT

T UREE LR SELEDCEMT A o AEERT S HkE LT, EBEKES
XRHANONDZERZVNR, ZOREERITKICEREHWIZSE, BlIERDE LT
ERBALW N4 L 5 (Brown and Roberts, 1988), T D 7=, A% DO N R & KiZ@ T (A
TV 7)) ko TERMBAWZMVRS ), b LR E R DR MEBICEEFEZ AW
HULEND D,

Y CREOHIHICENT, 2OTIERAFIC—EREDOSTY V2RET L LV, WD
W% Square-wave MO A Y VIREOHNEEH Z R TIREHIESIROATHWE (K 6), Z
T O PWEDRBEA T = X LOHHCA Y VIS E D BInFOA 7 ) —=
YIBRECBVWTEHBAACEWTLEBERBEREFETHDL, LALARBL, Z0X5%A
SUREOHNETBIIMOD CRERTHD, TOH, BATEET2MWICxT 54
YOURATFMICFHESND XD, AV ICxT DY O REISE I EISE & E &
WA 272D OBRBEERICEB W, FARECHHEMIETRED A Y 2 G E
(B AR L BLERERIE) 2 2 & T, AR FARBICIWRELZSH 2 oA Y
VEBET LS FIENEWE o TS,

160

140

120

100

30

60

> I EE (ppb)

40

20

537

6 BACBTOMME A Y VIREORNES (B, EH) &
Square-wave DAV R E O HNZEH) (B, k) .
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