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# 4-1), AR (BFEFEOMRAAERE) (32015 FLIBEFICHI L, 2018 421X 9.1
T b DOBEREME /2o 7273, 2019 4RI 4.7 5 F AT L-#., 2020 42X 3.1 5 b
WD L2 (M 4-2, 3 4-1), 2020 08 fA R IR AVE B HEE IS KOV MSY #E8l9 5 H
fE A PILEE 2 Al > T 5, BABEOBIEIZIE 5 4R (2016~2020 45) OHEEND T8
Dy LTS T, IEIEIE 1992~2013 ARIITIF E A EDOET MSY 2 FEBT L KELY
HE o T2ZD3, 2014~2017 21X MSY A EHLT 5K HERTR THER T2 X 9 1272 o7, 2018
~2019 FEDOISET L MSY % FEL T HKUEE LRl 7228, 2020 4EiE FlEl->7=, AR (&
EERHE O 0 AEFRED (X, 1992 FELIRRIZR W TR 2 B~4 (ER TEE) L TV 7223,
2019 FIT 14 ERIZAB L7142, 2020 FEI3E ML, 18 {EE Th o7 (M 4-5, & 4-1),
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7. ZOih

AEFFHHTIX, U ha AT T 0 TS T ASOIE NGRS R AR Z b
oI RN DD (FHRER6). F7o. FERTHICIIT D 2021 FFEOWRMEE DE DE
WXk -oTH, MEROBEERERIGEVDB RO HRER 6), 20X 5 A HIENEEGR
W L72) AT, WU REREREEZEZ DLERD L.

RRFEOBVEFAMAE RN A ENEZE 72 b T EOMOER & LT, PEIAMIC X L if0E
EEBLTORWENETHND (BEIED 2019b), F 72 AKREECKT 2 PE & #EEOE
B E IR SN %<, MEOBEERZ TR ORES ;) oS5 2 &
FEEL W, AARICBNTIE, BRI~ NI e T Lol [X3H & LTTACH
AT > T\ D720, FERIOREEHHANIIET LORER S 5, FRLORREEMET, A
WEEOMK TR TIEIBEINTWRNI LICEREZET D,
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THEE R (X 5-1) 1ZES < PRI FRIORE R (B=0.95 D5E) . KERIL
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#3-1. KPR E SO T~ N JORPRLE XML DI SERE O RIS =2~ 3
AR (hY)

JEFE R ERE BA O RE EH @R L0 BRSO RE ORE @ 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

=
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 50,238
1994 46,907 4,573 152 2,185 50 273 284 2,328 0 39 33 70 56,894
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 42,090
1997 49,220 9,188 687 2,822 31 87 205 642 1 3 22 21 62,929
1998 60,130 4,548 118 1,830 17 133 329 987 1 1 25 10 68,129
1999 79,261 5,487 168 2,186 17 153 143 556 1 9 15 22 88,018
2000 38,723 5,600 72 1,512 8 58 245 410 0 6 22 14 46,670
2001 55,736 4,627 13 1,895 16 127 190 412 0 0 11 8 63,035
2002 41,201 1,382 19 1,955 3 110 177 520 0 0 15 8 45,390
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 75,826
2006 47,746 9,305 31 3,450 26 107 83 628 1 2 74 32 61,485
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 40,036
2009 24,690 6,974 15 3,604 1 64 106 901 0 1 16 7 36,379
2010 16,036 9,906 31 2,917 10 94 75 474 0 1 5 10 29,559
2011 26,265 16,358 73 4,950 2 142 80 825 0 1 14 9 48,719
2012 32,063 10,060 27 3,508 8 96 43 777 4 1 3 9 46,599
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 32,534
2015 16,695 9,558 75 3,622 2 68 93 522 0 3 14 14 30,666
2016 21,418 8,536 69 3,332 6 21 136 1,244 0 0 11 13 34,786
2017 15,976 10,331 137 5,323 4 50 79 1,019 0 0 14 10 32,944
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 4,395 57 3,807 3 72 48 439 0 0 15 7 18,129
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#*3-2. RIEE LA - HARENE CTHCET D NP RN IR OIRIES &
ks (T hy) g5 &

F HA W [ ] it (F-#8)
1992 35 2 37 15.930
1993 50 7 57 16.130
1994 57 6 62 14.990
1995 51 8 60 13.580
1996 42 5 48 13.410
1997 63 3 66 11.860
1998 68 10 78 11.890
1999 88 21 109 11.010
2000 47 20 67 10.650
2001 63 5 68 10.450
2002 45 3 48 8.930
2003 46 3 49 8.715
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 6.868
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 1 44 5.148
2018 42 74 117 4.710
2019 23 20 43 4.802
2020 18 5 23 4.262
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F 41, mR— MESTRR

G Bl YN BIERG | AAERERMDhER

F (TFhy) | (Fhy) | (1005 ) (%) (F/kg)
1992 111 47 145 33 3.11
1993 187 43 454 30 10.69
1994 164 66 279 38 4.23
1995 150 63 321 40 5.06
1996 159 62 266 30 4.29
1997 197 70 390 33 5.53
1998 238 77 553 33 7.18
1999 226 85 419 48 4.92
2000 149 70 195 45 2.80
2001 161 48 344 42 7.17
2002 126 47 192 38 4.08
2003 117 47 195 42 4.18
2004 166 38 390 22 10.16
2005 186 71 305 49 4.32
2006 157 56 287 41 5.12
2007 119 50 191 46 3.82
2008 94 37 188 46 5.16
2009 107 33 265 41 8.09
2010 125 34 274 28 8.06
2011 146 58 265 42 4.59
2012 132 50 227 38 4.54
2013 133 48 288 38 6.00
2014 122 52 224 29 4.29
2015 151 58 296 26 5.10
2016 182 73 308 31 4.22
2017 164 79 309 27 3.91
2018 201 91 370 58 4.06
2019 93 47 138 46 2.95
2020 92 31 181 25 5.80
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L7,

a) HAEHEALYEEZ B SR (%)

Pk BlAE) BAE - [RIVEBLILUEE 4 b 2 R
THELRELB 72 0~1.0 TEW L7=5E ORRTHIORE R 2 RT, 2021 4O fafE & T BLR
DIEEE (F2020) 726 FHISNS 28 T h o b L, 2022 4E) B IS FHANC L 5
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B 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2040 2050
1.00 0 0 0 3 8 16 23 30 35 39 47 48
0.95 0 0 0 3 11 22 33 42 48 51 58 59
0.90 0 0 0 5 16 30 44 54 60 64 69 70
0.80 0 0 1 9 28 50 67 77 82 85 87 87
0.70 0 0 1 15 44 71 86 92 95 96 97 96
0.60 0 0 2 24 62 87 96 98 99 99 100 99
0.50 0 0 3 35 79 96 99 100 100 100 100 100
0.40 0 0 4 48 90 99 100 100 100 100 100 100
0.30 0 0 6 63 96 100 100 100 100 100 100 100
0.20 0 0 8 76 99 100 100 100 100 100 100 100
0.10 0 0 12 86 100 100 100 100 100 100 100 100
0.00 0 0 16 93 100 100 100 100 100 100 100 100

BIKF 0 0 1 5 17 32 46 57 64 68 74 74
b) [RAVEHAAEEZ RIS R (%)

B 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2040 2050
1.00 0 35 72 84 91 94 96 98 98 99 100 100
0.95 0 35 76 88 94 97 98 99 99 100 100 100
0.90 0 35 80 92 96 98 99 100 100 100 100 100
0.80 0 35 87 96 99 100 100 100 100 100 100 100
0.70 0 35 92 99 100 100 100 100 100 100 100 100
0.60 0 35 95 99 100 100 100 100 100 100 100 100
0.50 0 35 97 100 100 100 100 100 100 100 100 100
0.40 0 35 99 100 100 100 100 100 100 100 100 100
0.30 0 35 99 100 100 100 100 100 100 100 100 100
0.20 0 35 100 100 100 100 100 100 100 100 100 100
0.10 0 35 100 100 100 100 100 100 100 100 100 100
0.00 0 35 100 100 100 100 100 100 100 100 100 100

BIKF 0 35 73 87 93 97 98 99 100 100 100 100
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# 52, koA ER X ONAEEDONEHEOHE
THELRELB 72 0~1.0 TEW L7=5E ORRTHIORE R 2 RT, 2021 4O fafE & T BLR
DIEEE (F2020) 726 FHISNS 28 T h o b L, 2022 4E) B IS FHANC L 5
L L7,

a) BAEOVHEOHR (T H)

B 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2040 2050
1.00 39 49 58 67 76 84 91 96 100 103 109 109
0.95 39 49 60 70 80 90 98 104 108 110 115 115
0.90 39 49 61 73 85 96 105 112 116 118 121 121
0.80 39 49 64 79 95 110 121 127 131 133 134 134
0.70 39 49 67 86 107 125 137 144 147 148 149 150
0.60 39 49 70 94 120 141 155 162 165 166 167 168
0.50 39 49 73 102 133 159 174 182 186 187 189 189
0.40 39 49 76 111 148 178 196 206 211 213 215 216
0.30 39 49 80 121 165 200 222 234 241 244 248 248
0.20 39 49 83 131 183 225 252 268 277 282 290 290
0.10 39 49 87 143 203 254 288 309 323 331 344 344
0.00 39 49 91 155 226 288 331 360

BIKF 39 49 60 72 84 96 106 113 117 120 124 124

b) VRO FIHEOHER (T H )

B 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2040 2050
1.00 28 36 44 51 57 62 67 70 72 73 7 7
0.95 28 35 44 51 58 63 68 71 73 74 7 7
0.90 28 33 43 51 58 64 69 72 73 74 76 76
0.80 28 30 41 50 58 64 69 71 73 73 74 74
0.70 28 27 38 48 57 63 67 69 70 71 71 71
0.60 28 24 35 45 54 60 64 66 67 67 68 68
0.50 28 20 31 41 50 56 60 62 62 63 63 63
0.40 28 16 26 36 44 50 53 55 56 57 57 57
0.30 28 13 21 29 36 42 45 47 48 48 49 49
0.20 28 9 15 21 27 31 34 36 37 37 38 38
0.10 28 4 8 11 15 18 20 21 21 22 22 23
0.00 28 0 0 0 0 0 0 0 0 0 0 0

BIKF 28 35 42 49 56 63 67 70 72 74 76 75
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WREH2 EEAE

(1) BRGHEGE (78— M)

TP NOFMER] - FRNRERE A HEE L IE 1), 2k — FMRIC K- TEHRE A
FHE L7z, 2020 Y PR X E S REIT, B LOERFHEICHW ARG &3 R £ 2-
LIRS, i 3H3 3k EA RS, 2 2 CHARETHRE M ITHAN - HHR O (HH 1960)
W&V, EFERE 6% E LT 04 (M=2.5+FEFEM 6 =04) S{E LT,

FERRRI - AR R IUN F BRI 1T DN 0 BB B OV i Tl S
<P NOEERE N SHEE L2 (W 2), 1992~2020 EDO4EER - E5I1EER . (1 H~
12 A% 1FL95) 2 AAOREREICOVCHEL, BALHEORBERDAFHE T &
X L7, SEO SIPHEBEED S LI~V ARNEHD HEEX, 2007 FLATIZ OV T,
FEEKIBN CHEE LT A RO KPR E SIEMRIC L 57 — b I~ 0BG LR T L,
ZHER—E Lz, 2008 FLARRIC DWW T, fEEORE RN~ PN « I~ ARZNE4UT
DWNWTARIND LYoo, WEO I~ A\ EEEL iz, 72721 2009 412D
WL, EEO T AOIEEEOENRFIZE < . EOEEHENMENZ &0 6, 2007 F
PART & Rl—DFETRE Lz, 2018 b I~ A\OiREEOENE o720, AR &
FELTHEINMEE Lz, FEOBIEEIC OV TIEEE L TV,

FiBIEIR R OFFEIX, Ao (K1) g sRX (R2) 1ITES< arm— Mt
T,

Na,y = Na+1,y+1exp(Fa,y + I“I) (1)
C —Fa N (exp(F, ,+M)-1)
ay — ) a+ly+l ay T - (2)
y Fa,y +M y y

2T, NITEFRES, CIXaES. a l3F (0~3+%). y IZHFETH D, F OFHEIT
£l - R (1985) OREREZMHE, 77 AT NV—TDOEFRBEOF NI OWNTIE, Fra
(2000; FETEF 723565 DT T AT N—THNF) [ZWE o T, o, BemFlnht 3 sl b (3+)
& 2 DOBF ORI F 1R —& L,

l:3+,y = I:Z,y (3)

RITEY (20204F) 12850, 1, 2EADOF % U » ¥ VPA (Okamuraetal. 2017) OF
FEICHESEREE LT, VY VPA X F ORE SIZHHT28RIEAZRIT L LICk->TUF
OHEEICET A ARENZBR ST 2 FETH S, BRI, BREREE~OEAE L
RUTCREL (RAORBOLE-InL & LTESR) & FOSMAEEZ ZNENE T Lz HAYE
B (4 0<a<1) ZEEL, Zhai/MET 2L 9ICF 24#E Lz (REIZD 2019),
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2
N —1 =ML +AZ Fyy? &)
a=0

SHIEOBEMEENIT, BIREBOL hrxXT T 4 T4 T 2 (K5 N0lckhbH kD
ICRETE 5,

B
p= l Blgl—l B B,Y—l (5)
&~
3+
B'y=) By (6)
a=0

BOUMRANXTT 4 TNRAT A pld, BHOERFMORAEEY (2020 ) FTO7
NT =B DLHEINDHEDB & BT — X% i 0L LIEGA ORIKE (Y -i )
® B OHEEE BR & OFAXHE (Mohn 1999) O EMHMETH D, T— X ZMOHELPITT L L
7= (BKIEA> 2020),

S1RITED B A OREL L IXVEFEERIER, AL 30 AEFE Rl CHEE S 72 0.75 & Lz (BRI
7> 2019), SAEEOTFT —Z I LT, KRS580 L7225 01T 083 LHEE SN (HEEE 6),
L2y L, AR O G IR L VE B Tk & 2018 4E DM [E DIl BT K & 2 RN B 5
EEZONDTED, VIR AXT T 4 TNNA T AT AL L@y Tldn e
Bz, 2018 F O E MK Z 5 LARNCHEE S L OFffi (0.75) % 44T CIIs A
L7z, 72720, 220 N ODMEOM TEFGHERE RICKE 2223 o7 (EER6), &5
2% N DEESHTE LT, A0 DA @HOF2—=27 VPA IZHY) 1TV THE
VRl 21T - 72 (e gk 6) .

EEE X7 oLHic (1) KRPAE EEEREDOFER] CPUE (RS /M8, H1E3) . &4
BRI EOZEME N KO (2) MEHRIZKBT 45 h A E EHD 0~1 % & 2 %20 E CPUE

OB B/ AN T 3) & BFERTHEOBREOLEEEA E DT 4 v FOEGWEFHE L
oo NG HAMOT — X 255 L LTV D, RIGRIE, fintios SEERIEN BRI
V<, RENRMNE U & 7225 2003~2020 4 & Uiz (2 2-2), R/MbESE2A0%f
BEEZLLTO X 5I2EFE L7~ (Hashimoto et al. 2018)

L= ZZ [lnla_y — (balnBa,y + lnqa)]2 B 1n< 1 >
- 20,2 \2ma,

a
+Z Z [InJgy — (b'gInB'g,y +1In q'g)]z _ ln( 1 >
;2 ’
=5 20 V2mo,

g
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ZIT, Lyl y FITBT D aOKRKTE E XM CPUE, Jgy 13y FFIZB T 248 g (0~1
% 2+m%) O E X HE CPUE, Bay Ly fEICHBIT 5 a OB E, By Xy FEIZB T D4E
Wt g OBTRE, say 13 y FITEBT 5 a s3T5 8 E X OFERBIEERRINE | g,
bay Gav qev b'ey G JIHEE/NT A—H (X —IJ/VF LRIFHHEE) ThoH, Flngl - F5]o
BRI, AR - AR O BRI AEER] - AR OIRIEY) FEIRE way 2 BT &b Tk
Oz,

B.,=N_ w (8)

a,y a,y''ay

F7o. Ly e & Bays Jgy & By ORIICIE, UTOREFATEINDERDH D Z & 2 RE
[_/Tl/\éo

l,, =0,B,," ©)

bro_q

1
Josy = o-a (Z sa,yBa,y> (10)
a=0
3+ brys
]2+,y = q,2+ (Z Sa,yBa,y> (1)

a=2

7L, ABFEFHMECIE b BLXODIE 1 ICEE Lz, £RBROET LVTIE, #BERO
T SE CARBCOIBIREOHEE N L o), PR E & O JRERIEER s, 13F CEETE T
HELWEREL, FAE X OB ERIEMEIIETD 0~1 5% & 2 kbl EO& &% g
BFEEEE & A 7p Uiz, 2020 AR 8BT DHERIO F I1X, Z40E 40 Fo,2000 = 0.23. Fi, 2020 = 0.39,
F2,2020 = Fa+,2000= 0.77 EHEE ST, EDOMD/NT A —H21FT qo=0.23, q1=0.22, q2=0.16,
3=0.16, q01=0.03, q2:=0.29. 60=0.30, 61=0.45, 62=0.51, 63=0.56, 6'0.1=0.74, c'2+=
0.39 ThH-o7z,

FEIREHIN O €7 L2l FIA & iRt (5Ffn 3 48) (FRA-SA2021-ABCWG02-
03) | (2t~ T, ARFEOFALIZ V2 VPA ORI S ML E I k4 2 A
WTCR2H LTe, FEEEEOBIE L £ 7 L O FHNE & Ok EL R (iR 2-1, 2-2) , H
F &8 CPUE X KH & & CPUE ICHA_RTHELEHNKRE S, FHEDRED o7, EFED
WAEOESXY v VPA OEHITEORNE L 2018 FOmEREREORIN L EE L T\ D L
Ebhs,

THEMOV e AT T ¢ TRITICE D T —F2 OB - BHNTHIDHZ & TFOMESR
G EHEEMICAE U DB b a2 R LT, L b a 227 F ¢ 734 7 Z (Mohn’s p; Mohn 1999)
%, EIREN-0.07, BlAREIZ-0.12, FIX028 Tholz (BiEX 2-3) .

VPA OHEEMEDAFEE MR ) o XTFG AN v I T — R ATy FRICLVFME L=, 5
EEOBHNE L T VO T REDEELR VY 7)) v 745 2 & THIZ ARG SR 4
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B L, ZNEHWTT 2—=7 VPA Z3HE T2 k% 1,000 B0 L, [FHEXH %
KdT, 2020 FFOHEEMD BWEEXEITEIRE (O h>) [7.6, 15.3], Bl (I hyv)
[2.9,5.4]. A& (f£RF) [1.1,3.6]. Fo[0.11,0.42]. F;[0.17,0.61]. F»[0.33,0.85]. Fi:[0.33,
0.85] CH - 7=,

(2) FFRTHSE

adk— MEFICK VBN EIREELY b & ICIRES B BNRE ) fER YA T o 72, iR
FriciZ R 7Ny 7 — frasyr (f07833a6, 2021 4F 10 A 27 HR) ZH W7o, FRDOIMAEDHE

TiX. DR EICEME SN BIREE G EHIET A MEIRICBVWTAERE IR v
— « 27 ¢ v 7 RIEEA (a=0.0049, b=8.49¢+04, SD=0.33) /NOLHEE SN HMEE A=, 72
B, FAEERRO /T A =2 HEEICH AT 27 — 213, Fak 30 (2018) 4 OEJRGHMIC
KO E - MMARE LU, St B3R/ MaEsHEE 2 v Tn b, IARDOKRZEDA
CAHBIEEBE L Cuvewy, FEME AR 31 (2019) AR =~ Y 3B iR BE O 4% BRILUE
BRI D WFes B il ) (BKIED 2019) 2SR SL720,

FERT NI T D IRERIF 1%, [5Fn3 (2021) AR E BRI IS LUV ABC HED 72
D OIEARFEE (FRA-SA2021-ABCWG02-01) | (12815 1 ZEPFOFBRANCE S HIH S
NAMEE AWz, FRRTRICHWZ T A—4 iffﬁ/ﬁ% 2-3 1T, EBPUREOTRIEY) A
HEOEIZIL, SACEEICRME I ERE BFHICEAT dMRFRICBWTERE I N
KEEHILEEOWEICHWEE i H e, 2O IEHEAERESR S T <R 30
FEOEFFICESMETH Y . B ERS L OVEEY FIREIL Z OFMEIZ I 558k
THRICRRE LIl 2/ U7z, BUROIEEE L, BIRKO PR ELEOEY T A —F PNE
PSR AR LoRF & RS L 725 T 0, AFEFHMEIZIS 1T 2 F2020 (2020 42D F OHL
FISEYD) X H5%SPR (30) #5225 FlEE L7z,

EWRRHOTRNIL, 28— Mgt oritEEs ((12-14) ) M,

Na+1,y+1 = Na,y exp(_Fa,y - M) (12)
N3+,y+l = N3+,y eXp(_|:3+,y - M)+ N2,y exp(_Fz,y - M) (13)
C..=N Fay (1-exp(-F, ,—M))

ay — Nay F,,+M P=F,y (14)

MIVE 1. IV RO EIT, LT O X S IZHE M Uiz, KA E oY
WCOWTIE N E T ROLEPRREINDIOT, KL AR CREIN-T
~ P AROWERE AR L, JHICHEEB~KE RO BN (B A) i SERE e &
DH L, KPRE -é‘%lﬂu%@?@¥@*ﬁ LI~ \EREENE Lz, 2oL, =
VY AN ZTIEBEEICHD LB EENR T EICED BV 80%., AEA « R IR 20%,

Ve - Rl IR 10%, UJvaffEa#/Lﬁ 5%, ANNELEE 0%) . BWFRO S I3FREREIZRE T TR
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U7z, 7o, 2017 LD B O T~ SE16 03, B (B, FIAR) 12800 %
TR E SO~ I OKGITRICESERE L,

TVE 2. AEHRRI BT A IR F 72 T RANC UL T O X 9 ICHERE LT, JuN =k
KGTF EN D KPARIE XHWOBIEDICONTE, HZEICEDTEFEHmOAY £ (1 55 18
kg M7=V O #FHZHV, A BRI R DRl R R A HEE LT, 272 L.
o— Y 7 ERRLL T o/ (0~1 7%) 12OV TIE, ZEL 1 RS-0 OFE L fgEEE
DO IEERIAHETE Uiz, £7210FRE (FIChRE XL OEBEME) OREYICHSOWTIL,
A ZEIZED T ATl OEEHAZ AT, FRCTOERERET —% (2020 FOHRMNE)E
L 3,952 )8) & A RIaIE B ORI E RE E RAINCHEE LT, SR OFIm~DIED 4
JIE. 7~12 H OEERZ 0%, 1~6 H O E 7~12 A O/NBIRZ 1k, 1~6 H D/
S & T~12 HOWEM%Z 2 1%, 1~6 H OFEIR & &2 TOREME 3+ik & LTz,

YR 3. B g - BAE CHeET 2 KA E SREOF g R SRR mEIE, =T
HDH1I~5 AL 8~12 AT~ h " Zxfl LIBEICOWT, SERMICHY T 280 (i
H2) O—HY% R (CPUE) & LTCLLTFO X TRk, 2235, 2017 R EIRGHM X
V. X VIR CPUE #8ET 27212, W« BAMEEEICIN 2 T, AAYEILHE O
WIET — X %S5 Z LI iz, £7. BA - Bl OERIERE EICHEKSE, TP Dt
EENEREORIBEED 10% 5 0 REWEERZHRMT L, B3 - 5 - 4650 CPUE %
FE L7, 10% & 9 3RO A SR E T 2 IS 1T AW BIE 1, B O & HOREICIE 2 D
7o), 1D XL L OFET — 2 ZIWV AL HONTIRE L BT 2B EOH LRI D
EWVY B EN TS, RIT, FHEZI1T D CPUE ORI R & ke | Flnhl &I
BIEEEE Uiz, F72, tfsko PR E iR EO R EREEIL, 1~12 H O— A#EY
T OITvH o KkGEE LTk, 8INEEREORBRFKRLY, T, /NEHZ 0~1 5%, H (FF
INEETe) . REENZ 2 Ll EOFREE L e LT,

5| FA XA
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(2), 335-347.

WoOR e ZHEA - BEEAT - B REERT (2020) SFITE (2019) AEEE I YNBSS IR EE
DB FFAL.
http://www.fra.affrc.go.jp/shigen_hyoka/SCmeeting/2019-1/detail _goma_ec 2.pdf
(last accessed 11 November 2021).

AR —Z (2000) VPA. ¥R 12 A2 G IREAR (A e S7HERE S 26 H i 3 — B IE AR R & —,
104-127.

AESE - JFH 3 (1985) = — METICHI 2 1058 SRR OMFE L 2 OREE O,
PE KB, 19, 111-120.

HHEAT - KHERE - AR 5 - s - 2 Tl - BBFESE (2019) Ak 30(2018) 4R
BE T~ S O G PRRET. SR 30 AREEFRANE ERD AR DI EEIRREAL 55 1 4y



FRA-SA2021-SC06-4

fitt, 209-247, http://abchan.fra.go.jp/.

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.

M E— (1960) /KPFEAY D Population Dynamics & ifa 3 & R BL. BifE /KBTI, 28, 1-200.

ApFEOR KpFE1RR KpFE2m%
1-
[ ] [} P
[ J [ ] L ]
0 o - '-... m
® L )
—~~ 1_ _ C
T |[sigma=0.3, tho=0.06 | (sigma=0.45, rho=0.4 | (sigma=0.51, rho=0.17 |
S
§ RehE#3+2 thEE0-15% &2+
f_g) 14° °
L
o o Py
O-—.r.. 4
[ ] ° “ (
) o
" | [sigma=0.56, rho=0.31] | |[sigma=0.74, rho=-0.25 P | | [sigma=0.39, rho=0.64*

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

MR 2-1.  FREEOBLAIE & 7 VO FREOZEEZ RTiKET 1 v |
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KRPFE0RK

RpFE1RE

RAPFE2®

2005 2010 2015 2020

2005 2010 2015 2020

2005 2010 2015 2020

RPFE3+R

RFEE0-17%

hEE2+E

Abundance index

2005 2010 2015 2020

2005 2010 2015 2020
Year

2005 2010 2015 2020

iR 22, FEEEOBHE CLR) LETLOTRME (52

- 2013
-4- 2014
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v
200000 "\
Az’
150000 ¥
- o kY
100000 “ ¥,
50000
01 rho=-0.07
g
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= 1
400+ .v‘;}:\
LN
A «”.’g.._ W
200 LT
S+ k"*
01 rho=-0.02
2014 2016 2018 2020
MR 2-3.

ET

L ha AR T TS (L GiRE, Tk GEER AL ISR

AR, T Bl E)
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= 2016 -¥ 2018 -*- 2020
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= 2014 2016 2018 2020
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MR 2-1. Flp R R &OFARE

A i 0 1 2 3+
BXE (cm) 273 29.5 34.1 37.3
HE () 284 360 564 744
FiGAEIE 0 0.60 0.85 1

fiRA 2-2. AFlmpI R ESRERE (b /)
fEATME 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Rip£&
0 7% 23.61 2293 1742 2127 1549 1693 19.01 12.16 11.83 13.81
1% 851 7.56 12.64 1260 1222 691 1037 10.50 7.01 9.36
2% 311  3.05 499 318 406 234 447 1.54 355 3.80
3l b 462 193 151 215 236 1.09  2.25 1.35 1.88 1.91
Ry 2 &

0~1 ik 429 187 17.71 5.17 1.37 6.11 095 928 6.08 243
2Bl b 742 6.03 583 1894 10.78 9.17 1043 599 1494 11.67

FEAEAE 2013 2014 2015 2016 2017 2018 2019 2020
KpFx

0 3% 14.91 16.87 9.25 18.48 10.49 12.72 6.78  13.06

1% 7.37 5.05 5.53 7.79 493 7.60 7.68 4.59

2 7% 2.70 2.39 3.69 1.99 2.93 1.72 3.32 1.57

3Lk 1.06 3.08 2.61 1.95 1.76 1.71 1.71 1.87
Pl i 2 &

0~1 j% 1.60 1.10 3.48 2.61 4.10 3.95 1.30 0.62

P 9.27 9.23 13.66 6.91 7.65  10.20 7.41 5.97
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MRR 23, FERTHEIRICHW AT X=X

BRS Fmsy o F2020 0 CPRIRE o e s
(FE1) (7 2) (V£ 3) (g)
0 7% 0.76 0.36 0.31 238 0.4 0.00
1 5% 1.00 0.47 0.41 354 0.4 0.60
2wk 1.41 0.66 0.58 542 0.4 0.85
3Lk 1.41 0.66 0.58 709 0.4 1.00

1 SR 31 FEMFERERE 23 C MSY Z 32819 2 AKHEDHEE OBRITEH L 72 8 R (-
7B, R 30 AR ERFHM T O Feurrent DIRIE)

T2 R 31 AR B 5 THEE S Fmsy (72 B SRk 30 4R & JEHT C
@ Fcurrent (Z Fmsy/Feurrent Z#pMF 726 D),

3 LRROBREO T T, ARIOEHEFMN THEE Sz 2020 F OEER OF-E F L[
U E%Z 5 2 % FEZ%SPR 55 U TR L7z, 20 FfEIZ 2021 4O & OE
WZAEH L7,
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HEEM3 FHEMRFAEDOHER

(1) BEZFE (8~9 H) IZIUNVE = &t S B C1T o 7o B il (R EAER E 2 v
TR REARE A O/ O NTBFERIEEZ L FIOR L, A7 = 12T~ e =
Y ROREBN RN, TSFE) & U OR L, BUE, FROBAEHEERIZOWTH
Bt a21T-> T 5%,

i 1997 1998 1999 2000 2001 2002 2003 2004 2005
B 0.2 2.2 1.6 0.9 0.3 0.3 0.05 1.0 2.7
G 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
G2 2015 2016 2017 2018 2019 2020 2021
3 1.3 2.3 4.8 4.6 39.8 1440  32.6*

*2021 2DV CIEE EfE,

(2) 5~6 HICH T HEMBLE CITo 72 B K b r— L& AV Bl EEEHE ER A K
FHEBFERE Ry | »oBE0NT 0faz TR E T 28FEEHEM (M) 2L
TR L (s miE 2 138 T km?, R E 1 & Lin), 7od, APAILEAEY
GELTRY, I~ _ONMMKEEZREREL TR W2d, AHEEMIISHEME LTHRY
W7z,

es 2000 2001 2002 2003 2004 2005 2006 2007
TN 31,300 67,230 6,417 4,515 873 501 11,063 251
ee 2008 2009 2010 2011 2012 2013 2014 2015
S 3,694 78 327 11,479 11,813 141 604 9,065
o 2016 2017 2018 2019 2020 2021
T=HN 18,568 10,165 13,632 369 AR 93%*

*¥2021 2DV CTIEE EfE,

(3) 2000 F-2 HFHIMARRAE =2 — 2 b orxy MEHAWEFBRINAERE] 2 2~6 H
DR TR OTUNRFIER TIT > TV D, FERITFM 3 FE~ T 5 BRRITRIEOE IR
AR EA R B 3 (KRB 2021) 2RSS0,

5| Xk

KHER - fex Tkl - EEFERL - s - BEEAT (2021) SFf13 (2021) FE~T ¥
X R REE R EE O G REEAMN. %03 (2021) 4AFEEFANE &Kk O i S & IREAN  (FaFER]
FEERVEIREEAT)  (FIRIH)
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AMREM 4 a/R— MEFTHER O (1992~2020 )

N R (G5R) WHERE (T h) IAEARILF %SPR
0 1 2 3+ 0 1 2 3+ 0 1 2 3+
1992 27 57 12 3 8 21 6 2 0.25 0.77 0.60 0.60 25.7
1993 82 34 29 11 24 12 14 8 0.24 0.76 1.80 1.80 20.0
1994 56 112 14 4 12 41 7 2 0.28 0.81 1.17 1.17 21.4
1995 80 65 39 3 15 24 18 2 0.36 0.78 1.03 1.03 20.2
1996 48 69 13 5 13 25 6 4 0.25 0.77 0.44 0.44 28.2
1997 110 48 21 12 29 18 11 9 0.41 0.53 0.75 0.75 23.1
1998 100 98 23 10 24 36 12 7 0.25 1.09 0.70 0.70 21.6
1999 169 170 18 12 42 51 9 8 0.65 1.16 0.76 0.76 12.7
2000 48 94 30 10 13 32 14 7 0.35 1.38 0.85 0.85 15.9
2001 120 40 16 15 34 14 8 11 0.54 0.71 1.36 1.36 16.0
2002 66 55 13 4 20 20 6 3 0.53 0.66 0.75 0.75 19.3
2003 67 42 20 5 19 16 10 4 0.53 1.04 0.69 0.69 16.5
2004 7 14 7 8 23 5 4 5 0.27 0.26 0.64 0.64 33.7
2005 167 90 17 6 46 33 9 4 1.03 0.76 0.70 0.70 113
2006 114 32 26 7 34 12 14 5 0.64 0.72 0.69 0.69 17.4
2007 67 60 12 14 18 21 6 9 0.54 1.16 0.91 0.91 14.5
2008 93 29 10 6 23 10 6 5 0.87 0.61 0.81 0.81 13.4
2009 75 31 16 6 18 12 9 5 0.42 1.19 1.22 1.22 15.2
2010 57 42 5 3 16 14 3 3 0.29 0.56 0.77 0.77 24.8
2011 93 58 25 3 22 24 13 2 0.54 0.70 1.03 1.03 18.0
2012 71 42 22 6 20 15 11 4 0.47 0.66 0.84 0.84 19.9
2013 105 43 12 6 25 15 7 4 0.57 0.76 0.53 0.53 19.3
2014 50 30 12 8 12 11 7 6 0.32 0.40 0.65 0.65 29.4
2015 61 25 20 7 15 9 11 5 0.29 0.32 0.65 0.65 32.0
2016 88 53 17 8 24 19 9 5 0.42 0.55 0.48 0.48 25.9
2017 68 38 18 10 13 13 10 7 0.31 0.41 0.48 0.48 31.4
2018 197 101 35 21 44 37 20 17 0.98 1.45 1.12 1.12 7.7
2019 45 59 11 9 10 20 6 7 0.49 1.32 0.74 0.74 13.9
2020 30 15 8 7 9 6 4 5 0.23 0.39 0.77 0.77 30.1
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HMREM 4 (iE) aR— FMETEROFM (1992~2020 )

™ TR E() BIRES (F7R) YRR (FF>)
0 1 2 3+ 0 1 2 3+ 0 1 2 3+
1992 296 373 462 692 145 126 32 8 43 47 15 6
1993 287 357 474 703 454 76 39 15 130 27 19 10
1994 219 365 487 659 279 238 24 6 61 87 12 4
1995 188 374 454 687 321 142 71 6 61 53 32 4
1996 270 361 474 641 266 151 43 18 72 54 21 12
1997 262 370 505 731 390 139 47 27 102 52 24 20
1998 238 365 508 667 553 173 55 23 132 63 28 15
1999 247 298 489 655 419 290 39 26 103 86 19 17
2000 280 343 487 700 195 146 61 20 55 50 30 14
2001 285 362 519 729 344 92 25 23 98 33 13 17
2002 299 360 475 690 192 135 30 8 57 49 14 6
2003 284 388 508 721 195 76 47 12 55 29 24 9
2004 295 362 520 693 390 7 18 20 115 28 9 14
2005 274 366 505 710 305 200 40 13 84 73 20 10
2006 296 367 524 685 287 73 62 18 85 27 33 12
2007 276 345 534 672 191 102 24 27 53 35 13 18
2008 243 342 597 754 188 74 21 14 46 25 13 10
2009 240 376 567 749 265 53 27 10 64 20 15 8
2010 272 327 581 755 274 117 11 7 74 38 6 6
2011 237 404 533 712 265 138 45 6 63 56 24 4
2012 280 347 519 688 227 104 46 12 64 36 24 8
2013 239 345 557 668 288 96 36 17 69 33 20 1
2014 233 359 560 701 224 109 30 21 52 39 17 15
2015 247 352 546 680 296 110 49 18 73 39 27 12
2016 270 356 539 709 308 149 54 23 83 53 29 17
2017 198 354 540 738 309 136 58 32 61 48 31 24
2018 222 363 571 772 370 152 61 37 82 55 35 29
2019 229 339 571 762 138 93 24 21 32 31 14 16
2020 284 360 564 744 181 57 17 15 51 20 9 11
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HREMS FEZLOOR— MEMAEERICLDRHFREEDEH

HHAE (7 A~BUE 6 H) IFEEEZHET D 72012, 2020 FELIBRITE IR RS & k254
PAR (0.5 ) T EITkd7, 2022 FEH (7~12 H) & 2023 R (1~6 A) O
AR A Z LT, 2022 A (202247 H~2023 6 H) OifEREEZEE LT,

M
Naz,y = Nall,yexp(_ha1 Fa,y _?) (1
M
Na+11,y+1 = Na2 Y E‘Xp(—haz Fa,y - 7) 2)
M M
Ni, , =N, ,exp(-h, F, - ?) +Ng, exp(=h,, Fy, - ?) 3)
h F M
C,,=N,  —2% _(l-exp(-h F  ——))
a,y a,y a - a,y 4
hF,, + o 2 @
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