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Production Function Estimation and Bioeconomic Analysis of
Bigeye Tuna Distant Water Longline Fisheries in WCPFC
Water

Heon-ju Jo

Department of Marine Business and Economics, The Graduate School,

Pukyong National University

Abstract

The number of Korean fishing vessels operating in distant water
longline fisheries has been decreasing over the years due to the
difficulties surrounding the fishing environment. The purpose of this
study is to identify the cause of and provide a solution to this
phenomenon.

The model used for the stock assessment of bigeye tuna—a target
species of the longline fisheries in WCPFC waters—was a Bayesian
state—-space surplus model, which has its strength in accounting for
both observation and process errors, and the obtained results were
compared to those of a Multifan-CL model used by WCPFC.

This study also made an estimation of a Cobb-Douglas form of
production function with output variable productivity of bigeye tuna
fisheries and input variables the number of crew, vessel tonnage,

number of hooks, and biomass of bigeye tuna, with further attempt to

- Vi —



conduct returns to scale analysis. Biomass estimates produced from the
Bayesian state—-space surplus model were used in this process.

In the business analysis perspective, a sensitivity analysis was
conducted of the changes in bigeye tuna quota and in the number of
crew. Specifically, the study focused on conducting a break—-even
analysis under the current management status to provide an estimate
of the minimum quota and fish price to be guaranteed.

The analyzed results are as follows:

Firstly, the result of the bigeye tuna stock assessment using the
Bayesian state-space surplus model suggests an MSY of 157,100
tonnes, which is similar to 158551 tonnes endorsed by WCPFC. The
analysis of the effectiveness of TAC and fishing effort management,
conducted based on the stock assessment, demonstrates that the status
quo of the bigeye quota and fishing effort will have positive impact on
the restoration of the bigeye tuna resources.

Secondly, the result of the estimated production function indicates
that number of hooks, vessel tonnage, and biomass of bigeye tuna,
with the exception of the number of crew, have positive impact on the
productivity of bigeye tuna fisheries. The use of a dummy variable
showed that joining WCPFC has led to a 0.085% decrease of bigeye
tuna catch. And as the analysis estimated increased returns to scale, it
may be necessary to establish a strategy to receive bigeye tuna quota
from other countries.

Thirdly, the business analysis of Korean longline fisheries in WCPEFC
waters has produced a profit margin ratio = 18.6%, NPV = KRW 214.1

- viii —



billion, and IRR = 40.7%, indicating the fishery has investment
potential. According to the break-even analysis result, the minimum
quota and fish price Korea needs to secure are 8828 tonnes and KRW
6,332/kg. Considering the sensitivity analysis result which notes the
uncertainties in bigeye tuna price and expenses which fluctuate due to
external factors, an effective means to achieve management

improvement would be to reduce the number of crew.
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N2 HE = 2 94%2 s JISE dSH(L), SZ0HS(©), M

SOl (P)2l 34 GOz, delld 29H= g & U 71%2 HE s

IS8 8=2(KR), 22 (JPCS), L= 2H(JIPDW), THEF26H(TWOD), CHet

A 2(TWDW), S=(CN), 0I=35t2t01Z(USHW), OI=At20tE (USAS2 8K
=

&t GLM (General Linear Model) 285 ol CPUE E=

i
i
IS
I
ug
o
o
[©)
—
<
1
0x
1
1]
=2

CHoll AIC (Akaike Information

Criterion) J|=€ HIWoIHLCH AICIE D& Y2 Case 38 EZF3E st

M 1% £= 10% R =& oA SHE2Z FFJUCH. deld =F=
R® gt0l 081352 LIEILE 282l H&HA0| =) LIERSH, GLMe F

SHE E£& 1% R2A=E oHUIA SHAEL2Z RooHH 24 JCH<E

6-3>)
<H 62> § 48 GWM 22 AIC HlW
GLM models AIC
Case 1 : Ln(CPUE + ¢) ~year + type + error 977.23
Case 2 : Ln(CPUE + c) ~year + flag + error 1171.60
Case 3 : Ln(CPUE + ¢) ~year + type + flag + error 659.75
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63> GLM 2 21t
Estimate coefficient std.error t-value P>t

Year 0.0169 0.0020 8.273 0.0000
Type P ~0.6078 0.0970 -6.263 0.0000
Type S 1.3560 0.0501 26.659 0.0000
FlagJPCS ~0.3409 0.1051 -3.042 0.0012
FlagJPDW 0.1619 0.0888 1.824 0.0689
FlagkR 0.7070 0.0888 7.966 0.0000
FlagTWDW 0.3811 0.0891 4.275 0.0000
FlagTWOD ~1.1378 0.1052 -10.814 0.0000
FlagUSAS ~0:8378 0.1214 -6.901 0.0000
FlagUSHW 0.1149 0.0888 1.295 0.1961
Intercept ~30.1626 4.0926 ~7.370 0.0000
R? 0.8173
Adj— R? 0.8135

212.08
F— stat.(P—value) * kK

(0.0000)

- DFDF
*,**,*** P

10%, 5%, 1% =

StHOlA SHE2Z R2
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<H 64> Fd=& B2 ZHIIEZ A UHl E=2X

) ) L . . Maximum
Biomass Biomass Intrinsic Catchability Carrying )
Parameter o sustainable
(1980) (2017) growth ooeffideat  capadity ol
yiel

randard 195700 465,300 00776  444E-06 370,200  50,620.0

MG Error 5820 13860 674E-04  135E-07 11,170 8029
MG Brror  g0%  3.0% 09% 509 3.0% 6%

N S8l 282 22+ 1
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gl
40
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=182 MCMC €125 S, 25% Jel1) 97.5%2 =f/A+=E
(e}

B[] Bl3g] r
1.60E+6 | JH0E+EF =y 0&p
B 2 T ettt e et || RS n-- ]
e 2 5046 aar
T 2008481 | ————
6.00E+5 T e e e e ] et
T T T T T T T T T
29800 200000 400000 28600 200000 400000 29500 200000 400000
iteration iteration iteration
q KK MsY
5.00E-5F 300E+6F SIS s opmues
T S B 2.006-5}
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FPEE IR T SR -7 | LO0EsBL D.D-I : :
T T T T T T
29600 200000 200000 28600 200000 400000 25600 200000 200000
iteration iteration teration

<Y 65> =VE HLS0 294+ 1Y



Ml CPUE @2t Bayesian state—space surplus

<N

Bl
A
&)

o

ur

=

= CPUE <

20, 2

=
[

off

= CPUE £ Hlu

off OI=

9]

g

CIEIIOI

Bayesian state—space surplus £2

6-6>). Olofl et

<2¥

Ju
ot
E
7o)
30
)

-~

Kl

ol
Ul
K
K
BN

t

CPUE 2

=]
(=)
-

8661 >
| 966T
' pe6t
| T8
| DE6T
| Ba6l
| 986t
g0
| 2861
" 0861
§8RBRgERE"

[s{assaa anype /[uoajysaea) and

— State-space

H =&& CPUEZ

0

<% 6-6> Bayesian state—space surplus 20| <

Bayesian state—space surplus AH&

2)

-

<0

0l
HH

—_

~J

<+
O

20

]
)
%0

Kt
(@)
[
3+
O

20

o)

CPUE Xt

=]
wr
00
<k
RO
o)

of

I, K

==
=0

ZOICHEIBIM 2, 2019).

gdlett=

HOt

i)
22t

NS

Ol #y4s

=
[

JHXA &

HE

t

1
A
<0

ol
0l

0l
HH

t

puyd

[m]

WA

RO
Kt
N
=

wr
00
<+

oy

3
o)

~

WA

RO
KF
<4
=

]
KO
X0
Rr

fall

WA

RO
K-

=

0
wor
%0

o=

-

H=

C

|.

A
(=]

=X AHALZES
T T O O

ZI CH X

2OZM

WSS

ni

]
KO
X0
Rr

_74_



Walter, 1992).
Bayesian state—space surplus 22| H2 F& DU IHIAH2 &E
AN e NSO HisE=z2 M37H

2ZAAZ A AD(Millar and Meyer, 2000), =ENIHOA E-sH MSH S
AL
T

of CHEt MNMEEZ MEH FEHU JANHMY SEAHS 2LAZ
UCHMCAllister et al.,, 2001). el 220l M2 H4=0 st 2XE =
HEOZM MSHSSQ 422N =Z Qs Bgo HE NHE = UL
(=121 M 2, 2019).

Bayesian state—space surplus @2& QI8 ECHE | X EI 21, MS
H=+E2 975% &2l 722t gHels 238 4882 3= 016 ~0.51, &
=232 1,592,000 ~ 3,018,000, H&lsE& 0.00002 ~ 0.00004, el
MSY= 76,100 ~ 259,200, 2| HE JiAl= R2=Z UEISL. ]2
1980& 739,900 ~ 1,464,000, 2017 1,634,000 ~ 3,292,000 2| HE It
= A2Z UEIGCH el =3E

=X gHE S= A2 UER

DE BHASO| A

= =TT

ol

CER(<ENERRY, 12! 6-7).

H 6-5> Bayesian state—space surplus AH&EJF 210

Parameter Mean 2.5% Median 97.5% start sanple
B[1980] 1,054,000 739,900 1,036,000 1,464,000 10,001 490,000
B[2017] 2,362,000 1,634,000 2,324,000 3,292,000 10,001 490,000
K 2,226,000 1,592,000 2,193,000 3,018,000 10,001 490,000
MSY 157,100 76,100 153,500 259,200 10,001 490,000

q 0.00003 0.00002 0.00002 0.00004 10,001 490,000

r 0.31960 0.16040 0.31520 0.50500 10,001 490,000
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00 206&-5 4065-5 : 1.00E«6 200E-6 3.00E+6 00 200845  4.00E5

QY 67> FHE B4S0 ASEZER

£0l, WCPFCUIAM Multifan-CL 220l 28t =00 UREIN 22
HAlgE MSY T2 158551, =2at2 159,020 0|12, Bayesian
state—space surplus 22I0lA HAISH MSY Ez gt 157,100, =gt 153,500
2 1 X0IJF 1% 0122 & JHXIS] "ot 2+l HI==& =XIE KAl
ot JACH<E 6-6>).

I 66> WCPFC ZJHMULTIFAN-CL) 2+ Bayesian state—space surplus

=) = I (M}

MUTIFAN-CL Bayesian state—space surplus
Standardzation CPUE Standardzation CPUE
CPUE series
LL only (LL&PS&PL)
CPUE period 1950-2017 19802017
Uses Catch—-at-length
) Yes No
(weight)/age
Age-structured Yes No
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Bayesian state—space surplus

MUTIFAN-CL

No

Yes

Sex—structured

Yes No

Stochastic Recruitment

Yes No

0.65,0.80,0.95

Uses Tagging data

n.a
157,100
(76,100 ~ 259,200)

h(steepness)

158,551
(133,520 ~ 180,120)

MSY (1,000 ton)

*1,113,000
(796,000 ~ 1,509,000)

471,956

(340,700 ~ 614,200)

SBusy or *Busy
(1,000 ton)
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<H 6-7> et sd 48 AlLcIRE N s
HEsts Biomass (2017) Biomass (2022) Biomass (2027)
SZ0HEY 2,362,000 2,469,485 2,504,159
10%S It 2,362,000 2,425,832 2,447,427
MSY 2,362,000 2,374,268 2,378,657
30%35 It 2,362,000 2,336,760 2,327,357
40%3S Jt 2,362,000 2,291,318 2,263,670
2,550,000 -
2,500,000 - L e
2,450,000 - f,_—/"__“m; Al 5.
- e ——
= 2,400,000 - |
£ e . HE W et |
& 2,350,000 -
m
T 2250000 | ——ojgmse  HeEOR0XET
2,200,000 | — OjEBHE 2k : MSY(157,100)
S—— OEBEY: BT E T 30%S 7}
— S E Y R0 H T %S T}
2,100,000

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Year

QY 68> HEBTY 4T ALY NAY oS
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<H 6-8> HELdZ (=) M AUeIRE N 0=

Active - . )
vessels Biomass (2017) Biomass (2022) Biomass (2027)
A= 2,362,000 2,442 112 2,448,160
5% &It 2,362,000 2,427,695 2,431,836
10% St 2,362,000 2,413,309 2,415,519
15% &It 2,362,000 2,397,582 2,397,523
20% &SIt 2,362,000 2,384,635 2,382,913
2,460,000 -
e XL S N
2,440,000 - /,.———'__—_'_—J—:-_- R N
2,420,000 - //:,..fﬁf"’ :
o AN T
S 2400000 &0
W
¥ 2,380,000
£
:g 2,360,000 - ——case 1T H 2 AT
— —rase [ H T 5RETY

case 3T 10%E 7L
2,320,000 - case Al H T 15%E T}
=—case 5[ EHTF: 2067}

2,300,000

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Year

<A 6-> =20 d=) Met AlLeIRE UHEE W=

=, Bl £ OHTY SANMHLE NSO =00 2
s=0ls 2HN AFS Xs 202 W=
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617.0
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353.0
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54,167 .1
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ot

<X 6-10> Bayesian state-space surplus 220 2o =& OO

X+ 2£(1992-2017)

o

el 1,000&

Yer Mean 2.5% Medi 975% Yex Mean 250% Medi 97.5%
1 1,771 1,224 1,742 2465 qup 1,977 1,366 1,945 2,753

9B 1,668 1,154 1641 2323 xp 1914 1,324 1,883 2,668

94 1692 1170 1665 235 2y 1916 1325 1,884 2,667

19, 1655 1,145 1628 2306 B 2097 1,450 2,065 2,922

96 1841 1274 1811 2565 xp 2,154 1488 2,120 3,002

9y 2039 1409 2006 2838 ;o 2166 1,497 2,131 3,017

9B 2026 1,401 1,993 2822 i 2200 1682 2253 3,190

19 2127 1,469 2,093 2961 A2 2234 1544 2198 3113

00 1,938 1,340 1906 2699 @ 2445 1688 2406 3408

a1 1,945 1,346 1914 2709 4 2368 1,636 2329 3,298

ap 2,048 1,415 2016 2854 5 2209 1,569 2232 3,163

o8 1,779 1231 1,750 2478 6 2406 1662 2368 3,353

M 1,944 1344 1913 2707 o7 2360 1,630 2322 3,290
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<H 6-11> WCPFC =< 2clUet s 0l st =CEN OIS
(1992-2017)

o9l £

Year BET TOTAL ratio Year BET TOTAL ratio

1992 18,089 36,100 0.50 2005 15,622 38,276 0.41
1993 13912 26,253 0.53 2006 12,489 27,303 0.46
1994 20,241 33,854 0.60 2007 10,054 22,479 0.45
1995 18,849 34,571 0.55 2008 17,001 30,000 0.57
1996 13,006 29,686 0.44 2009 15,231 31,098 0.49
1997 15,891 32,388 0.49 2010 13,914 25,953 0.54
1998 27,429 52,443 0.52 2011 15,282 27,060 0.56
1999 22,387 = 36,719 0.61 2012 18,823 31,152 0.60
2000 23,867 41,959 0.57 2013 12,818 23,043 0.56
2001 22,172 44,450 0.50 2014 12,779 25,231 0.51
2002 28,633 54,628 052 pEG)IS 10,689 23,953 0.45
2003 17,151 38,571 0.44 2016 11,018 23,852 0.46
2004 17,941 32,975 0.54 2017 10,220 21,245 0.48

=X : WCPFC * Yearbook_2017’
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<H 6-14> Cobb—Douglas Matet THE 3 E=A 21t
Fixed effect Random effect
coef. D.Err  Z-stat Pvdue  coef. D.Er  Z-stat Pvdue
19124 280
Constant 06532 -2.93 0.0030 14906 -2.00 0.0450
*kk **
00017 -00887
Increw 03326 —-0.01 0.99%0 00389 -0.15 0.8800
0.1843 0.2001
Inton 0.969%6 1.90  0.0570 0.1122 1.78  0.0750
* *
0.9460 0.9391
Inhooks 0.0080 11854 0.0000 0.0076 122.88 0.0000
*kk *kk
0.0745 0.0843
Inbiomass 0.0441 1.69  0.0920 0.0438 1.92  0.040
* *
0080 00853
Dyepe 0.0153 554  0.0000 0.0151 564  0.0000
*kk *kk
Within 0.8753 0.8753
R? Between 0.9366 0.9382
Overall 0.8795 0.8797
F— Stat. 4690.33 ***
(P—walue) (0.0000)
u;test 1.58 *x*
(P—value) (0.0001)
Wald ¢ hi* 1530957 #x*
(P—value) (0.0000)
BreuschandPagan LMtest 12.81 »*%*
(P— value) (0.0002)
Hausman 11.20 »=*
(P—walue) (0.0107)
)

*oxk xkx D 2E2E 10%, 5%, 1% =2 +== ol0IA SHESZ |RAY
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<H 622> =UE0 oHEetg gHatil HE &3 24 21

13,942 14,500
12,869 . _
Alb2le - (2018-2019 & EEERSS
(2017 0115t E 2) . o=
e e
=012 & (%) 18.6 23.6 26.1
NPV (&) 2,141 2,954 3,376
IRR(%) 40.7 52.5 58.5

SO HEstS20 e 22dE =4 Z2heE f9 <H 6220 &
OIRALH =C0E0 HEst=d0l =S5 HE012=E, NPV, IRR 01 2
NEE= 22 UEL FXR010] S28 A2 LIE WL

Bayesian state—space surplus 20 2|8t WO} Z0tet Matetes =

c. (A=H| B0l HE 2Ide 24 At

<8 6-10>10 &0l H=dle HIESEM 220AM 20.2%E AHXIotL
Ct. 9=HlE = M=IE € &S0l 2ZoH Batole &=50122 &M

ZO0IAl 50% ~ 150% HAl B gtol= AlLIZILE JHEGHD 8183 &4

o

all
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$0

1>

& AIGHACE.
<H 623> HZH| B OE 2FE =24 21
AlLtel e 50%=+& 5% Sl=E 125%rE  150%r==
OHE 012 2 (%) 38.9 28.0 18.6 10.6 3.5
NPV (&) 4,540 3,340 2,141 942 258
IRR(%) 74.8 58.0 40.7 22.1 -1.7
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