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A Bioeconomic Analysis of Largehead hairtail(Trichiurus lepturus) Total

Allowable Catch(TAC) Fisheries Management

Si—-Hyeon Kim

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

This study attempted to evaluate the stock status of Largehead hairtail
(Trichiurus lepturus) which is one of commercially important fish species in
South Korea. In addition, based on results of stock assessment, a bioeconomic
model of Largehead hairtail was developed to consider the level of annual
Total Allowable Catch(TAC) and impacts of Non-TAC target fisheries that
catch Largehead hairtail.

In the analysis, as stock assessment models, Catch-Maximum Sustainable
Yield(CMSY) and Bayesian state—space(BSS) models were used.

Results showed that the biomass of Largehead hairtail was estimated to be
‘Overfished’ in common by CMSY and BSS models. Specifically, as of 2020,
the biomass was estimated to be 56% and 59% of the biomass which can
produce maximum sustainable yield respectively.

Based on the above results, the biomass change of Largehead hairtail and the
profits (NPV) by TAC fishery according to the amount of TAC considering
non-TAC over the next 30 years were examined with bioeconomic analysis.
As results of bioeconomic analysis it was shown that resource recovery
would be possible at the current level of TAC. However, it was shown that
resource recovery would be impossible if the current TAC level would be
increased by more than 20%. Futhermore, it was predicted that the biomass



would not be increased if the catch of Non-TAC target fisheries would be
increased by more than 50% from the current catch level. In addition, even if
it would be reduced by 20% from the current TAC level, it was shown that
all TAC fisheries would have positive profits.

Keywords : Stock assessment, CMSY, BSS, Bayesian state-space model,
Largehead hairtail, Bioeconomic model, Total Allowable Catch(TAC)
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<E 2> MEAME 24 pE Malolp

A| = A =} S
i - Bayesian state-space 24 &
7] oA E ) N
WA - TAC A Avzgled 27
ek AE7 A A N
e (2020) AL 2 AT ofgol W)
o o=
TR el = Horel - 20000-2018d A& olgdgF %
fg ol we e (20“20”) #£¥3% CPUE A% &&
AE A A A - Bayesian state-space 249 &-&
715 7 Ak )
- i - e &g
ool ke el Wobe 2% 9 Bayeswn_state Spaiez 5]
_ e = TAC, o9 =8 gF ©w&
sk AEHA A (2020) 3 L :
AE7A A A3t o=
A
Alternative outcomes
erd i - 1964-20154 21 H-9] 397
r differen i
. hun' ¢ Tokunaga oA oko A 2] 867l ool 3k
is erlesl'rflar.laAgAement ot al q98s ARE Ba
policies: e 5
bi ) s (2019) - Fusy, Busy 70l oh&
ioeconomic analysis A7 A A WAt o &
of Japanese fisheries
Bioeconomic Analysis
on the Egyptian - 1985-2016 o] HE ] A Fa <}
) o Mamdouh o ) ol = .
Coastal Fisheries in S el 3 ALdFr A9 E
. (2019) _
the Mediterranean g8
and Red Seas




Felvel Adeiold &A F o1 ¥ 19709 V1% 69082E S AlFe
2 A&EHo 7 ZFrte o, 197490 = 166391 E 02 Hu o] &S 7]
Z3tth o)F TE wEsle FHE Ao R 108 B o]t ofFFFs 7
Z3it7t 1990l SRR E 109 & oldte] FE o R sl 2000
W2 Sl EA of 65 EoA 8¢ B FFo g mud HES Holi )
omn 201035 E FAA #Fasdte] 20119 33101802 HA xS
715359 o] F TS wESE A4S Holy, 20213 VFE &2F A%
ato] 63,056%=2 Kol ATHEAH, 2022).
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HE
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Syt A9 A9 tdd gFolM oIHE oFeH, 7 gF
o] n]go] M umEA EEH Ut} <

202037k o] H = 570 A 23
=l

=5
=
V
=
2
rir
DO
S
—_
>
L
z
)

, ek 12.8%, A AW 105%, 8 A
7] 79%, WIEE 69%, LRI AAYL 68% 5o wo2 e
(FA%, 2022).

<IE NI-1> HS5Y Zx| o{&2K2016'H-2020H)

(9] - =, %)

T 2016 2017 2018 2019 2020 :
<A 6,969 | 13,193 | 13,892 | 11,447 | 15736 12,167 | 24.8%
A= 4,487 9,684 7,025 6,116 7,632 6,989 14.2%

el b | 4,301 6,199 7,739 5,981 7,522 6,268 12.8%
IR 6,435 8,373 4,969 2,426 3,603 5,161 10.5%
=3 A 71 2,741 4,931 3,830 3,235 4,557 3,359 7.9%
NFE= 713 1,033 1,438 5,312 8,454 3,390 6.9%

of,

i Hl &

ol
] 3,304 4,343 3,008 1,897 4,070 3,324 6.8%
HEA A
7] EF 3,781 6,726 7,550 7,464 14,146 7,933 16.2%
A 32,331 | 54,481 | 49,451 | 43478 | 65,720 49,092 100%

AT TR FRANE, ST, ABAT &

Atg 1 &A% (2022)
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Ao MA Ak A <y M-4>elA Hi wpel o], Hdubdom
© Ad%e Hola St TAlder durd, 19909 7lE oF
1,236.99 oM AEHom Frhste] 2008d 328479 A= 7153k
o] % 2009\l 2015W7kA] ZrashE FAE BAowH, 20159 FE tha
S7hske] 2017d 438749 ¥o=2 uEgth 2020d0l= A% v of
54% S 7FRE 466039 = 7IHsklon, 20219 A% &F sk
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A B A9 (29 M-7]A BE uksl o], gAl ¢
HAe) vE A oz Yelyth FAM R AuEw, 2o
1992\ 23885E ol A 20201 8,189%, et e] A% 1992y 70,348
oA 20206 10,358, zelar P Ae] A9 19921 44,652+ o A]
20200 195090 & 747t ZFaskdvh ®=g g EES A9 19929
12,3123 0 A 202013 7,150%, Eoltfg Aol A9 1992 42,563% 0
Al 2020 8597 =02 Zh7t HAE o2 UERL
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4 °]
o), odu&(Zfn+d= R FN[+37HEZN]), ool (o]l
AH ), oldQdu] g, FHE(]dnlE&+oly ¢ H§), 2E| AIGA o
A(FFY-F08)S TAL=E AHHEIT

AR Fedse A4 dFE AuEd, <E M-2>004 9 Zo], g4
olo] T4 FAdgoH, 2016 FH S-S vHESte] 2020 1599 €
S 71ESHA Q& A S-S REESITE 20209 &F FUbs
Ao 2 ettt oo wWE 20209 ojPelde i uiH 104% S 7he
Ao 2 YeEbgth F9A ol ASeE 20209 71+ M| ¥ 104%
S7he Ao R YERTh
<E I-2> 2 AS X2 &(2016'H-20201)

(9] - A 9, %)

2016 | 1,130,224 | 1,130,342 | 823,950 | 306,274 2,262 826,211 | 304,130

2017 | 147911 | 1475911 | 962,697 | 513,214 4,545 967,242 | 508,669

2018 | 1,273666 | 1,273,666 | 890,797 | 382,869 - 890,797 | 382,869
2019 | 1129518 | 1,129,518 | 845,811 | 283,707 - 845811 | 283,707
2020 | 158425 | 153642 | 1,007,954 | 577,470 - 1,007,964 | 577470
Hat | 1318949 | 1318972 | w6242 | 412707 3,404 07603 | 411,369

Atg 1 &A% (2022)



ST 4 qES w5 M-3>cllAsh 2o, o5 o
T 201690l vle] &% SUHEE AoR dEhdon 20204 VS F5
o9& 1249 9 7158

oAPugo] A v sl 3 MEE Bolon, ofd mE o9
oje}2 2020d 7l Ad ¥l 29% FUbskolth AGAl wolde A
2020 715 Al oiH) 27% b A2 U
<E II-3> 2o et X & 8(2016H-2020)

(&9l 0 A 9, %)

2016 | 1026394 | 1,026394 | 796,501 | 229893 | 9198 | 805699 | 220,695

2017 | 1,177,249 | 1,177,283 | 900,089 | 277,160 | 8677 | 908766 | 268522

2018 | 1204459 | 1204687 | 823718 | 380,742 | 4303 | 828021 | 376665

2019 | 1,062,237 | 1065696 | 777,896 | 284,341 | 3836 | 781,783 | 283914

2020 | 1242595 | 1242505 | 875058 | 367,537 | 7295 | 882,353 | 360,241

It | 1142587 | 1143332 | 834,652 | 307,935 | 6672 | 841324 | 302,007
A= 5 A% (2022)

PG A4 AFE AHE, o] A9 20179 o] F A&HH
o= F7kske] 20200 122.89 o= YERET. S5 By HaFAE

Holt} 2020 &% Adssto] 13339 do= ey
oldul-g&o A 2016 ALK ow At 2020 A% GE
ato] 11359 9& 71234t} old wel, Tl oy ul&S 233
ojgdeol S AHry figMde] A9 20179 201849 Z}7F 16.09 4,
56° e AAE HoZH FASA AAE Bl T2 ZAEAT
SAIRE 20199 F-E HI7HA = SUbske FAE Rl o, 20204



<E 4> hEM DY %X 3 H0163-20201)
(91 1 2 2, %)
A9 | A9 | ol el 9| . *CL
A= e [T wg | ooy | ows | T s

2016 | 13862034 | 1420932 | 135813 | 273,896 | 668,864 | 1425702 | 35,930

2017 | 10904733 | 11443813 | 12104196 | -1,909443 | 553,229 | 12657424 | -1,213611

2018 | 1034349 | 11,23L188 | 11,406308 | -557,809 | 406,193 | 11812301 | 381,312

2019 | 136631 | 12521841 | 10868291 | 998,340 | 1,051,730 | 11,9101 | 611,819

2020 | 122020 | 133%,70 | 11,3940 | 925,820 | 375,420 | 1172430 | 1610909

Hat | 1,804 | 1256113 | 116120 | 8,161 611,087 | 124236 | 92,747

Ag 1 S A% (2022)

Fraashe] 2569 Yo yEnT o wE ofjieo]fE 2020 7+
o fdog Hd o] -28%° AT FAE AT F AT B DA
& I

2020 7% 419 oz Ad uu -5%9] 723



<IE NI-5> HEEZ X & &H2016H-2020H)
(9] - A 9, %)

P\

A
]

o]

-

o] o] o]
__1___/':0] 01}21 01}21 01}:19’] %—H]-Q—

° H| & o] ¢ H| &

re
ol
19 2
Nl
of
S
2 o2
_]O

2016 | 3,697,082 | 3,697,082 | 3,472,195 | 224,887 6,720 | 3478915 | 218,167

2017 | 4577107 | 4577107 | 3448494 | 1128614 | 8998 | 3457492 | 1,119,616

2018 | 4,144,653 | 4,144,653 | 2,837,045 | 1,257,609 - 2,887,045 | 1,257,609

2019 | 3439590 | 3,439,590 | 2,812,630 | 626,910 | 189,800 | 3002480 | 437,110

2020 | 3008011 | 3,008,011 | 2,959,733 | 448,278 | 34,062 | 2593795 | 414,216

Hat | 3773289 | 3,773,289 | 3,036,029 | 737,260 | 59,895 | 3083945 | 689,344

A8 1 E A% (2022)

ALolggAdue] FAEFS Ay, ojdF L F5d9 AS
2016 5-H Z715A4AS5 Holt 2018d olF A &FHow 7hAadle] 20209
3869 ¥& 7Stk

ol Au] &2 2016 4269 Y& 7|HE o|F v =g FFoA T WE
S Holtd 2020 3369 9oz Az d¥E el old uwEl
oo A o dH &S AAE ojiel e 2020 1F 509 Yo UEyo
H, ol Ay dib] 40% T7her Aoz yeldth A9 ol A9
2020 715 509 do® yEuta, ol dd o] 51% SUHE o m



<E ll-6> AZoltf&E A olat F=X|&

2H2016'A4-2020'4)

(@9 A 9, %)
= | 29 | eea ) 0k | aq |Tay | e 2
2016 | 4,302,310 | 4,302,310 | 4255907 | 46,403 8,333 | 4,264,240 | 38,070
2017 | 5,231,157 | 5,231,157 | 4,280,638 | 950,520 8,763 | 4,289,400 | 941,757
2018 | 5014,058 | 5,014,068 | 3,947,262 | 1,066,796 - 3,947,262 | 1,066,796
2019 | 4,378,398 | 4378398 | 4,019428 | 358,970 | 25833 | 4,045,262 | 333,136
2020 | 3,861,915 | 3,861,915 | 3,359,486 | 502,429 - 3,309,486 | 502,429
Ht | 4557568 | 4557568 | 3972544 | 585,024 | 14,310 | 3981,130 | 576,438
A5 EAH(2022)



Ugor ZAE ogstes 8 dFd olf nlgS ddrsdd. WA
T ASe] A <E M-7>A 2 8kep o], 20161 51.3%0A S7
< WHESke] 2020 73.6%= WERSTE o] wel Zajds HAA YA
Tl A AA 7} A F=E W FE 20169 73.3%°1 A4 20201d 85.2% = e
Wk 20169 -8 20200714 A solA Ao Ao g ATt AR s
oAGH) T o FA 661%= VEIG O™, AL RS 799% 8 ZALH
At

<E 7> 2alois 2 ofF | E(201614-20201)
(9] 1 E A 1)
o] & AR

A=

A7 2] u) % A7) 24 H] %
2016 12,802 6,569 51.3% 173918571 | 127,405,592 73.3%
2017 18,689 13,193 70.6% 210,422,171 | 174,648,767 83.0%
2018 18,979 13,892 73.2% 190,282,944 | 154,606,175 81.3%
2019 18,498 11,447 61.9% 176,419,077 | 135,849,809 77.0%
2020 21,377 15,736 73.6% 250,433,959 | 213,365,006 85.2%
1 18,069 12,167 66.1%6 200,295,264 | 161,187,070 79.9%

A5 1 A (2022)

T oAl AAE AH et o MlFTE <& M-8>lA
B mke} 2ol 20161 10.0%0014 F7bake] 2020 14.7% % LpEFSECE o]
of wg} ZaetHd AA A FHA AH 7} A EE BHFS 20164
159%0°1 4 Z7ske] 20200 265% % YERSLTE 2016L4‘jE1 20201 744
ot wol ) FHAoR A7) A FE o]F HEL o3 o] A 12.6%,



RApE o A= 2129%2 L}ERG

<E Il-8> 2ofotzte 2| 0% H|F(20164-2020L)
(@9 E, A )
SER CREE

Ax

A7 2z o % A7) 2 u %
2016 43,128 4,301 10.0% 147,381,183 | 23,450,417 15.9%
2017 58,553 6,199 10.6% 201,148,256 | 36,763,091 18.3%
2018 50,188 7,739 15.4% 164,978,391 | 39,053,513 23.7%
2019 44,807 5,581 12.5% 141,319,032 | 30,859,688 21.8%
2020 51,101 7,522 14.7% 170,274,933 | 45,136,264 26.5%
o1t 49,555 6,268 12.6% 165,020,360 | 35,052,595 21.2%

g 1 T AR (2022)

@A ojdako A ZAA7F 2AA = 0F HFLS <z
= oukel 2o AR R 20163 3.1%E AlFHoR 7 WES kel
Eols £x¢ 31%E vERT teoz iy

& &4
i WEsS FEl 2020 7l 45% = 20161l s A
2 gotE gt olo] wet 20161 FE 2020 7R o & 4 kel
=

==

A FGrAor A7t AR EE o]F] H|FE ofF g 3.1%, AAEd 46%
2 eyttt



<E II-0> HYMY Zx| 0fF BF(2016W-20204)
(2l E, A 9
SEE: A

sl

Sk 2 ik A 23 W%
2016 207,989 6,435 3.1% 272,786,327 | 11,184,632 4.1%
2017 148677 8,373 5.6% 209,821,097 | 15,569,196 71.4%
2018 241,897 4,969 2.1% 259901,933 | 9,891,771 3.8%
2019 145,066 2,426 1.7% 196475572 | 6,664,434 3.4%
2020 120,404 3,603 3.0% 214,893,675 | 9,587,629 4.5%
4t 172,807 5,161 3.1% 230,775,721 | 10,579,532 4.6%

A5 1 A (2022)

NPEE ofFFolA AA7} AA s o] T2 <F M-10>14 A
gE vet Atk QP EE offddA AA7F AAGE HTE AHEW
HEEslo] 20200 = A SUHE
36.9%=Z YERTE o R QPEEE MA AT AN AR 7F A 8=
Hl 52 20161 04%°lA] 2020 6.9%= A S7HF FAE 715359
olof we}l 20161 F-E 202097+ I H E
= oy HFe og A 139%, YAl 33%2 e



<E -10> HHEES 2% ofF 8] F(2016E-2020)
(9] 1 E, A 1)
o] o AR

o=

A7 25 u A7) 24 H] %
2016 50,990 713 1.4% 187,255,897 | 742,609 0.4%
2017 32,462 1,033 3.2% 163,337,381 | 1,792,640 1.1%
2018 18,689 1,438 1.7% 106,959,793 | 1,906,226 1.8%
2019 26,334 5312 20.2%6 115,153,190 | 7,308,051 6.3%
2020 22,904 8,454 36.9% 101,922,741 | 7,054,186 6.9%
1 30,276 3,390 13.9% 134,925,800 | 3,760,742 3.3%

A5 1 A (2022)

x| ato 2 Aot FAAY o] & Fo A A7t A sk o F ]
AHRd, < M-11>00A4 Ad2E uie} 2ok A ojF=F H|F9]
20161 7.6%°1A S7tske] 2020 11.5% % et ooz AE
FAJNY A AT HA A D27 2p#] et v 2016 6.8%E
o= 20209 6.7%=E 2% Tad FAE YedQlth old uke} 2016
B 20201 7hA] AEoldlF Aol Al Fyrd oz AXT7F AA| 5= o
A& 7.9%, Aaked HlEe 61%= 7217 UER

&oﬁ‘, ol\

o>
off qr X £ o o

ot



<E II-11> BOIHHENAY 2% of= b|Z(201644-20204)
(del - = 1 4
SEE: PR
A=
A 24 ks A 2 u) %
2016 43,390 3,304 71.6% 132717571 | 9,023,978 6.8%
2017 58,089 4,343 1.5% 166,937,277 | 12,203,972 71.3%
2018 37,148 3,008 8.1% 145,145,139 | 9,941,840 6.8%
2019 39,961 1,897 4.71% 160,467,387 | 4,744,013 3.0%
2020 35,326 4,070 11.5% 142,234,427 | 9,524,737 6.7%
4t 42,783 3,324 '1.9% 149,500,360 | 9,087,708 6.1%
2= A (2022)
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AT BAOE o AR Ag T, Aoz ¢
Astel ¥8 FX 7|7 @ 7o FA A, Total Allowable Catch(TAC) Al
EIHFA 77 F FIe ZaAw,

(L) sl A ste] 79 19
Y 7€ 31d7bA 9 7k AAste] wefetar Ak ok, sd el A

st glrt.

ooz ¥YFA AFe FEG 18AE Y ojstz dAste] #els)
a e, ZA o T g A dAE 20% vvtew ¥3 g A
Azt A= ALt A(FAA, 2022). viAHo =2 TAC AEs 54
Ao Fed tis] A FE 5 Ae AdZFE HdAste] 2 F= WeArt
013 & 3 g3to] FAAYLE BeElsE ALE T3 TAC AxEE 19994
- AR o] #@A7EA] Al E AL 912111 20229 AA ZaAs(ZEA, 3
Zol) 2 AHAZ(EA) S5 T8t T 1871 HF, 1670 olFS it

™
2 TAC A=7F 4855 (= saxtdsd, 2022).

ol#gt TAC Ak AE&S e ofFd daixe "FiAd 3E 4
o golgF g Fakd ] el g X, A upep A A 7
g o o] wjuf &8 aFko] o] FoAEE o] T &S Tt
AEE 3t AT AIA, 2022; SAH, 2022).

Z2el A 2022 TERE i ofFor xFEol #EHal 9low,
TR Zads, 2, EAY, HIEE, 28 FEO
P A Aot ZXxe] TAC =S 20229 79-2023d 69’ 7|+

8,908=20.2 AAE o] JQup(Sh=r b2 F e 2022).
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V. 24 A= 2 9y
1. £4 =8
1) AL 57}

CMSY = BSS ®&S o]gsto] vl 24 ALdH7ME &7 9l
Mz ZAe g Ee Adw, 9= 8 F(CPUE, Catch Per
Unit Effort), 2] 3L Resilience S t

HA o] F e fEuer A g
Al AZLHoAPNA A EE= &
Aze] Hels FAF IUtEAxE
B 20208714 ¢ % 51704 A RS

2o g 294 AFEMS F%
&l A= Fishbase(www .fishbase.org) & %313}t 7L?<]4 o~?— }?HXJ, r
FHo® 080(95% AFHTF : 053 - 1202 AT o] wE

Resilience #t2 Medium® 2 ggl¥ o] o] & #4 A5 2 &8§3t3
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CPUE A&+ A Sevel 229 TAC Wdds(Zads, et
T, gAY, dIEE, AIoldI@AAD)S AT oA Fel FEsHE

o Sli@(r}d )& o} Ak CPUE ARE 2eadd. FA4e
=

dEFd 8T R e Ane] {os SAH I ATES F
d AAZ g 4 Qe 77 19973 FE 20203714 9] F 2470 A}
55 g&stth

2 ATdAdE 4F & g sE HE 18] d Gavaris(1980) 9]

Aukslel A3 ¥ (Generalized linear model, GLM)& &8&3le] ® 3%
ntE g ol AR E ARESIATH(RH =S 9] 2018 H Al £, 2019). GLM
S o] &% ogey mFE AN <FE NV-2>0A4 HE wpe} ) 374
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<E IV-2> dutstE MERyd =Y Zdof
Variable Estimate Std. Error t-Stat P-value
(Intercept) -3.68149 0.32828 -11.214 <2e-16""
year1998 0.09528 0.42982 0.222 0.825065
year1999 0.20931 0.42982 0.487 0.627431
year2000 0.59707 0.42982 1.389 0.168155
year2001 0.70485 0.42982 1.64 0.104448
year2002 0.36093 0.42982 0.84 0.403238
year2003 0.60521 0.42982 1.408 0.162486
year2004 0.80453 0.42982 1.872 0.064416"
year2005 0.84122 0.42982 1.957 0.053363"
year2006 0.80249 0.42982 1.867 0.065083"
year2007 0.82643 0.42982 1.923 0.057608"
year2008 0.75442 0.42982 1.755 0.082554"
year2009 1.01439 0.42982 2.36 0.020387"
year2010 0.86997 0.42982 2.024 0.045869"
year2011 0.11611 0.42982 0.27 0.787667
year2012 -0.04604 0.42982 -0.107 0.914933
year2013 0.43739 0.42982 1.018 0.31153
year2014 0.34438 0.42982 0.801 0.425069
year2015 0.3409 0.42982 0.793 0.429748
year2016 -0.1011 0.42982 -0.235 0.814573
year2017 0.24141 0.42982 0.562 0.575724
year2018 0.21731 0.42982 0.506 0.614363
year2019 0.10753 0.42982 0.25 0.803005
year2020 0.57369 0.42982 1.335 0.185264
type_LP -0.36687 0.19619 -1.87 0.064663"
type_LSN -0.12123 0.19619 -0.618 0.53814
type_ LT 0.29648 0.19619 1.511 0.134156
type_PT 0.78684 0.19619 4.011 0.000123™

T <0.001Y - ' xx’ <0019 A ¥, <0.05¢ F¥Y, <019 A ¢



<¥ IV-3> TAC 434

(9] : vhe]

3ol
de | 2dds | 2dedd | A94Y | W¥=E | oo
1997 141,828 873,822 166,580 398,287 361,326
1998 142,186 847,955 157,329 440,907 317,035
1999 115,654 315,839 226,223 274,127 314,421
2000 130,932 144,279 337,016 285,029 204,464
2001 173,318 117,731 273,044 279,143 199,367
2002 280,769 95,478 117,549 190,606 309,122
2003 208,169 116,900 185,584 134,695 209,053
2004 149,399 320,207 120,136 71351 106,726
2005 218,079 134,940 105,381 93,332 111,883
2006 160,364 158913 174,523 69,354 161,902
2007 207,983 110,039 214,528 131,253 99,279
2008 325,223 178,331 340,954 42,340 58,770
2009 153,038 110,559 577,255 102,994 94,284
2010 176,250 100,187 303,078 16,775 70,769
2011 355,897 131,462 230,720 38,136 69,114
2012 348,907 238,304 169,869 23,893 92,922
2013 211,953 2277549 193,334 32,955 106,233
2014 272,484 194,301 202,311 18,910 155,853
2015 219,617 172,762 411,167 32,872 68,595
2016 288,572 213,292 407,975 23,285 66,081
2017 411,482 218,263 376,893 23,952 61,671
2018 443,852 279,132 229,125 34,156 43,755
2019 408,169 224,652 124,344 140,814 30,796
2020 352,042 189,969 116,330 140,605 41,455

A5 1 A (2022)



la

A
ax

2) AEAA A B

2 Non-Tac o

Aol A

—Z
A

S-eutet ZA ¢ TAC W4

SERCE!

37} A3t

2]

A A9 2

g

A

=
—

-
R

SEEMIGE R

=2 A
=

P t+1 A A (20219)FE t+30

S

8

£ A ©0208)9] 2

A3 (2060) 744 ] A

file)
o
B

™

)

it
]
M

o

il

¢l 318,084

&

mas

el

1
s

ki3

Afe] APt FA

H
=

Qb=
o SAIZE AT

ol =
S

Eis

e

|

9

g

A

=
T

o] g &F
3} 7] 9
o] TAC W4

BIESRREY Aol A

28

=

57FAI(

=]

Aol s TAC A4

H
A

A

P2 t+1 AJA o

S

7L

=
=

ol g 25(63,056F)

<

20219 7]+ oA

-
R

7ol A

A, 2022).

3
A7) e Amd 2

A T

S

&

T

Lk,

o]
2

o] o ¢lo]

ol weh & Al

ks
pul

ot

}of of

S



3,095
3,098
2,822
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<E IV-6> TAC CHAQIZY 2x

7t 72 (2016-2020)

=] LE] o] = 15 o) )k & ] T He= A Eol
?_T': L HLvO__ = HI_OO EHOI__O EHO——E ﬂ%ﬁézi?_%]’
2016 '13.3% 15.2% 4.1% 0.4% 6.8%
2017 83.0% 18.3% 71.4% 1.1% 71.3%
2018 81.3% 23.71% 3.8% 1.7% 6.8%
2019 77.0% 21.8% 3.4% 6.3% 3.0%
2020 82.2% 26.5% 4.5% 7.0% 6.7%
o1t '79.9% 21.1% 4.6% 3.3% 6.1%

A5 1 A (2022)

<IE IV-7> TAC M ESH 2T Zx| 0o ¥H|S(2016-2020)

(49 + " /P EA)

\ ! . . sl
T oAy | FAdAT | HEAE HIEE 5 A4 ol
2016 603,591 120,779 957,133 13,770 289,376
2017 799,031 164,506 898,158 37,400 312,936
2018 724,060 194,989 434,120 50,267 270,371
2019 651,308 169,869 368,312 178,503 118,829
2020 858,759 231,959 506,364 178,188 225,264
Bt 127,350 176,420 552,818 91,626 243,355

A5 1 A (2022)
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Toll Qo Joj A s mdS yuto g g BSS Rdo] o3k A}
A3t} CMSY RdS 83 4 A3 7 A3E Fr7pH oz AAse]

Aitse vals] Bkt

h=]
tt(Meyer and Millar, 1999;
. 2013; AHA 9], 2019; Hong and Kim). BSS 2 do] FHdogi= A

+ @3 A< CPUE S =R
A7k AvE FGg 9B% AHATHE A FoR B shie] W
g ANY 5 ek webd] B4 Aol glo] Fo ARE AN W BB
3 osrel WS G4 dEhlel 4 Adtel AREE molua st

(Froese et al, 2019; =A% <], 2021).
2 A oAM= B AEE F e 4A AdFIE 8 FHEH
o2 &9 4 Ay s Al FAR7F A FE o= AR S}

=42 elE PPVR(Prior-Posterior Variance Ratio)® F7F2 22 A
]

CMSY % BSS Ede FtAd#7zlel Qo) F2 &85 U=
Schaefer 2 @& 7]vke 2 3t} Z1¢]al Schaefer Rdol A =L HEo] F7}
o242y P58 FUE e Aow Adsn Ak ol ue
o] APdHEFS A () e FdegE v ¥ 4 Advk(Schaefer, 1954;
Schaefer 1957; Froese et al., 2017; Liang et al., 2020; Ren et al., 2020;
A <], 2021).

dlo



st= naddE A9 ved AdEFS A (23 Zo] yEd ATt
(Froese et al., 2017; Ren et al., 2020; &A%, 2022).

t

By = B +4

B
r(1—B,/k)B, — C, |Tt < 0.25 2

AE sl eE r 2 k iR g APdAH R 2asith 29
2 AZE(r)o et A}d W$lE Fishbase(www . fishbase.org) S £3] o]

%" Resilience A58 A= AT = Ath(Froese et al, 2017; Froese
and Pauly 2021). =3F A2 W o] el s re 4A Mo wat <x&
V-7>0 Ao} o] 4dA 2 FRE}

<FE IV-9> A HEEo wE AME Helof oish Hel(Resilience)
Resilience Prior r-range
High 06 - 15
Medium 02 - 08
Low 0.05 - 05
Very low 0.015 - 0.1

A& : Froese et al.(2017); Froese and Pauly(2022)

dgoz #4580l e A Helt HEHE ofHY 4R )

grom AAHY. &, £4d ZE&H= Hd oI ‘max(e)et 294 A



2] (4)7F A-E"}H(Froese et al., 2017; Wang et al., 2020; Hong and Kim,
2021). 97141 low$} high7} &jv|sh= vbe 89 7kl st} sheks el
i, C= o d=S on gt

klow = maX(C)/rhigh

khigh = 4maX(C)/rlow (3)

klow = QmaX(C)/rhigh

khigh = 12maX(C)/rlou; (4)

Aol it AP Hels AdEH A& H] vel AdE
ZB/K wet <& V-10>3 o] 3dA=E Fste] AR 5 olvh &
Aol gk Al ®9] AAde 4 AR AR &, adga 3 A
Zo Al ALH FAXE A H(Froese et al, 2017). HeF =%

Ab RS 37HA AR e R AY AASA Fis AFd= Default
rule(Froese et al, 2016; Froese et al, 2017)el wlg} 4 259 717+ 2 o
F A5E SAR AdFY AHAHEAE A8 HFroese et al, 2019; AW,
2022).

<E V-10> B$8 ofs] XAEY FEo| 02 ARME Helof ofst Heo

Prior biomass B/k
Low 001 - 04
Medium 02 - 06
High 05 - 09

A} : Froese et al. (2017)



ZAS Tl r 2 kol dF old WY W ]/‘1 o] r-k#o] A Erh

A ‘ﬂﬂﬂ Ameo] ApdFe] Aea, o
Arstz] fl8) A (1) S (2)o] AFgHT) o] d vt
ATl A <E NV-11>014 Hi= miep o], o33 AdF 55
o wjg- FAY, AbH AdF HAE Hoju= Agole Tk As
o7 AAHA Brh(Froese etal., 2017; Liang et al, 2020; &AW <€
2021).

<E IV-11> 4% JP5E K Bz
E
1 o8 A% FFol 001k mr} e 4
2. %8 Aol FPAm AFAE AL AP WNE HoE 4
3 A58 A o) ook Al AYEE N ALY UAE ol BT

AT <E V-11>0] e 3714 276 sld A 3 F$o= §

g TkKEE Vted BoE FEt Jhed kS oMY &R
(bivariate plot)ell WeEbH™ 2t e Befo 2 yeuAl Y =dH o & 7H
7bedel w2 ke dubAow A7t & FEAA YEUA du
(Froese et al., 2017; Liang etal, 2020). L2]aL o] w 7}sAo] 714 =&
ke o5 2 (5)3 #Zo] Schaefer &9 MSY F24& 7|Rko= g M3
3 N4S 5 AA P ((Froese et al, 2017; Liang et al., 2020; 321,

2022).

MSY = %ﬁlog(k) = log(4MSY) + (—1)log(r) 5)
ojy st AL T HAE kS BSS RdoA ApAAHRE g83)



o r} kol digt FA4S AAgT o2 CPUET 2 (6)% #o] o g
SEAT(PY ALF Bz A T = Q. olggk 2 (6)2 Schaefer
hof w2 () 2ol o] YERE 4 9l

CPUE, = ¢B, (6)
CPUE, ., = CPUE, + r(1— C]DquEt )CPUE, — qC, (7)
o8 sEATN e AHAHE= Schaefer 79 & o &% #2412
2l (@)l A AlZE L 2] ()9 viE Aol Bl A g9 ofFaFs on gt
. olul B/k7F 05013l B = CPUE/q¥ A% ¢=05rCPUE/C 3 &
ok WkE MSY 59 Hwh FFEoE Abd . AdFFe] AA

(B/k=0.25)%% ZA$oE ¢=075rCPUE/C &1 & 4 9t (Froese et
al., 2017).

geb] o Y5 EAGE F487] 9% AdEde s gEe 4 (9)
b o] HAY & gtk olm Az AdB] W AW Lows
HAHE A9 A @01 57 27 025904 05, 05914 1002 W7
Ay FAHeR A Q0 5, rol AR UF Bighe ol e

(Froese et al., 2017)
Zelil CPUE,,,,~ %71 9474 713F &<¢+¢] CPUE#S B+
Crieans 4T 717He] o] & Hits 9u|gity. CPUE % o g &9 Hit
= 7139 749 Resilience’} Medium &2 High?l %9 &
54, Low?l A%+ 109 7|7tez A3t Froese et al, 2017; Ren
and Liu, 2020).



0.25r, ., CPUE,

pgm mean

Qiow = C ’

mean

0. 57nhlgh CPUE,
qhigh C

mean

mean (9)

AT BSS RES ZEste] AdFItE AAlsky] #18 JAGS

%3] Markov Chain Monte Carlo (MCMC) %2
Z 283 ck(Millar and Meyer,1999; Froese
et al, 2017). 97]A MCMC ¥H-& tapd s A As FAHo= F

=2
=
g
i
o,
i)
it
M
o
il
e

2o
T
/\
=
5
)
5
o}
=
o
<
a
8
DD
S
S
=
i
H,
2
o
Do
S
—_
©

A 9] 2021). A EH& MCMC WHL q_xl_oJ 2 AR AA

Mg BAA0E Faf duelt BAY BAasl YL
Qi ARER Yol olfy] o] ThE WEEY XARFERE
2¥EH W4E dud eAHom FEE Gibbs 4Z9L Bgan

(Lunn et al, 2000; Kery and Schaub, 2011; 1A <], 2019; A% 9,
2021).

BSS EHE o] §ste] ZAe AAHIIS FAst=T o] AFA AL
Froese et al.(2017)¥ sd3HA dAstAth £ 60,0007]2] E
S FE8A, FEH ZE FoA AAFRE FHIA X e 27 BE
59 9&S AAs Y& 30,0007 FES WHl(burn-in) 3T
(Froese et al., 2017; Choi and Kim, 2019; Hong and Kim, 2021). &3
= AN A7d AR AYEER] 4 &=
Aol A = 9d7] Wi, A7|dH FAE AAstT] sA FEE
2o uf 10HA 7S AFE38FA tH(Froese et al, 2017, ™A <], 2019, &
A% 9, 2021).

OA At vpel Zo] B AFdAE CMSY % BSS 2dS& o] &3}

3lo 7=

rr



aA AdHry daes =Eekddnh 29a <& NV-10>014 A4
Z

=]

T

o}

@], Busy tH] w9 Ak A vlgol wel dAe] AdFHE Hot

Ol

bl ot

<# IV-12> Bysy tiH| B =& 7|tk A &ejo| Hof

Stock status B/Busy
Healthy >1
Slightly overfished 08 - 1.0
Overfished 05 - 08
Grossly overfished 02 - 05
Collapsed € Y

A& 1 Palomares et al.(2018); Liang et al.(2020); Hong and Kim(2021).



A
ax

2) BEAATA &

b=
ad

]
ol
&

o

o

£}

%0

,._A.uﬂo

T
Gin
&
o

o

o
—_

)

X
i)
B

_Zrl

o
—_

B

AE7REERl) 2005).

o

o
o

el
o
i

T
)

%

FSA Tt

FL, ol

7((—)] 5

S|
=

(TAC)Lo.&2

B
o

ﬁo
B

fife)

N
No

Zle o)

Jok o A%

o
+

1 5ol Fbel weh &

A
o

) 4

[e)
32
1

7 5-ell A

o

)

N
-
o
T
H
e

I

SR FYE

3

o|J
0SS

i
i~

)

57
(10)
(11

7}
2 D

=

(¢

.

R

ol

qE)
H of] A

=

=

(F, F
A F(X)

2

e

2
T

o A A
A AA R, 2

-

L

1]
i

A
pul

(ol wk A
Hs, 2022).

, 2009; &%

PN
T

E7
H = f(q, E, X)

1

4 (103} 2o, ool o

3]

2

=
32

Ar

T 1

S

, 20219 %-¢
3

=
T

5t

°

28

= 3}

=

7F A

20503744 A A of g ekl thef 4 (10)& &3t

3

oz



i }A o g gy ARG ARE Ao R F A AUE e E TSt
o] TAC H3dE % Non-TAC AT ES] o8 FFo e F5 2
2o AP HEFS o S BTk

(48908 )0l A +20%, +10%, -10%, -20% S#etdl<s d-5-olth 18

o] W Non-TAC WA HFTES o= 20161 FE 2020 7k41 9] 570
&

At ol e fARTHE MY sl F 309 1 2H A9

<I IV-13> TAC Hdd 2ol e A2k Bzt

(&9 - B
S TAC o} 2 No“_fgijfz 0)01 ST 2ax g
TAC*0.8 39,126 18,781 57,907
TAC*0.9 44017 18,781 62,798
TAC 48,908 18,781 67,689
TAC*1.1 53,799 18,781 72,580
TAC*1.2 58,690 18,781 77,471

l

e F WA AUgeE <EF IV-14>014 ¢ 7o), TAC aH33(48,908
T

)] 8 5702 $A9US 49 Non-TAC 3dE5e o9 wal
of e vz@ ZAe ANY Was Avwgh FAHOR 201645

2020 7k41 9] 570 @1t Non-TAC & ol g=Fo] 10%, 30%, 50%,
0%, 90% F7hAe A5 Aeles Agse] $F 30d 1 27 A
A% WaE F4al



67,689
69,567
73,323
77,080
80,836
84,592

o1 g =F

(2016-2020)
18,781
20,659
24,415
28,172
31,928
35,684

Non-TAC % 18

=

g2bol| o}
48,908
48,908
48,908
48,908
48,908
48,908

TAC ©] 3 =

IV-14> Non-TAC o
TAC

v
ar

TAC+NonTAC*1.1
TAC+NonTAC*1.3
TAC+NonTAC*1.5
TAC+NonTAC*1.7
TAC+NonTAC*1.9
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T I e
g HUe A9 a8 2 ASel AR /17 B BAFE Yol
o2 @AZFA R Fakehe] W aLFH(E 8] AN S, 2005)
Am=[H «p— CE)] il +p— OF,) (13)
FAMoRE B AL B4 ke F 3040 A8k, TAC

oft

= of W& TAC 570 o1g9] 7
o] Mats dAAAHE VFoR2 EAsE gt TAC tii 570

ofge] AAAT odeld WaE dAAl AlF V|EoE AHRY] 9% WU
o2 £ A7Fx M (Net present value method)S &85tttk o 714 &

t
T 30zt ofdel s FATAR belr] AR AR A o] AE 2 45% =

<=3 2 7} 2] (Net present value: NPV)E= Al 3] A= ZAs = ¥
ool A H-&& e £HY ZES AAIIASEA o] & FAtste
A71HE dekr), o] e NPVE #d AAlo &34 F7HF e 74
‘0 BTt 3A vepdoh dukd oz NPVZE ‘0 Bk 2 A §lE AR
BARE e Aom JAGET) ol& A o= UehhW ol 2 (14)3 Z

¢

M

flo o

NPV = Y, 3 G

— 14
o(1+r)  Zo(+r) 1y

t Bt t

~
Il

=Xl o] TAC o we dFE ZA ol (total revenue,
s TAC ojg=Folx ¥ TAC 571 JF(ZaAAF

, dEeldg A W) ol A2 570 (2016
RS Zh2E o] =gk Ao w JpAS AT of7]el ¢
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22 AYF7 A= <E V-1>o AAE 8o} 2oh WA CMSY =
d Aygs A4uHE ro AS T2 027, 95% A1E 7 Wele 0.189
A 0434Fel 2 yERE T kO A9 T 1,3B1828ESE YER S
ool W& 95% AF G W= 729,283EFd A 1,576,200 0. = I%E}Mi‘r.
ol S e et MSYJ TGS 91,854+, 95% A1 E F-7F WH Q)= 78,946+= ol A
108588EF 2.2 FA =St

t5o2 BSS 2d AyE AHHHE ro A TS 034, 95%
HZE HE 0224014 0524Fol 2 YERSTE agal qf] FSEk
0.000000126 2.2 YEloH  95% AFFZE HLIE 0.0000000800 A

2

rlo

0.000000197AFe] = G = Att. ko] A5 TFH2 1,072,145 02 YESL
o 95% AlEF7F HelE 729283F A 1,576,200 &2 LERS TR WA

o2 MSYY F=9#ke 89850%, 95% AlF 7k W= 71,440F o) A
113,004% Aol &2 #-A] = )T}

|

—

<# V-1> CMSY % BSS ZE S &3st Z% At =24 Azt

T i q k MSY
0.27 1,351,828 91,854
CMSY -
(0.18-0.43) (986,436-1,852,567) (78,946-108,588)
0.000000126
0.34 1,072,145 89,850
BSS (0.00000008-
(0.22-0.52) (729,283-1,576,200) (71,440-113,004)
0.000000197)
¥ ZF 3 TS uEiy 25 Sol AMFGZF 5% 7E 5 AhS ®UlekS



197078 20204 7kA1 ¢ o8l AsE &E&3 CMSY Zd 8

19973 €] 20203744 o MntE =5 712 243 BSS Bl A A}
AF F4 A= <F V-2>014 B vheh 2

CMSY ®d &4 A3, 20209 7]+ 23 A= 380322802 4
Atk o] Bysy 675914% tin] 56% Fao® Al Zxo] zAAert
@38 (Overfished) ¥ o= FrtE At o2 BSS 29 &4 Az
20209 7lE AA AL 318084E0®E FAH Y
536,073 wH] 59% Fwolm dA ZX AYH = P ¥ (Overfished) ¥
Fror FrtHAY. HFAor Aesd CMSYS BSS mdls &83%
A Ay Yy AA9 AYLdEIE  ‘Grossly  overfished &

‘Overfished & F4& F+ <)

T Boozo Busy Boozo/Busy
380,322 675,914 0.56
CMSY
(37,338-535,323) (493,218-926,283) (0.06-0.79)
BSS 318,084 536,073 0.59
(159,201-480,578) (364,642-788,100) (0.30-0.90)

w Zb e g qvlsin] BF ol AT 96% = e A4S HIIAS

[Z¥ V-2]2 197058 20206 7b4] o 8=k Aas &83 CMSY =
2] PPVRe|th 183 [t V-3]2 1997 5§ 20200 7b4] CPUE A}
25 F7I2 83 BSS 9o PPVRolY. F#AlHez CMSY Zds
283 ro] PPVR #2 023, k& 024, 2832 MSY+ 0.082 YEytth o]
of ®kall, BSS RdlS &8s A5 ro PPVR #2 041, k&= 049, 18|21
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OHow 2 Adh e FA dg £4 A3gs
2 BSS mdol o3k Ao A H = A E
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Fo2 BSS il ofs] FA AAe] AdFe [2" V-5 B
= ovkek o], 1970958 1997d744] A &Aoo Fgadts AdE Holv
7F 199958 oAl Srbeks Ao® dEEt kxRt 2007d5FH  thAl
Had Aew Urson, offF 2016WFH AAAA T AF e A
= Holxu gt FAX o R AU 198538 H-H Bysy TET ¥ A
o2 FAHAOH, AANAE 3] B FAE YERHL 3T

ol¢l #o], CMSY % BSS RdS T3 &4 AYLF HE FA= TF
Hom HARE AEHHOo= LI AAS BHIYoH, HAI & AT
Aoz EAHAT olHd ZA AdFFe] HL: FA= HT " 2A
A-AH 7ol Ay Ji et al.(2019)7F H ¢+ (2020) A&t U5t



<=
o~
uw
.
=
in
E =
(an] -—_
—
o
L SR
P
= ]
o

I I | I | |
1870 1980 1990 2000 2010 2020

w AYZ e A RI9 = 95% ANF S on e
[28 V-4] CMSY 2Eo| Zx| Atz FH Z1K1970H-20204)

<=
o~
uw
.
=
in
E =
(an] -—_
—
o
L SR
P
= ]
o

I I | I | |
1870 1980 1990 2000 2010 2020

Y Z o] A RIffE 95% A E S ofu e
[Z2] V-5] BSSZ2E 2| Zx| At = Z1H(19704-20204)



2 Avnd,

t 4 23

R4

[ V-6] & [2" V-TlolA AAE viel 2

5l Kobe Plo

A a1y

E Ay EW, 19709 2 &ZF

Kobe plot 23}

;OL
olo
o

el
il

]

HA CMSY &

]

-
fins

[e]

35 At

2 %4

el AAate A

M R, 19709 A

=2 A

=

-

1

AT 2011 A9 = =}

[}
= FE2 70.2%

At

= Al WrEbskow, 20200 ol
0]
s

§ wobd Ao v A

|

231 Kobe plot 43}

o

P
3]

20

&

S
&

Ag

]

=

Geol A A
° = CMSY

20
X

ol

o

3
="
of & A2 yYepgr. FAHOZ BSSY &

FARE 20209 A}

)

+ glok,

sk
=

sl o]
1 =

©
=



B /Busy

o]

o

-6] CMSY =&

(18 V

__Q._n_\m

B /Busy

o]

o

)

-7] BSS &

(18 V



2. 2X AEARATH &4 23

1) TAC 24% s ge 24 Az 2 ojgol] s

Z=2] Non-TAC 3 EES o] g=Fol
o] TAC E% Histel| W& 29 A=k W3l 45 A= [
A HE kel 2T

VeSO 2138 V=4S Bysy(536,073%) 0.2 Ay

AL o] IE JEHE W

7l AYFL 327308z FAHALH, A TAC Fv& A
)

A% 304 % 20508 A <] 2
J

A A= AR M2 Folet, A

= FAENT. 22 AdF IEVIEHES Busy =

AAstH, C08% A7 atollA 20301, C0.9= A sholA 2032, 12
CllE 24 stollA 20399l 244 7Ede 248 = Aoz 4
Hodvk v F 59 TAC AR FHO)AA 20% F7HCL2)E 4% 2021
WHE A= mug sFor S/ R yYewoy, 3574

%l Busy Tl WAA X Aoz FAHHAT
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C2016~2020 = = C0.B — = C9 —i=rC1.1 — =iE1.2 ——BM3Y

[Z28 V-8] TAC ddZkol| wE ZX| A2k 35t

TAC AA %] w2 30 $(t+30) 22 ALdee Wals duny o
-3>7 2t} Non-TAC W9 E ©1& %S 2016158 202017}
29 570d FHEAZ §A 8= 1A, TAC 3o w2 30d & 2
x| ALEe 773215802 Yyt A eR d TAC FFdA 20%
H(Cog)d 29 2050 Adeke 84823202 A4 TAC S5 uiH]

dlo
/\
=5
< wx

9.70% B ZF7te Aoz vt 10% 724 (Cog)d A5-ole 2050 =
dF2 816214= o2 YEen, o= A4 TAC €&
BT} 556% S7FE Ao yEEth Wi TAC &S AR 10%

THCLD3A S 49 69757902 & 32 20501 A #ell w8 9.78%

LR

28 Aoz yebwth agla 20% #HA(Cog)d 49 413556F o= 1
wyow ol & TACH= Wiy 4651% A Aoz e

o



<E V-3> TAC ddzof Ut 309 = &= Xz =™
(&9 &, %)

7R 2+ 2 (Bagso) A TAC &= oi¥ S3&
TAG,, 848,232 + 9.70%

TAG, 816,214 + 556%

TAC 773215 -

TAC,, 697,579 - 978%

TAC,, 413,556 - 4651%

npxeto 2 AAA a2 TAC 5/ 459 4FAT ool w3a}

2 <3 A 7FAH(Net pressent value method)S E3a dA A)d 7|Fo=2

AH BT FAFoZ da 59 TAC 45 ool 7]FoA 20%
Z7HTAC, ), 10% Z7HTAC,,), 10% Z2(TAC,,), 20% ZH(TAC,,)

=

AT 30% ZA(TAGE ZASol 7t %4 oglolo](NPV) Wag A
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