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WEAEFERTAM (H 1E2> 2020) 6 L OWEREEREAG (B BiEAy 2021) (2381) 2 & FEHEEE &
i AR E R 6 12 F & Tz,
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HHE f A
SB2020 1,328 T-ho | 2020 1A Bl fa &

F2020 | 2020 “FifaiooifseE T (R F)
(0 7%, 1 %, 2 1%, 3 7%, 4 7%, 5 %, 6 kLl 1)=(0.03, 0.05, 0.07, 0.14, 0.14, 0.36, 0.36)
U2020 7.9% | 2020 F RIS

=

(4) MMAEY -0 ffERE (YPR), MMAEYS7-YBME (SPR) B X OBUROMIETE

RIRRO LB L EZE L CHREEA T 5720, F4ED FEZ%SPR (4 2 & (T 8
Do Tz EARGE LT26 @ SPRICKITT 5, N H > -850 SPR OFIA) (THE L fE%
B 4-10 127”3, %SPR IXIFEEDMRWEI EREWVMEE & 5, %SPR OfE I 1993~1997 4ift
oD TS REZ R L, ZOHBICREAA~DRELE NS> TR F R A TEND,
2011 AEJRIILIRELE 40~60% 0D HEERHI B MIE THERS L TRV . R~ I1LE < Zan
LHIT S D,

BUR DOUIEEIZ 2 YPR &£ %SPR OPBIRZ 4-11 1R T, ZD L&, FORBEREL L
TIE, P31 4E 4 HIChfe s e MEREMEESICET 2 EHEASE] (T TRESNE
MSY #5895 F (Fmsy) OHEEIZH W% HV 2, Fmsy [3%SPR (ZHAHE 95 & 54%IC
FAY 9%, BURoaELE (F2018-2020) 1 Fmsy & [RIFRE T, FO0.1 35 X OV F30%SPR % F[a]
%o TRBIUROWELE (F2018-2020) & Fmsy D%SPR DORIZIE, E L TV D 4EHR I
KENBRDTDORREREZND DD, FIETHET D EFRRELRD,

1A H i B!
%SPR (F2020) 51.0% | 2020 71D %SPR
%SPR (F2018-2020) 47.3% | BLIR (2018~2020 4Fifa ) DifafE 112 %t i3 5%SPR

(5) FEPERIR

BifagE (EE) CIAE (B%) OBF (FAERER) 2K 4-12 17T, Eiko TEH
FEVEEAF TP T D PR BI iR ) ISR 0 | ARBEOBAERBRNICEI Ry r— AT 1 v
RIFAERRE WD Z ENREINTWD (WEIBIEA 2019), FAEERRRD/NT A —F
HEEIMERT 57 — 2 1%, FRk 30 (2018) FEDOEPRFHMICE S < Bl - IAREE L, &
WAL B3R D ZRIEE VTS, MMAEDOEZOH CHHEZZE L T\ 5, AEER
RRDOEK T A =2 % FRITRT,

A PERIFRC ST | RES ER=KE]] a b S.D. P
R r— e AT 4 7Rl i/ L H 0.00758 | 1,056,000 | 0.837 | 0.375
ZZC. ali HS ofrnuiiE COFAEMBOMBE (B/g). biXHS oG L b8 E
(by) THD,
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(6) BEDEREE FIZB\WT MSY % EH 9 2 ks J OV B 4%

Bk MEPRFLMEEE B3 S 2eiERESsR) CIXBE (1970 FIAMILIRE) DOBREE TIC
BT DI KR /EER MSY 13372 5 by EHEE ST, AFN 2452 HICHE Sz TEIR
EHTEHICET oMEE] BLOEH 2 4 5 A IS Sz DRKEBRF®HS) 28T, 2
D MSY % R T 58 A% (SBmsy : 154.5 1 b)) % BAZE BRILUEE & 5 2 & RS EE B AE A
ED O, £, MSY @ 60%DfEEN G LN BlIME (562 )7 ) MERAE BLELHE
E. MSY @ 10%DifaE B 5 2B AENE KT (6.7 5 hy) LS, MSY 3
B9 HiEE (Fmsy) &3RICHEKEEZ FRIORT,

HH i Bl

SBtarget 1545 Fho H A FE L YEE, e KRFEEPE & MSY 2K Bl T 28l &
(SBmsy),

SBlimit 562 Tl FRAE BRI UE(E, MSY @ 60%D RN SN B AR
(SB0.6msy)

SBban 67 The ok AE, MSY O 10% D RN G LN 58 M &
(SBO.1msy).,

Fmsy He KA PE R MSY & 28U ST (g LR AL F)
(0 7%, 1 7%, 2 %, 3 %, 4 7%, 5 ik, 6 kLA 1) =
(0.02,0.05,0.10, 0.18, 0.19, 0.35, 0.35)

%SPR (Fmsy) 53.5% | Fmsy (Z#Ii 3 %%SPR
MSY 372 Fh | B RFHpLAEPE & MSY

(7) EPRDOAKUE - Bym)ds L OVASEE DK

MSY ZHEB T 2Bl L EE 2 B LT 7 ey F 2K 4-13 1R T, ARBECE
T 5 2020 i OEAE (133 75 b)) 1X MSY ZFEH T 588 (SBmsy §72bH AiE
EELVEE) 2 RIS 25, MSY @ 60%DI#ERNG O 5 Bifi (SB0.6msy 72 LIRS
EELLVERN) & RE 5, 2020 A OB EIL SBmsy D 0.86 5 TH D, £72. 2020 FFif
HOWREEIT MSY & FEHL3 L& E (Fmsy) Z LRl TEHD | 2020 i O &E£1E Fmsy
DI1RFETHD, B, #HE 7y MOURLERELEDOL (F/Fmsy) &1, F4FED F O
RO T T Fmsy OIffEEA 525 F Z%SPR A L TROfEE | BEDOFHLE DL TH
%, BlEOBEIL, ITE S FEM (2016~2020 i) OHEE O DEIIN TS D, A
FEE OB R 2017 FEW 2R < T TOHMIZIB W T SBmsy & FEI- T D & S
N5, F7-fEIL 1970~2010 45 % T MSY & 5 2 5 /Kk#E (Fmsy) % _klal-> CTHR L
TV, ZALLIREI Fmsy 20TV METHER L, 2014~2016 F-if11X 37032 Fmsy % F[E]
ST e, ZD%OFEITITC0mEm < 720 | 2020 FFEHIOIEE L IX Fmsy &2 7 22 ERl-5
TW5,
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HH B A A

SB2020/ SBmsy 0.86 | Fx KFFLAEPE A BT 2B AR 2020 FlaH O A
Bkt

F2020/ Fmsy 1.12 | e RFroE AR PE S LT DI E I35 2020 FiaH o
JE£ D Hr*

* 2020 I OFINIFE O T C Fmsy DISEI L% 5.2 5 F #%SPR #15 U CHEH LR 7= HF

Bl EOKYE MSY %5 /KHEL T RS
T E DK HE MSY ZFEH T 5Kk UL EAD
HAROH M HAhN

5. JFEFH

(1) FFRTR O E

GIFETAL THEE L 7= 2020 4EIHIOEIREN S, 3k — MENT ORTEEZ VLT 2021~
2051 AR TORBRTUEFHE AT o7 (HEEE 2), PR TSR HIMARIL, &4
W OB E)D TR SN A E FAERRRN S 5 2 72, IABEORHEEMEE LT, 3tk
TERR AR IAE D AR ZRGE L, 10,000 [EIO#E 0 3K LR 21T - 72, 2021 A o BT,
TR SN D EPRE & BLUROWEEE (F2018-2020) 72> HARE L7z, 2022 A LI O 112
X, (2) oS EBAIZEA L,

(2) s EEEIHY
BIREHILAR S CED DIV ARRREORE S T U A2 - o E B A 2 ] 5-1 12
R, Z OWREEEBIANL, BA RN RAE AL 2 H 255 121% Fmsy ([CFTHEMREL
B &R Ui L L, [RIVEBLELENE 2 TRl - 755 IS I UK £ CEMBRIICIREE %
HI T 2 I CTH D, RRBEOFEMRE B IZ 09 BHN LD,

(3) 2022 FifEH O THIE & ABC DHEE

AREEOREEHHFANOREIND THREETHD 499 7 b ABC & LTHIR
T 5, 2022 FEFEENCTFHISN DB AR, WTFhov iR LR TY BAESHLEEZ
F1Y ., 1979 5 ko & RaAE T,

2022 FEfEHAD 2022 Ffai D BURORETEIC .
e s N 2022 FEfEHAD
ABC B TR ST L (04)
(Fro) (Tr) (F/F2018-2020) PR A
499 1,979 0.89 9.0
A
- ABC QBB A0 2 4 2 HlIclESn =T GIREH H4HI BT AmaaS I TR E&
OBV, A2 5 AICBMESN - UKPEBURFEHR D | 2R CED DN U A TOH
S B RIA V=,
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(4) 2023 FIEHILIEEDO TR

2023 FIABILIEE D E O TR PRIOR R Z X 5-2 BLOF 5-1, 5-2 13T, IEEFHEH
AN IS < EELZ kG L7856, 2030 A O F A RO FHIMIZ 1951 77 F > (80% THIX
1% 86.7 11~333.9 & b)) ThHY, FHMED BAREBIEUEE 2 FRI 2 MERIL 56%, RAE
PRAEEE 2 A2 =1L 98% Th 5,

SEGHRE LT, B A LIGE, BLOBUROMEE (F2018-2020) Zfikfc L
725 B ORER T RIFE ROV T H R, 2030 RO BAED THIEIX. pZ 1.0 & L8
ALY 1852 5 b (80% IR 80.4 )5 ~319.1 H b)) THV, HIEEHILNEME
A2 HEERIT 51%, BRVEBLELMEE 2 ERIDERIZ 8% TH D, B & 0.8 & LHEIT VY
206.0 7 h > (80% FIXHEIX 93.2 5~350.7 5 b)) ThHh ., BEFHILUEM L 056
X 60%, FRAEHILMEMEZ LA DRI 99% Th D, —J7. HUROWMEL 2 ket L 7=
HOBHEOTHNEIZ 183.6 77 b (80% FHIK X 79.5 T~3168 &7 b)) Th HIEE
PILVEE A B0 2 fMER1E 51%, [RFVEBILEE A LR 21T 97% Th 5,

T E B AN RS S EHL Ak L7256, BlfE) BAEEELEE A 50%LL LR T
EEDEIEL, mUWVIIAR L HEE SU72 2018 AEFRBEAS RS Z BRAGT D 2021 4EiflH & 78
5 ETRIEE, RAEFIEUEER L ORI DV CIE 2020 RO & NEEIC Z
nNo % bEEo>Tn5S,

ERLTOOAHEFEN: AR
2030 4ifat] 80% 2030 FEIRIITHAENLIT O
HH DPifaE TFHIXH B A RIS (%)
(Fh) (Fh>) SBtarget ‘ SBlimit ‘ SBban
HEE AR THEM 2 B
=09 | 1951  867-3339 | 56 | 98 | 100
ZOMDSGHR (REEHERRILITRRD B 2L E %)
B=1.0 1,852 | 804-3,191 51 98 100
B=0.8 2,060 |  932-3,507 60 99 100
B=0.6 2312 | 1,086-3,890 70 100 100
B=0.4 2,627 | 1,275-4,369 80 100 100
B=0.2 3,028 | 1,532-4962 90 100 100
B=0 3,552 | 1,882-5,701 97 100 100
F2018-2020 1,836 | 795-3,168 51 97 100




FRA-SA2021-SC03-1

EY AN QAYE N LU IUN
B EVE FIEHE(E R 50%LL EORESRT LA 54
SBtarget ‘ SBlimit ‘ SBban
REEBESAICHERTS B
B=09 | 2021 i 2020 4E U | 2020 4
ZOMOITR  QRIEFEIEHA LIRS B A AL E%)
B=1.0 2021 F 2020 Ff 2020 Ff
B=0.8 2021 F 2020 Ff 2020 Ff
B=0.6 2021 2020 2020 4 ifa i
p=0.4 2021 A ifa 2020 2020 4 ifa
p=0.2 2021 A ifa 2020 2020 A ifa i
B=0 2021 ] 2020 2020 A
F2018-2020 2021 F 2020 Ff 2020 Ff

6. HBRFMDFELD

ARARBEOEIREIL, 1970 4F(RIL 300 7 b UL EOEWWKIEIZH 72725, 1980 F4RIZ 200
77 R LUFIZ, 1990 ARRI2 100 7 b LU FIZ & BISiEA L, 2001 AFNCIX 153 75 h &
THDHIANT, 2004 FEHOEVIMARIZE > TEFREIT 70 5 2B, TO% b b
AT R & RFEE O I L - T, 2000 AR D ARKHEZBL L THIIN L, 2013 4
I OO TEWWIIARIZ Lo T, 2013 4FaINE 491 T h o b poTz, ZD%, 2018 4Fifa
HORRD TEWIMARIZL > T SIZEI L, 2018 4R HIIE 561 J7 h o L 72 0  2020 44
HNX 555 75 b o EHEE SN, BAEIE, 2000 ERHIDETO 10 5 b % FE 5 Rk i
Z Wi LC, 2013 AR O 6D T O ERIZ K0 2016 A= DR S 208 HE N L, 2020 4
N 133 5 bt HEE ST,

1970 AEHALIRE . 2017 4Ei S 2 R < T _RCOHMICRB W THAREIX MSY & %4 5K
ez o> TS, EEEEITIE, K TEMICH 2 SO0, 1970 FIAHILAKE TlX 2014
~2016 i & R\ T MSY & 52 2 k% (Fmsy) % Elnl-> T\ 5, HHAEOEEITITE S
FH (2016~2020 Fifdy) OHEE S [N LS D,

7. ZOith

KRR ZEZ B2 (NPFC) ICHER XL OVa &7 B A B AR RS KL Ota 77 200
MEREARICBIT 2 SITFEREENRE SN2 L2000 T, 2RO ORERLEE LR
B 21T > 7225, REB L O a 7 OIEM ONEIZONTHoRIERNE LTV
W2 Bkx IR RE A BV T ECOEPRHN & 72> T\ D, BRI ORSEE R Lo 7-DIz,
HEEOMO 7 O THEMBHREOERPMLETHY ., bl oNTHEHEEIND XD
(B E DT DHERD D,

—J7, AEEREEIC BT DANEIRANC L A IRESS B A AT 5 2 L A BT, Rk 26
RN O N TR REKR P T — & 2 F COMNER O Bhim A #8483 2 B A & B da L T
W5 (REES) . ZONTHEREFFHRT — 2505 IUU 2 & - MER R O E R 5
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HETHMELH DM (Oozeki et al. 2018) . EIFHHEICTHEY AN D ITITHEE O @ s &
DENMETH D70, BIRFATIE IUU OfERITER L TV, 5lEHE 2 b0l
EREOERNE IR O LERNDH D,

Kawaietal. (2002) 1%, 1970 RO @AEINIIRBEA OB, FIT L9 72
A L TR 1990 AERICEIRIZIEE L- &5 U, Rk 17 FE £ TOARREEIZB D
T, 1993 HLIKE, #infa (0, 1) OF BEEFEICEL Rolziz (X4-8) | AfaBep
TOZBEIREGHTH D Z LA L. AW TR BT AR D B il 70 1 BR AR s 2 1
AL, 2EES A BT 5 3.5 A RE CTh D & OfmES T\ 5, JEiBIEN (2012)
1%, ARBEOEIRBEIHEE 7 /L A A U CIaH] - JRGHI OJRE 7 3R X 2 @ IRE B R 4 et
L. AR DAl OTRERHI OB RN Em N T & Z25H LTV 5, ITFEITE A
~DOF MES e > TS (K4-8) . EROFHAFIHA O DIz, Bl & & Hlmfalcxd 5
F OEALEE LUy,

BT OB OWIEIZ L - T, MAEDOZEIIFEITII~HFAMOAKRRIZL > TRED
TR o TETRY, EINBMADIRIE (FEINREER, KFINEE, PESFRTRREBUKIR) 28D
PVE DEUMT L B AEFRROE W CREIZA 2010, 2013) X0, HEAFAIORBREREIC X 5k
EROBENE ZIUC K D2AEFRROE N (@EEIE) 2010, KHIED 2013) BRESEELT
WHEZZ LTS, b IS OREREMARE L IZEOHEBERZ B, MAREDZ N
FITEINE Ch 5 4 A SMUEEROFIEG R E < L D 2RWVRIFIRW &0 ) FrER R B4, FIC
4 A SMEEIRDOAFRRIZE > TIAEPMRET D B X 55 (Kamimuraetal. 2015) . 4 A
DFEINT IR D K 512 5~6 HIZHARTHADME-CRBUKIEN S TREINE 720 | 1541
BRAGHI S 7 — X v TR & — B d 5 70 EAFHER D AEFRICHRI TH 203, D —J5 7T, HIH]
AFRRIZKE BT D SMEB ORI OFEL(LITRE <, BBUKIE A EINE/KIE & W
D 18°CHEE TIIEFMNMEL 72 - TEENBNAERRITIEL 20 o B#ifhTo
20°CRREDKIR THEIND EREENEL 2D, MAERELES &R ENRBEINT
W5 (FFEIEA 2010, Takahashietal 2012, KHIEA> 2013) . S, ZO X5 B LA
WM ORE L 25 OBRO AR ENTIC L > T, BEOEWIIARD AL 0 23 A6
B EBNH/IND,

Fio, EIRBROH 5 (FBHEIE OEII O) Blfa (BREMR) OETIIOTTA, #ElFESH
(WO TOREIH) OHD X LIVENE | SMUFRDAEFRREN @ Z & AEE EROR
R Enbbhro T2 CKEIED 2013) . MA T, HE#pERIES D I D PEINS ~D R T
WER R (% 2010) | FESTENCIZARE (FEIRYE(E) SR ER, BHE 3~4 A) (ZEH
T MM, 4 A IZEAKEFOARHEDNE TN PEINT 2RI TH Y (138 2010) . A
Zy O MR IE CORBEAROEINEH & 5 2, BHEMN L D T — I v I
=L, BV AR EOBKERMEREORKEL E1ED R 0RTH D Z LS HTFROAL
BICHELTWDEEZOND, EnRERIC X DI O BB OEINT., 4 OMADBRE
BAb~DMtEZ m O 2R a2 FFo B2 B, MAEOHN & —EKUELL EOHERF 2 X5
ToOIZiX, ZOEINEZEN, MRS E2 Z EREETH D, TODITITHAOER CRE -
RPEM) RERR A Z B LG, A ATV, BEINRER D B B i fa B A T D
N5,
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*3-1. fCERCE - MIXBAER (H )

IR N PP - X oS
M~  ai 0P ooy wm T K EEE KRR TK 2
BIEG A i FEf S BT F

1970 865471 833471 32,000 - 733494 25319 52,415 4,072 18,171
1971 855,109 793,109 62,000 - 715905 14,115 31,986 7,253 23,849
1972 845,177 722572 122,604 - 626,753 12,463 47,507 7414 28,435
1973 821,531 638,536 182,996 - 527,106 20,188 49,180 7,308 34,753
1974 889,406 649,406 240,000 - 529,706 24345 47244 4,535 43,577
1975 896,611 722805 173,806 - 540,113 46,915 89,945 6,370 39461
1976 715,078 570,435 144,643 - 345519 29,261 154,132 5,468 36,055
1977 1,070,984 912950 158,034 - 722,035 15,933 133,046 9,250 32,686
1978 1,427,837 1,207,487 220,350 - 974295 17,734 177,393 3,942 34,123
1979 1,275,041 1,104,013 171,028 - 911,006 23,234 130,929 4,347 34,497
1980 637,015 589,399 47616 - 454,159 15,900 73,075 3,342 42924
1981 398,394 356,046 42 348 - 298344 11,811 9,855 4,036 32,001
1982 347229 317,275 29,954 - 254320 10,854 35,196 6,325 10,580
1983 378,130 364,628 13,502 - 338,760 8,299 915 6,147 10,506
1984 542,636 513,119 29,517 - 479,173 13,738 4,723 5,473 10,011
1985 422432 419,724 2,708 - 384355 5,959 14,196 11,457 3,758
1986 626,925 585,023 41,902 - 540,716 6,263 16,253 12,343 9,448
1987 326,549 305,635 20,914 - 259,765 5214 21,442 7,658 11,555
1988 258,016 250914 7,703 - 223576 5,053 7,095 9,851 5,338
1989 125291 125,291 - - 101,051 1,747 8,420 7,610 6,463
1990 27,767 27,767 - - 7,886 3,615 2,088 6,784 7,395
1991 26,385 26,385 - - 5,321 1,958 4,924 5,129 9,052
1992 81,493 81,493 - - 46,727 20,165 2,505 4,766 7,329
1993 397,959 397,959 - - 348,663 27,732 1,596 15,202 4,766
1994 117336 117,336 - - 76,263 23,039 1,757 12,011 4,267
1995 140,569 140,569 - - 104,151 25,503 1,591 4,862 4461
1996 269,122 269,122 - - 217419 35,861 43 3,655 12,145
1997 318,407 318,407 - - 275,169 27874 1,661 9,579 4,124
1998 114,796 114,796 - - 99,789 10,079 436 3,052 1,440
1999 76,512 76,512 - - 51,193 18,581 43 3,515 3,181
2000 91,192 91,192 - - 72,102 15,236 0 2,275 1,579
2001 52,896 52,896 - - 40,432 8,616 0 1,390 2,458
2002 46,745 46,745 - - 35,753 8,492 44 1,476 979
2003 75,559 75,559 - - 48,429 21,822 84 920 4,304
2004 181,144 181,144 - - 143,135 29,665 189 6,257 1,898
2005 226,256 226,256 - - 193,026 27,596 388 1,769 3477
2006 245,091 245,091 - - 202515 35,291 2,950 2,492 1,842
2007 188,373 188,373 - - 151,563 31,996 721 1,690 2,402
2008 176,360 176,360 - - 144,864 25,159 1,065 2,701 2,571
2009 130,228 130,228 - - 106,561 12,442 939 5,792 4494
2010 127,877 127,877 - - 103,747 14,642 2,540 4,127 2,821
2011 102,020 102,020 - - 78,163 5,369 2,772 13,048 2,668
2012 125,645 125,645 - - 102,865 7,611 2,105 9,020 4,044
2013 220,671 220,671 - - 191,576 7,730 2,766 16,018 2,581
2014 301,802 282,318 36 19,449 233,560 23,936 2,939 17,620 4263
2015 452,584 329,777 423 122384 289416 15,689 4,506 17,294 2,872
2016 479,957 330,043 9,101 140,812 262,463 39,720 1,605 18,122 8,133
2017 538,876 331,886 53,135 153,854 240934 37,531 2,910 26,739 23,771
2018 529,014 300,773 98,373 129,868 165,742 54,727 3,805 39,197 37,302
2019 416,686 266,835 85,912 63,940 158,584 33,724 4313 42369 27,844
2020 436,931 273,748 76,395 86,788 164,596 43,120 3,287 40,205 22,539

2014 FEEWILIE D v > 7 6 X O [E O a0 B I HEE I,
AR SIXBZE - B, 729K,



FRA-SA2021-SC03-1

F4-1. am— bEHEBR

S T G Blfas A E: RS | BAERSE
(Fh) (FhH) (Fh) (5 H &) (%) (B/kg)
1970 865 2,938 657 9,098 29 15.2
1971 855 3,737 807 14,084 23 17.5
1972 845 4454 741 8,345 19 11.3
1973 822 4171 981 6,958 20 7.1
1974 889 3917 1,296 7462 23 5.8
1975 897 3391 1,164 10,095 26 8.7
1976 715 3,803 1,188 14344 19 12.1
1977 1,071 4,699 1341 10,460 23 7.8
1978 1,428 4,826 1,401 7283 30 52
1979 1275 3276 1337 3291 39 25
1980 637 1,932 1,079 3,302 33 3.1
1981 398 1,810 737 3,725 2 5.1
1982 347 1,706 567 3,084 20 5.4
1983 378 1,464 514 3397 26 6.6
1984 543 1,816 595 3,805 30 6.4
1985 422 1,713 496 5410 25 10.9
1986 627 1,455 371 1,962 43 53
1987 327 909 343 630 36 1.8
1988 259 558 314 263 46 0.8
1989 125 295 175 199 4 1.1
1990 28 215 97 342 13 3.5
1991 26 320 74 965 8 13.0
1992 81 665 87 2,581 12 29.5
1993 398 705 114 565 56 4.9
1994 117 332 105 536 35 5.1
1995 141 350 94 1,126 40 12.0
1996 269 705 57 4321 38 75.4
1997 318 628 54 489 51 9.1
1998 115 288 98 176 40 1.8
1999 77 235 96 504 33 53
2000 91 225 64 514 41 8.1
2001 53 153 63 276 35 4.4
2002 47 228 44 1,071 20 24.5
2003 76 252 60 545 30 9.0
2004 181 763 132 4,001 24 30.2
2005 226 849 89 666 27 75
2006 245 753 296 419 33 1.4
2007 188 580 241 1,643 2 6.8
2008 176 493 151 578 36 3.8
2009 130 577 133 2,053 23 15.5
2010 128 788 119 1,494 16 12.5
2011 102 1,071 246 1,588 10 6.4
2012 126 1,675 386 4927 8 12.7
2013 21 4,906 497 26218 4 52.8
2014 302 5435 800 8,301 6 10.4
2015 453 5,094 747 6,943 9 9.3
2016 480 5017 1,073 9913 10 9.2
2017 539 5,009 1,648 8,229 11 5.0
2018 529 5,607 1,490 21,402 9 14.4
2019 417 5,645 1,185 5334 7 45
2020 437 5,550 1,328 14,429 8 10.9
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#5-1. fPEkoBAES BEERAEE () | RAVEFEEEE (b) & LRB2 R
B % 0~1.0 TEE LA OFERTHIOM R L R~T, 2021 MO EITBUIRDOHR
T (F2018-2020) 7B PHISAD 56.5 7 b & L, 2022 At o s B HINC
L DMsE L Uiz, B 729 F2018-2020 CififE At i -5 B OfER bR LT,

a) Bl BARE BIE R E L LR SRR (%)

B | 2021 ] 2022|2023 | 2024 | 2025 [ 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2041 | 2051
1.0 | 100 100| 100| 100| 100 87 65 56 53 51 50 49 43 42
09 | 100 100| 100| 100| 100 93 71 61 57 56 54 53 47 47
0.8 100| 100 | 100 [ 100| 100 98 78 67 62 60 59 57 52 52
0.7 | 100| 100 100| 100 | 100 | 100 84 72 67 65 64 62 58 57
0.6 | 100| 100| 100| 100 | 100 | 100 90 78 72 70 69 67 63 63
0.5 100| 100 | 100| 100| 100| 100 95 84 78 75 73 72 69 68
04 | 100 100 100| 100| 100| 100 98 89 83 80 78 717 74 74
0.3 100| 100| 100| 100| 100| 100| 100 94 88 85 83 82 79 79
02 | 100 100| 100| 100| 100( 100 | 100 97 93 90 88 87 84 84
0.1 100| 100 | 100| 100| 100| 100| 100 99 96 94 92 91 89 88
0.0 | 100 100| 100 100 | 100| 100| 100| 100 99 97 95 94 93 93

POl 100| 100| 100| 100| 100| 86| 64| S6| 53| 51| 49| 48| 42| 4

b) Bl RN RAE L2 L [E] DR (%)

B [ 2021 [ 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2041 | 2051
1.0 | 100 100 | 100| 100| 100| 100 100| 100 99 98 96 96 92 90
09 | 100 100| 100 100| 100| 100| 100| 100 99 98 98 97 94 93
0.8 | 100| 100 100) 100 | 100| 100| 100| 100| 100 99 99 98 96 95
0.7 | 100| 100| 100) 100| 100| 100| 100| 100| 100 99 99 99 97 97
0.6 | 100| 100 100 100| 100| 100| 100| 100 100| 100 99 99 98 98
0.5 ] 100| 100 100 100| 100| 100| 100| 100| 100| 100| 100| 100 99 99
04 | 100| 100 100 100| 100| 100| 100| 100 100| 100 | 100 | 100 99 99
0.3 100| 100 | 100| 100| 100| 100 100| 100 | 100| 100| 100| 100 100| 100
02 | 100 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100
0.1 100| 100 | 100| 100| 100| 100 100| 100| 100| 100| 100| 100| 100| 100
0.0 | 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100

| 100| 100| 100| 100| 100| 100| 100| 100 99| 97| 96| 96| 90| 88
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52, feko#ifaE () BXOYER (b) OFHEOHE
B % 0~1.0 CEHE LA OFERTHOMEEZ T, 2021 M O EIIBLIR DR
T (F2018-2020) 7o PHISAD 56.5 7 b & L, 2022 Al o s B HINC
L DML Uiz, D 7= F2018-2020 T &t i 7= B DfER bR L=,

a) BAEOVHEOHR (T H)

B 2021 ] 2022|2023 | 2024 | 2025 [ 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2041 | 2051
1.0 |1,654 11,979 12,826 12,693 |2,487 (2,288 [2,088 |1,960 | 1,894 | 1,852 | 1,818 |1,786 |1,644 [1,618
0.9 11,654 1,979 12,874 12,780 |2,592 (2,402 {2,200 |2,066 | 1,995 |1,951 | 1,919 |1,889 |1,758 [1,737
0.8 11,654 1,979 12,924 |2,871 |2,703 (2,524 (2,322 |2,183 |2,107 |2,060 |2,028 {2,000 | 1,880 [1,863
0.7 11,654 1,979 12,975 12,965 |2,821 (2,656 (2,455 |2,312 |2,230 2,180 |2,147 |2,120 |2,010 [1,998
0.6 |1,654 1,979 3,027 (3,064 [2,947 |2,798 |2,601 |2,454 (2,367 (2,312 |2,279 |2,251 |2,151 |2,143
0.5 |1,654 1,979 3,080 (3,167 |3,080 [2,952 |2,761 | 2,611 [2,519 (2,460 |2,424 |2,396 |2,303 |2,299
0.4 1,654 1,979 [3,134 (3,275 |3,222 |3,117 |2,936 |2,786 2,690 (2,627 |2,587 |2,558 |2,469 | 2,469
0.3 1,654 11,979 |3,190 |3,387 |3,373 |3,297 |3,129 (2,980 (2,882 |2,814 |2,772 |2,741 |2,652 |2,655
0.2 [1,654 1,979 13,247 |3,505 |3,533 {3,492 |3,342 (3,198 3,098 |3,028 |2,982 |2,949 |2,857 (2,862
0.1 |1,654]1,979 3,305 3,628 |3,705 |3,704 |3,576 |3,441 3,344 (3,272 |3,224 |3,188 | 3,089 | 3,095
0.0 |1,654 1,979 3,364 (3,757 3,715 |3,623 3,552 |3,503 |3,466 |3,359 |3,365

| 1.654 [1,979 2,818 2,679 [2.471 (2,270 | 2,070 | 1,944 | 1,878 | 1,836 [ 1,802 | 1,769 | 1,615 | 1,573

b) BEEOTFIMHEOHER (T b )

B [ 2021 [ 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2041 | 2051
1.0 | 565| 549 | 688 | 605| 574 | 544 | 502 | 473 | 455| 443 | 435| 428 | 395[ 388
09 | 565| 499 | 636| 567 | 543 | 518 | 480 | 452 | 435| 424| 417| 411| 383 378
0.8 | 565| 448 | 581 | 525| 508 | 489 | 454 | 428 | 412| 401 | 395| 390| 368 | 364
0.7 | 565| 396| 523| 479 | 468 454| 424 | 400| 385| 375| 370 365| 347| 344
0.6 | 565| 343 | 461 | 428 | 423 | 414 | 389| 368 | 353| 344 | 339 336 321 | 320
0.5 | 565| 288 | 395| 373 | 373 | 368 | 347| 329| 317| 308| 304| 301 | 289 289
04 | 565| 233| 325| 312 | 315| 315| 299| 284| 273| 266| 263 | 260 | 251 | 251
03 | 565| 177 251 | 245| 251 | 253 | 242 231 | 222 | 217 | 213 | 211 | 204 | 204
02 | 565| 119 172 171 | 177 181 | 174| 167| 161 | 157| 155| 153 | 149 149
0.1 565 60 89 89 94 97 95 91 88 86 85 84 81 82
0.0 | 565 0 0 0 0 0 0 0 0 0 0 0 0 0

| 565| 557| 697| 611| 578| 548| 505| 476| 458| 446| 439 432| 396| 385
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WREH 2 HEAE

(1) EREHHEAE

Pope (1972) DTl A H\ Nz 2 — MENTIC X 0 FEBIEIRESL - S, SR If
WEEHETE Lz (£ 2-1), 7A~24 6 A DRI L L, BlfiT 6 AIZHEIN., 11X
7 AL, o Rg (12 A) QRIS SUE LTz, BARETHRE M) 1 IR
MED (1987) ITHESE 0.4/ & Uiz, FipplifasE R E0T, B R~ AbmE A RN B 1
% B3R LOGMEIC X DIEYIZ OV TR 2, 2014 FLRBEOHERB L0 e 7 0l
W OFERRAIT, TEB I Oe U7 ERE L TV DRI R HIT WK T L ¢
WD REEILE E D 7T~12 A OIRIEM OFEHERL & 7 U EARGE LTz, 6 sl LT E &
DT 6tk (FTATN—TF) L LT, TR A—FOHEIZHOWNTITER (1999) DJf
B VT,

FERBIENEERESEZ (1~3) KK vFHE L~

M .
Noy = Nay1y+1 exp(M) + Ca'yeXp (;) Xa <4 DIFEH (1)
Csy M
N5, = mMH exp(M) + Cs yexp <?> @)
N _ Co+r,y — Ny exp(M) + Cq, €X (K) 3)
o Csy + Cosy o+ P o+yCXP 2

Z 2T Ny Xy FITHIT D akOEREIH, CuylXy FakfiDiERKTH D, Kl
(2020 ) DOFEEBIE TR BRI T ITE ORI Fasoo (X —JFVEF) ZHWT (4) X
KVEHE L,

M
Cq,2020 €XP (7) )
Na,zozo =
1—exp (_Fa,ZOZO)
& —FIVF AN OIEEREF 1% (5) Kick o7z,
Ca,y M
F,y=—In {1 - Ne, exp (7)} (5)

Fay 1L y FICBIT 5 a RADOEBERMCTH D, 7T AT NV—TD F 134T OFE ThEi-1
MOF EHELWE LTe CFR2 1999, (6) ),

Fes,y = Fs,y (6)

BATHFED 0~5 %D F (Fop020~Fsp000) & T 2—=0 728> THEMITRKRDZ, Fa—=
YEVMAEB L OEAELKMT 5 LB 25 4 RIIOFRIE (K3 2-2) 2 iz,
X —IF)VF OHEMELENSE D722, U v VPA (Okamura et al. 2017) % 27K —
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MESHIZEH L7z, Zud (7) X TREND X ICADORBLEICTF LT A HEMZ -
A2 /M T A2 TCE—IT L FEZRODLFETH S,

2 5
In(2 In(I.,) — In(g X2
B/ (1—/1)22 n( o {n(k‘y) nz(qk i)} +/12ng2020 (7)
a=0

20y

MIY v VEIFIZBIT AT T A ORESERL, 005 1 OMOMEE &5, o2l LfiiE
k D%, Loy Xk O y FFOEEZ ZNENERT, qlTFEIE kK OFIEETH Y, Xy 1E
aR— MEFTDPORBEIND y FICB T 2 k Oxf4: AR, Bf&E) OETHY .| b
IXFEREME & VPA OHEEEDBIRIZ I T DI EZ R TR TH 5, MARDIEETH 5,
JETE ACELEdE IR ARG A O E b o —/L 0 EAERE(L CPUE (LLF. Jb - seqy,
CPUE) (k=1) &AbVEREFEKERFAFERFAEOHE b v —/L 0 AR (L CPUE (FKZF
EHE(L CPUE) (k=2) 122\ T, FEMIEME (ktl) EBIEGRENRE LW & (62 =03) &
WEL, B LVopTZNENLT D (8~9) X THE LT,

1 I
q = exp {n—kzyln (ﬁ)} )

y

1 2 2
02 = g% = Z Z In(1 —In(g, X2* 9
A S WP L CORLICE ) g

T lIEER CF a—= o I L EE A ET T2 b < WEERE(L CPUE (k=3)
CAEHEALPEIR R (k=4) IO\ TiEb=1IZEE L. q I (8) T, cRlILLTOXTHEE L
7=

1 2
ot = — > {In(ly) = In(gXe5)} £=3.4 (10)
Ng y

Jb E#IE R CPUE 35 X OKFIEYE(L CPUE (2B 2 I IEIE 2 £ 385 by (k=1,2) %
AFTCHERER L O 2 GG T H L7z 1.8 THEE Lz, 84EMoBifmEoL ba
ARY T 4T« XA T A (Mohn’sp, Mohn1999) Mfc/N& 722 L DfE%E 0.01 44 TR L
TAER. A=097 L7207z,

(2) FFRTHS1E

BonEFRELY b &S HBANCE S PR TI AT o 72, 344 (2021 4R
) OMAED FHNZOWTHIMABIEMENE SN TV D720, HAEREGED S O T HIE
T _A ZOFEBREZFIH L, FEEEOR R THEH LIELZLLTO L STkl £, Ay o
— AT ¢y JBRIOFEFERMRI G, 2021 FIEIADIMA T (Ryo1) OFRIAMZHE LT,
¥, BAERRONRT A =21, VEHEEEESICHET DB s ofEa R L,
AL AT RN R iEE O IADKRZO B CHBEZZBE L TV 5 GEIIZEIEIE
(2019) Z&[R) , 2020 FEJI D IMAE (1443 (H2) L. 2020 FifiBiAaE (133 5 )
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& APERR D B O FHIME & OF%EIT

€2020 = In Ry020 — In[f(a, b, SSB020)] = 0.59 (11)
CEHREEIND, T27F L.
ax SSB if SSB < b
= 12
f(a,b,SSB) { aXb otherwise (12)

T, a=7.578[T)&/F ). b=1,056[T F>] THD (FEUEIZH 2019) , T &, 2021 Fif
WodisaE (1,654 T F2) o, FAERSGEN DO 2021 FEEEIMAEO TRIEIX

1?2021,0 = f(a,b,55B3¢21) X exp(p X €3020) (13)

M 999ERETFHISND, 72720, plIMADEZED A CHBRET, 0376 THD, =
OTHUE & IMAZEENGE = 0.837205, 2021 M A ZEOFFT5AR 1

ln(R2021) ~N0rmal(1n(R\202110),5€) (14)

L5,
WIZ, Fa—=2 T EEE L THWTWS 2 SO AEEE (b 4%/, CPUE, k=
FEAE(L, CPUE) @ 2021 FEDOFRIEMEO BEIFLL FOAXTHE L HND -

ln(Ik'zou) ~Normal(ln(qu§(’§21) , 6,?) k=1,2 (15)

ZOXDMEITMRLE 22 DY THDH, ZDOL &, FHREEREREKITT D 2021 Fifio
MAETFHEX, LT OXROELDIT I TEZ 5% (Gelman et al. 1995),

120 ln(ﬁzozm) + Wy ln(ﬁzozm) + W, ln(ﬁzosz)

Wo + Wy + W,

ln(ﬁzon) = (16)

722 L. Wil TFERTOA (k=0 HT — 2 DER (k=12) ZRLTEBY, ¥, =1/6ThH D
(Wo =143, Wy =W, = 0.62), Ryppry (k=1,2) IIFHEIEMEDBRD HLD 2021 AN

AEOTRIETH Y . Ry = (Iao21 /@ T2 5B (b EBIEE(L CPUE T1% 2268 &
JB. FKZFEHE(L CPUE Tl 1217 f8R)., X (16) 7D, BHASITEMIEEIR, 0, = 126418
RAaRD, 2021 FEiEHAOMAED FHIEE L=,

2022 FRHILIEOMAEO TR SOWTIEL, RO A CHBAEZZEE LAy r— - 27
+4 v 7 ROFAERMRREZ WV, IMAZENZ K5 EFEEEZZBE L Iab—va %
1T o700 sEAIE THAEERIROHEE - FER PRI R = L— 3 o - HEHUILEME R H O FIE (OF
AR 31 AR EERF RSB B) | SRSz,
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FEETHNCERT DIEERE F i, NAEEEFRIE X OVABC HED = ORISR 1
BIT5 1 REROEHHACESTRHB SN HHEE AW, FERTENCHWZ T A—%
TR 2-3 1T, DI E R X OERBIRREEI S OfiE, BEHEIICITET O/
£ BRAOBNOKGE T 5 FTREMESm W TS D Z & h . ABC REFETH 5 2022 4
W E TIE 2020 AR &S U UMIE A6 A L, 2023 4RI LU O AR DI E IR B K O
BIRCAEI G, SFOCEE I SN BIREH T EHHICET 2 Mt TiRES N
FAEHIEEEORE I EE AV, ZHAUBITFAERMR & H U< Rk 30 (2018)
FEEOEFFMICESMHETH Y | BHRER L ONEEY R EIL Z OFHE IR T 2Rk
TR CTRE LI TH D, BLROMWELE (F2018-2020) (X, Fmsy &% LUVERF|ZBWNT
HEE AU D%SPR 75 2018~2020 i D15 F E HHEE S415%SPR L HE L 2 5fE &
L7z, 728, ZOD%SPR ZH T HERICIT, Flnhl FRES X OREEIE O 2020 4
W OMAMS R L7z, 2021 Ao & THR O EE (F2018-2020) 76 Pl Eiud
56575 bk Lz,

EWRRHOTRNIL, 2h— MEfromiEEs ( (17) ) 2w,

Na+1y+1 = Nay exp(_Fa,y - M) ¥a<4 DG (17a)

Ne+y+1 = (N5 + Ng,) exp(—Fs, — M) (17b)

WEREIT LR CTROE-EREBER E SEES T VAN LESNS F 2D &1 (18)
Kok ki,

Ca,y = a,y(l —exp(— Fa,y)) exp( — %) (18)

5| A>Tk
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A\ A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
0% 834 334 29 93 351 1,254 632 539 1,039 208 199 266
1k 1,202 815 1,847 647 182 388 923 2,083 1,256 1,919 472 184
2i% 1,037 888 681 1211 794 560 548 727 1468 1312 286 142
35% 365 288 242 548 994 618 446 472 641 645 419 149
45 127 104 73 183 310 391 251 236 338 158 310 194
Sk 49 56 35 46 26 165 42 82 173 80 126 115
6% UL E 41 19 18 12 4 46 4 16 17 13 11 13
i 3656 2504 2924 2740 2662 3421 2845 4154 4932 4335 1824 1,063
EhpAgER (T )
AF i\ A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
O 63 21 2 9 25 57 48 48 101 15 12 28
17% 226 165 417 152 43 71 142 388 328 420 77 39
2ii% 299 342 231 346 262 186 159 222 452 416 95 46
35k 147 159 111 194 387 265 202 213 255 278 188 65
45k 68 84 43 81 150 189 133 133 174 85 169 122
Sk 32 60 26 28 18 93 28 55 104 52 85 84
6% UL E 30 23 15 11 4 35 3 13 15 9 11 14
it 865 855 845 822 889 897 715 1,071 1,428 1,275 637 398
R A 29% 23% 19% 20% 23% 26% 19% 23% 30% 39% 33% 22%
En LR (F) 35 X U'%SPR
A\ A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
05k 0.11 0.03 0.00 0.02 0.06 0.16 0.06 0.07 0.19 0.08 0.08 0.09
1k 0.35 0.18 0.28 0.15 0.05 0.11 0.22 0.33 0.27 0.87 0.33 0.12
2 0.83 0.61 0.28 0.38 0.36 0.27 0.27 0.34 0.52 0.64 0.37 0.20
35 0.85 0.77 0.42 0.50 0.85 0.70 0.45 0.50 0.75 0.60 0.56 0.43
4% 0.69 0.85 0.57 0.88 0.79 1.57 0.96 0.60 1.20 0.54 0.89 0.74
50 1.14 1.08 1.14 1.31 0.36 3.21 0.92 1.51 2.21 1.74 1.87 1.60
O LA | 1.14 1.08 1.14 1.31 0.36 3.21 0.92 1.51 2.21 1.74 1.87 1.60
V%) (Fbar) 0.73 0.66 0.55 0.65 0.40 1.32 0.54 0.69 1.05 0.89 0.85 0.68
%SPR 12.09 16.77  26.59 22.11 23.66 2242  26.13 22.86 15.46 10.53 19.92  28.67
EdmpERER (BHR)
A i\ T A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
O 9,998 14,084 8,345 6,958 7462 10,095 14,344 10,460 7,283 3,291 3,302 3,725
V3 5,015 6,019 9,167 5,570 4,588 4714 5,740 9,098 6,570 4,032 2,036 2,051
2k 2,248 2,378 3,368 4,633 3,204 2,926 2,843 3,092 4,393 3376 1,132 978
3i% 776 657 867 1,700 2,115 1498 1,503 1457 1478 1,742 1,189 524
45% 311 221 204 383 691 604 498 642 590 466 640 454
Sik 88 104 63 77 107 209 84 128 237 119 183 175
Ok LA 1 74 35 32 20 18 58 7 25 23 19 16 20
ot 18,509 23499 22047 19342 18,184 20,105 25019 24902 20574 13045 8497 7927
ElmpIERE (Fhy) | BAER (Fhy) | BEEMRDFE RPS. B kg
AF i\ A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
O 755 903 649 700 527 459 1,089 939 705 231 204 397
1k 944 1,222 2,071 1,311 1,083 862 882 1,693 1,714 883 333 433
2i% 648 915 1,141 1323 1,057 972 824 943 1353 1,071 376 315
R 313 362 398 601 824 642 680 656 587 750 532 230
45% 166 180 121 170 334 292 264 361 304 250 348 285
Sk 57 111 47 47 75 119 58 86 142 77 123 128
Ok LA 1 54 43 27 19 17 45 7 21 20 14 16 22
it 2938 3737 4454 4171 3917 3391 3803 4699 486 3276 1932 1810
Blfaa 657 807 741 981 1,296 1,164 1,188 1,341 1,401 1,337 1,079 737
RPS (J&/kg) 15.2 17.5 11.3 7.1 5.8 8.7 12.1 7.8 5.2 2.5 3.1 5.1
EEBIAE (g)
A\ A 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981
05k 76 64 78 101 71 45 76 90 97 70 62 107
1% 188 203 226 235 236 183 154 186 261 219 164 211
2k 288 385 339 286 330 332 290 305 308 317 332 322
35 404 551 459 354 390 429 453 450 397 431 448 439
4% 532 811 592 443 484 484 530 563 515 536 544 628
Sigk 655 1,066 737 611 699 567 683 668 601 648 675 732
O LA 731 1,242 843 908 946 768 917 847 893 738 954 1,067
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R 2-1. ah— MEFTRE RO (0o %)
ElmaE RS ()R
A\ R A 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 123 250 549 378 183 72 67 34 29 53 297 96 128
1% 324 284 544 398 1,336 316 106 24 6 8 11 957 98
2 301 440 358 253 555 352 253 53 6 11 13 240 98
3% 160 225 208 190 276 170 253 71 11 8 12 39 28
45 81 76 90 75 79 41 26 77 6 5 7 5 5
Sik 70 44 46 38 28 19 4 4 4 2 10 2 2
6k LA - 13 23 18 21 9 6 2 1 1 0 8 2 2
it 1,072 1343 1812 1352 2465 976 711 263 63 87 357 1,341 361
FEppaERERE (T )
AP\ R A 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 14 19 66 31 18 6 11 7 5 9 43 14 19
ik 75 57 122 96 266 77 27 8 2 2 3 272 29
2% 83 135 130 95 156 118 86 23 3 5 6 88 47
3% 70 91 114 93 112 76 111 38 7 5 6 17 16
45 47 36 59 55 45 27 17 46 5 3 5 4 3
Sk 48 25 35 33 21 16 4 3 4 2 10 2 1
6%k LAk 10 15 18 20 9 7 2 1 1 0 9 2 2
Eis 347 378 543 422 627 327 259 125 28 26 81 398 117
R A 20% 26% 30% 25% 43% 36% 46% 42% 13% 8% 12% 56% 35%
R LR (F) 38 X U'%SPR
AR\ Y AR 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 0.05 0.09 0.19 0.09 0.12 0.15 0.37 0.23 0.11 0.07 0.15 0.23 0.34
Lk 0.19 0.19 0.39 0.26 0.68 0.40 0.44 0.27 0.07 0.05 0.02 1.54 0.51
2% 0.36 0.55 0.52 0.40 0.98 0.48 0.89 0.53 0.13 0.22 0.13 1.34 0.82
3% 0.45 0.65 0.74 0.76 1.57 1.45 1.07 0.92 0.24 0.32 0.53 0.96 0.69
45 0.56 0.52 0.80 0.88 1.24 1.86 1.39 2.10 0.22 0.20 0.59 0.61 0.36
Sink 0.90 0.93 0.93 1.49 1.53 2.19 1.66 1.16 0.88 0.14 1.23 0.38 0.51
6k ULk 0.90 0.93 0.93 1.49 1.53 2.19 1.66 1.16 0.88 0.14 1.23 0.38 0.51
¥ (Fbar) 0.49 0.55 0.64 0.77 1.09 1.25 1.07 0.91 0.36 0.16 0.55 0.78 0.54
%SPR 2822 2271 1541 2035 654 1279 832 1627 4624 51.66 3484 280 11.66
ElmpERER (FH)R)
A i\ Y AR 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 3,084 3397 3805 5410 1,962 630 263 199 342 965 2,581 565 536
Lk 2279 1967 2072 2,102 3317 1,165 363 122 106 206 604 1487 299
20 1,224 1263 1,086 944 1,083 1,130 523 156 62 66 131 396 213
3% 539 573 486 434 426 272 469 143 61 37 35 77 69
45 230 231 200 155 136 60 43 107 38 32 18 14 20
Sink 145 88 92 60 43 26 6 7 9 21 18 7 5
O UL 26 47 36 34 14 8 3 1 2 3 14 6 6
it 7527 7566 7777 9,140 6981 3291 1,670 736 620 1329 3401 2552 1,148
ElmplaaE (Thy) | i (Thy) . BAERIIE (RPS, JB,kg)
A i \ Y AF 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 348 262 457 441 192 54 44 41 58 163 370 81 78
ik 531 393 463 507 661 284 92 40 39 63 174 423 88
2% 338 388 393 355 304 379 178 66 36 32 56 146 101
3% 237 230 266 212 173 121 206 77 41 21 19 33 40
45 134 110 131 115 78 38 28 64 32 21 13 10 13
Sisk 99 51 71 52 33 22 6 6 8 16 18 6 5
O UL 20 30 35 32 13 9 3 1 2 3 15 7 7
it 1,706 1464 1816 1,713 1455 909 558 295 215 320 665 705 332
Bl 567 514 595 496 371 343 314 175 97 74 87 114 105
RPS (J&/kg) 5.4 6.6 6.4 10.9 5.3 1.8 0.8 1.1 3.5 13.0 29.5 4.9 5.1
ElmRAEE (g)
AF i\ U AR 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
0% 113 77 120 82 98 86 168 207 170 169 143 143 146
ik 233 200 223 241 199 244 255 325 365 305 288 284 294
2% 276 307 362 376 281 336 341 426 582 488 424 368 476
3% 439 402 547 489 407 446 440 537 661 585 529 430 578
4% 583 475 656 741 572 644 654 599 828 654 749 705 661
Sk 681 576 768 855 755 838 886 814 954 790 990 943 896
O UL 758 645 993 943 947 1,112 1,066 1,034 1,101 957 1,114 1,115 1,116
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A\ R A 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0% 362 1,578 147 32 145 252 7 244 66 767 42 6 425
1% 123 193 885 69 17 86 69 17 206 87 523 62 53
2 49 23 61 177 24 13 40 6 32 72 53 376 70
3% 28 20 13 13 41 11 5 6 7 11 32 25 157
45 9 10 6 1 10 14 4 4 2 4 13 8 4
Sik 3 4 4 0 1 1 3 3 1 1 1 2 1
[ 2 3 2 0 0 0 2 2 1 1 1 0 0
it 576 1,830 1,118 292 238 376 131 281 314 944 664 479 709
FRppaERERE (T )
A\ R A 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0% 38 186 22 5 24 40 1 27 8 101 5 1 51
ik 50 50 254 22 5 31 24 6 48 24 165 22 17
20 23 10 26 79 12 6 18 3 12 41 25 199 33
3% 17 11 7 7 25 6 3 4 3 8 18 16 84
45 7 6 4 1 8 8 2 2 2 4 10 5 3
Sigk 3 3 3 0 1 1 2 3 1 1 1 2 1
6%k LAk 2 2 2 0 0 0 3 2 1 1 1 1 0
Eis 141 269 318 115 77 91 53 47 76 181 226 245 188
R A 40% 38% 51% 40% 33% 41% 35% 20% 30% 24% 27% 33% 32%
En LR (F) 38 X U'%SPR
AR\ Y AR 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
O 0.50 0.59 0.46 0.25 0.43 0.91 0.03 0.33 0.16 0.27 0.08 0.02 0.38
15 0.90 0.72 1.12 0.52 0.26 0.65 0.93 0.12 0.66 0.41 0.37 0.20 0.27
2% 0.68 0.51 0.69 0.96 0.44 0.42 1.01 0.22 0.46 0.67 0.63 0.66 0.47
3% 0.77 0.89 0.87 0.39 0.80 0.46 0.37 0.55 0.52 0.37 1.01 0.96 0.88
45 0.63 0.95 1.15 0.18 0.77 0.95 0.37 0.60 0.41 1.11 1.48 0.96 0.44
Sink 0.61 1.08 2.54 0.19 0.44 0.14 0.72 0.82 0.44 0.74 1.06 1.15 0.30
Ok UL 0.61 1.08 2.54 0.19 0.44 0.14 0.72 0.82 0.44 0.74 1.06 1.15 0.30
F4 (Fbar) 067 083 134 038 051 052 059 049 044 062 081 073 044
%SPR 728 862 571 1444 1674 944 1379 3007 1853 20.17 1736 23.08 19.25
ElmBERER (55)2)
A i\ Y AR 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0% 1,126 4321 489 176 504 514 276 1,071 545 4,001 666 419 1,643
Lk 254 459 1,604 207 92 219 138 179 518 312 2,054 412 276
2% 120 69 149 351 83 48 77 36 107 179 138 949 226
3% 63 41 28 50 90 36 21 19 20 45 61 49 328
45 23 19 11 8 23 27 15 10 7 8 21 15 13
Sink 9 8 5 2 4 7 7 7 4 3 2 3 4
Ok UL 4 5 3 0 2 3 6 4 3 3 2 1 1
it 1,601 4922 2290 796 798 854 541 1327 1204 4551 2944 1849 2490
ElmplEaE (Thy) | B (Thy) . BAERDIE (RPS, J&kg)
A i \ U AF 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0% 119 510 74 29 85 81 38 121 68 527 78 57 199
ik 103 119 461 67 28 80 48 63 122 87 649 149 87
2% 57 31 64 157 43 20 34 17 40 102 66 501 106
3% 39 22 15 26 55 18 13 11 10 33 35 31 176
45 19 12 7 6 18 16 9 6 6 7 16 11 9
Sik 8 6 3 2 4 6 5 5 3 3 2 3 3
Ok UL 4 4 3 0 2 3 6 5 4 3 2 1 1
it 350 705 628 288 235 225 153 228 252 763 849 753 580
Bl 94 57 54 98 96 64 63 44 60 132 89 296 241
RPS (J&/kg) 12.0 75.4 9.1 1.8 5.3 8.1 4.4 24.5 9.0 30.2 7.5 1.4 6.8
ElmRAE (g)
AF i\ I 4E 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Or% 106 118 152 165 169 158 137 113 124 132 118 136 121
L% 406 260 287 325 308 366 350 354 236 280 316 362 314
2% 474 451 428 446 515 421 440 455 374 569 477 528 469
3% 626 545 535 523 606 517 599 576 530 742 578 631 537
4% 809 633 642 787 803 593 626 643 756 835 787 726 683
Sk 908 743 699 879 950 895 689 780 788 1,011 1,002 1,013 745
O UL 973 819 840 970 1,099 1,031 1,078 1,126 1,078 1,087 1,089 1,122 921
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R 2-1. ah— MEFTRE RO (0o %)
ElmRE RS (B
A\ R A 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
(153 60 174 80 28 63 297 140 33 100 92 295 103 377
1% 275 35 163 88 52 248 812 177 141 140 82 308 142
2 47 127 54 87 90 75 165 1401 236 265 253 206 520
3% 44 24 37 21 66 77 65 128 1,147 423 364 219 238
45 51 13 9 7 21 25 17 16 32 695 343 155 176
Sik 3 15 6 2 4 5 18 11 15 60 298 130 117
[ 1 1 1 0 1 2 1 10 10 16 58 277 155
it 481 388 349 234 297 729 1219 1,777 1,681 1,690 1,693 1398 1,724
FRppaERERE (T )
A\ R A 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
(13 8 21 10 5 10 37 15 3 8 6 20 10 31
ik 86 13 57 35 19 78 157 35 28 30 17 53 21
20 18 64 26 43 43 37 68 334 60 78 66 54 118
3% 26 13 23 13 37 47 37 56 349 138 127 69 64
45 34 8 7 5 13 17 12 10 17 243 137 52 64
Sk 2 10 5 2 3 4 12 7 10 32 124 49 55
6%k LAk 1 1 1 0 1 2 1 7 7 11 39 130 84
Eis 176 130 128 102 126 221 302 453 480 539 529 417 437
R A 36% 23% 16% 10% 8% 4% 6% 9% 10% 11% 9% % 8%
En LR (F) 38 X U'%SPR
AR\ Y AR 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
O 0.13 0.11 0.07 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.03
Lk 0.59 0.13 0.18 0.12 0.06 0.10 0.06 0.04 0.04 0.03 0.02 0.03 0.05
2% 0.52 0.81 0.40 0.17 0.22 0.15 0.11 0.17 0.09 0.11 0.07 0.07 0.07
3% 0.85 0.71 0.79 0.35 0.23 0.38 0.24 0.14 0.26 0.27 0.29 0.11 0.14
45 1.16 0.90 0.92 0.38 0.94 0.16 0.17 0.10 0.06 0.31 0.48 0.24 0.14
Sik 1.14 2.97 2.86 0.73 0.55 0.80 0.21 0.19 0.17 0.18 0.26 0.43 0.36
Ok UL 1.14 2.97 2.86 0.73 0.55 0.80 0.21 0.19 0.17 0.18 0.26 0.43 0.36
¥ (Fbar) 0.79 1.23 1.15 0.36 0.37 0.34 0.14 0.12 0.11 0.16 0.20 0.19 0.16
%SPR 14.77 24.10 2826 4559 4558 49.11 61.86 59.53 55.83 4446 4145 5149 51.01
ElmBERER (55)2)
A i\ Y AR 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0% 578 2,053 1494 1,588 4927 26218 8301 6943 9913 8229 21402 5334 14429
Lk 754 338 1,234 936 1,042 3251 17331 5450 4,627 6,563 5441 14,105 3491
2% 141 280 198 694 555 656 1977 10953 3508 2986 4285 3,580 9203
3% 95 57 84 89 394 298 378 1,190 6,194 2,159 1,785 2,665 2231
45 91 27 19 26 42 209 137 200 693 3213 1,101 898 1,607
Sink 6 19 7 5 12 11 120 78 121 438 1,585 457 475
Ok UL 2 2 1 0 2 5 5 68 81 114 308 978 628
it 1,666 2776 3037 3338 6973 30,649 28249 24881 25137 23,703 35907 28,016 32,064
ElmplEaE (Thy) | B (Thy) . BAERDIE (RPS, J&kg)
A i \ U AF 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
0% 80 246 188 287 767 3,229 870 653 803 565 1,448 536 1,187
ik 235 128 433 368 389 1,020 3,358 1,087 921 1417 1,118 2407 524
2% 54 141 97 339 266 320 811 2,607 899 884 1,115 929 2,091
3% 56 32 51 55 217 183 217 519 1,888 707 622 840 601
45 61 16 14 18 26 141 95 127 374 1,121 439 302 585
Sik 4 13 6 4 9 8 79 49 76 232 658 174 222
Ok UL 2 1 1 0 1 5 4 52 56 83 206 457 340
it 493 577 788 1,071 1,675 4906 5435 5094 5017 5009 5607 5645 5550
Bl 151 133 119 246 386 497 800 747 1073 1,648 1490 1,185 17328
RPS (J&/kg) 3.8 15.5 12.5 6.4 12.7 52.8 10.4 9.3 9.2 5.0 14.4 4.5 10.9
ElmRAE (g)
AF i\ I 4E 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Or% 138 120 126 181 156 123 105 94 81 69 68 100 82
L% 312 377 351 393 373 314 194 199 199 216 205 171 150
2% 385 503 490 488 480 489 410 238 256 296 260 260 227
3% 589 557 606 614 550 612 574 436 305 328 349 315 270
4% 672 599 729 701 627 672 693 637 540 349 399 336 364
Sk 806 694 796 842 751 747 656 624 629 529 416 382 467
O UL 995 838 940 909 868 886 793 761 697 724 668 467 541
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WEFR 22, Fa—=UTIZTHOTIEEME L T A — 2 HEFEE

Bty ) ©) @ @ 2 ©) ) @ @'
x5 N, N, SSB SSB
2002 3.0 3.5
2003 31.7 24.0 55 4.1
2004 172.9 92.8 4.5 5.6
2005 20.8 20.1 23.6 10.0 3.3 2.8 43.8 1.1
2006 0.3 0.3 0.8 1.0 25.5 127 160.9 2.8
2007 2963 190.8 10.0 6.3 86.6 459 4082 4.8
2008 53.3 36.5 9.7 45 45.5 18.8 1329 2.0
2009 435 32.1 60.7 23.7 56.5 252 1126 1.9
2010 26.3 14.0 16.9 8.3 54.5 237 1915 3.3
2011 5.4 3.7 45 21 1162 447 200.5 3.1
2012 58.6 29.0 18.2 134 1205 457 302.3 5.0
2013 2073.9 13637  1346.6 7252  131.9 650 3116 5.1
2014 20.1 1.1 95.1 41.0 1109 483 1804 3.4
2015 49.0 81.5  169.0 862  120.3 455  157.3 42
2016 889.4 7352 13395 6215 1725 774 1216 3.8
2017 736.6 5460 6450 1813 81.5 406 3914 10.1
2018 32599  1760.7  6237.1  2970.6  142.9 683  717.8 10.2
2019 9.6 770 2610 1241 1424 500  8ILS 8.8
2020 4869 5962  660.6 6347 1673 522 3437 9.2
2021 2392.0 18665  651.2 3581  120.0 455 199.1 5.0

q 2.70E-05 1.59E-05 0.0705 0.0088
b 1.80% 1.80% 1.00%* 1.00%*
G 1.273 1.273 0.684 0.583

O ALPE AL AR ERA IS X D )8 ke —L 0 5% CPUE  (J2/#8/60 53)

@ ALPE R R GG I X D)8 v —/L 0 5% fa CPUE  (J2/#8/60 43)

@ GrEa - 9 < WifE CPUE  (kg/ A/F)

@ WX 1~V CRPFEER) ofEdiE (JRRL)

DOOB@@DIIEAE . (&R 3) 21TV, EEZOE (O @ @ @) 2Fa—=r
VEit (= 1Y

*b=1.8|Z[EHTE

#* b =1 (C[EE
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fie3 2-3. FERTPRIGREICH W NT A —%

F2018-  “PHIKE (g) EEAS PAEI S
2020 2021-2022 2023 4F FELC 2021-2022 2023 4F
(FE3) AR DA (% AR TRIBIDIE

IR Fmsy
1D (E2)

0 % 0.04 0.02 0.02 82 94 0.40 0.00 0.00
1 % 0.14 0.05 0.05 150 202 0.40 0.00 0.00
2 i 0.29 0.10 0.10 227 264 0.40 0.00 0.20
3 7k 0.53 0.19 0.18 270 316 0.40 0.30 0.80
4 7% 0.55 0.19 0.19 364 349 0.40 1.00 1.00
5 7% 1.00 0.35 0.35 467 529 0.40 1.00 1.00
6LA E 1.00 0.35 0.35 541 645 0.40 1.00 1.00
W1 PR 31 AR TEARBE 5 T MSY & EELT 2 K EDHEE ORI U781k (3
7B AL 30 ARG RGN C O Feurrent DIEINER),
2 PRk 31 EEIEEBE SR CHEE SN2 Fmsy (F72b b, Ak 30 AEEEIRREA C
@ Fcurrent (Z Fmsy/Feurrent Z#MT 728 D),
I3 LROBEIEOT T, SEOEHHE THEE S 7z 2018~2020 4Fifiii D 4FE ] D

S F LRICHREI A 525 FIEAZ%SPR B L CEH L7, Z® Ffli% 2021 4F
M O EE OFUEIE T Lz,
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HEEHN3 BRERFERELOFX

AEPE R IR AR A LD P e —L0 A CPUE (LA T, Jt B CPUE)
Vi A ELE R AT L A @ F e —/L 0 B CPUE (LLF. #Z= CPUE). {5
- b3 < W% CPUE (LUF, 7253 <V CPUE), FEINED 4 S OGP EFEIEAH
DIEREALZAT > 7o, Al 2 DITMABOFIRE TH Y | #H 2 DITBAEDIFEME TH 5,
WEE & CO IR CIXEIFEIZOW TR 21T > TR o 7o)y, w7 8REFER
FEIC I T DN EICx LT VAST 7 V&M L7 Tk, B i ftv <330
FEIRGAALIZ 7 R LooH D Z EAHE SN TVWAHS Z & (Kanamori et al. 2019), — 5 T
2018 AELAREICIT~ Y XD FEINBLA NP G58 B E DRI £ 637, Bk, pERgfEkE C©
PEYRENIET 5 70 & FEING D ZEM I LN E TWDH Z &, T~ S REERETITL
TUCREINEDIEAE 21T > T D Z L5 (Kanamori et al. 2021, 1 _EI1E222021), 44
JEFEAT CIXEEIN BN DWW T AR AT o 72, BLTF Tl (1) 4k B CPUE 35 X UVKZE CPUE
DIEHE(L, (2) 7263 <\ CPUE OfEHE(L, (3) PEIFEDIEHELD 3 DIZ/0 1T T 2,

(1) 4t E#1 CPUE ¥ L UMKZ: CPUE D HE(L,

AR BN A E TR A & AL ER R A AR ICB T 52 e —1 0
7% CPUE (RB/FF) OF — X % 7= CPUE DIEHEL 21T > 72, MiagiA L & H12 2001 40>
HEE I TV D, fENTICITIs I L2 OFRAFIFE A —E L T\ 5 2002~2020 4 (dk 1
CPUE) 5 X 1¥2005~2020 4= (k2= CPUE) O 2 H L7=, F7=. 4t E# CPUE iz>W
TlE, VTR OB 28 U CHRT — X O/ WERE 175 LR, dbks 32.5 LM, dbis
45 FELAL DT — X & LB OFENT > HERO 2. K2R CPUE 12 2W T b [RIERIS, M Gy fe
IZBWTHIRT — X Q720 EFRR 175 LU, JbfE 35.0 FELARE, b#E 50.0 ELLD T — % %
FENT D B BRI LT,

ZOTFT—HIZEIF D CPUE X 0 LA EOEEHE Tl %5 72 delta-GLM (Lo et al. 1992) % i
L7, Zhud, Bl ez THT5ET VE, Bk 72535460 CPUE % THIT 5
BT ND 2 DERILINTTHFETH D, BIHEDOET VORRESARIZIE A 2
L (logit V> 7)., &I ~m4 (log V) #HW,

CPUE % T4 2% & L, b E# CPUE TiX., £ (7 IV L) - MEX (4
T3V HVEE) - LR OLZEER - AEROREEKIE GEFEH) - FZEEKIED 2
FIH « FHAFFO K 50 m D/KIE « K 50m DO/KIR D —RIE « FEEKIRE & KZE 50 m DK
WORZAEEMRZMEM LTz, k3 CPUE TiX, F (W7 IV IAEH) - X (W7 3V v
ZH) - L MEX O HAEA - AR O R mEKIR GEFZER) - Ry KiRoO —5HE - ik
DK 30 m DAKIE + KIE 30 m DKIRD “3fIH - FHEHKIR & K 30 m OKEDAEHAE
HAZ2ER LTz, X OEREIZIZ GLM-tree (Ichinokawa and Brodziak 2010) % delta-GLM (Z3E
3k L7 Tk “delta-GLM-tree” (Hashimoto etal. 2019) Z M L7=, Ziud., “HEGMAETT /L
ET = BAAET MIEBT DX P EETH L WHRED F T, Mt TRl < 72
5 LIRS T EIAEZ 21T ) FETH D, 2Tl HE#KEZ 25 E27 U v R,
AlCc Wi/NT72 D E TR T &7 o7c, “HBMET NV, W~ GMET VDENEN
ICBWCEERDOA LI Z 7225 7-0 OFT VIR EZITV, AICe M/ E 72D b D&
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A MEFILELTEMALE,

BT DGR, b F#] CPUE OF R4 FHIT 2848 & L CIIE - WX - 4F L X D% A
VEF - AR « R myEAIR O "I - K 5S0m OKIE 2A#E TN, AR CPUE %1
BT 228508 LTI - MK S8R S 7o, WX 4 X 189Dz, B3 CPUE O A i
RKaEFRTHEEE UCIE - WX - KK - R mvEKIEO —FIEH - KE 30m Ok -
KIE 30 m O/KIRO " IRIH 23EIEN, FIEFRFO CPUE % THIT 288 E U CTIEAFE - X -
JKIE 30 m DOKIE « KIE30m OKIEDO ZFIH MNERIN, HBXITS5 X 29007,

NRANETNVOHERFHRE» D EREFREA RN Lz, £, &4 - FWX - FRmEEKIE -
K S0m DFEKIE (b EMIOR) « K 30m OFKIE FKEDH) O CPUE O Tl % K
D7z, HHAETH DUEARIRICEE L Cid, 7 — % O/ IME & e KIE O 2 fi < El L7
EIZDWT, Pl CPUE Z&H5R L7z, RIT, 4 - BiEXIZH1T H CPUE O THIfEA 15 L
Too BIRIT, FHUEX O CELDIT I Lz Ml CPUE 24 2 L ICHEH L, RS EE
& Uiz, #E%E{L CPUE X/ X /v (HfFEY)) CPUE #Bktehaltl/-Emz Lz (X
3-1), Jb EHIERE(L CPUE Cid, 2021 AEOfEIX 2018 4% LA 0 i K ifil & 72 > 7= DIkt
L. KEEHE(L CPUE T, 2018 3 b= <. 2021 FFDfEIE 2020 4 K 1 600K o
77

(2) 729 <V CPUE OfEHEAL,

FZENE D72 53 < WiREDT — & (2003~2020 4F) B L O OT — 4% (2014~2020
) OF =2 &AL, 7253 < W CPUE (kg/M§EI/N) OF—4% % 0 LLEDOHEFETH
%7z, delta-GLM (Loetal. 1992) # i L7z, k& RERIC, RESARIIE HE A (logit
Yrr) EH v~ (log V7)) AL, ARBEOEITHD 1~6 HOT—X %
fEH L7z,

CPUE % Tl 23S E LT, £ (7 IV INAER) - X (W7 TV IVER) -
B ORI KR GERER) - HEEKIEO “RE - H (D73 Y WAL < (BT
Y BNVEE) - B (BT IV INVER) EHERLE, BXIET — 2SN TnWL T
TV — ERREREERICESE TRICGT b0 EEH Lz, “HEGAET NV, H o ~0qh
ETINEFNENUICONT, BEBDOEEL I 2 182570 DT VEIRZITV, AlCe 3
INETR BB DENRANETLE UTERH L, EOREE, AlffEss PHT 5285 E LT
oYX - A - FRmmiEAKIR - RO REN ®T., AiERFO CPUE 2 Tl 52
& UCIE - X - H - Rk - RiEKIRO ZRIE - it BNRIRSTz,

BEBOTRTOMABDLEITBWTTH CPUE 2% H L, 42 &2 Fill CPUE % )
L 7ol 2 B IRl & U7, A5 Ch D Ry AIRICEE Ui, Fe/IME & R fi 2 4
ML AEIL, ED L EDOTRNEZ KD Tz, EHE(L CPUE 13X 2005 27 LA L 721, 2011 4F
IR CLE LI HEB 2 /R LTV 503, 2018 FELIRRITOR0 MBI CTh - 72 (X 3-1),

(3) Vector Autoregressive Spatio-Temporal (VAST) &7 /WiZ L % PEIREDIEHE(L

WEEE £ CREA L QU pEIR &I, 2018, 2019 FFIS@mVMEZ R L7248, 2020 45, 2021 4 &
RKELWD Lz, 2010, FEIIEEZZDOEE ar— MO TF o —=2 7 L LTHEH
L72BRI, FRICUTAE O FRAEAE & Bl EHEE MO TREN KX o fe (FiRIX 3-2), = Z TH4E
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J£1X Vector Autoregressive Spatio-Temporal (VAST) £ /L (Thorson and Barnett 2017) % {
L7z EIR OS2 4T > 7=, VAST £7 /Wi, ZEMH CHBEEEET 5 Z & T, MHxBE
@ﬁgﬁgﬁ@i%ﬁ@@ﬁW%ﬂ%KLkCHE@@M@?%T%%GVi1V~Va

2L, RO AT T Ao—ALINEE T V& &1 CPUE IEHE(LTIEE R L
tﬁﬁid:wa%TWi BN T =< VAR ER b RN T2 LWV I EDRFLNT
W5 (Griiss et al. 2019), I~V SKOEHERBEOEFEGENTIX, 9 TIZ VAST 7 /L CE%E
b EATo T EEINEARARE A STy (1 RiEDs 2020), L ERAXRT T 4T (T
AZDWD E N R AR LTS (Kanamori et al. 2021)

YNFEAFFRAS T DIV VX I~V 1231 5 2005~2021 4 1~6 H D 30 3 FHH Z & o~
NOELIEEZAER LTz, VAST £7 /MIINEEZ . o 70 i OISR (i) &.
IRERE S NIGEHE DY 7V i OIREEE (pa(i) 1Z53F T, LT D 2 DO Tl T&
¥

p1 (D) = B1(t) + wi(sy) + &1(si, ty) + 11 (vy)
P2 (@) = Bo(t) + wy(sp) + &2(s;, t;) + 12 (vy)

FHILDOH 1 HOBAILHHES t OFEZNR T, HEFORRITHFFEFETMNLE LT, 52
I,E@w(si)6;’c§}%§$ tIZBITHEROT o F BNE, H 3 HDe(s, t)IFHEF ¢ 5T s 12
FOREEMOT U LHRERLTND, F 4 HOn)IXERy, B EREE IO
ﬂ“é) D EACSEDL T X LR ELLTEY, Bl I3 EMTEE O L% fi{E
2D 7= DITHRAEF L A A O EAEH %S:{iﬁﬁ L 7=, VAST &5 /L TIIHI DI ZERIEH S
TR T DO—FEThHD k-EEREIC X0 BRI ZERT 5 ) v NERD, /v MC
F5UF 2 FH K P DIREZE F'Eﬁmtfzﬂewwm“é FEATHFZETIE > UL 100 BLEET 52
EEHEIEEZNTWDH DT (Thorson2019) . Z AU, AENL/ » FZE 200 & L7z, ZE2fH]
SR OMeRE EABUIZZE RIS (MVN) %o T,

wl('l f)NMVN(O, Rl)' w» (" f)NMVN(O' RZ)

LRI, ZZ T Ry, R Matérn FHBERIECTH Y |

Ry(sp,sm) = 2911 (q) X (r1|d(sp, sm)H? X Ky (161 |d (s, s) HI,
RZ(Snl Sm) = m X (Kzld(snl Sm)Hl)q) X Kv(Kzld(Snl Sm)Hl)
LERIND, ZZTE. =1L LTHE LW, DA ~BE. K38 2 OER~ v

TIVBEEL 1y &l ZIEEBASR, d(sy, sp)i3/ v I\F’aﬁ@EE%’E\ Hi ii&f?&lﬁ’ﬂ@ﬂﬁ@ (T &
STHBEDREN R D 2 &) 2RI TH S, RIS, RR2ERIZh R OMe=RE &AL
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MVN(0,Ry) ift=1
ﬁ@fJ}{MVN@ﬂq@fi—llRﬂ ift>1

MVN(0, Ry) ift=1
&G f, t)N{MVN(pgzsz(',f,tz— 1),Ry) ift>1

THZLNWANR, RN TITHEFE ML EMHE LT (pg =pe =0), EFRETLD/RT
A= IR EBEIC L > THESNDIN, 2 DOT U X LHRELED 720, @SR AN S
T® V. Template Model Builder (Kristensen et al. 2016) & FEIEXA 2 muifciE il 7 k3l
INnb,

AT — 2 LT Il e T~z LT V2 MOET Vi
AL, TRESESE (n@G) & TRIIVEE (2G) ZLLTFOT&E L7 (Thorson 2017),

7y (1) = logit™'py (i)
(i) = a; X log™'p, (i)

al3A 7ty NATHY | SRIOGEITEEIINEE LY BIWAERE LTHOYTWSHDTIL &L
7= UNEE B NERISNAHERIILLTFTCEIN, BOLENRKERDENRT XA —2 2HE
L7,
o 1-70) ifB=0

Pdm_m_ﬂﬂﬂxﬁ&nmﬁﬂd}ﬁB>0
HE SN RT A =20 0 FEICBT DENMEOFHXINEG K4 d(x, ¢, t) =1 (x,c t) X
5 (x, ¢, ) CRtR L. &/ v b OmkE & FEXTIRE E 2 T A 7O KT &2 PEYN EFE A E &
LCHEHLT,

I(c,t, 1) = Z(a(x, D xd(x,c, t))
x=1

ZORE. T H DR OINMHIE #1T > 7= (Thorson and Kristensen 2016), VAST D<€ 7 /L4
1EIZDUWTIE, Thorson (2019) <° GitHub (https:/github.com/James-Thorson-NOAA/VAST) (Z
FELLEH STV,

FEAT ORGSR, BEVE(LPEIN B L, FEEE T LTz /2 I PV BEIREIZ BT A3/ &
<VWEIE LI X S e g —u R bz (2R 3-1), F2/ I S EIIR CTEVER &
STV 2018, 2019 FOMEAEAD L, ARSI OBAEM AR Sz, £ ORER,
aR— METICB T 2 4 TEE Y 2R ITIBERZET, / I T AEINETIE 072 THo72D
W% U, BEYE L EII R CIE 0.58 & 7e  R&E S BES e (X 3-2), MFREREIZIs T,
BAICHRZABCHBEPRE SN DD (/) I FVEINE : p=0.54, FEHELPEIF & : p=0.61) |
L R ARY T TRV TR, WA OHETRE A 7 TR 620> T (Fi 2
4 3-3),
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M EFE « RV NET - BEATIRVE - T A - SR - SR HIE (2020) SFIOT (2019) A
Ji =~ SRR OB IR, Fed3 EJELD AR DI SEEIRRAT . KPEST - KPEMTZE
HEREAE, B, 40pp, http://abchan.fra.go.jp/.
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— REl -- J=ZFIL

Jt_EHACPUE FNZ=CPUE
9 -
6 -
i
P 3-
ym
-+ - -
mlmﬂ T T T T 0- T T T T
It%ﬂ]:’ 2005 2010 2015 2020 2005 2010 2015 2020
P, 12659 < L\CPUE EE
D 3
AJ
i
B 4 4
2 -
23 .
l’ ‘\
14 27 .
'O\ " ‘\\
~~
O L T T T T O L T T T T
2005 2010 2015 2020 2005 2010 2015 2020

X 3-1. 46 E# CPUE (£1). #%Z CPUE (5E). 7269 < W CPUE (/£ TF)., PESIE
(FTF) OREZ RER : AICc THEYE, Fkt . 2 2 0)
EEMERS 1 72D XL L2 /R L TERY, BT 95% IR 2 £+, /2
FIVIZEEIRELISS Tld CPUE O HMIESEA R L, EINR CIEMEEE THOW L TW
TR A R T,

J=FIL REE(L

EESPEHEIRE
B (o))
o o
o o

N

o

o
1

2005 2010 2015 2020 2005 2010 2015 2020

MR 32, 7 ITVEINR () SEEMEEEINE CF) OfEE (R) L =d— METC
BT D THE B



FRA-SA2021-SC03-1

(a) / I T VpEIRE

Biomass SSB
p=-0.12 ree” 1500 1
6000 -
4000 10007
2000 4 500 1
01 0
Recruitment F
304 p=-012 [

2010 2015 2020 2010 2015 2020

(b) FRHEALPEIN &

Biomass SSB
p=-0.11 ke
6000
4000 -
2000 4
O -
Recruitment F
304 p=-0.13 f.

2010 2015 2020 2010 2015 2020

X 3-3. /I PEIIE (a) SAEEWE(LPEIRE (b) ZHEHALZHEEOL Fr AT T ¢
TN OFER. Mohn’s tho DA% &£ EITRT,
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HEEH4 ZERE - BHOBE

1) BATHGHE R A

H KA - ALZKBE () 1TXR Y 1995 RIS PIRFHA ., 1996 4EBRLA, 5~6 AT/ M
YR DAEEF S T o 5 Bt~ Bl — BT T g b e — /12 L 5 s 4 52
i, ShHEFR DAL AR L Tnd,

2) AT AL B AR TR A

HALAKHE « FdekaE (41 125D 2000 4RI TARFAA, 2001 4EBRth, Vo ~EIREEHE
HEEFRA OKPEEZEIRMZEAT) &b B & IRRE OKEEEIRMTZERT) @ 2 SOFREN G
725, b IOV~ S NS A TR, 5~T FBICARFRIB O R (165°W) 125
% AT~ U CHE O RAEM THE b o — LR RER & F2H, 0 7% CPUE 2SI A & D
WBIEE 2D (fid# 2-2), v~ A\OTRSAMTH 2B~ AT (169°E LAFE, SST12~
21°C) ITBIT 5 0t E BRI, HBE REDOH > TCHEROEIR) ., (KRB A HE
ELTWD (X4-2),

3) B~ = T LA A

I KERIT LV 1994 4EBRLG, TH B~ =BV T 6~10 A2 T b 4 DDOiE D
D75, IR Z AT LR & i, 0 i~ O IR A e 35 &
& BT, CPUE NETREDOIEE L 705,

4) AbTE R IR AR R A

HALKBE CHIRE) 1280 1984 FEICIEEGTERHN S A 7 LmEEvFA & L Ch4s, 8~11 H
(238 H A~ =~ R Oy A A & P R U R 2 520, = 0% A% 9~10
AR, BALE XA MHA & U Cilkle, 2001 FEBiEEEZ g b —LICE T,
FHEAE LA L, g5 A2 /N AREICERN, 2005 F0DIARER A T 555 E 5
ME TR, 2008 4E0D R JRKAF (Y4EE) 23 JE P KPR R AR TR & L Col &k
X FEfE, LA OMAIRICI T D FIC 0 mADSMAIRIZ R L, 0 A CPUE 2 IMAED
I L 722 (W 2-2), 0 A IRERORES (HBLR) LIMAZOHEELE 2 LEL
g b v — L OEERRER 2 N T I L 72 2001, 2002 FEOFE RN O MR O K AR TO X
T 0 A DIEOFEOERIT/NI WS i, MBIRA I Lo HEFERE @ U
MABRHERH Lz (K4-2), FIC XL 3B RBLE OEWOREZ /NS T 5720, Hil
AL 5 M, KRR EIER ., BEIRIZK r L, & 10 KT 2 HBLRZ KTz, FI2
&2 KK 53 TIEA E R EMABREOMX 5 O MBI DO % Fa Tz, & KXo B X (R (F
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