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Analyzing the effectiveness of fisheries management measures

for Yellow Croaker using Bioeconomic model

Jun Seong, Kim

Department of Marine & Fisheries Business and Economics,

The Graduate School, Pukyong National University

Abstract

Yellow croaker has been designated as a target species of fisheries
resource management in the South Korea since 2007. National Institute
of Fisheries Science has announced the fisheries management measures
for resource recovery as the recommendation in 2015.

Lately, pre—assessment of the fisheries management measures using
the bioeconomic model is importantly considered in the world.
Pre-evaluation of the recommendation is necessary to lead to success
of the fish stock rebuilding plan and to improve the effectiveness of
fisheries management measures on the Yellow croaker.

For stock assessment of the Yellow croaker, data used in the
analysis are catch of Yellow croaker and fishing efforts of the Gill net,
the Stow net, and the Pair trawl which account for most of Yellow
croaker catch in Korea(1990~2013). The fishing efforts are total
horsepower and tonnage of active vessel belonging to each fishery.

To develop a bioeconomic model on this species, surplus production

models were used which are needed catch and fishing effort data for



analysis. As there is no data to replace the fisheries catch statistics on
catch data and it has difficulty in understanding the relationship
between catch and effort, it is hard to conclude which data is the best
for the stock assessment. For this reason, amount of resources and
biological variables were estimated by using the six kinds of fishing
efforts(number of vessels, hp, tons of vessels, hp / tons of vessels,
hp / number of vessels, tons of vessels / number of vessels) and five
kinds of surplus production models(Shaefer, Schnute, W&H, FOX,
CYP). 30 kinds of regression analysis were conducted and the results
were compared. Finally, the number of vessels was used as a fishing
effort and CYP model was selected.

The coefficients of the regression equation of CYP model can be
utilized for estimating the amount of resources, MSY and biological
variables. These are essential factors for developing the bioeconomic
model.

The bioeconomic model was used to analyze resource management
effectiveness and economic impact of the recommendations being
presented as measures to rebuild Yellow croaker resources. The
contents of recommendations are as follows; minimum legal length and
the adjustment of fishing prohibition period, selecting Yellow croaker
as TAC management species, reduction of fishing efforts of gill nets
and management of the fisheries environment.

The results of this study were as follows. First, the reduction of
fishing efforts of gill net fishery is the most efficient method in the
recommendation. Second, if the minimum legal length and the
adjustment of fishing prohibition period are conducted with the
reduction of fishing efforts of gill nets, the amount of catch and

revenue of the Yellow croaker would be slightly reduced. However, it

vi



would be helpful to increase the amount of resources. Third, TAC
30,000 tons or 28,000 tons of the Yellow croaker are expected to have
very high risk of resource depletion. Fourth, current recommendations

are unlikely to achieve the target catch and the amount of resources.

vii
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ln(Ut+1):ﬁ7’ln(Qk)+ 2+:ln([/})fﬁ(ﬁj‘t+ Ef+1) 21(3-8)
CPUES ol BFENL EFdkel 78 A4 v, X, x5 27 4
(3-9), 21(3-10), 2 (3-11)e= Yed 4 gt}

Y= 2 rin(gk) 21(3-9)
2+r q =
5= 21(3-10)

L2y A
=1 Al (2
X =5y 2(3-11)
Qo] 7z} A

q, k, rol &l AFstA 4 (3-12), 21(3-13), 21(3-14)7}

=

T

AR SATED ALF D MSY, Eygy, MEYS
A3 By Hrts 9 AEAALLD

& 5T & Aok
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(2—2x,)

o= 820 2(3-12)
1
¢=—X,2+r) 2] (3-13)
eY(2+r)/2T
k= — 21(3-14)

2) A&7 A =9 (Bioeconomic Model)e] T3

AEAARE S F5317] 93 A4 34 <ad 3-1>3 o] el +
At FA Fo AFEHZZ Y & ol &3t BEAARL FHoAdAE
QuickBASIC, Visual BASIC 5¢ Z=Z1#0o|i} Microsoft EXCEL 3 2
2 Spreadsheet Z=2 1S o] 88 4 Q) & AFo|A = EXCELS ©]&3}

|9 AFSd 712 AEES a3 2ok

CYPR YN E&E (gt =8, o F S H43-2F A8 s

_ ¢ A (2
B= o7 21(3-15)
g3 A(3-1)S o]&ste] A AFHS Fotar ALY Rd S

AREFE AsE Sl A(3-16)0] A&

Bt+1:Bt+G(Bf,)7C;€ 5;(3*16)
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wol, Aade] £A7 ojfake] 2 nTt Fow tde] AgRe F
bk wrlE g FA FFe FAnT o tgdd A
A Fase, 44FR oy FFel oW tgdd AU
Zzkel @A W}
4873429 738 98 'aﬁ-a Z213 58 o84
208 Az 94 483z 7%

o] 4523,

o olgiake
A]—Q]ﬂ{ﬂ'—';l ;,].A-‘,?] |=;.4 .I—.IL%]
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ot olgiake
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ele] 2l

+

A95HRd W7} 54
998 A% 54

sa
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2R ey o

% 24
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AR 53 gel
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ARAAREE ol g3t}
Qeelre Wt
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283l g, k, rak 3o AT 4 o7t A E 259 AT

of we} #F$-57] wFEo] WEo S Aow

o] Wiste mgo] E5Ag W) og o gk o] W] wat & F3F
=

g W) gEd 2 WSE e Ao Agskel 013 ol FR e @
o otk e Ao YA ALE)S dutth 2o F HolaL 917
Wl 2008~2014W19 H2 597 Auish Axgel Fge A§ad

(1) oAdd o]

2 AFdAEe 7 ogER ofgste tde oF T Fxrvs gy
o2 &7 wWitel 4(3-14), 4(3-15), 2(3-16)7 Zo] TMAF(TP,),
AL F(TPg), BENHF7IAAANG (TPl st 2 oG] FH]
B(TO) A T8 E&(TFO)S AL FHH (vt F=x7] 5
N rRr)¥ BAo R A F ool (Tr)E ALt 1Ear 2015
el A 20258 7b4] A Aje] ezt A& Ae(sQ)eh 24 A3 s A
bl whet Wt AxW o]olo] F(S7P)S WAL, STPE A (3-17)
ol yEbd 4 Slth

o9,

TP, = TR,— TVC, 21(3-14)

_19_



TPS: TRS_ TVCS

21(3-15)

TPp= TRp— TVC)y 21(3-16)
STP= TPy 5+ TPyy5+ « o o+ TPy ’31(3—17)
2025
= Z TP,
T=2015
(2) 998 =44 (TR, Total Revenue)
td o) 4

2(3-18)7 o] td=e o FH(g)t ANF

UTH.
TR, = p, G, é}<3—18)
e AgAF e FFU(TR,), Al AFARe FF5Y(TRy), FEY
F71dAqAGAFe FFA(TR,) S T 21(3-19), (3-20), (3-21)3 2t}
Ad x| He

)

f&7HP)= 2013 A5E AF&3ste] ZF of g Fx7]
WA 7 Hpe, ps, pp)E FASF T

TR; =peCq 2](3-19)
TRS:pS CS Zﬂl(S_ZO)
TRy =pp Cp 21(3-21)
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2. 24 A8
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<E 31> AR o Y=y
Zo
. = Rl 23 ¢2F(S) 7])2;(_] ;11?13)
3 hp ton | hp ton | hp ton
1990 1,211 | 185,735 | 31,741 865 291,317 | 73,024 384 181,768 | 39,320
1991 1,212 | 206,825 | 32,270 862 296,820 | 72,733 418 223,618 | 43,828
1992 1,145 | 224,811 | 31,129 833 295,468 | 70,348 401 227,430 | 42,563
1993 1,064 | 232,941 | 30,539 818 297,684 | 68,673 379 223,011 | 40,288
1994 1,003 | 247,616 | 28,117 806 302,454 | 67,988 384 234,121 | 6,768
1995 997 266,173 | 28,267 806 313,409 | 67,815 357 231,053 | 37,792
1996 993 274,830 | 29,677 796 328,495 | 65,965 347 260,441 | 36,897
1997 989 281,865 | 31,087 786 314,400 | 64,115 337 246,144 | 36,002
1998 970 322,240 | 30,833 769 321,200 | 61,661 304 238,452 | 33,014
1999 976 324,233 | 31,155 718 319,852 | 56,736 287 229,257 | 31,494
2000 898 311,274 | 27,432 629 286,048 | 48,781 206 173,481 | 22,700
2001 824 298,656 | 25,268 585 271,354 | 43,360 201 171,197 | 22,331
2002 726 271,044 | 21,713 466 216,127 | 33,016 143 132,498 | 16,516
2003 643 246,939 | 18,641 382 177,385 | 26,332 131 127,375 | 15,359
2004 545 213,140 | 15,936 311 145,095 | 20,741 95 83,020 | 12,053
2005 534 225513 | 15918 285 134,647 | 17,716 93 81,055 | 11,806
2006 464 205,723 | 14,817 266 124,825 | 14,055 88 100,743 | 11,080
2007 455 225,810 | 12,845 262 132,112 | 14,105 88 101,392 | 11,132
2008 467 229,275 | 13543 234 126,947 | 11,663 80 96,608 9,962
2009 444 226,472 | 12,179 236 127929 | 11,425 74 87,635 9,234
2010 415 214,354 | 11,123 229 130,924 | 11,301 76 81,817 8,644
2011 378 205,440 | 10,255 224 136,832 | 11,210 70 80,321 8,373
2012 381 203,974 | 9,895 214 137,583 | 10,794 69 83,186 8,170
2013 377 209,898 | 10,027 208 141,127 | 10,952 72 88,657 | 8,464
A& o A Bz (http://fips.go.kr/)
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<E 32> AR o o f

N g F - 271

BE | gy |BAAR | Edaer UV | qgus
(@) (S) )
1990 | 27890 | 599 12385 | 13868 | 26852 0.96
1991 | 37387 | 485 20874 | 15037 | 36,39 0.97
1992 | 39664 | 768 17962 | 19976 | 38706 098
1993 | 30902 | 1018 13467 | 15267 | 29,752 0.96
1994 | 37212 | 1,009 21420 | 12827 | 35265 095
199 | 25173 | 1382 11253 | 10820 | 23455 0.93
1996 | 22894 | 1,387 12,376 7269 | 21,032 092
1997 | 21,769 | 1273 11,111 7,149 | 19533 0.90
1998 | 15011 | 1,043 6,162 6704 | 13909 093
1999 | 13490 | 1,747 4981 5370 | 12,098 090
2000 | 19630 | 5349 5,144 7001 | 17,494 0.89
2001 | 7938 | 2821 1,351 2208 | 6330 0.80
2002 | 10941 | 3203 2,393 3973 | 9569 0.87
2003 | 7098 | 3246 1,853 1266 | 6365 0.90
2004 | 17570 | 9122 3,168 2460 | 14,750 0.84
2005 15,272 9,445 2,127 1,475 13,047 0.85
2006 | 21428 | 11,89 3,429 2885 | 18208 0.85
2007 | 34221 | 175% 6,250 4579 | 28424 083
2008 | 33200 | 19,896 5,752 2429 | 28077 0.85
2009 | 34033 | 21,460 599 2831 | 30287 0.89
2010 | 31931 | 158% 9,702 1165 | 26,762 0.84
2011 | 59226 | 29018 | 14672 6551 | 50241 0.85
2012 | 36840 | 20,569 9,647 1,766 | 31,982 0.87
2013 | 35279 | 24521 4,857 1068 | 30446 0.86
A& o A B (http://fips.go.kr/)
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<3 3-3> 20139 olgH

ol & 232G R Ny -
(P)
o] 1] 174,403 41,350 322,578
ol 7.1l 116,100 216,870 1,755,950
£71d 15,015 16,524 237,632
A 7o 8,227 4,275 167,794
2 R3] 8,210 11,567 110,436
T 520 22,043 22,366 74,085
A 12,932 13,375 73,305
el H] 43,139 42,098 272,550
g 400,069 368,426 3,014,329

A g o =7 A E E (http://kosis.kr/)
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V. 24 23

1. =

=}

EN

7] AdsHED &4 2

2 AFoAM = 674 =g FHpE oAl A, v, =, wE/FH, vt
/e, B/4 e For sto] 7h o= R Shaefer, Schnute, W&H,
FOX, CYP®] 57FA] Abg-ste] & 307hA419] A& Aldstqith. CYPRH
W AT =FE AR Aol 7MY =& AdAES UEhdled, x 9 Py
o] 0.1208% < xH 9 10% F39 GJA<e 238tk CYPRE I} B4
Z AFES Aol T HAR =2 XIS UEWAR, AAS YsiA o]
A5 AbGste]l A HolEol A&8) ¥ A3 1990 FE 2000 7HA]
o2 o] ALYRT o B Ao Uty wio] RHTI Aoz
etst i

A Az 2de) Hedo]l A 2 CYPEEN Ha AES 244

Bg Ry G049 4 A57 euel 10% Wel A felas e

L, A doleE Abgste] AAsE Axt vid A Fe] of P
o w2 Aow FAEHUY. o3 A}E wtgow B AgdAE o
TE ogngFor I CYPRE F4ZA0ES AHsdt. <& 4-1>L
CYPRH 9] 37N Adolil, <X 4-2>% AEFAWFe} MSYE +
3l 7ot}

<E 4-3>A 2007~2013d 2] 7 s o] of fgFo] MSYSl 33272%& W

A
A H=? e BAo ol Aye fevel Fxr] Aol H e
Ha Qs AL oulsitt w3k A A AEEtd 20139 o] %
A g o] g

OSi
ﬂi
P
st
Py
o
fr
o
ol
)
iy
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<E 4-1> =27 CYPERY 3|AEA A1

Coefficient t-statistics P-value
Y 3.1309553 2.15240367 0.043757
X, 0.7286552 5.34814375 0.000031
X, -0.0001539 -2.0027885 0.058972

R*=0.74(F=32.890,p=0.00000047)

¥ 4-2> CYPR P o3k IFZ7] AE

84 Ws 2 MSY

CYP model
r 0.314
a 0.000356158
k 288,093,517
Emsy (&) 881
MSY (kg) 33,272,243
2013 A+ " (kg) 130,113,297

<E 4-3> MSY % dAxd ojF e

g 2007 2008 2009 2010 2011 2012 2013
MSY 33,272
o] & =(t) | 34,221 | 33,200 | 34,033 | 31,931 | 59,226 | 36,840 | 35,279

A5 - AP R (http:/fips.go.kr/)
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2. Aatd 4 A3

1) 8 &H /A (Status Quo, SQ)

A AEE G4 23 @ A9 AAE w3 2L BT 43
g dZet o AARE ouE AXAW, ARGEe] Fe} wwa]
g 71z erA B,

SQ7EE sholl Al 201543 9] of 8 &S 27797, AYHES 103943802
AE Aok a8l 202519 o] g & 19,731F, AP 73718002 F
AT <2Y 4-1>S RE, oy} dge] AHHow Fas:
Aow et wa SQaE el 2015~20254 ol Fx7] ofg]
WEe] F& 7F(100 0% she] AFo Aehd ofgdrlEe WaE SQ
of thgt ¥E YEAT. 20250 H3E A= 1280008 G4 T &
B2 354%, Hx g 30,0008 24T SdE2 149H5%=2 g o

< FE5 HEHIAHL

<F 4-4> Anerd g3 EA(SQ)
20154 20254
o] g #F(t) 27,797 19,731
A = (t) 103,943 73,780
. G 1.00
u N
A9 e S 1.00
(4 SQ)
P 1.00
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<3 4-2> 20250 ALEE Sxad 2E(SQ)
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2) @aeH
(1) 28 FA A% 15em

BEAARD EAFAAY 15ms AA WS A5, oIl o] & o
e A 2%, SEbAES 6%, HERECIVAHAJNES 8% el

Z1efoddol 23% TAasteE Ao=Z JHASIE T o], AR (2012~2014)

B4 A3, 201519 8] of B &2 26,664=, A+
ok g 20259 of Bk 19,731E, AL EF2 T
Atk <™ 4-3>5 EH, SQoll vl o FFI Ad7gF BF FIhes
Aoz YA, & &35 7Ids7]=

o]
A ¥+ LAY 1.0302 FUHsg o

32

o] 71 A QI 0972 Tha FAdE Ao
HAH A ool o]e] 32 10322 t
| Axe ajRpge] o & dFe] & 3

ST e
Fow PAHY 2050 B¥ 49T 24

o

iy

AeES 1313%% et SQoll HIsiA & &S HolARE I &

7t AR Fe Ao w HAHL
<HE 4-5> Auekd 3 BEA(ZFFA A 15em)
20154 20254
o] 8 ZF(t) 26,664 20,014
A9 (L) 105,670 79,313
. G 1.03
u 5
A = S 0.99
(4 SQ)
P 0.97
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BA Az 2015K9) o] 8L 26365%, AAFL 106, 14E R
itk )i 202549 o] B @ 20075%, A 80,800%E O
o}

i

>,\1 rm —‘Nl —‘Nl
o
i

2w A olgl olole & 10302 Frhadle, EIFAALT
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et
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g
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uj
il
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S
o
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rf
I
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AdF DA% ES 860%, HE oIF DHIAEL 1416%2 e
.-

Ao, A Ed dF = Ed= AAde] ol

Mo

20154 2025
o] 8 ZF(t) 26,365 20,075
2} #ZF(t) 106,114 80,800
oq e G 1.05
u =
= S 0.92
(A SQ)
P 0.90
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3) B2

(1) TAC 30,000

A=A TAC 30000 24 Y& 47, oAdE=z LaAd
18,900 (63%), 3t 6,300=(21%), W BEFo]7] A0S

o
a2
o
ro
P
o,
)
I
ik
H
2
A
e
£z
2
A,
2
o
L

O
~

N

o
fr

F& 18528 FAHJAT. 22 20239 ol F AAFH o ke FAo
Brlsd Aoz yehdy, AAR adges ZaAde 115 ooty
194, d@AF7IAANY 1682 A TF7iste Aoz vERaL
<HE 4-12>& BE, A ool o]9je & 1272 FUlehe AoE UE

LS Aol ksl mAbAR 20239 o] FHo] BrhsE A

o% Uepth 20259 B A4S SHTEL 2373%, BH ol el 2

HE=5221 65,000 otz € &5 38.09% = YERST SQO H&A
=2 5% 9AHEES HoRY AYnde] f¥EE =& Foe=w B4
=3
<FE 4-8> PaekdE &3 A (TAC 30,000%)
20154 20234
1,852
29 (¢ 104,387 o
FAE O (20234 ©]F =}
. G 1.15
u 5
A = S 1.94
(4 SQ)
P 1.68
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