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F3-1. KRRl O I~ o\jaER & KPR E LA O SERE D IR B =~ Y30
E (L)

JEE S RhEE ERE A R fEE fEFE o BR B & ORE fF A

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

[
w

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 77 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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* 3-2. AARLEEORMR LRI - AR THRET L2 RPAE SMFEEORES )

B
. s (T ) BIEE &
BN (T-#8)
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 35 6.222
2015 31 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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K41 =h— MEFHER

R Bas MIAE | BAEERDE| RS 0
%SPR F/IFmsy
& (TFh2) | (Fh2)| (1005 ) (B./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 52 226 431 28 29.6 0.88
2015 152 59 299 511 26 32.3 0.79
2016 184 74 313 4.23 31 26.4 1.00
2017 168 81 315 3.90 26 321 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 2023 2024 2025| 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 58 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 44 70 85 92 95 96 96 97 97
0.60 0 0 2 24 62 86 95 98 99 99 99 100 100
0.50 0 0 3 35 77 95 99| 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) [RAVEELAAEE 2 LM% S (%)

B 2023 2024 2025| 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 o9 100 100 100 100 100 100 100 100 100 100
0.20 100 31 U9 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 TERE LIGE ORRTFHIOF R -7, 2023 F O EIIBR O BEE

(F2022) 75 TFHIEND 60 T Rk L, 2024 4E S IEEFIRANC X gL L=, Lt
DT DB OET (F2022, B=1.56 I[ZHY) TiEE LT -HEOME L LT, KF
IR E AN X 2 E B 10 £ H L7225 BIEFOEA T,

-27 -



# 5-2.

PRk DB RIS L ORE & OFEIEOHER

a) BABEOVHHEOHER (T hY)
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B 2023 2024 2025| 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 89 154 224 286 329( 359 378 391 400 417 419
F2022 56 48 43 39 34 31 27 24 22 19 17 8 2

b) RO FMEOHER (T hr)

B 2023 2024 2025| 2026 2027( 2028| 2029| 2030| 2031 2032| 2033] 2040 2050
1.00 60 35 44 51 57 62 66 69 72 73 74 77 7
0.95 60 33 44 51 58 63 68 71 73 74 75 76 7
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 28 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 15 21 27 31 34 36 37 37 38 38 38
0.10 60 11 15 18 19 21 21 22 22 22 23
0.00 60 0 0 0 0 0 0 0 0
F2022 60 52 47 42 37 33 30 27 24 21 19

B & 0~1.0 TERE LIGE ORRTFHIOF R -7, 2023 F O EIIBR O BEE

(F2022) 7°6FHIEN5 60 T R & L, 2024 En SIS FHANC L AL Lz, b
DT DBUR O (F2022, B=1.56 I[ZHY) TiEE LT -HEOME L~ L2, KF
IR E AN X 2 E B 10 £ H L7225 BIEFOEA T,
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WREH 2 HEAE

(1) &EWEHE Ik

2022 FF TOF MR FREE R BIREEEEAHWT, Fa—=7 VPA (2 Hh—
NMEHT) (L0 FEERBENEIRER A HEE Lz, I~ OB RO SR T, KPRl x
MR SER S EN DR O I YN R, R - BIEATENGHE BRI
HRFHRF X EREDNOBRERBFICL2EN RO THEERICNFRIEICED -
<P NEE AR CEE L REREZINE Lz (W 1), SE ORISR, 2007 4ELIETIC
ONWTIE, IFERERD S LA~ A AR D EIAE &, @EKIEN THRELEZ BARDOK
W X IR NS LT S~ P ROEIS LR & LTz, 2008 FELAREIC DWW T, #EE O
RN~ N« AT ARNEZNTNICOWVTAREIND L) oT272, fE O I~ 4
N R A W, 72771 2009 HEIZHOWTIE, E#EO I~ Yoo EE O BRI
<V EOEEEMEMENZ L35 2007 FLART & [Fl— O HFE TR L 72, 2018 4F ¢ =2~
DOWIEEDMERFE -1, AXFEF 2 EEL TG S afliE Lz, FEOBERIZS
WTIEBRE LTV,

FEdRIAER RN, UM E IR 2 A0 BAEER S IO RIR CiE S -
T SO SR L RIEY O KRR ) DHEE LI EdR AR S SICEH L
(T 2), 1992~2021 4 (1 H~12 HZE 1 L9 5) 1T, SO 7-405 A Bk e R K %
AAR L EEOREROGFHE T I Lz, 2022 1%, bR TRES NI~ 0
REFMBICRY BDRAONT=720, WEOEER TN FEHRICBIT S A0 EKhlikEEIC
E DWW B H BEEREICOAELT 5 L LT,

2022 AEOIIEY) OFIRHIEL R X R &AERBEEAE . B EICA W lARAE A B X
O ERSE AR A G2 2-1 (R, il 3HT 3 bl LA £T, 2 2 THMRECHRE M I
HRN - BFoR (HF 1960) (280 &z 6 k& LT 0.4 (M=2.5~FK =T 6 7% =
0.4) LRE LT, FHHEICIZR Ny 7 — frasyr (ver2.2.0.3) ZfEH L7,
FERBIEIREEOFFIX, Ao K1) L HRA (K2) 1cio< ak— MEFT
AW, VPAESHIZ1T HE L7,

Na,y = Na+1,y+1 exp( Fa‘y +M) (1)
C Py N (exp(F. .+ M)-1)
ay — ' a+l,y+1 X a, + - (2)
y Fa’y + M y y

2T, NIFERBE, CITAERE. aldFH (0~3+s%) ., y ITHFTH D, F OFHEIT
A - B (1985) OREXZHE, 7T A7 N—TOERBEZDO T NTHOWTIE, FERn
(2000; FEEFRGE DT T AT N—TPRNI) Ao T, o e Flnt 3 m%lh | (3+)
L 2 DBAFEDOWBERELF (3[R — & L7z,

F.,=F, (3)
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KITAEY (2022 4F) 1281750, 1, 2D F %Y v VPA (Okamura et al. 2017) @
FIEICESESHELZ, Y vy P VPAIZF ORE KT HEHIEZRITHZ LI L - T,
F ODHEEIZBE T D RLEEEZ BRI T D FIETH D, BEMICIE, BIREREME ~0wE &
JEERLEREEL (AOMEEE-InL & LTER) & FOEEZZNENES T LT
HiRa%x (X4, 0<a<1) 2EEL., NE2H/METHEIICF 2HEE L (BBIEH,
2019a),

2
%/ —(1=DInL+21 ) Fy° 4)
SAEOEIMEIE A L. BEEBOL R AN T 4 TAL T2 (X5) R0 223 kL
INIFHKETE D,

P R
1 B,Yl_i _B’y_i

o= 5)
Ped By
3+
By = z Bay (6)
a=0

BDOL hRART T 4 TNAT A pld, BHOGHRFMOFMEY (2022 4F) £ TDT
NT—=ANOHESNDIEEDB & KT —F & i ENt L LIZGE ORKEY - i)
® B OHEFESE BR & OFEXHE (Mohn 1999) OYHMETH L, 7 —F ZMWMAHHFEHPILT & L
7= (BKIEA> 2020),

STHIE O B A OREL L ITVEFERERIRR, AL 30 AR CHEE S 72 0.75 & L7z (BB H
1E70> 2019a), SHEEOT—X LT, S50 &5 013083 LHEINT- (HEE
BE 7o LU, SFEOGEHRFAMIIVEFE I X 2018 4F O E OB RICK E 22 N FE
WRHDHEBEZONDTED, VEABAXRT T 4 T ANA T A BT 5 UL LTIy ¢
eV EE 2 2018 Foif BN Z 5 LIRNCHEE S L7 L OfE (0.75) % 4 BT
MCIEERA Lz, 72720, 2 20 A OEOR CEFRFHERE RICKE 2T o 12 (i
BEFT) . SBRDHNDEESHTE LT, A0 DA (@EDOF 2—=27 VPAIZHY)
WZOWTHERFMEIT 72 HHEEE 7).

EEE 7)) oXoic (1) KPAE SMEEOF R CPUE (&M 3) . &
ERRHIEIR R OLEMER S LY (2) HEEIc KT+ 2R E @D 0~1 5L 2 il I
CPUE (OKEE/ AWE M 3) LS FEREFAOEREDOEIMENE D7 4 v FOEA W%
R L=, TROLBAMOT =X ERk5E LTW5D, MR, inikrs C R
WBUEICHTL . IR MNE L & A28 5 2003~2022 4E & Lz (R 2-2), &/MEE
BHEADOMBLEZLTO X HI2EF LI- (Hashimoto et al. 2018),
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. z:z:[lnla,y—(balnBa,y+lnqa)]2 | < 1 )
—InL = —1In
L 20,2 \V2mao,
@)

+Z Z [ln]g_y - (b'g InB'y, +In q’g)]2 _ ln( 1 )
~ & Zo_,gZ \/ZTU’g

ZIZT, Ly Xy FIZBT D aDORPE E XM CPUE, Joy (X y BT 2FMHEE g (0~
17k, 2+m%) O E EZH CPUE, Bayldy FIZHBIT D aDERE, Bey Xy FlCBIT D
FhnE ¢ ODEIRE, sy 1Ty FITBIT D a Uk 2 A F X o 4l e R =R

Qav bav Gav q'en bley G ITHEE/ T A—H (¥ —IF )V F LFIHEE) TH D, FHnhl -
ERIOEPEEIL, FhB - R0 EIRBAFER] - TR O IEEY L RE way & BT A
b TR,

B.,=N_ w )

a,y a,y''ay

F72. Laye & Bay, Joy & Blay OENIZIE. LTFOREZFEXCTCRINLIBEHEHDZ &2 HE
LTb\éo

by
l.y =B, 9
1 bro—
]0—1,y = q,0—1 (2 Sa,yBa,y) (10)
a=0
3+ bray
]2+,y = q’2+ (Z Sa,yBa,y> (11
a=2

L, AGFFMM CIE b BX DI 1 ICHEE LTz, £RHROET LV TIE, BEND
TSE S ARECOTRINR O HEE N L 2D, PR SO (R R s,y 1T[F U EEEE T
FELWEEL, PRE XHEOEIRERITEMEIISEFED 0~1 & 2 Wl L& H &% K
ML~ 2 FEREAE & A7 LTz, 2022 4RI D4FEERI D F 1X. ZIVE4 Fo, 20020=0.86, F1 202 =
0.75. F2,2002=F3+,202=0.27 LHEE STz, TOMDNT A —H [T q =0.21, q1=0.21, q=
0.16. q3=0.16, q'0.1=0.03, q'2+=0.28, 60=0.40, 61=0.48, 62=0.51, 63=0.58, 6'0.1=0.69,
62+=0.39 TH -7,

FEIREEN O & 7 L2l FIA & GRS (55 4%) (FRA-SA2023-ABCWGO02-
03) | (Zht~ T, ARBEDOFARIZ V2 VPA OFEFH AR Y MESCAE (2 %3 2 i @k 2 o
W LT, FREEOBIIIE L 7 VO FHE E O EZRT (HRK 2-1, 2-2) , H
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A F X CPUE X KF L & i CPUE (ZHERTHEEEINKE S, EELKRE Lo T2, TF
DEGOEIITY v ¥ VPA OFIHITEDZIR & 2018 (FOREEAE RO T G EE L T\ D
LEbhD,

THEMOLV haART T 0 TRIIZE D, T—FOBM - BEHEIMToNDZE TF OfE
SOBFEEHETEEICAE U A B AR LT, L ha AT T 4 7347 Z (Mohn’s p; Mohn
1999) %, EIFEAE)N-0.07, BlAEIL-0.09, FI1X0.26 Th-o7m (HiEX 2-3) .

(2) TR
BoN-EFRELY b & TIREE BEBLRNCIE 5 [k TRl 21T - 72, 2023 LARE O N A & D
FTRNTIE, BFOTCEEICRMEE SN EREBETEHCET 2 RFRICBVWTARESI A v
= 27 4 v 7 HIEARA (a=0.00493, b=8.49¢+04, SD=0.33) NHHEE SN AHMH & v 7z
(BRIED 2019), 72233, FAERMRD/RT A —FZHEEITMHER T 57— 1%, Rk 30 (2018)
R OEPRHMIZ IS < Blfa s - AR E U, b FIEIC 35/ M EEZ v T g,
MABEDKZDH CAHHBEIEBE L T Ru,

FEET RN B DR 1%, T5f5 (2023) 4FREEREEFLHRAIRB XL OVABC HED
7o DIEARTEE (FRA-SA2023-ABCWG02-01) | (28175 1A ZREJROEFEHRMANIZ K-S &
BHENDMEER W, fERTFHNCH W ST A — 2 13 3 3-1 1TRT, BIR RO
YR ESEOMIZIL, S0 2 IR S - EIRE R T #HZ BT 2 MEtSic B W ThE
B INTAFEEHIEEEOHEEICHWELZ S & E Ao, ZADIIFAERREFE T
<L PR 30 FEOEPFFHHICESETH D . RINER L ONEEY) VR EIL 2 0§
\ZBIT D 2015~2017 DO FEHETH 5, 2023 FFOEE (F2023) (X, BIRKL FH R E

BOEWY T A= PEBEEEA T LR E RIS E 7225 FC0 SFEEICH T 5
F2022 (2022 £ F) L BT 3 [ (2020~2022 ) OFEHIAE A HV=%SPR (16.6) %
525 FEE LT,

BB O TN, =2 A — Mg oFiE: (X 12~14) 2o, gRSL, T
ROTZERBIEE BTV ADOIRESND FEEZS LI (14) KLV Rkdiz,

Na+l,y+l = Na,y eXp(_Fa,y - M) (12)
N3+,y+1 = N3+,y exp(_F3+,y -M ) + NZ,yeXp(_FZ,y o M) (13)
C =N — % (1 exp(—F.. M)

ay — NVay Fa'y M Xp a,y (14)

MiE L AV SR TERBORERIL, UTOLOICHEE L, KPR E Mk
DD ONTiT~ P & 3747‘/\@%@75)%&*{%%6 7o, B IR & K TRE
Shica~Y A\ oifEREEGF Lz, THUTEREB~FKHIROEIE - RALSEAPE HEGHE B
(BA) ORPRE EMiEELSOBERBIC L 2 T~ NRERAZINE Lz, ZojkE
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BT, A~ PAARSTERERICEDL2FEGEINR T L2Ed (B ER 80%., AEA -

ufﬂ%zo% Ve« @RI 10%, 10~ FH IR 5%, AL 0%) . &SRO X (X5
IZR LU TR L, Zods, 2017 FLUBEOER G RO I~ FIG T, F2HE (1‘13!1"—?

am>_ BIFLFREEXHEO~Y N AP OKGTRICESEEE L,

fE 2. AFERRVAERRE RS, EREN E IR T O X S IHEE L 72, JuIN
FEEIKG T SN RPHR E S WREOREMIZOVWTIL, HZ L IZEDTK Fli D A
V¥ (15 18kg M7= v ORH) ®PHZ Hv . AV BO5aSE &) b A A BITRE B 5 4 HE
ELT, 2720, a— Y Z8RLLTF O/ (0~175%) IZoW T, BELE 1 RBY7Y
OARE &g E &) DIRERECAHEE U, £ (RIChiE SB L0 EE M)
DIEDZHONTIEL, A Z L ICED A FRDOERHHZ AT, £ RTOKRERET —
2 (2022 FOMPEREIL 7,175 ) & A B Ol A BITRE RE 2 BN HEE
L7z,

FIVE 3. I - BARYECHREET 2 KPR E R EOERIE R EREM X, Ff
HThHd 1~5 AL 8~12 AD T~ H "\ ExfGe b LcBEITHOWT, KFITHE Y 3 58
O—HEY4 v R (CPUE) & L TULFD X Y IZRkdiz, 22T, #HOFEER~DIRY 4
JiE, 7~12 ADOGERZ 0 k. 1~6 H OGS & 7~12 HD/NEE 1%, 1~6 A /)
& 7~12 H O EaR % 2 5%, %6H@¢%MkAf@k%m%%ﬁkLkoﬁﬁ\
2017 FPEEWRHM L 0V . XV JAIKO CPUE ZRET S 72012, W T « H AW /652
2T, BRI ORET — 2 2 FEH L Tnsd (BREIE 2019)0 E9. BAI - Ao
GRS EICESE, I~ A\ OERENSAFEORIBERD 10% XY K& WiR¥E
Tt L. BRI - Bl - 4Fls5I O CPUE 23R L7, WIC, F4F#pIcisT %5 CPUE O
ﬂ%ﬁw\ﬁﬁ%ﬁﬁiﬁﬁﬁkbtom%kwiﬁw@%%m#éuiw&%ﬁw%ﬁ
X, BIEOWDZHIICIEX D720, DXL OBET — X E RV IAA, B 52 IZIR
WL BRI DBHEDOHRERINT D &0 D FH BRI TWD,

FLIRFPE O i & X IR E O BIREFEEMIX, 1~12 HO— AWEY - oI~ ke
we LTRO, R 30 FEEPFMN L 0, 880 & REOBRE D, &, /NI E 0~
ik, 1 (F/hzEte), KREME 200 EOFEIE S A LT,

5| FAXX#K

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.

RS- ZEH At - BT - i EFERT (2020) SAIIT (2019) AR I oSBT YR B
DB FFAT.
http://www.fra.affrc.go.jp/shigen_hyoka/SCmeeting/2019-1/detail goma ec 2.pdf
(last accessed 11 November 2021).

BHEZAT - KHAER - ZHH - ek 22 - PHEEE - e s THR - BfER0E  (2019) 2F
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F% 30 (2018) A~ VS FE R bt R A O G IR, Rk 30 4R IR AN E RN KIR i 3
GEIRREAL  (RFERREEDEIRAE - TAC ) 55 1 70, ZKPET s SRHEdERD - [ESZAF 28
BAFEIE NKEEMTIE « ZUEHEE, pp. 209-247.

AR —Z (2000) VPA. SR 12 45 R (A e 37 HEE S5 36 ity 35 — IR AR 2R 5 —,
104-127.

ARESE « FFHE FE (1985) =As— MENTICH W D IIE SR OMIE & & DR O FRET.
P 75 KA e, 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.

- 35 -



log(Residual)

EEGY
(=)
1 1

FRA-SA2023-SC12-04

APRFE0RR

AP FEER

KRFE2®

o
w
1

°
[ ]
L]

|

IR
o o O
| I |
L]
[ ]

(sigma=0.4, rho=0.14) *

(sigma=0.48, rho=0.39 |

(sigma=0.51, rho=0.2 |

ARPEE3+5%

PFEE0-175%

HFEE2+5%

(sigma=0.58, tho=0.25]

(sigma=0.69, rho=-0.25 |

(sigma=0.39, rho=0.66"

2005 2010 2015 2020

2005 2010 2015 2020
Year

2005 2010 2015 2020

MR 2-1. FREEOBLIE & 7 VOMFHED EE2 R T AET 7 v B

APEE0RR APEE1RR APFEE2%

>
Q
©
E T T T T T T T T T T T T
Q 2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
c
kS RPFEIHE E0-15% tREE2R
5
o]
<

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020

Year
X 2-2. FEEMEOBRIME (LEY) E'=7 o TFRIME (556R)
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-e- 2015 —+- 2017 -o- 2019 -®-
2018 -9- 2020 -%- 2022

-&. 2016 -x
250000 biomass
X
200000 1 g,
1500001 A4 £
100000 % * H"
50000
04 rho=-0.07
g
© Recruitment
> 100000 A
4001 ,x:‘é X 75000
/\ 4
200557 Y )1'/
&.* 25000
o] (o=003] o

2014 2016 2018 2020 2022

R 2-3.

2021
age
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- 0 - 2 -» NA

- 1 - 3

fish_number

fishing_mortality

1.5

1.0

0.5 4t

0.0

50000 1% =x~

2014 2016 2018 2020 2022

2014 2016 2018 2020 2022
Year

B, ET AR, PT O BAE)

MR 2-1. Tl X R & FEHEE, RAEIE, BRECHRK
A 0 1 2 3+

BXE (cm) 26.2 28.7 34.4 36.8

TE (9 251 330 578 714

A E A 0 0.60 0.85 1

FETERER 0.4 0.4 0.4 0.4
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MR 2-2. AR E I BRI

FEAEME k2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Kf£&

0 7% 1 23.61 2293 17.42 21.27 1549 1693 19.01 12.16 11.83 13.81
1 7% 2 851 756 12.64 12.60 1222 691 1037 1050 7.01 9.36
2% 3 311 305 499 318 406 234 447 154 355 3.80
3l 4 462 193 151 215 236 1.09 225 135 188 191
BRI f & &
0o~1mk 5 429 187 17.71 517 137 611 095 928 6.08 2.43

2Ll 6 742  6.03 583 18.94 10.78 9.17 1043 599 1494 11.67

el k2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

RpFEE
0 7% 1 1491 16.87 9.25 18.48 10.49 12.72 6.78 13.06 14.06 6.29
1 7% 2 737 505 553 7779 493 760 7.68 459 292 6.39
2% 3 270 239 369 199 293 172 332 157 236 2.60
3mAl 4 1.06 3.08 2.6l 1.95 176 1.71 .71 1.87 0.86 1.85
BRI f & &
0~1m 5 1.60 1.10 348 261 410 395 130 0.62 296 3.41

2Ll 6 927 923 1366 691 7.65 1020 7.41 597 6.02 3.53

e 2-3. FERTPHFHEICHWZ R A —%

g SRR Fmy P22 EORE e e e
GED (R (E3) (0)
0 % 0.76 0.36 0.56 238 0.4 0.00
1 % 1.00 0.47 0.73 354 0.4 0.60
2 1 1.41 0.66 1.04 542 0.4 0.85
kY2 1.41 0.66 1.04 709 0.4 1.00

W1 PRk 31 NSRRI 5T MSY 2 EBLT 2 KEOHEE D BRI L 72 SRR
(T 72 b, FAk 30 FFEEEPRAEM T Feurrent MIRIIR)
W2 PRk 31 AR FCE B ik CHEE S 7z Fmsy (F7720 5, SRk 30 R &R AEAT ©
@ Fcurrent (Z Fmsy/Fcurrent Z #5724 D),
3 EREOEREO T T, SRIOEHEN THEE Sh iz 2022 F O£ O F & [F L
WIEx 5 2% FEZ%SPR 5 L TR L7z, Z O F flid 2023 420 Jfl & o (K E 12
R L7z,
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MEEM 3 BE/NTA—F LFAMBROBE

MRE 3-1. BAERRKDO T A—%

FAEPERIFR idE ik HCAHBI a b S.D. p

Rolr— 2T 4078 | Ee/ERHEE piii3 0.00493 | 8.49¢+04 | 0.33 -

a & b IIBHEERRKOHEE T A —F | SDIIMABRDIEFEERZE. p IZBECHBEKREKT
HB,

MR 3-2. EHILEMEL MSY

HH & A
BEE LR, R REEGAER MSY 2EH T8 A&
SBtarget 109 Fhv
(SBmsy)
Yo ¥ 0 Ny
S — [RAEFRILHENE, MSY @ 60%DifEENELNIH AR
(SB0.6msy)
K E, MSY D 10%DifEENELNAEA R
SBban 8 Fhv

(SBO.1msy)

BeKFFLAEPE R MSY 2 E B4 57+ (AR F)

F
Y (0 7%, 1 m%. 2 W% 3 mkLA 1)=(0.36, 0.47, 0.66. 0.66)

%SPR (Fmsy) 26% Fmsy (ZxHi 9 %%SPR

MSY 76 Fhv | B KEiAEPER MSY
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fiRE 3-3. EHFEOBRMELREE

HAH & LA
SB2022 50 Fhv 2022 FEDOBAE
202 2022 EDWMEIE GREIREF) (0 5%, 1 5%, 2 5%, 3 Ul )
=(0.86, 0.75, 0.27, 0.27)
U2022 44% 2022 FEDRBERE
%SPR (F2022) 17% 2022 ED%SPR
%SPR (F2022) 17% HLR (2022 ) £ 2%H S 3 5%SPR
EHLEFELOLE
SB2022/ SBmsy 0.46 BAEGAEEZ>ERTIBAE(HEETHIELE
(SBtarget) ' i) 235 2022 FEOBA B
F2022) F 140 B KE G A PE B2 EBL T 5REE K5 2022 4
msy . 0);’,&3%}?;0)1:[:*
BHAaROKYE MSY % EB 35Kk #E% T ES
M E Dk UE MSY ZEH 3 5KkHES LESH
B B o Biw

* 2022 FEDBIRE DT T Fmsy DfEER 5 25 F Z%SPR 5 U THH LRD7-HE,
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R+ 3-4. ABC r FRIBAE

2024 FED 2024 FEOHAE BLROWBEEZ S
ABC TR E PSRt EES (%)
(Fho) (Fh) (F/F2022) PR
33 48 0.54 27
=5 4

« ABC OBLEIZIX, 5 2 4 2 A ICBAfES =& IRE B #HI BT ARET I TR L
Do, F 2 F 5 BICBESNDKEBREFRS | 2R TEDLNAES T VA TD
T EERRA Ve,

FUEITWTN B BEOETH 5,

* ABC IZ A LEZ & D E -,

* 2024 FEHHITO ABC 13 34 T THHRMIZ 7T A~B4E6 A),

MEFE 3-5. RAed B2V TFRIGR

ERLUTVAOHEREM IMAE

HH offE | TR . = ’
(Fh) (F) SBtarget | SBlimit SBban
HEERERICHERTS B
B=0.95 104 62— 147 41 99 100
LREEERD BEFERLESGE
B=1.0 96 56— 139 30 08 100
B=0.9 111 69 — 155 53 100 100
B=0.8 127 87172 76 100 100
B=0 350| 278455 100 100 100
F2022 24 10— 48 0 4 99
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fRFK3-5. BsBEHAVWERETRER (03%)
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EZRLTWARREEN AR

BAENEHIELEMEE 50%LL EOMEE T ERIHE

SBtarget SBlimit SBban
FEERBRRICERTS B
B=0. 95 2032 4E 2025 4F 2023 4F
LD B EERLIESGE
B=1.0 2051 ELARE 2025 4 2023 4
B=0.9 2030 4F 2025 4 2023 4
p=0.8 2028 4 2025 4 2023 4E
B=0 2026 4 2025 4E 2023 4E
F2022 2051 “ELARE 2050 ELARE 2023 4
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R 3-6. I T ) FITHIET 2R TR O bk M

FEhmpa R FHE) *
AEHRNAE | 2022 2023 | 2024 2025| 2026 2027 | 2028 | 2029 2030| 2031 2032

0 % 0.86] 0.56( 0.30| 0.33| 0.34| 0.34( 0.34]| 0.34( 0.34| 0.34| 0.34
1 % 0.75] 0.73| 0.40| 0.43| 0.44| 0.44( 0.45]| 045 0.45| 0.45] 0.45
2 % 0.27| 1.04( 0.56] 0.61| 0.62| 0.63| 0.63]| 0.63| 0.63|] 0.63| 0.63

3Ll E 0.27| 1.04( 0.56] 0.61| 0.62| 0.63| 0.63| 0.63| 0.63|] 0.63| 0.63
2] 0.54| 0.84( 0.46] 0.50| 0.51| 0.51| 0.51] 0.51] 0.51| 0.51] 0.51

Fimp EHRTERER (BHR) *

FERNAE | 2022 2023 | 2024| 2025| 2026 | 2027 | 2028 | 2029 | 2030| 2031 | 2032
0 7% 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
3wk 9 13 17 18 23 27 31 35 39 42 44
t 543| 440 392| 475| 544| 04| 652 686 708| 723| 732

Fimp EHRHE (Fhy) *

FERNAE | 2022 2023 | 2024| 2025| 2026 | 2027 | 2028 | 2029 | 2030| 2031 | 2032
0 7% 85 65 571 70 79 86 91 94 96| 98 98

1 % 59 34 371 42 50 56 61 65 67| 68 69

2 % 10 31 17 25 28 33 37 40 42 44 45
3wk 6 9 12 13 17 19 22 25 28] 30 31
it 160 139| 123 149 173| 193] 211| 224| 233| 239| 243

Fimp ERERE (BHR) *

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

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

2 % 3 31 11 18 20 24 27 29 31 32 32
3mk 2 7 6 7 9 10 12 14 15 16 17
&t 251 179 981 128 150 167 182 192 1991 204 207

*10,000 [BID#R Y IR LUEHR 217 - 7= EHHE,
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MEE 3-7. BUROWREE (F2022) (233 2 3381 O 4l B M

FEhmpa R FHE) *
AEHRNAE | 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]1 0.73( 0.73] 0.73| 0.73| 0.73| 0.73] 0.73| 0.73| 0.73] 0.73
2wk 0.27| 1.04( 1.04] 1.04| 1.04| 1.04| 1.04]| 1.04| 1.04| 1.04| 1.04

3l E 0.27] 1.04| 1.04] 1.04) 1.04] 1.04| 1.04| 1.04( 1.04|] 1.04| 1.04
Yty 0.54] 0.84| 0.84] 0.84| 0.84] 0.84| 0.84| 0.84( 0.84| 0.84| 0.84

Fimp EHREERER (BHR) *

RN | 2022 2023 | 2024 2025| 2026 | 2027 2028 2029 | 2030| 2031 | 2032
0 % 3381 274 239| 213 189 169 151 135 120 108 95
1% 179 96 105 92 82 73 65 58 52 46 41
2 % 17 57 31 34 29 26 23 21 19 17 15

3Ll b 9 13 17 11 11 10 9 8 7 6 5

at 543| 440 3921 350 311 277 248 221 197 176 157

Fimp EoREE (Fhy) *

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

3milE 6 9 12 8 8 7 6 5 5 4 4

it 160 139| 123]| 110 98 87 78 69 62 55 49

Flp EHRERY (BHE) *

ERNAE | 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

3mllE 2 7 9 6 6 5 5 4 4 3 3

at 251 179 158| 142| 126| 112 100 90 80 71 63

*10,000 [E] DV K LEHHE 21T - 7= EHME,
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HEEM 4 FERFEOHKR

(1) ZZF 8~9 A) ITIUMNVEF &b G RGE CIT - 7o o fiaids TRHERIR 2 L2 M
W TR RRA ] OB O NEHAFRBIMELZ NN Lz, AT =223~ ¥
LA HAROXRIN N, TSI & UTOR LT, BUE, FOBFEHEEIEIZ DOV

THBRHZIT> TN D,
S 1997 1998 1999 2000 2001 2002 2003 2004 2005
ST 0.2 2.2 1.6 0.9 0.3 0.3 0.05 1.0 2.7
£ 2006 2007 2008 2009 2010 2011 2012 2013 2014
ST 1.7 0.9 8.3 0.8 0.4 0.8 7.8 1.6 1.7
£ 2015 2016 2017 2018 2019 2020 2021 2022
ST 1.3 2.3 4.8 4.6 39.8 144.0 32.6 16.1

(2) 5~6 AIZH > T ML TIT o 72 B IK b e — L% W7o & e E o A [
AHEBGFERE CEL i) | »oBEohnz 0z TR T 2HFRHEEE (FY) 2L
TR L GRAEMEHK RS A 138 T km?, IEZNEL 1 & Lo, ol AL EMAE %
RGL LTEY, I~ OO MKEEREEL TRV, AHEEMITSEE & L TH

UE SV
H 2000 2001 2002 2003 2004 2005 2006 2007
I=H¥,N 31,300 67,230 6,417 4,515 873 501 11,063 251
S 2008 2009 2010 2011 2012 2013 2014 2015
TP 3,694 78 327 11,479 11,813 141 604 9,065
4 2016 2017 2018 2019 2020 2021 2022 2023
T=HN 18,568 10,165 13,632 369 AT 85 14,573 304*

#2023 4EIZ OV T EAE,

(3) 2000 ELSFHHIMAENE =2 —ZX Frpy FERWEHFBMAERHE) 2 2~6
HORFMEER L ORI T1T-> T\ D, fERITS R S FEE~ 7 ORHERE i R EED
GRS EA R EE 4 (REIED 2023) 2RI,

5| FA @Kk

RHEE - fox THA - BERE - mEHEE - BREEAT - BREBE (2023) %0 5(2023) 4
JE~ 7 V%t MR RRE DO ERRTAM. AN 5 (2023) A EE T A3 E JE 2 7Kk 8k o s 26 R G A
(PRI A RER G PRREAm)  (FORIHY
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HMEREMS aRh— MEMEROFM (1992~2022 )

N wERE (H0R) gEEE (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 88 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— MENEROFM (1992~2022 )

TIELR I IR E(g)
EENGS
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— MENEROFM (1992~2022 )

N g (FHR) HiFe (T h2)
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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HREMNG6 FEZCLOOR— FMENAIEEZICLIRPEREEDER

W (7 A~34F 6 H) RERELZIHET 572012, 2022 FLUBRITERBE & g R
AR (0.5 ) T &SRO, 2024 FEH (7~12 H) & 2025 FFRiH (1~6 A ) oifsE
BEEFT 52 LT, 2024 ] (2024 47 H~2025 46 A) OifERLTRE LT,

M
Naz,y = Natl,yexr:)(_l’]a1 I:a,y _?) (1)
M
Na+11,y+1 = Naz,y eXp(_ha2 Fa,y - 7) (2)
M M
Ny, =N, | exp(—hzz Fy —7) + N3+2'yexp(—h3+2 F.y —?) 3)
h F M

C, =N,  —=2_(1-exp(-h F, ——))
ap,y a5,y a;  a,y 4
h, Fay +'\; 2 “)

haz Fa]y M
Coy=N, y—M(l—exp(—haz F. —7))

' h, Fay+— )
@ 2

ZIZT, NIFERREE, CIRREREL. FIXREE TR, MITH RSETLRER. y 134
a lTATH (1~6 A) . ax (T3 (7~12 H), hTFEMD F 214550 F ~0El4 2 F B
Bl TdH D, ha 1 2020~2022 FOFHBEE R ORI - B O FHIEL 53 & Bk O
MR (F2022) O & TORFRTHIO 2033 AT DEDRNBECICRD X H I2RD 7=

(1) - JEH 2018), A& EIXATH & B2 T NOSFEROBE RN, KFm OfREY
PR E AT U TR, 23, FERMORBEYELREICIT, BERA & F BT
FHE L7 (B4 g ENF U225 X 5 IHiiE Lo fEx Fviz, F72, 2023 4RI
226 2024 FHTHNC T 2 F ITBURORET (F2022) Z{GE L., 2024 i (2024 F1%
B L O 2025 4ERTHL) @ F 1% 2024 FRTI OB A EICE S X IREEBHANC L D FE L
oo FAEORHNTMMADRGH D EAE LT3, IMAEENTIZEL TUVRLY,

ARRBETIL, p=0.95 & LB RN SR S5 2024 F i o7 1 5 &
% ABC & L CH/RT 5,
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2024 FEJRH D 2024 FERH OB AR HAROWEEIZ —
ABC FHIEE X35 EE (05)
(Fr) (Fh) (F/F2022) PR
34 50 0.57 27
AP

« ABCOBEIZIXZ. M2 4E2 A IS TEHRE H TR ESIIC TRV EL
HHI, S 2 F 5 BICBESNTZTKEERERS | 2R TEDLNI-fE TV AT

T EERRA Ve,
BHEIDNTRHREOETH S,
* ABC IZHALEEZ A DETE,
- IMAZE®%E B L2V EmIL R THD,

51X #k

m (FriE) EitE, BEZEIT (2018) BHEAER L IRMEEFCY L 3 BRIFFEHMMOLE: : <
YA EIEG R EE A2 BH| & LT, KPEEMENTZE, 82, 14-25.
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HWREERT7 BALGIFUAIZE I ERTMEER

LA OBV O AFEFMEZ TG T 2 —> 0 ik LT, U » ¥ VPA 128 % &l
HOEHR L (flidEr 2 4) 2o\ T, BAeZRED T CTEFFHEAITo 7, M2 EER 2
T L2 (A=0.75) 12Nz T, SFEDOT —H & - THEE L7 (0=0.83) F L O
WOF a2—=r7 VPA (A=0) & L7IZGAIZHONWT, ENENETEGME 217> 7=,
WHOF 2—=27 VPA (A=0) Z#IiTo7-%HE. 2022 F0 0 kA OWBEEN D72 0 & <
720 2022 FOFAREITENEBEEREEZ TR S EHEE Sz BREM 7-1, 7-2) . £z,
A OAEIZ X0 F1T 2021 AELAREOFHMAE R B2 0 | L OfES/NSWVIEE, #EES LD A
B, BRE., HAaENDRL, BEREITIE - R 7-1), ZHiE A OEN/NEWN
8, F OKRE SIS U EHIEOSENTT 720 | ITFEEHZL B AR OEIRER M X
DM IS0 EEZLND,

BIREOL h 0 2T T 4 T, T AL, A=0.83 DAL 0 THo72M, A=0.75 DH4H
1% 7%, A=0 DAL 28% D/ N T - 7= (R 7-3), A 4EFE OB IREEM 13 V4 fE
IZHEE 2018 FOMEEDORMERICKERAFEIMER D EBEZONDLTZD, L hrAXY
TATNAT AZFHET 2L L COL@EY ClEenwe B 2605, £ T, 5 F LM
TiE, 2018 FOjffE EREE Z 2 LARTO AL 30 FEEREN CTHEE S 417z A Offi (0.75)
ML, 72720, 2 20 L OEOM T, BIRFHEFE R ICKE 22T o7z (2K
7-2),

0 = 2 - NA id -= no_ridge -#- ridge_075 —+- ridge_083
age
9 - 1 3
biomass fish_number fishing_mortality
250000
4e+06 -
200000 4
400
150000 3e+061
100000 1 2e+06 1
2001 N
50000 - A 1e+06 1
04 04 " | 0e+00

2017 2018 2019 2020 2021 2022

value

Recruitment

75000 1
400 4
50000 1
200
25000 1
04 01
2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022

Year

MR 7-1. EPEHERE ROk (£ L EPE, bk 'ERER AL ALK £
TMAR, BT B E)
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EEEEEEE
=
n 2
e
s
C
A
)
5
1 p/ 5
2 /S~ N
o 2020 & ! -
a3 I 2015 1
| 1
- 1
oA . L . ! .
0.00 0.25 0.50 0.75 1.00 1.25

FAEOLE (SB/SBmsy)

X 7-2. #F7m v b A=0.83
2=0.75 OFEFIZIX 4-12,
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(1) 2=0.83
- 2015 —+- 2017 -<¢- 2019 —=&- 2021 - 0 - 2 - NA
age
-4 2016 - 2018 -¥- 2020 -*- 2022 ¢ - 1 = 3
biomass fish_number fishing_mortality
X
/ 1.5
26+05 1 » }»Q\ L 400
ﬁ v K 1.0
+ % s A
1e+05 200 - & \
# 0.54-.577
o 0e+00 1 04 0.01, - i i .
‘_3 Recruitment SSB 2014 2016 2018 2020 2022

x /7
o 90000 - 4
400 R :?&\* ' Q\
“\. P ]
éﬁ'—{\ ;7 | 60000 o7 >
200 %/g g

30000
0- rho=0.03 04 rho=-0.01
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022
Year
(2) »=0
-~ 2015 —+- 2017 -©- 2019 -®- 2021 —- 0 - 2 -= NA
age
-&. 2016 -x 2018 -¥- 2020 -%- 2022 g L 1 —» 3
biomass fish_number fishing_mortality
250000 =
200000 4e+06 1 [
i, Y I
1500001 x‘g/ ) 36+06 - ’ :
A X=X 1 :
100000 {56750 4 A 26+06 - , i
i I
50000 1e+06 ! |
o 04 rho=-0.28 Oe+00-lrh0=I1887:?7'03| i' *
c_:rs Recruitment SSB 2014 2016 2018 2020 2022
>
2\
400- 75000 il :
s0000 &% Y,
200 LA S -*\ V\\.
E 3 A Y e - -
: . 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 hrAST T T NAT A (1) A=0.83, (2) A=0
A=0.75 DOFEFITAH R 2-3,

- 53 -



FRA-SA2023-SC12-04

HREN 8 EBRIHES &K CIFkFADOHETM

WEAEFEFTA & A 4R BRI 4 L+ % &, 2021 4EOEIEEIT EHEE Sn-2, BlARIT
THEESNZ (2R 8-1), 2022 Fi% 2 ikl LOJRIENIR D bl olod, 2021 4
D 1 U EOBREN FTHFEESNZZ LK, BRI THELEE k-T2, T2,
> T 2020 FERBEOMAEN FHEESNIZZ EICXD, 2020 FOEJREIT T HELES
NToo —J7. 2022 213 1 iR DIEIENR BAFTH D | 2021 FOIMAEDN EHEEE 7257,
& <IT 2021 HEEEOMA R, FAERRINICE LSO EHNRIMARL D & ) R
&l odz, ZHUTEEV, 2021 AEFOEJREIT EFEE SN,

AEEOGFFHMEIC IS 2022 FEOMAREIL, BAERBBRRICYH & SHEEE O Tl
fELY H2<. BRIFRMATH-TmE W25 (K4-11), ZD7=, 2022 FFOE J5 & 1T
FEEOTFHIMEEIY L E0 o7, L, 2022 FEOIRBEENMEEREETE S-BERE LD b
Zino Ttz 2022 FEOWREEISIIMEEEDO FHIEL Y bEm< o Tz,

2023 FEOVREE A 2022 FE L E LW EGET D & 2023 FOIRERIEOMEIEE O L ITrE
EEOTHEEIY HENI &5, 2024 FOBRFEL L OBARITIFEEOTHE LY b
K< 7pofz (WRE 8-1), TDI=, 2024 DR (ABC) X FHEES T,

2023 FOETEE 2022 FLELWERET D &, AEINEEELANOL & T
2030 4EIC HIEE FRALHEME 2 8 2 DHERIT 41% TH D . 2032 FFIZ 50% %225 & Tl &N
Too BIRE I HDRE SN T-BRORER P RIRE R & e~ EIREE O Ik B R & 1%
SEZRVONBIRTH D, SR LEROBEICEE L 2N, BHAEEITI LEND
5o
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— Bl - FRTH -- BEE 00— DEEEREEE — PAKE — SEESE  — 2021FEFE
- RREBEZEE — MSYAE  2026ETMI - WREESE

TAREEE) .5 BRE (ALY
6 -
BEEEEAE
o 104
2 5 A\ et o T T T T T s s s s m e
[RREEEAE(E
0 of
&IRE (A k) HES (AhY)
30
20
104
0 0
BEEIE(%) BIEE® H(F/Fmsy)
60 4
401
201
05
0 0.0
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030

MR 8-1. IMAR%, B, WikE, BEE RERIS. BIEE OLORRE T IR

(%6« Rk 30 R EEEPRATAR (2 255 < WFJEREBI Rk T k0 —REEE (2021 4F) EE

DERFAT, 75 FEEEE (2022 4F) EIRRHAM, 7R« S EERAE ; ERIE A, S
TR T2 £ 9)
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FHlEEERI OB EDOMAR, AR, WITES X UREE
TREDOBFIL YL ZF ABC FHRRKFOTRAME S L < IHMREEEZ . FEOEFIIFHHED
THED L IHMREELZ. RAOEFIRIGFHH COHEMEEZ TN ERT,

(1) MAR (BHR)

A £ 2020 4 2021 4 2022 4E 2023 4 2024 4

2019 246

2020 204 170

2021 181 195 244

2022 178 314 232 223

2023 142 405 338 274 239
(2) BAaE (FHY)

M4 2020 4 2021 4 2022 4E 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) ®&HE (FHY)

M 4 2020 4 2021 4 2022 4E 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) JA%E (F/Fmsy)

FFAfl £ 2020 4 2021 4¢ 2022 4 2023 4 2024 4

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
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