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AEPIL, FICHAEOCEMBEIC I VRSN S, EEIL, 1997 Fif (1997 4 7
H~19984E 6 H) D436 Fo M HHEEAM L, 1999~2003 A2 1% 736~1,164 v & 72 o
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B2 11 BB S TEFRERRFEHCET 2 eata) TR & biv, KiE
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(1) A - el

FAR—=Y 7 WEEEHICIBT 5 AV A H=D5Hi%, K 2-1 (1 1965 L0 EX) . [ 2-
2T, AT A H=TACHEE DO AR — 7 W SN U v R O K EEM R K OVK ek
I FIER AR L TR Y . BAKIERE 0o 7 KO TEEBE L TV 5 ATREME AN
WSEERIIE AR CTH 5,

ACHEE XK PFERFZE T S A AR — Y 7 W B AL CHERE L7z b e — LR EDORERICL D &
AT AT =D53HiKEIL 100~300m T, HEIEX 100~200m, kX 150~300m &, WEREToy
FKIRDIN 72 > TW e (BIAR 2002) . Z DA AKEEIL, B AW LMD 180~500 m <K
HED 300~500 m. AL KFELED 150~700 m L V&L . AU VHERT LAF ¥ v HEE
V85 (Slizkin 1989) B X O_—V > 7O KFEM (Somerton 1981) L IFIFERIEETH - 7=,
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AL 285 2 DA R D (FIFIEH 1995),
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ARHHEE LT g — (R EBERIZ, LT LB Thotz,
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FRA-SA2022-AC-13

(3) picEh - PEDN

B (Bt petz) RO, M TITIEE ORIR L IWIFOF I LV | HETITFIE
ENY I E S ORMRNLHIM SN D, BT, RAEROEIG 2 50 %L L2 D
g (LLF 150 %@ bE ] L) 1l 63 mm, 2 106 mm T, 2405 O IEH AL A7
FOREL, BREBILO/AI W (BIA 2003), 50 %l FRER: ORI, TR
K3 77 g FREMEIRAS 85 g, HETIZ 416 g TH D,

HAUEE ST DEEINIE, #FIESN =% 8~11 A, BEI=1F 2~3 AL &h T35
25 (EHEIED 2020), AAR—2 ZEIZB T HEINMIL, Hr2 CRIEEIP) ., <AZ (IR
O F L O b7 & O BRI D 5~6H@k%z%ﬂé(a%’ww\%m-m$
2002), F7o. NAEOIHIIWIFE, BET =L HIZ5~6 AET, WINYMITIZIE 1 Th
L (FAS - HIAR 2002), AdR—> 72T DREIEIE, 2ﬁ~uﬁhwE%’ww)%é
UNE 4 T~12 JTRD (BB - MK 2002) T, HARWEL D 2\, PEINGIE, 7 EbAER
RIHEALVEE DKIZR 150~200 m OWFIEIZAAENHER SN TWD S (BIA 2003) . £ Ol
DFEINFIZHONWTIEIRHATH 5,

(4) pAdifEBAfR

FAR—=Y W IBT D BRI TEA . B AR OB PE CILERAAW S TR T, HEHE,
LA U ZEH, BEBS L ORI E 2R AEM 2R L T D (ZZH 1967),
AUHRIZB W TS E TR NP HICE DRV W=D RDHER SN TND
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FHR—=Y TWZBNTRATA H=E, WEECEMERE (LUF K] 2vw)) SRl
MFECTHREINLTWD, IEFORBERIL 100~900 F A FRE LR S>TWND,
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A HNT 4 ETHREERELHG L, BRI O T A BB E TG 2 IEK
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I OIT BV IERERWNT L BEsip . B Al L ONREERRD DT, B
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TT) OEEREER L L &b IR RS Bl I OVAE B L, 1996 HEIEHILIRR T e v
T REFNEORATIZ & B 720, B AR~ OFIY Gl b R S 47z,

FR—=2 7 AAKIBINCRBT D XU A =i L, EICHEDA v Z— ko — L
EMTED LIBIIC L W IThR TV DA, 1980 EHEE £ Tik, ZOifEEIIEN 2 H D
Tholz, LL, By TICL DAY VHEEFETORAT U X T OERFRILIZ L 5
RO GIAL, AAKBNTOR 7 by X JEREORAIZE S5 T, HIEIE 1990
AR DITITLWIRIZIB N T AT A =2 EPHNCIEET D K 9172 o72 (JUKR 1998),
Z D% 1990 FERHTITHIT THIERIC L D2 XU A =032 L, DI, EEX
TAH=DIFN, AT N NUXTROH T, Ky T Eelo-#¥s L T0b, XTAH
=DOKRBGT X, BEHKFEESICLE->TI10 A 16 B~F4H 6 A 15 HOMMICER O, FiF
90 mm LA EDIED B DOEIENTRD HIL TV 5,
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3T 5~6 H OEIIMIIL RRFHEILFEIICEE LI XU A =2 RIAThNTE
D RIEDOREIL Z ORI T LT D, IRIEISRIRO 720 O DA, EZRITILR
GHMCBEN T S TR FR R S Tvw D (IR 2003),

RRIREE S LT, MERBATEOHM 3£ Ge b %520 b ARm) 23, R RFHER
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FERINZIT 60 b &7 o7, 2015, 2016 I s &30 L T2 £ 905, 885 b
VL 2021 FERICIE 107 R TH o7z, 2015 FEAHILLE O B o s \mﬁf’
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AT A =N OEENEZ -2 EM—REEZBND,
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L F32), TRk, MM EITAN. 1997 IR LIR T L 720 S T T H
otomuﬁﬁﬁ Ay —hrr—/L T2 M, WFEDLLTIMER-T-%., T
FHOLTIL2016 FifaliE T, A v ¥ — b —/LTiX 2018 4l E TN L, LI O
LTS, 2020 N ITA Yy ¥ — b —/LTS565 M, »TEbLT28ME o7z,
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ATHDE, 1980 FEUHKAE~1990 FCH-IXE T 600~1,000 M/kg FEE TH -7 H DN,
1990 4EACHLAE S 2014 4EET E TIE 300~600 [/kg I & B D22 RAED e\ T 7z,
ZDOZ END, 2008~2012 FEFITE ORBESS EOKKEITIZ, X 74’77 DHAGALE - T
ZEBREBL WL B D, 2014 LR, BT ERERICH D S% OIS ) &
DHRBIZOWTIIERT HILERH D,

4. BEROKR

(1) EPEFHAT D J7 vk

AREPIL A AKX E 7 o7 AKBICEE - THofi L, BAKBII AR —HIic3 &3, A
AT AETE R OB kilE T 5, D), BAKBKIZE T 2 HEHRO A TITERE
a5 e LI BRED B KESCIRIKELRET S Z LIIREETH H, KREJROER
FELAR S #H I, D EOMWEMIC L D IEDORIZBEF 2 T, HAKIBRA~D KilE & DOF
EENZEE LR OIET L ENEETHLESINTND

KGR OGEPARFBIZOWTIT, FHEMFEIC X 1SRG (FIE 90 mm 2L E o)
DB EREEM CEIRERIEM) 2 AVl L7z, BREBEAT#HTIX. Z0&EJR
EHEM O 2003~2019 1 ORAGME (Skg/km?) 23, HEFFEZIZEE SR HEL
SIhTwsd (&R 1. 2) .

(2) BIREFRIEMEOHES

F v #— kv —/Lo CPUE X, 1989 i 865 kg/MdD i mEIZE L%, WU Eim
Zor L, 1995 M IX 125 kg/ME THLIAATS (K3-3, #3-2), Dk, v — |

7 —/L' ¢ CPUE [ZHIIN L T 1999 4EfaHIIZ 1 470 kg/H8 & 72 - 72723, 2000 47 HA LA OB
DIZHR T, 2011 FIRMNTIT 6 kg/ME. 2012 FEIEMITIT 16 kg/ME & e o 72, 2013 FFJAHILIRE
A Z— kv —/Ld CPUE [T L., 2018 F{#EHIIC 418 kg/fd & 72 > 7275, 2019 4E{#E 1T
1% 246 kg/fd. 2020 21X 169 kg/ME~ &I LTz,

MTEDHLDCPUE b4 v #— 11—/ CPUE OEE &L CTH Y . 1989 FEifai o 211
kg/M@D AR T LT, 1995 AR 24 kg/fl & 72 o 73, BBISHEIN L C 1999 iz i
260 kg/ffd & 72 o7z (M 3-3, £3-2), D%, 2T £ LD CPUE & UMK FIZHEE U, 2009
~2012 FEJEHNTIL 5~9 kg/Md & 72 o 7=, 2013 AL 137 4> L CPUE HENL .
2015 AR 191 kg/ffd & 72 o 7223 . FFOYE LT 2019 4RI 11 kg/fd, 2020 4RI
H 11 kg & 72 o7,

FRAMN AT IS K 2 A EHEEME (21K 1E. 2004 40D 1,149 kg/km? 7> 5 2005 4212 210
kg/km? ~E D Li=0 b WEHIZEEI L T 2010 4£121% 1,306 kg/km? (23 L 72 (X 4-1, F
4-1), ZOHBITWAEA & 72D 2018 FITIE 8 kg/km? & 72 57243, 2019 4T 50 kg/km?,
2020 4EI21E 169 kg/km? ~ & BN L 7=, 2021, 2022 FEZFHOEA LT 19 kg/km? & 72~ 7=,
TS IR (FFE 90 mm LA Lo, BIREFEIEME) O EIX, 2004 £ 310 kg/km?
235 2005 A= 101 kg/km? ~& K& P Lizth, BERABR Y K LN SREICHED LT
2018 FFIZ Skg/km? L 72 o 7=, E D% 2019 FFIT 43 kg/km?, 2020 2% 52 kg/km? ~ & HE0
L 72, 2021, 2022 AR IZIEH O LT, £ 11, 16 kg/km? & 72 > 7=, [EIT 5 £ (2018
~2022 ) OB PR EFEE O EEBAE R 2 6 EPEB) A IR &I L7
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(3) &R EAKYE

BPRE AR T CTED DN TZAREPOMER £ 72 12EIE S 5~ BRI, EFRERIE
ETD 2003~2019 FIfHI ORI (5 kg/km?) TH D, 2021 FifH O EREFREM (16
kg/km?) |ZEIE L 72 2Kk#EE LRl 7- (K 4-2)

AREPILATGR OB Y B AKIE & v o 7 KIRIZE > THfm L, B AR O g & 81 ¢
OEROEHNEN R TH 5720, BUR TR KFBAEFERE OB 2 7125 < EEHAYI
EST ENGE AN AN

(238 y
FEEEAE B B
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HEEFE/- X EIE IS 5 GRS AR T 2003~2019 FEiR O R EEE X
REHEL/2DE A7 (5 kg/km?)
BLAR DA
16 2021 FE I OfE
(2021 H=ifa 1) FRADIE

(4) FHASARIIEY) O FERELAL

2017 FELLRE O FEZETRAEMTRAC £ 0 15 D 7= FlE B35 340 5 B DR % | MERERIC
¥ 4-3 1278 L7z, MECTITHNE 50~60 mm (ZF— KRB SNHENZ, 2017 FEICIXHIE
20~40 mm OAFERRFEDMERE & #12 H Lo TV 7223, 2018~2019 4RIZ 1% Z DFEFRRE LA B f
Llpotm, Fim. 2020 T IZHIE 30 mm B OEMLEE, 2021 4EIC I HIE 40~60 mm D4R
FEMMERE & I HIL o TUWZA3, 2022 FITIEZ OFRBEII R L 7o o7, 2022 FI3H
E 20 mm B OFEFRLEED . MEKE S HIZH L Tz,

PLED &I, AR O HHE I TRVEARH D | R, B ERO D EE
DIATEFEITHER IS SN D LB 2 600 0T, HIEMRZ A L2 & T 38
IRCIIAFEENE LS . SIS LRI LETH 5,

5 Tt

AR I TIRIE ST SR & 72 & 72 WHEEARSS F B 90 mm Al O /NMUER &34 L TR0 | &
HOBEIBWTRESN TV, Thb 2 REREDLITETICRLZELTH, &2TO
ERNAERT 2D LR G 720, BIRAZNROICEET 57201213, REMSR LT o720
TEERZ < AT DR CTORBE A AT 5 72 EOBETIEEZRFT 2081’ H 5,

F o, RUFRIZEBIT D AU A F =it e o7 Kk E#EE L TV D I Eann, EIRGE
MDREEE % & 60 D 7= DIZiE, IR EIRDO A Z L < WO FEMEOERNLETH D,

BRI ELZ RFTERE LT, =V 7 TIHHEE CThi~ ¥ 750 EREH
ERTA T =DEBPADRERIZH D &5 HiED &5 (Conners etal. 2002) , AT |
THETRNTHENATA =2 HRELTEY ., fBEOEREEN AT A H=DEJRIZ
WELTCWAAEERD D, o H_—U » JTHIZB W T AU A =%, fit/K (Somerton
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1982) | FREMIZ 351 % JE /) & JE A (Rosenkrans et al. 1998) ﬁi@?@?ﬁéfﬁ (Zheng and Kruse
2000) IZ LV EREETDH L H®ESNTVWD, KK TEH ., T 0 PR R HRE ST |
RAER ERD B REEIIEETHY . b ig/ﬁ@gﬁ@%ﬁﬁﬁﬂ_ BT DL
#ZZH#%5 (Hamatsuetal. 2018), IEKIZ K DWEDELN I L Z 30 FRY Lk, B
D B BREIZOWTORRGEON D700, EIRZ TR OB IXBLR TIXEE L3,
HWE) R EPE PO DIIE, IEMRREERHMOIE & &b IZHREMR 2 W o e EEHEE
Bk L, T2 OEEER D Z ENMETH D,
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F3-1., ARV IZWHAKKICBITAE AU H=DREEOHL (. JBEEES

I oAt i oy 2 —) WE (T FEbL) HENERRIAE S
1985 85 73 12 0
1986 1,125 126 80 920
1987 245 133 112 0
1988 1,101 203 255 643
1989 1,463 957 501 4
1990 2,871 1,292 952 626
1991 3,805 1,805 1,256 745
1992 5,428 3,308 1,477 643
1993 3,987 2,240 1,274 473
1994 2,403 1,395 390 618
1995 1,122 519 64 540
1996 1,027 527 152 349
1997 436 262 160 14
1998 648 449 168 31
1999 1,164 797 314 53
2000 940 641 204 95
2001 996 802 69 125
2002 736 618 9 109
2003 924 798 3 123
2004 353 225 4 124
2005 433 327 6 100
2006 443 268 78 97
2007 282 194 3 85
2008 230 103 5 122
2009 124 39 0 85
2010 148 24 0 124
2011 60 2 1 57
2012 119 16 0 103
2013 322 184 67 71
2014 332 200 52 80
2015 905 509 301 94
2016 885 558 266 61
2017 438 320 98 20
2018 804 714 34 56
2019 237 221 3 13
2020 103 95 0 7
2021 107 100 0 7

Ay =L 0T E b UITAbEE A RO & i RIS R R, Ih IR RS e
WiiRA (b AEE SR (2L 2 (2021 FJRH O BT TAC S#HRAE) .
HEIX 7 A~F 6 A, MEOHRBERIT 1996 FiffH £ T ) & LTEH ST
s

FEEHH  PEITTVER A oy 7 IR (2 T KBTI E V) INREIREITELA A~ R
o ke,
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32, AAR—2 7 ¥EHAKIBIZBITDIED XU A H=DifaEs% 18 L CPUE OH#HEE

s )& (iM% CPUE (kg/ifé)

I A A v H— NFEbL Ay H— NFEDLL
1985 259 274 283 43
1986 677 1,094 186 73
1987 238 1,693 558 66
1988 543 2,767 374 92
1989 1,107 2,374 865 211
1990 1,735 7,053 745 135
1991 3,807 6,694 474 188
1992 5428 7452 610 198
1993 6,033 9,667 371 132
1994 5,095 5,500 274 71
1995 4,162 2,703 125 24
1996 2419 1,607 218 95
1997 1,114 1,302 235 123
1998 1,293 1,217 348 138
1999 1,698 1,210 470 260
2000 1,944 1,964 330 104
2001 2,672 1,027 300 67
2002 2,140 428 289 21
2003 3,366 805 237 3
2004 1,344 309 168 13
2005 1,654 753 198 7
2006 2,046 686 128 114
2007 1,525 55 127 55
2008 1,035 173 100 27
2009 579 24 67 9
2010 659 28 36 8
2011 291 90 6 8
2012 962 76 16 5
2013 1,130 1,048 163 64
2014 1,175 1,071 179 48
2015 1,595 1,577 320 191
2016 1,350 1,590 414 167
2017 1,337 845 239 116
2018 1,709 466 418 73
2019 901 274 246 11
2020 565 28 169 11

EHIAEIX 7 H~F 6 H, 1996 4Fiai £ T I & LTEH I TWD,
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#4-1. BEFEOMEMMAEI X 2005 EHEEME & BHE 2 L OifEROHER

e OEEEER G) [ ieR
ik T 4 (k)
2004 1,149 310 2003 924
2005 210 101 2004 353
2006 446 192 2005 433
2007 808 267 2006 443
2008 914 139 2007 282
2009 738 201 2008 230
2010 1,306 220 2009 124
2011 751 109 2010 148
2012 572 124 2011 60
2013 588 161 2012 119
2014 701 142 2013 322
2015 133 84 2014 332
2016 42 34 2015 905
2017 25 18 2016 885
2018 8 5 2017 438
2019 50 43 2018 804
2020 169 52 2019 237
2021 19 11 2020 103
2022 19 16 2021 107

U WERNR=1 2 E, 2 IHAEIT7TH ~F56H
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HEEM 1 FBRFHEDRN

EIRETREME GRAMAEIC X 2 RGO EHEEM) . R

l

202148 13 0 el IR 0D K Y 2 i HH

|

BOEEE L TCOREL2EZEET DL [45F4 (2022) FFE EESTEHAIB X OABCH
TEDT=ODFEARIEE ) 1THS < FHIELEM O TIT Y TILR V%

l

VRS BRIEA SO BV THERF S T Xl S B <X HEEE R A1) &L
BUAR AT

KRG THA PIRER T — 213, BIAOSAMHFIHO —E TH D H A O EIEAKIR O 15 B
ZIRBN D, T O EIT B AT O HIEK I A D SREPIR LR AU G L 72 EIR L D52
BrelB<{ZT2b0THY, BREEOBHMEZLAL I LEINETHL, BVERTHD
Zé, BIURAAKBEOHZ L 2EHRITREN EMESND Z L2 BET DL, Hif
FEIRCAN U2 PR O JE & e 2 IR EEOREIINEE L B A b s GERITS
2 (2020) FEERY A J == 7 #grE E O E B VEE ISR 4 D T SEE B 2R E B S
1)

o
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HEEN2 FHR—VIBERERRE (4~6 A)

TR L D RABE AL, SRV A KR & KL IELD i@50®7m/?V“T
K7 vy ZIZ3~11485% Ebtﬁﬁﬁfw IO b m— VA TV, R LI

SR AT A HEE LT (R XI2-1), b e — L oifs ﬁidjkﬁmbﬁoﬁﬁﬁﬁM
HIUZ W D AlSERIBRIZ DUV T 2008~20194 1%, HLHEBRAGEL % DHE DB 1 23445 TR
RCOFHINZERT A2HEEMEDOIX LS ENHER SN TWD, ZNERET 72D, 2008~
2019 O W T A EDO M O EHMEN —E & 72D K o1z, whichibg 2 EfElcHllE L
7220074 A O A2 FEE & U CTIREGREE L 72,
mmﬁﬂ%%%bk%é(#%H)%EH\FW®k@E$mﬁW®FWF’$ﬁLk
Rz G e LTHETED Z D, BEICL 2 0MEEHEE (5, B X OvaEst
%ﬁ“)%ﬁﬁm%wtotﬁb\%ﬁ%ﬁﬁ\zv%ww@ﬁ%mm%£%ﬁ®$£%
WZ X0 EELZIT D AREMEDKRE W, fEo THEMRDOA T HIECPUEDZEH) & Hb
BT, BUIREZ MW T2 0LEmERH D, o, RS ER Ak —HICRE ST
BO., HESKLRENTHE Z ENLERE~DF XX LITITHARW,
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