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F3-1. KPR E @O I~ g L RPAE XML O SER O R IR 2~ N
e ()

BE OKhEX OBEVE REA B M @R Lo BiR BE R 5 mEH AR
1973 57,192 3,864 235 604 4 85 101 2,031 0 18 65 119 64,318
1974 49,834 2,982 144 429 2 75 148 1,759 26 78 25 133 55,635
1975 33,398 5,443 207 533 2 74 85 2,023 11 15 7 102 41,900
1976 43,359 7,158 222 535 3 37 41 1,932 46 36 9 109 53,487
1977 57,289 6,996 216 912 5 75 70 1,118 13 91 4 78 66,867
1978 59,660 3,838 299 2,405 6 72 31 974 14 88 3 52 67,442
1979 52,904 10,166 273 1,775 12 78 56 2,020 6 20 26 65 67,401
1980 37,683 8,401 156 1,149 9 69 73 1,336 9 2 16 47 48,950
1981 29,291 10,962 527 1,774 16 61 78 1,050 14 34 8 48 43,863
1982 44,429 11,391 721 1,688 20 113 110 1,325 33 93 5 42 59,970
1983 38,489 11,452 317 1,397 30 160 118 1,271 20 50 5 108 53,417
1984 43,969 11,810 327 1,266 9 88 113 1,496 1 29 6 79 59,193
1985 36,636 15,413 696 3,201 5 83 156 1,115 12 21 18 116 57,472
1986 55,556 8,329 138 1,225 12 118 94 1,588 47 20 5 61 67,193
1987 26,050 9,230 590 6,472 41 180 151 1,316 14 38 5 104 44,191
1988 44,182 7,126 262 2,728 35 157 197 2,751 13 19 7 115 57,592
1989 33,059 6,094 255 1,928 68 181 78 2,521 1 25 36 71 44,317
1990 46,700 2,782 63 873 8 89 212 766 1 10 16 26 51,546
1991 37,276 3,470 364 1,057 7 63 352 1,324 0 4 8 21 43,946
1992 27,314 4,833 310 1,212 18 98 192 941 0 4 6 10 34,938
1993 35,957 8,960 364 2,514 54 391 169 1,757 0 4 24 44 50,237
1994 46,907 4,573 152 2,185 50 273 284 2,328 0 39 33 70 56,895
1995 42,228 4,203 483 2,367 21 165 299 1,513 0 20 20 25 51,344
1996 30,352 6,969 527 2,308 17 202 276 1,381 0 15 16 27 42,088
1997 49,220 9,188 687 2,822 31 87 205 642 1 3 22 21 62,928
1998 60,130 4,548 118 1,830 17 133 329 987 1 1 25 10 68,128
1999 79,261 5,487 168 2,186 17 153 143 556 1 9 15 22 88,012
2000 38,723 5,600 72 1,512 8 58 245 410 0 6 22 14 46,668
2001 55,736 4,627 13 1,895 16 127 190 412 0 0 11 8 63,034
2002 41,201 1,382 19 1,955 3 110 177 520 0 0 15 8 45,389
2003 38,619 4,540 2 2,012 1 131 49 413 0 1 19 9 45,796
2004 23,234 3,834 33 3,563 4 106 17 350 0 0 9 3 31,153
2005 63,055 9,325 29 2,711 2 98 49 540 0 4 5 8 75,825
2006 47,746 9,305 31 3,450 26 107 83 628 1 2 74 32 61,483
2007 42,644 7,082 71 3,016 6 261 91 708 0 1 18 14 53,912
2008 24,338 11,174 78 3,370 16 83 85 864 0 3 15 10 40,034
2009 24,690 6,974 15 3,604 1 64 106 901 0 1 16 7 36,380
2010 16,036 9,906 31 2,917 10 94 75 474 0 1 5 10 29,557
2011 26,265 16,358 73 4,950 2 142 80 825 0 1 14 9 49,020
2012 32,063 10,060 27 3,508 8 96 43 777 4 1 3 9 46,598
2013 26,829 8,687 29 2,266 5 8 29 359 6 0 8 7 38,233
2014 20,124 7,786 48 3,684 2 22 45 794 0 0 27 2 32,533
2015 16,695 9,558 75 3,622 2 68 93 522 0 3 14 14 30,667
2016 21,418 8,536 69 3,332 6 21 136 1,244 0 0 11 13 34,787
2017 15,976 10,331 137 5,323 4 50 79 1,019 0 0 14 10 32,943
2018 22,958 11,057 70 6,523 9 92 114 1,379 0 1 7 10 42,219
2019 12,767 5,753 103 3,911 10 38 41 427 0 0 11 8 23,068
2020 9,287 4,541 57 3,796 3 72 48 439 0 0 15 7 18,264
2021 13,568 5,586 37 4,488 13 111 74 393 1 2 29 29 24,329
2022 18,152 4,577 72 5,637 7 84 112 730 1 0 31 25 29,427
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# 32, HARLEEOMRMER LT T - HAM THRES D KPR E S EREOHIESS )

=

==N
. g (Th) RIS ) &
H AR i [E] i (T-#4)
1992 35 2 37 15.929
1993 50 7 57 16.127
1994 57 6 62 14.994
1995 51 8 60 13.580
1996 42 5 48 13.412
1997 63 3 66 11.858
1998 68 10 78 11.894
1999 88 21 109 11.005
2000 47 20 67 10.646
2001 63 5 68 10.436
2002 45 3 48 9.155
2003 46 3 49 8.754
2004 31 6 37 8.517
2005 76 16 91 8.052
2006 61 3 64 8.478
2007 54 1 55 8.369
2008 40 3 43 7.698
2009 36 7 44 6.871
2010 30 5 35 6.863
2011 49 12 61 7.161
2012 47 3 50 6.165
2013 38 13 51 6.223
2014 33 2 35 6.222
2015 31 9 40 5.953
2016 35 22 57 5.054
2017 33 11 44 5.148
2018 42 74 117 4.710
2019 23 20 43 4.802
2020 18 5 24 4.262
2021 24 29 53 4.294
2022 29 42 71 4.490
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#4-1. 2R — MEHTRER

B Bas MAE | BAEERDE| RS o
%SPR F/Fmsy
G (Th) (Fh) | (10075 )2) (R/kg) (%)
1992 111 47 145 3.11 33 25.7 1.03
1993 187 43 454 10.69 30 20.0 1.50
1994 164 66 279 4.23 38 21.4 1.30
1995 150 63 321 5.06 40 20.2 1.36
1996 159 62 266 4.29 30 28.2 0.93
1997 197 70 390 5.53 33 23.1 1.15
1998 238 77 553 7.18 33 21.6 1.25
1999 226 85 419 4.92 48 12.7 1.82
2000 149 70 195 2.80 45 15.9 1.67
2001 161 48 344 7.17 42 16.0 1.68
2002 126 47 192 4.08 38 19.3 1.34
2003 117 47 195 4.18 42 16.5 1.53
2004 166 38 390 10.16 22 33.7 0.74
2005 186 71 305 4.32 49 11.3 1.85
2006 157 56 287 5.12 41 17.4 1.44
2007 119 50 191 3.82 46 14.5 1.73
2008 94 37 188 5.16 46 13.4 1.70
2009 107 33 265 8.09 41 15.2 1.78
2010 125 34 274 8.06 28 24.8 1.07
2011 146 58 265 4.59 42 18.0 1.47
2012 132 50 228 4.54 38 20.0 1.32
2013 133 48 289 6.00 38 19.4 1.31
2014 123 52 226 4.31 28 29.6 0.88
2015 152 59 299 5.11 26 32.3 0.79
2016 184 74 313 4.23 31 26.4 1.00
2017 168 81 315 3.90 26 32.1 0.81
2018 207 94 380 4.02 56 8.3 2.40
2019 95 51 121 2.36 46 13.9 1.69
2020 82 33 142 4.32 29 27.9 0.94
2021 148 35 405 11.71 36 16.5 1.58
2022 160 50 338 6.77 44 16.6 1.40
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B 20231 2024 20251 2026 2027 2028] 2029] 2030| 2031 2032 2033 2040| 2050
1.00 0 0 0 3 8 15 23 30 35 39 41 47 48
0.95 0 0 1 4 12 22 32 41 47 51 54 58 59
0.90 0 0 1 5 16 30 43 53 60 63 66 69 69
0.80 0 0 1 9 28 50 66 76 82 84 86 87 87
0.70 0 0 2 15 4 70 85 92 95 96 96 97 97
0.60 0 0 2 24 62 86 95 98 99 9 99 100 100
0.50 0 0 3 35 77 95 9 100 100 100 100 100 100
0.40 0 0 4 47 89 99 100 100 100 100 100 100 100
0.30 0 0 6 61 95 100 100 100 100 100 100 100 100
0.20 0 0 8 73 99 100 100 100 100 100 100 100 100
0.10 0 0 11 84 100 100 100 100 100 100 100 100 100
0.00 0 0 15 91 100 100 100 100 100 100 100 100 100

F2022 0 0 0 0 0 0 0 0 0 0 0 0 0
b) PRAVEHEMEEZ EF DR (%)

B 2023 2024 20251 2026 2027 2028] 2029] 2030| 2031 2032 2033 2040] 2050
1.00 100 31 70 84 91 94 96 98 98 99 99 100 100
0.95 100 31 74 88 94 97 98 99 99 100 100 100 100
0.90 100 31 77 92 96 98 99 100 100 100 100 100 100
0.80 100 31 84 96 99 100 100 100 100 100 100 100 100
0.70 100 31 90 98 100 100 100 100 100 100 100 100 100
0.60 100 31 93 99 100 100 100 100 100 100 100 100 100
0.50 100 31 96 100 100 100 100 100 100 100 100 100 100
0.40 100 31 98 100 100 100 100 100 100 100 100 100 100
0.30 100 31 99 100 100 100 100 100 100 100 100 100 100
0.20 100 31 99 100 100 100 100 100 100 100 100 100 100
0.10 100 31 100 100 100 100 100 100 100 100 100 100 100
0.00 100 31 100 100 100 100 100 100 100 100 100 100 100

F2022 100 31 20 14 10 7 5 4 3 2 2 0 0

B & 0~1.0 TEELIELGEORRTHOMEL T, 2023 FOJRMEEIIBUR OREE

(F2022) M5 TFHIEILD 60 F Rk L, 2024 S EHHANC X 208 E L=, b
DT HBUR OJMEIE (F2022, B=1.56 I\ZFHY) CTiEL T -HE OER bR LTz, KT
TR BN X 2 ERH D 10 £ H & b HIEFEOMHEZ T,
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* 5-2. FRROBAES L ONAE RO EOHER

a) BB VFEOHER (T )

B 2023 2024 20251 2026 2027 2028] 2029] 2030| 2031 2032 2033 2040] 2050
1.00 56 48 58 67 76 84 91 96 100 103 105 109 109
0.95 56 48 59 70 80 90 98 104 108 110 112 115 115
0.90 56 48 61 73 85 96 105 111 115 118 119 121 121
0.80 56 48 63 79 95 110 120 127 131 133 133 134 135
0.70 56 48 66 86 107 124 136 143 147 148 149 149 150
0.60 56 48 69 94 119 140 154 161 165 166 167 167 168
0.50 56 48 72 102 133 158 173 181 185 187 188 189 190
0.40 56 48 75 111 148 177 195 205 210 213 214 215 216
0.30 56 48 78 120 164 199 221 233 240 244 246 248 249
0.20 56 48 82 131 182 224 251 267 277 282 285 290 291
0.10 56 48 85 142 202 253 287 308 322 330 336 344 345
0.00 56 48 89 154 224 286 3291 359 378 391 400

F2022 56 48 43 39 34 31 27 24 22 19 17 8 2

b) fEEDFHEOHER (T )

B 2023 2024 20251 2026 2027 2028] 2029] 2030| 2031 2032 2033 2040] 2050
1.00 60 35 44 51 57 62 66 69 72 73 74 71 77
0.95 60 33 44 51 58 63 68 71 73 74 75 76 77
0.90 60 32 43 51 58 64 68 71 73 74 75 76 76
0.80 60 29 41 50 58 64 68 71 73 73 74 74 74
0.70 60 26 38 48 56 63 67 69 70 71 71 71 71
0.60 60 23 35 45 54 60 64 66 67 67 68 68 68
0.50 60 19 31 41 49 56 59 61 62 63 63 63 63
0.40 60 16 26 35 44 50 53 55 56 57 57 57 57
0.30 60 12 21 29 36 42 45 47 48 48 49 49 49
0.20 60 8 15 21 27 31 34 36 37 37 38 38 38
0.10 60 4 8 11 15 18 19 21 21 22 22 22 23
0.00 60 0 0 0 0 0 0 0 0 0 0 0 0

F2022 60 52 47 42 37 33 30 27 24 21 19 8

B & 0~1.0 TEELIELGEORRTHOMEL T, 2023 FOJRMEEIIBUR OREE

(F2022) M5 TFHIEILD 60 F Rk L, 2024 S EHHANC X 208 E L=, b
DT HBUR OJMEIE (F2022, B=1.56 I\ZFHY) CTiEL T -HE OER bR LTz, KT
TR BN X 2 ERH D 10 £ H & b HIEFEOMHEZ T,
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WRER2 HEAE

(1) BWRFHEFGE

2022 - E TOFERERRE R L B ERIEEE AW T, Fa—=7 VPA (25—
NMIEHT) 1 & 0 AERBIERIE IR A HEE Lz, I~ O BARDOfEREL, KPR E X
RS E EL DR LN I~ N R, (R - B ERICRB T
D KA E X ERELS OWEFEIEIC X2 S RO SITERERIFR Z LICED - I~
PREIEEFECCEB UREELINE L (iE 1), mEORBERT, 2007 4ELLRTIZD
W, SIFEHRERO S LA~ A RN 055G %, @EAKEN THRE LA RO KH
TE XM IRE LT I~ P SOEIS LA & Lz, 2008 FLUEIC DWW CIE, #E O
BEN~V N« A ARENENICONTRARIND X)o7z, EO T~
R Z o, 72720 2009 2OV T, #EEO T~ P3O EEOEN I E < |
EDAGHEDMRNZ &35 2007 4ELLRT & [Al— D FETHEI Uiz, 2018 42 I~/ Dif
BEEOMENEN- T2, AXFRIZ2EEL CHRESNEE Lz, PEOBEERIC OV T
IZEE L TR,

FEERBIAER RS R EOT ., TN EEERICIS T D A0 BRI R X OV IR TR S
T oSO R L IREY ORERD OHEE Lo Flmn] AR ER L S L IR T L
(fiTE 2) 0 1992~2021 4 (1 A~12 HZ 1 L9 5) 1T, 15O 4HmB A Bl 25
AARLREEORBEEDOGFHE T X MIX Lz, 2022 1%, IR I I~ 0
WEAAITR Y DA DT 7o, wEE O S &I TN FEEHRICBI 2 A FhlifEEIC b
EDWTAR B A Bl REICOARHEL H & L,

2022 O IIEY) O HIEE R X R AR E, BIRFHEICH W REl A B X
O HRIE T AR I A MR 36 2-1 1R, EI 3HT 3 MLl B & F T, 2 2 THRET/HRE M X
HP - B o (HH 1960) 28V, w@EFliz 6 e LT 0.4 (M=2.5+fmF 6 ik =
0.4) EIRE LT, FHEIZIER 2Ny 7 — frasyr (ver2.2.0.3) &M L7,

FaBIETRRE O EIL, Ao (1) LR (X2) 12i3< arm— M
ZHWz, VPAERAIF1I A& L,

N = Na+l,y+1 eXp(Fa,y +M) (1)

a,y

L,
CLJ::}zy_:A[AGHJH(eXPGiJ-+A4)—1) )

2T, NIFEREE, CIlIifERE, alXFHm (0~3+i%). yIZFETH D, FOFEI
Al e FEE (1985) OREXREMF N, 7T AT NV—TDOEREZOFNTHONTIE, Fa
(2000; FEEF RIGE DT T AT NV—TPRNF) ITHE o 1o, £z, em st 3 2L b (3+)
L2 DB E ORI F IR — & Lz,

34,y Fz,y 3)
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RITHEY (2022 4F) 1281550, 1, 2MAOF %Y » ¥ VPA (Okamuraetal. 2017) O F
BICHSEHEE L, Uy Y VPAIXF DK &) ﬁﬁéu%@% 52 &L ST, F
DOHEEIZET DR L EMZBH ST L FIETH D, BERNICIE, ERERE[~OBEA
ERLEREL (AOXMEAEE-InL & LTER) & FOFHIEZZNENER ST LIZE
PBdE (K 4, 0<A<1) ZEHRL, ZhZH/METDHEIIC F 2HEE L (BHIEN
2019a),

2
el —A-)InL+ AZ Fyy? 4)
SHIED BEIMEE LT, BEEB DL Fa AT F 4 T AL T2 (K5 RO 5 L
ICRETE B,

Z BIR; _ BI

=p B'y 1 )
3+

Bly= Bay )
a=0

BOL FRANTT 4 TNAT A pld, HTOEFRFMOEMAFEY (2022 4F) FTOZ
NT =B NOHEINDIEHEDOB & BT — &% i Btk L L2 ORKEFE(Y -i )
? B OHEESE BR & OFHRHE (Mohn 1999) O FHMETH L, T— X ZMDHFEHPIXT L L
7= (FRIZH> 2020),

SRITE O B A OLREL L IVEEREFRE, AR 30 AEFERHE CHEE S 7z 075 & L7 (B
E2> 2019a), SEEOT =B LT, X520 &5 013083 EHEESNT (W&
BE 7). LasL. S4EEOGIRFMIZIVEERE ZH X 2018 FEOREE DM IC K X R R ikE
WRBHDHEZEZONLTED, VIEBAXRTT 4 TN T AT 5 HMEL L CILEY T
Ve B x| 2018 DI EMENE Z 2 LIRTNCHEE iz A Offi (0.75) &4 FEF
IR L, 7277 L. 2 OO0 L OEOM CEIRIMIFERICKE T o7 (2
EET), SHRDANDBESHTE LT, AN 0DHAE GBFEDOF 2—=27 VPA IZFY)
IZOWTH AP ZIT o772 (R EE 7).

EEX (KX7) ok (1) KA FE S W@iEEOFER] CPUE (JffE &8 471 3), &
FEREREOLEEAS LV (2) HIFHRICKBTT2HREEHEDO 0~17% & 2w E
CPUE (UKEGE/AWE AT 3) LA FMEGHOBREDEEBEME DT ¢ v NOES N E
Rl L=, WG BAOT — X 2R & LTV D, SBRBIRIE, itk SR
NBUEICUT < |, IR NE U & A5 2003~2022 4 & Uiz (M2 2-2), m/Mb &8
HADOKBEEZLLTO L 5 IZEFK L7 (Hashimoto et al. 2018),
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2
L= zz [ln Iy — (ba In Bzay +In qa)] B ln< 1 )
> 20'a \/Eo'a

a

@)
! ! ! 2
+zz[ln]g,y—(bglnt_y+lnqg)] —ln< 1 )
20’92 \/Ea’g
g v

ZIZT, Lyl Xy FIZB T 5 aO KPR E ZHd CPUE, oy Xy FIZBIT 2% g (0~1
. 2+m%) OHALE X8 CPUE, Buy Ty EICHBIT % aOERE, By Xy FITBIT 54
HRE g OBIRE, soy 1Ty FICBIT D a sl x4 2 PR F X OERBITHRERIE, qa.
bav Gav Qv b'e O ITHEE/NT A —F (¥ —IF )V F LRIFHEE) TH D, Fhnhl - 45
OEPEIL, Flphl] - FRI OGP LA ER] - TR ORIEY) EERE way 2 #T &b
TRD T,

B =N w (8)

a.y a,y - a,y

F72. Liye & Bay, Joy & By ODICIE, U TFTOREFEXNTRINDIBENH D Z & Z2UE
LTW5,

bﬂ
Ia’y =q, Ba’y 9)
1 bro—q
Joray = doos (Z sa,yBa,y> (10)
a=0
3+ bra+
]2+,y = q’2+ (2 Sa,yBa,y> (11)
a=2

722U, REFRFHICTIE b BLOIX 1 IZEE LTz, ERBLROET VTIE, fEND
HEIE CARBCOIBI R OHEE N HE Lo, P S OJRIEERIREER s,y (3R CHFEHET
FHELWEREL, PREXHOGERSHFIEMITIFFED 0~1 % & 2 M LOEJFREE K
Mg D FEHEAE & A 7p LTz, 2022 21T DFWRI D FIX, ZILZ 4 Fo,202 =0.86, Fi 2022 =
0.75. F2,2000 =F31,2002=0.27 L HEE ST, ZTOMDINT A—H[1T =021, q1=0.21, q=
0.16, q3=0.16, q'o.1=0.03, q2+=0.28. 60=0.40, 6;=0.48, 62=0.51, 63=0.58, c'0.; =0.69,
6'2+=0.39 TH o7,

P& OE 7 A2l FIE & A SR ftfa st (5F 5 )  (FRA-SA2023-ABCWGO02-
03) | 1o T, RRBEDFMIZ - VPA DHFEEH AR T 25 Mo E N2 %69 D A 12
WC2W Lz, FREMEOBLHNE & €7 L O TRIE E Of%k2EZRd (FRX 2-1, 2-2) , F
Ald &8 CPUE (X KH A & & CPUE ([CHE R THELEENKE S, EBELKRE Moz, I
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OHEEDOEXILY v ¥ VPA OFIHIEOZ R & 2018 FOMEREEORZM L EE L TV 5D
b,

THEMOL haART T 4 TRNTIZLY . T—Z OB - BHFBI{THONDHZ ETF O
REREHEMEICAEC D22 b 2B LTz, L e AT T 1 73147 Z (Mohn’s p; Mohn
1999) %, EIRE2Y-0.07, BAEIF-0.09, FIX026 TH-7= (LK 2-3) .

(2) FERTHHE

BONTEEREZ S & ITREE BBANIAE O fRk PRI 21T o 72, 2023 FELLREDO A& D
FRNTIE, SFCEEICBE SN EREETHICET 2RI taE SN FR Y
7~-X74y&@%%ﬁ(Fﬂwwab44%mxsmﬂm)ﬁ%%ménéﬁ%%wt
(BRIED> 2019), 7233, FHAEERBRD /8T A — 2 HEEICHHT 57— & 1%, Rk 30 (2018)
R OB PRAHAMIZ D < Bl AR & U i b A B3R/ MaxHEEEZ v Tn g
IMAROFKZZD H CAHBITZE L TV,

FERTRNC I 1T DRI 1, TS (2023) AREvfiEE B HIG KOV ABC BIED
72 DIAFER (FRA-SA2023-ABCWG02-01) | (28T 5 1A ZEROEHMHN K-S HE
HENDEE AWz, fFRPHEICHWZ T A — 2 TR 2-3 1TRT, BIRKOMEY
FEIREEOMITIX, SF0 2 BB SN ERE B EHIET 2 RFRICB W TA
SN ARG AEEOHEEICHWEL S S HW e, 2O IXHAERREFR L <,
Wk 30 AR OB PHFHIICESETH V|, B XL ONEEY R EIL Z OFHMIICE
1% 2015~2017 DO EHMETH 5, 2023 FOWFEE (F2023) 1%, BIESEHEREZED
R T A= NEHEEEZEH LR ERISM LD FC. SFEEFFMICET S
F2022 (2022 4ED F) & EUT 3 4E[ (2020~2022 4E) DA E % AV 7-2%SPR (16.6) %
525 FfEE LT,

EWREO THNZIL, 28— MEdroRiEE K 12~14) 2wz, ERKIE, EXT
ROT-EREE L BWE T VA PORESND FEEZ D LI (14) RiTL D RDT-,

Na+l,y+l = Na,y exp(_Fa,y _M) (12)

N3+,y+1 = N3+,y eXp(_F;‘F,y - M) + Nz,y exp(_Fz,y - M) (13)
Foy

Ca,y :Na,y F M(l_exp(_Ez,y _M)) (14)

ME L I P B REORBERIL, LTFTOXIICHEM L, K8l @ik
DIIERZONTIE~ I RN TP ROLRPNEE SN D20, TS B AW ClffE
SN~ OEERE G L, ZHUCERE~ ﬁm%wﬁ% S PERR
(EA)@ﬁ@@i%%%%M%@@%@% LI~ PR ENE L, Z Ok
BiX, S~ "N ITEAERICEDIEEEMNRISICED (FBIREE 80%, fEAR - £
%%ﬂm\%%'ﬁﬂkﬂm\MDNﬁﬁ%d%\EM%H%M@\%H%®éﬁﬁﬁ%
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BISRC TR L, Z2d, 2017 FLRORE IR BT O S~ Y 381513, E2HE (R,
AAR) 1B 5P E SO~V T KGFRICESERIE L,

M 2. FlRRAE R R AOE, EEERERE T IX RN T O X D ITHEE LT, TUIN
FEBEIKGT SN D RPRE S EREOTHREMIZ OV TIL, HIZ LITEDTZAFMmDOA
0% (17 18kg 72V DRED Mz Hvy, A0 B & & 4 sl A BITaeE 25 2 HE
ELT, L, u—Y 78U T O/ (0~17%) [CoW T, BELE 1 RYEZY
DRE LR E) OB R ZHEE L, EIohRREE (IR E Sl LOEEHM)
DIFEMNZONTIT, AZLICED A FmOKEHFEL AT, ERTOERERET —
2 (2022 FOMPE RN 7,175 ) & A BT ED & F i A BT E B ECE RN HEE
L7z,

MHYE 3. YR - BANE CHERIET S KPR E X R EOFERY SR BRI, SR
T2 1~5 AL 8~12 AT NERG L LIZBEHEIZONT, FERICH ST 28
O—HEM 0 s (CPUE) & LTULTFO L ITRDTZ, 22T, SBHEOEM~DIED 4y
FIE, 7T~12 AOGENZ 0%, 1~6 HDGENE 7~12 H O/NMERE 1%, 1~6 H D/)
A & T~12 H ORI Z 2 5%, 1~6 H OHER & R TOREMNE 3+ak & Lz, 72k,
2017 ARPEEEGEM L V. K VAN CPUE 2 HET 572012, B - B ARMEE I
2T, BARMEIETEHORET — 2 2 L TW5 (BEIFH2019), 3. BRI - B0k
RS EICESE, I~ O ENSARORIIBERD 10%5 0 K& W EREZ 4
L. BRI -8B - B o CPUE 235 L7, KRIC, K4ERICE T 5 CPUE OFHTFY)
Z R M IETREEFREEE & Lz, 10% & W D IR Z2 K5 9 DI IR s AR O B
BIOW D IR Z DT, 70X L OBET — X 2RV iAHR, HONIIRELE
PRI R DBEDORERNT D E VD FHBKMIN TN D,

PRl s oo PR & X i E O BIREIEIEMIL, 1~12 HO— ABEY -0 O I~ 59Kk
HEELTRD, PR30 FEEPFFME Y, SN REOBMRE Y, T, /Nl %Z 0~
Lak, B (F/hEETe) . KEMZ 2oL EORRIE & 272 LT,

5| A3k

Hashimoto, M., H. Okamura, M. Ichinokawa, K. Hiramatsu and T. Yamakawa (2018) Impacts of the
nonlinear relationship between abundance and its index in a tuned virtual population analysis.
Fish. Sci. 84, 335-347.

MR E A - BT - B BEER (2020) AFIOT (2019) AR I oS HEREE
D E A
http://www.fra.affrc.go.jp/shigen_hyoka/SCmeeting/2019-1/detail_goma ec 2.pdf
(last accessed 11 November 2021).

BHEAT KB - ZH - R 32 - MHE RS - fEx THR - BEFEE 2019) F
Fk 30 (2018) 4L~ Y/ Suf R TRAE O G IR, “Vhk 30 45 B3R5 [E &0 K sk oD I3
EIRRHN (RFERSREERE RN - TAC ff) 55 1 oM, /KPETFHEEHEESS - ENLAFSE
BRI NIKERFSE - ZUE 1S, pp. 209-247.
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AR —EZ (2000) VPA. Fp% 12 48 2B IR AT (A ) e N7 HE 6 T S s 3 — IR A 2Rk —,
104-127.

ARNESE « FH E (1985) 2d— MEITIZH W S B G OMEE & € ORI DR
7 75 /K AR, 19, 111-120.

Mohn, R. (1999) The retrospective problem in sequential population analysis: an investigation using
cod fishery and simulated data. ICES J. Mar. Sci., 56, 473-488.

Okamura, H., Y. Yamashita and M. Ichinokawa (2017) Ridge virtual population analysis to reduce
the instability of fishing mortalities in the terminal year. ICES J. Mar. Sci., 74, 2424-2436.
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APEE0R% RPES1RR RPFEE25%
1.5 1
1.0 °
054° . °. * o, .
| L ‘ ° % o0, U ¢ ® o ®
0.0t = S —
o o g oo ° e%e °
-0.5 1 (] - e o = [ L °
o
—_ L
= -1.0- o
i (sigma=0.4, rho=0.14] | | [sigma=0.48, rho=0.39] | | [sigma=0.51, rho=0.2 |
- -1.5
)
& KR EE3+R RES0-17% REE2+
X 15 =
8 1.04° . ®e
4 ® e |® (] °®
05 ® oo : e ® °’ o o
0.0 -—0‘. - = = ‘. e = ..-.
° . ° °
-0.54 ® ® ® ® P
° L ] o o
1.0 - S
(sigma=0.58, rho=0.25] | | sigma=0.69, rho=-0.25] | | [sigma=0.39, rho=0.66"
'15 T T T T T T T T T T T T
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
Year
MR 2-1. FEEHMEOBLRAIE & 7 NV OWIFHED L2 R kAT v v R

Abundance index

X 2-2.

AR EEOR

AREE®

APEE2%

2005 2010 2015 2020

2005 2010 2015 2020

2005 2010 2015 2020

KPFE3+i%

FRFE0-17%

REE2+5%

2005 2010 2015 2020

2005 2010 2015 2020
Year

2005 2010 2015 2020

FEEEOBIIME GLR) =T AOTRIE (5EH)
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-e- 2015 —+- 2017 -o- 2019 -=- 2021

-&. 2016 -x
— biomass
](
200000 1 N
1500001 474 £
100000 %" * hbg/
50000
0l rho=-0.07
g
© Recruitment
= 1
400 4 xf-'é‘ ¥
B : J/
LA . 7
200 4 A ’nf
|
04 rho=-0.03

2014 2016 2018 2020 2022

e 2-3.

2018 -w- 2020 -%- 2022

age

FRA-SA2024-AC008

- () = 2 - NA

- | =+ 3

fish_number fishing_mortality
1.5+
.3
400 X ] oy LR
- / 1.09 ..~
i of 3 =t s 7 e }
“ ;%I% K| 0.5{a. a7
04 rho=-0.04 | 0.04 . : . . .
2014 2016 2018 2020 2022
00000 1
75000 1
500004 %=~
25000 1
04 rho=-0.09

2014 2016 2018 2020 2022

Year

TEMOL a2 7 5 ¢ T Bk GFE&E, bk SEER. ALk
WERE. T AR, T BAaR)

R 2-1. FREXE &R E, AEIEG, BRIETIHRE
A i 0 1 2 3+

& X% (cm) 26.2 28.7 34.4 36.8

R (g) 251 330 578 714
FiCAEIA 0 0.60 0.85 1

FETAREL 0.4 0.4 0.4 0.4
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MR 2-2. FlpE TR E

fREEME k2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

R &
0 % 1 2361 2293 1742 2127 1549 1693 19.01 12.16 11.83 13.81
1 % 2 851 756 12.64 12.60 1222 691 1037 1050 7.01 9.36
2 ik 3 311 305 499 318 406 234 447 154 355 380
3mll 4 462 193 151 215 236 1.09 225 135 188 191

RRIRE % &
O~1x 5 429 187 1771 517 137 6.11 095 928 6.08 243
2l E 6 742 6.03 583 1894 10.78 9.17 1043 599 14.94 11.67

B k2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

KP &
0 % 1 1491 16.87 9.25 1848 1049 1272 6.78 13.06 14.06 6.29
1% 2 737 505 553 779 493 7.60 7.68 459 292 639
2 7% 3270 239 369 199 293 172 332 157 236 2.60
3mll 4 1.06 3.08 261 195 176 171 171 187 086 1.85

Ml rf & &
0O~1m 5 160 1.10 348 261 410 395 130 0.62 296 341
2mkbA 60 927 923 13.66 691 7.65 1020 741 597 6.02 3.53

MR 2-3. FERTRFHEICHWZRNT X —X

g SR Fmey o P02 CPREE s e s
(E1) (7 2) (7 3) (2)
0wk 0.76 0.36 0.56 238 0.4 0.00
1% 1.00 0.47 0.73 354 0.4 0.60
2 ik 1.41 0.66 1.04 542 0.4 0.85
3 LA b 1.41 0.66 1.04 709 0.4 1.00

1 Ak 31 AEEEMFTEREBI 36 C MSY 2 EBLT 2 KEOHEE OB L 72 iER (F
b bB ., Rk 30 G RFEAN T Feurrent O EEHR)

T2 Rk 31 A EAFTCAR B % CHEE STz Fmsy (F72b 6, ik 30 4 EIRFEAL TO
Fcurrent (Z Fmsy/Fcurrent % #HF 728 D),

3 EREOBRIED T T, A EOGEIHEFAMN CTHEE S 417z 2022 EOFEERI O F & [F Ui
JE% 52 % FE%%SPR #5 L CHH L7z, 20 F EiE 2023 4Ol B o E 2l
ML,
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HREM3 BENTA—FLFFEFHROBE

e 3-1. HAEMRKDONT X —%

FAEPERIFR bk H . fHES a b S.D. p
R lr— e AT o 7B | /N HEE pii3 0.00493 | 8.49¢+04 | 0.33 -

a & b IIHFAEERBRKOHEE T A —42 | SDITMAERDFEHERA, pldH CHBERET
b5,

MRS 322, EELUEE - MSY

HH fiEl B
H S B VEAE, e KRB PE B MSY 2B 28 A&
SBtarget 109 Tk (SBmsv)
msy
o RS BRELVE(E, MSY @ 60%D &N SN 58 A&
SBlimit 51 Fhv
(SB0.6msy)
i KHE, MSY @D 10%D IS8 B3SO A &
SBban 8 Thv
(SBO.1msy)
. e KFee AL PE B MSY & FEHL9- i f8 £ (SR H F)
ms
Y (0 77%, 1 3%, 2 5%, 3 LA F)=(0.36, 0.47, 0.66, 0.66)
%SPR (Fmsy) 26% Fmsy (2554 %5%SPR

MSY 76 Thy | EKFRpEAEPE & MSY
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THH 1
SB2022 50 Thv 2022 FEDOH
2022 2022 FEDIEEE (BEREF) (0 5%, 1%, 2 5%, 3 Ll F)
=(0.86, 0.75, 0.27, 0.27)
U2022 44%, 2022 FEDREERL
%SPR (F2022) 17% 2022 f£D%SPR
%SPR (F2022) 17% HUR (2022 5) O fE 1 12k 5%SPR
EHILHEE LD
SB2022/ SBmsy 0.46 NP AEE BA BT o8 A E (H RS B L UE
(SBtarget) ' ) 1245 2022 AE DB EDH
B KEffe A= e B2 FEHL DI 126035 2022 4F
F2022/ Fmsy 1.40 T
DD E*
B EOKUE MSY % FE 35K UL TS
M DK YE MSY % FEE 35Kk UL EFD
B EOE)H A

* 2022 FEDOERFK D FC Fmsy DI EE % 525 F #%SPR a5 L CHEH LK I-LE=R,
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2024 D 2024 FE OB o & BLIR O E T 2024 £
ABC g RS PO Y TIEEN L (%)
(Fho) (Fro) (F/F2022) e
=

- ABC OFEEIZIX, AFn 2 45 2 AICBRBESn - EIREHE G #HCB T 2METS [IC TR £E
DOV, B2 5 AICBESNTZUKEBUR RS | 2R CTEO LN RES T IVATO
TS BRELRIZ e,

BIEIIWT R B BEFEOMHETH D,

- ABC [T H AR & i [E % & bE - ff,

- 2024 AT ABC 1X 34 ThoTHDH (aMNIT 7 H~%4E6 AH).,

5 3-5.

B2 % B & TRk T RS R

ZRBL T D ANHERME A&

2030 45 219 2030 FIZHAENLL T O
0
(Fh) (Fh) SBtarget SBlimit SBban

HEEHBAICHER TS B

$=0.95 104 62 — 147 41 99 100
LFRRE D B A ER LIS A

B=1.0 96 56 - 139 30 98 100

=0.9 111 69 — 155 53 100 100

B=0.8 127 87 -172 76 100 100

B=0 359 278 — 455 100 100 100
F2022 24 10— 48 0 4 99
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S APNQAYE N -EX 3P 1N+

BAENEHEMEEL 50%L EOMERT ERIH4E

SBtarget SBlimit SBban
S FHRICEATS B
p=0. 95 2032 4 2025 4 2023 4
FREERD BEMEHLZEA
B=1.0 2051 ALK 2025 4 2023 4
B=0.9 2030 4 2025 4 2023 4
p=0.8 2028 4 2025 4 2023 4
p=0 2026 4 2025 4 2023 4
F2022 2051 AE LI 2050 4F LI 2023 4
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MR F 3-6. JfME T T U A TS D R T O AR il FE AN

FimplRER L (FE) *

AR NAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

0 7% 0.86| 0.56| 030 033| 034| 034 034| 034| 034 | 034 | 0.34

1 % 0.75| 0.73| 040 | 043 | 044 | 044 | 045| 045| 045| 045| 045

2% 027| 1.04| 056 | 061 | 0.62| 063 | 063 | 0.63| 0.63| 0.63| 0.63

3mcLA Ll | 027 1.04| 056 | 0.61| 0.62| 0.63| 0.63| 0.63| 0.63| 0.63| 0.63
1) 0.54| 084 | 046 050 051 | 051 051 051 051 051 0.51

Flmp g ER (B0R) *

FEERNAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 % 338 | 274 239 292 330| 360 | 382 394 | 402 | 409 | 411

1 % 179 96| 105| 118| 140 | 158| 172 182| 188| 192| 195

2 % 17 57 31 47 51 60 68 74 78 81 82

3 b 9 13 17 18 23 27 31 35 39 42 44
7t 543 | 440 | 392| 475| 544| 604 | 652| 686| 708 | 723 | 732

Fhp T ERE (T hy) ™

FEERNAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 % 85 65 57 70 79 86 91 94 96 98 98

1 % 59 34 37 42 50 56 61 65 67 68 69

2 % 10 31 17 25 28 33 37 40 42 44 45

3 b 6 9 12 13 17 19 22 25 28 30 31
# 160 | 139 | 123 | 149 173 | 193 | 211 | 224| 233 | 239| 243

Fmp PSR (R *

FERRNAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 7% 165 99 52 69 79 86 92 95 97 98 99

1 7% 80 42 29 35 42 47 52 55 57 58 59

2 % 3 31 11 18 20 24 27 29 31 32 32
3wl b 2 7 6 7 9 10 12 14 15 16 17
&t 251 179 98 | 128 | 150 | 167 | 182| 192| 199 | 204 | 207

*10,000 [F] D 0 3K UFHE 21T - 7= i,
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M3 3-7. BUROMWHEIE (F2022) (1Zxf i 25 k30 10 00 45 fin B FE AT )

iR EfR S (F i) *

FEENAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 % 0.86| 0.56| 0.56| 0.56| 0.56| 0.56| 0.56| 0.56| 0.56| 0.56| 0.56
1 % 0.75| 0.73| 0.73| 0.73| 0.73| 0.73| 0.73| 0.73| 0.73| 0.73| 0.73
2 % 027 | 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04

3Ll | 027 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04| 1.04
) 054 | 0.84| 084 | 0.84| 0.84| 0.84| 0.84| 0.84| 0.84| 0.84| 0.84

FEp FEEREER (AR *

FEERNAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 7% 338 | 274 | 239| 213 | 189| 169 | 151| 135| 120 108 95
1 7% 179 96| 105 92 82 73 65 58 52 46 41
2 i 17 57 31 34 29 26 23 21 19 17 15
3 LAk 9 13 17 11 11 10 9 8 7 6 5
&t 543 | 440 | 392| 350 | 311 | 277 | 248 | 221| 197| 176 | 157

Flmp g E (T hy) ™

FEERNAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 7% 85 65 57 51 45 40 36 32 29 26 23
1 7% 59 34 37 32 29 26 23 21 18 16 15
2 % 10 31 17 18 16 14 13 11 10

3 LAk 6 9 12 8 8 7 6 5 5 4 4
&t 160 | 139 | 123 | 110 98 87 78 69 62 55 49

FEpEARERE (AR ¢

AR NAE | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
0 % 165 99 86 77 68 61 54 48 43 39 34
1 % 80 42 46 40 36 32 28 25 23 20 18
2 % 3 31 17 19 16 14 13 11 10 9 8
3l b 2 7 9 6 6 5 5 4 4 3 3
# 251 179 158 | 142| 126| 112| 100 90 80 71 63

*10,000 [E O V) K U 21T - 72 EHE,
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HEEN 4 FERFAEORER

(1) BF 8~9 HA) TIUINVE & S I T1T - 7o o i TRt ek &2
WA ENE ) DO/ NEHFRBEELU FIOR UL, AT =2 iF~=¥A
LA ARORBID WD, TXTHE] & LR LT, BifE, FROBUFEHREEEIZ OV
THRAZIT> T 5,

G 1997 1998 1999 2000 2001 2002 2003 2004 2005
S 0.2 2.2 1.6 0.9 0.3 0.3 0.05 1.0 2.7
e 2006 2007 2008 2009 2010 2011 2012 2013 2014
3% 1.7 0.9 8.3 0.8 0.4 0.8 7.8 1.6 1.7
i 2015 2016 2017 2018 2019 2020 2021 2022
Y Ee 1.3 2.3 4.8 4.6 39.8  144.0 32.6 16.1

(2) 5~6 AIZH v MglEiiad 5 CIT - 7&K b a— L& W7 E IR E B e A T
AHEBEERE CEy i) ) »oEonz 0t TR ET2BIGFEEHEMN (Fv) 2L
TR L GRAEVEHREE A 138 T km?, ERHEL 1 L L), ok, AfAIEKAEE
XL LTEY, I~ ANOSMKEEZMGEL TR, AHEEMITSEEE LT
D o7,

& 2000 2001 2002 2003 2004 2005 2006 2007
TP 31,300 67,230 6,417 4,515 873 501 11,063 251
& 2008 2009 2010 2011 2012 2013 2014 2015
TP 3,694 78 327 11,479 11,813 141 604 9,065
G2 2016 2017 2018 2019 2020 2021 2022 2023
TN 18,568 10,165 13,632 369  ARZE &5 14,573 304*

#2023 4E 12U C IR E AR,

(3) 2000 “ENLSFHMARRE = —ZX F o2y NEHAWETHHIMAERE] %2 2~6
A DR FEE X OIUMNIRRER T1T> T\ 5, FERIIAM 5 EE~ 7 DXHERTEREED
BRI RS E4 R EE 4 (KHIED 2023) 2B I720,

5| FACH#ER

KHEER - fex THAL - SEFRG - e A - BREEAT - BRI (2023) 5F0 5(2023) 4
JE~ 7 Ut BRI R RE O EIRAEA. F0 5 (2023) 4 FE TR AN E A0 sk I8k o I S IR A
(R R BRI IREEAT) (DRI
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WREMS Rh— FMEEROFM (1992~2022 £F)

I~ HmIEgRE (B0 R) BEERE (T )
0 1 2 3+ 0 1 2 3+
1992 27 57 12 3 8 21 6 2
1993 82 34 29 11 24 12 14 8
1994 56 112 14 4 12 41 7 2
1995 80 65 39 3 15 24 18 2
1996 48 69 13 5 13 25 6 4
1997 110 48 21 12 29 18 11 9
1998 100 98 23 10 24 36 12 7
1999 169 170 18 12 42 51 9 8
2000 48 94 30 10 13 32 14 7
2001 120 40 16 15 34 14 8 11
2002 66 55 13 4 20 20 6 3
2003 67 42 20 5 19 16 10 4
2004 77 14 7 8 23 5 4 5
2005 167 90 17 6 46 33 9 4
2006 114 32 26 7 34 12 14 5
2007 67 60 12 14 18 21 6 9
2008 93 29 10 6 23 10 6 5
2009 75 31 16 6 18 12 9 5
2010 57 42 5 3 16 14 3 3
2011 93 58 25 3 22 24 13 2
2012 71 42 22 6 20 15 11 4
2013 105 43 12 6 25 15 7 4
2014 50 30 12 8 12 11 7 6
2015 61 25 20 7 15 9 11 5
2016 &8 53 17 8 24 19 9 5
2017 68 38 18 10 13 13 10 7
2018 197 101 35 21 44 37 20 17
2019 45 59 11 9 10 20 6 7
2020 31 15 8 7 9 6 4 5
2021 115 39 9 7 29 14 5 5
2022 165 80 3 2 41 26 2 1
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HEEMS (E) aR— METHROFHM (1992~2022 £)

LRI PR HE(R)
N
0 1 2 3+ 0 1 2 3+
1992 0.25 0.77 0.60 0.60 296 373 462 692
1993 0.24 0.76 1.80 1.80 287 357 474 703
1994 0.28 0.81 1.17 1.17 219 365 487 659
1995 0.36 0.78 1.03 1.03 188 374 454 687
1996 0.25 0.77 0.44 0.44 270 361 474 641
1997 0.41 0.53 0.75 0.75 262 370 505 731
1998 0.25 1.09 0.70 0.70 238 365 508 667
1999 0.65 1.16 0.76 0.76 247 298 489 655
2000 0.35 1.38 0.85 0.85 280 343 487 700
2001 0.54 0.71 1.36 1.36 285 362 519 729
2002 0.53 0.66 0.75 0.75 299 360 475 690
2003 0.53 1.04 0.69 0.69 284 388 508 721
2004 0.27 0.26 0.64 0.64 295 362 520 693
2005 1.03 0.76 0.70 0.70 274 366 505 710
2006 0.64 0.72 0.69 0.69 296 367 524 685
2007 0.54 1.16 0.91 0.91 276 345 534 672
2008 0.87 0.61 0.81 0.81 243 342 597 754
2009 0.42 1.19 1.22 1.22 240 376 567 749
2010 0.29 0.56 0.77 0.77 272 327 581 755
2011 0.54 0.70 1.03 1.03 237 404 533 712
2012 0.46 0.66 0.84 0.84 280 347 519 688
2013 0.57 0.76 0.53 0.53 239 345 557 668
2014 0.31 0.39 0.65 0.65 233 359 560 701
2015 0.28 0.31 0.64 0.64 247 352 546 680
2016 0.41 0.54 0.47 0.47 270 356 539 709
2017 0.30 0.40 0.47 0.47 198 354 540 738
2018 0.94 1.37 1.05 1.05 222 363 571 772
2019 0.58 1.17 0.64 0.64 229 339 571 762
2020 0.30 0.52 0.59 0.59 284 360 564 744
2021 0.42 1.05 0.88 0.88 251 356 557 768
2022 0.86 0.75 0.27 0.27 251 330 578 714
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HEEMS (E) aR— METHROFHM (1992~2022 £)

I~ giREE (B5R) FaE (T ho)
0 1 2 3+ 0 1 2 3+
1992 145 126 32 8 43 47 15 6
1993 454 76 39 15 130 27 19 10
1994 279 238 24 6 61 87 12 4
1995 321 142 71 6 61 53 32 4
1996 266 151 43 18 72 54 21 12
1997 390 139 47 27 102 52 24 20
1998 553 173 55 23 132 63 28 15
1999 419 290 39 26 103 86 19 17
2000 195 146 61 20 55 50 30 14
2001 344 92 25 23 98 33 13 17
2002 192 135 30 8 57 49 14 6
2003 195 76 47 12 55 29 24 9
2004 390 77 18 20 115 28 9 14
2005 305 200 40 13 84 73 20 10
2006 287 73 62 18 85 27 33 12
2007 191 102 24 27 53 35 13 18
2008 188 74 21 14 46 25 13 10
2009 265 53 27 10 64 20 15 8
2010 274 117 11 7 75 38 6 6
2011 265 138 45 6 63 56 24 4
2012 228 104 46 12 64 36 24 8
2013 289 96 36 17 69 33 20 11
2014 226 110 30 21 53 39 17 15
2015 299 111 50 18 74 39 27 12
2016 313 151 54 24 84 54 29 17
2017 315 139 59 33 62 49 32 24
2018 380 156 63 39 84 57 36 30
2019 121 99 27 24 28 34 15 18
2020 142 45 20 18 40 16 12 13
2021 405 71 18 14 102 25 10 11
2022 338 179 17 9 85 59 10 6
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HREHNG6 FEZLDaR— FMENAIEZICKLIBPFREEDEN

W (7T A~%4F 6 H) RIEEZEHE T 57012, 2022 FLIFRITE R L i R
AR (0.54F) T &Rz, 2024 4FEEM (7~12 A) & 2025 R (1~6 H) o
BEAFHT DT, 2024 A (2024 7 H~2025F 6 H) OifEREHE LT,

M
N@fdﬂm@WF%Ew—Eﬂ 1)
M
Na+ll ,y+1 = Naz,y exp(_ha2 Ez,y - ?) (2)
M M
N3+1 b= sz,y GXp(_hzze,y —7) + N3+2,y eXp(—hth;ty —?) 3)
h F M
C =N, —**_—(l-expt-h F, ——))
a,y ap,y a” a,y 4
hF, M 2 (4)
CR 2
h F M
C =N, —2“_(l-exp-h F _——))
@,y @,y @ ay 5
hE, 2 ®

2T NIFERRBHK, CIxfERE FILMEE IR, MIZHERIECIREL, v 134,
a (TAT (1~6 A). a3 (7~12 H) . hJFEM D F 2 F4E55 D F ~53EI$ 5 F ikl
BLoy 2T 5, ha 1X 2020~2022 F-OAF B EE R O RTH - OB 3 & BLR Ot
HEIE (F2022) D b & TORR TR D 2033 4FEITH 1T DB HENIE T2 5 K 512k 7= (A -
HH 2018), JAERIIAT & BTN E N O ORI, FEE ORI
HEERELUTRDR, ok, PEREMNORBY) FEREITIT, BEREN & PR TEHEAEL
ToAER] (B4R M ENFE U272 b X O WHIE U722 v iz, $£72, 2023 4ER0H 5 2024
FERTHNC BT 2 FIXBUIR O T (F2022) Z0E L. 2024 471 (2024 F4 113 L1V 2025
FERTHD) O F %2024 il ORARICE ST FEEHEBNC IV RE Lz, FEOFTHIC
IMADBBHDEARELTZH, IMAZEENTZEL TR,

ASREETIE, B=0.95 & L7 BRANC RS TR SN D 2024 At oo 7 s &
Z ABC & L CT#rT % (flilg#k6-1),

5| A3k
M (PriE) B, BEET (2018) BEEG L RMIEEGICH L O BIRFHE O Hulg <
G ERE TR R R 2 0 & L C. KEEWFTERTZE, 82, 14-25.
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e 6-1. ABC & THIBfaE

2024 4D 2024 FEf OB B 5 BURO BRI 2024 ED
ABC g RS PO Y TIEEN L (%)
(Fho) (Fro) (F/F2022) e

TR

« ABC OREIZIE, &0 2 45 2 A ICBMES 7= TEIRAE BT $H B9 oMt I T £&
DOIL, A2 5 AICBBEINT DKEBURE#E S | 2R TEO LN g T4 TD
TS BRELRIZ e,

 BUEIIDTRLEEOETH D,

- ABC [T H AR & i [E % & bE 1o fH,

c AL B ZZ LW E R R THD,
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HRERT BRRAGIDFTVAICEDICERTEER

A AR JE DGR O AT FEMEZ T2 — oD kL LTV v ¥ VPA IZEIT 5 EHIH
DOEH N FHREER 2K 4) IZoWT, BRDRED FCEFEFHREEZITo72, fEEk2 T
P L7ME (A=0.75) (ZMZ T, BHFEEOT — X &flio> THEE L7 (0=0.83) ¥ X ONEH
DF 2—=27 VPA (A=0) & L7=HAIZOVWT, TRENERHE 21T - 72,

WHEDOF 2—=227 VPA (A\=0) ZIiTo7-%4 . 2022 0 0 A ORIEER D720 & <
720 | 2022 F OB EIIRAEEILEREZ TRIZ EHE SN W2 7-1, 7-2), £72.
A OAEIZ £ 0 1T 2021 FLABEOFHIRE R R 720 | A DEN/ NS WIZE, HEEI DA
B, BlE, BlfaEn e WEREITE o7 (R 7-1), 2T L oEs/hsn
FE, F ORE IS CEERIEOENT < 720 | TFRHHZ2 B ARO B EHEEEN X
D KMENT=Tmd LB LIS,

BREDOL ha AT T 0 734 T A1E, A=0.83 DAL 0 Th o772, A=0.75 DLHE
1% 7%, A=0 OHEIL 28% D/ Nl T o 72 (R 7-3) . A4 O G IRAEAMG X HEAREE 1T
fEx 2018 FOREOHRERICKE R AEEENH DL EEZONDHTZD, L R AT T
A TR T A dMlid 2L LTl CldnweExohb, £ T, SFEEFH T
1%, 2018 D ifME RN E 2 2 LLRT OB 30 LRI CHEE S 4v7z L OfE (0.75) %4
MLz, 72720, 220 A OMEOM T, BIFRFHMmAERICKE 22T o7z (X 7-2),

— 0 - 2 - NA id -e= no_ridge -#- ridge_075 —+- ridge_083
age

- 1 3
biomass fish_number fishing_mortality
250000
4e+06 1
200000 1
400 -
1500001 BEHley
100000 1 2e+06 1
200 A N
50000 - | 1e+06
0 0 ~ | 0e+00 4

. 2017 2018 2019 2020 2021 2022
Recruitment

value

75000
400+
50000
200+
25000 4
01 01
2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022

Year

MR 7-1. EIRFHMEFERoOE: (FLE  BRE, 7L EREHR. AL Rk £
T MAE, T BlAE)



_52-
FRA-SA2024-AC008

=
%2
2
L
w
A
s
2
1 . .r " l
i 2020 Vo : |
2015 |
| |
- I
oA . L . | .
0.00 0.25 0.50 0.75 1.00 125

FAS 0L (SB/SBmsy)

e 7-2. A7 oy b a=0.83
2=0.75 OFERIXIH 4-12,
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(1) 1=0.83
[y = 2015 ~+ 2017 -0: 2019 -a- 2021 - 0 = 2 = NA
| age
& 2016 -% 2018 -9 2020 -%- 2022 09 i wm
biomass fish_number fishing_mortality
X
/. 1.54
2e+05 1 o % - 400 -
f‘( v X 104
+ g z
1e+05 A 200 - =_
¥ 058
o 06+00- 01 oo{M=—=te)
2 E—— = 2014 2016 2018 2020 2022
= x
‘s 90000 4!
4001 P * K
&\ 7| 60000-
% -+ ﬁ ", "drh+ K‘E .%
00+ -
2 ¥4 30000 =
0- rho=0.03 04 rho=-0.01
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022
Year
2) A=0
- 2015 —- 2017 -0 2019 -m- 2021 - 0 - 2 - NA
age
& 2016 % 2018 -9- 2020 -%- 2022 9% g g
biomass fish_number fishing_mortality
250000 -
2000001 4e+06 1 i
i
150000 - 3e+06 ] . ,'
100000 2e+06 1 g i
% 1 I
50000 1e+06 ' ]
o] [tho=-028 | gesoo[ho=188737.03] |
(4] T T T T
2 — = 2014 2016 2018 2020 2022
=
'z
l A
el 75000 T
5000048~ F T
A X _*\ 'V\\
200155 EN NN - K-
$ 25000+ O
04 rho=-0.17 04 rho=-0.37
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022

Year

MR 7-3. L Ra AT T 4 T NAL T A (1) A=0.83, (2) A=0
A=0.75 Dk HRITH R H 2-3,
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HRER 8 BRFES & VIFRFADOHTE

WEAEJEZTAM & AR A4 Leile 4~ 5 & | 2021 SEO G IR &L EHEIE S -0, HAaslx
THEES N (HRX 8-1), 2022 1% 2 Ll EOWRENIR D Do 7ol 2021 4F
D1 AU EOBEREN T HFEESNZZLICLY, BREITHELEE o7, F7,
> T 2020 FEAEBEOMAREN FTHEIESNTZZ LI12X 0D, 2020 FEOEPFEIL T HELES
oo —H, 2022 L 1 A OIREN BIFTH D | 2021 FOMAEDN EHEEL o7,
E<IT 2021 FREFEOMARIL, FAEERBRRRICH &L S FEHMRMARLY 202720 R
L podz, RISV, 2021 FEOEPEEIT EHFEIES -,

AAEE OB PRHMIZEES < 2022 FOMAEL, FAEREBRAICE &S <HEFEEO T
ELY %L, BUBRMATHTE 2D (K 4-11), ZD72, 2022 FOEPEILME
FEEOTHEMEL Y 2 0v o7, L, 2022 FED M ERENMAEERE SN FERELY
Zinoiolodh, 2022 FFEORERI S ITMEFEO THE LY bEm o7,

2023 FOUSETZ 2022 FF L HE LW ERET H & 2023 FOIIEEIACUE L O LhIXE
FEEOTIEL Y bEWZ &5, 2024 FEFOZF R L OB ARIIEEZEOFRE LY b
KL 2otz (EF 8-1), TD7=h, 2024 FEDER (ABC) X FHEESNT,

2023 FEDOIEEE 2022 FFLFELWERET DL, AREINCIHEEEHBAOL & T
2030 4E |2 AR AL HEME 2 48 2 D TERIT 41% TH Y . 2032 £E1Z 50% %25 & FHlSh
Too BIRE PR EDRE SN ERORER THIRE R & b ~duiX, EIREE O IR T e & 1%
SAXRVONRBRTH D, SHOEWOBMICHERE LN s, HBHAEEICITILERD
%o
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— FHlE - FRTH -- BEE — BIEEIREEE — FhAkE — SHEEFFE  — 20215
- [RREEEMEE — MSYKE - 02258EFl - ARHEESE

INARHURE) s BESE (AbkY)
6 -
BEEHEARE
44 10 4
24 54 \' """""""""""
R EEEEME
0 T
30+
20
104
0 0
BERIE(%) SRER O H(F/Fmsy)
60 4
401
20+
051
0 0.0
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030

MR 8-1. INARK, Blfaf, EJE, R, RERHS. BEEOLORRT R R

(%5 @ PRk 30 AFEEEPRRHMIC 25D S AFZEREBI R TI. % © —RESE (2021 4F) EE

PEEEA, 5« WEAEEE (2022 4F) BIRGEAM, AR : SEEEEEIRREMN ; FERUTE RIS,
IR TR 2 %)
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MR 8-1. FHMIEEROEFOMA R, BlE, GRS L OETE
(1) A& (HHR)
R A A 2020 4 2021 4F 2022 4F 2023 4F 2024 4F
2019 246
2020 204 170
2021 181 195 244
2022 178 314 232 223
2023 142 405 338 274 239
(2) Bl (FHo)
FEA 2020 4 2021 4= 2022 4F 2023 4= 2024 4
2019 50
2020 41 35
2021 31 39 49
2022 34 41 47 45
2023 33 35 50 56 48
(3) &J&E (T hy)
A A A 2020 4F 2021 4F 2022 4F 2023 4F 2024 4
2019 126
2020 102 88
2021 92 101 125
2022 93 134 122 114
2023 82 148 160 139 123
(4) i JEE (F/Fmsy)
R A A 2020 4 2021 4F 2022 4F 2023 4F 2024 4F
2019 0.85
2020 1.34 0.68
2021 0.83 0.88 0.87
2022 0.85 1.46 1.49 0.80
2023 0.94 1.58 1.40 1.56 0.85

IR DT M4 ABC

fEd L ITEMEEZ., BREAOKEFIIEIFH COMEHEEZ ELEhRT,

FHREFOTRME S L IIMREMZ . 75 EOETHIRHEE O T ]






