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Estimation of Bigeye tuna Production Function of
Distant Longline Fisheries in WCPFC waters

Heon-Ju Jo*, Do-Hoon Kim**, Doo-Nam Kim***,

Sung-Il Lee**** and Mi-Kyung Lee*****

ABSTRACT : The purpose of this study is to analyze the returns to scale by estimating the bigeye tuna
production function of Korean distant longline fisheries in WCFPC waters. In the analysis, number of
crews, vessel tonnage, number of hooks, and bigeye tuna biomass are used as input variables and the catch
amount of bigeye tuna is used as an output variable in the Cobb-Douglas production function. Prior to the
function estimation, the biomass of bigeye tuna was estimated by the Bayesian state-space model. Results
showed that the fixed effect model was selected based on the hausman test, and vessel tonnage, hooks, and
biomass would have direct effects on the catch amount. In addition, it was shown that the bigeye tuna

distant longline fisheries in WCFPC water would have increasing returns to scale.
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SAE EE Y tho] A TEA R HB Y L3 ol E Y] HET vhe]of w
3k gok Aozl whe} 20041 69 199 AT A R Ej T kAR 23] (Western &
Central Pacific Fisheries Commission, WCPFC)of| 4 342]3}al Itk o]n] 7, 2016). T
2ol FolA] rhaols Asolgle] F0 BEEOR A 7HI7} 3L, WCPFC
A= 0 150l 2R o)3l7]EE A sk Fast o} Ago]ct. of
& <& 1>of|A= WCPFC2] =71 ¢15o1¢] wrhao] HE dg= Uehdch

3, Seluketoll A 2 3A(2015-2017) $2F Aol Y 0.2 o] 21 driaro] of

o~

40 2 oF 34%7} 55 Sxolol 4] o] B1E| 3L 9lo] 714k Fast A ofojeka & 4 glrk
(WCPFC, 2019).
WCPFC 20 rheo] o] 722]9] o] 87} AAH & 120l 7] $l8]) Lopiso]
A
(e}

2
N

Ak 245 53t == Rl = A2
23 2 AT £ W AR QA8 Ve R o] tgt o] A4S AL
51o] F12) WCPFC 5:010] 2198210181 A1 slotat 1 a4o] sl

o] YA 4kgh =g ofl Bt A= AF7HA] - Llol| A FrE5] 23 = o] ek
A, 1992; 7|42} 7385 1993; 31427, 2013; A AT W2, 2017; Jahanifar et al.,

(E 1) WCPFC Z7t¥ 50 =Cto] g Sig
(#: 5
2013 2014 2015 2016 2017 2018 2019
Skt 15,014 15,014 13,942 13,942 12,869 13,942 13,942
=t 10,673 9,938 8,224 8,224 7,049 8,224 8,224

ol Y| Ao} 5,889 5,889 5,889 5,889 5,889 5,889 5,889
19,760 19,760 18,265 18,265 16,860 18,265 18,265
11,288 11,288 10,481 10,481 9,675 10,481 10,841
3,763 3,763 3,554 3,554 3,345 3,554 3,554
HHAH2019).

o

=
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2010; Crentsil and Ukpong, 2014). &2 A= 3]4=%1(2013)7} A4 fﬂi} $£2(2017)
AG1E Zarste] g A& g S & 5}= Cobb-Douglas AAMHE 2451 0

*2-H,
DA B SRR BYE B o0l S92 AR B AP 2D
Aefah e, ARl glo] B9l et Erkeo] A, e, ol AES, HAl%
123 A terheo] AARES AMg Sttt

£5] 1 77} 7)1 o] QAR 24 Q7ol AR L ol QA BAE 5 5
Q3 229 erho] A wo]A]qF AW <l State-space F7HEH R X3 7
shichs) 9lek

State-space 22> H|o| 2] ¢} =2(Bayesian inference)S 53] AFH=F2] H S0 A W
AT 5 9 1 @ A process error) 9} P2 X]9] oSkl A AT 5 Gl B0 A}
(observation error) S EA|of| 12 &F = Q7] w o] A|7te] HS}of| w2 A} eFo] HE

& 2Ashe BTb Rl o]t So] 2o 9 Ty 048 Eake B4 S e
3} State-space S A4 7 R 2 714 73S o 22 L p Ao R %
CHFahrmeir and Tutz, 1994; Meyer and Millar, 1999). Meyer and Millar(1999)7}
Schaefer(1954) $H-& =2 219} 714 @ 2}E 112]$t Bayesian State-space ff;‘7}tﬂ-‘§§
2 B el Aok YTl A UB ] A 8T o] F HZAA] st} B
N A+¥E 7K Brodziak and Ishmura, 2011), ¢1=9F Yrltliefo] A1 L%E 7K Bai et al.,
2016), Aok E7lchedo] A-AH 7K Liao et al., 2017) L] 1L thA] 9k =rheto] 23
7(Winker et al., 2019) 50| 112] S5 31 SIck. o]0l 2 AoA Aeias B
3o WCPFC =t}eto] 213 7o) A8-514ict.

seofego] A2l 24 A) 71 hetol 9 kel §4159) A7t Aol o
20]e]o]| o]} Th9]i el to] B2HCPUE) IS 1 #3to] w712 Aastgch 317
w2 AolAE Q1ol9lT Aol el 5 ofy a0} 2 AR50 CPUES EE55)
of A1 715 AT AolA] 712 AFofe] o] EAIFY.
12 glto] Qlol A 2T AALERe] AL A4S ulgro 2 1 F0)g 1
t}. o]= £ &R WCPFC 222 o] f=t}eo] o] A AiALo] A 5}e} 528 ulols
o u}%oi YOIl BT+ L AYIIY YA BaT A2 g
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o]
(tonnage) “12] 1L FEQIHA|g(hook) AtmSof Wt 7|54 FAIF= et Aotk
1] 3 fecfedol AHFS WCPFCO| A 2351 1w o 2% 1 ol 8% A8
AR8-5}o] Bayesian Space-state 9 &2 245}tk WCPFC 3% oo} A H71=
9l A=t w=rhgo] o2, o4l 245 WCPFC &3 0] %] oj| 4| A|&-5}+= YEARBOOK
(2017) A=E S8tk AT == A= 19509 FE] 2017 A7HA] o] =2, 52974
o] A28 AT AUk

(H 2) it F-0| A BE HeE2| 71X SAY
Variable Mean S.D Min Max
Catch(kg) 102,169.0 54,167.1 42.0 309,329.0
Crew(person) 25.2 0.6 24.0 27.0
Tonnage(ton) 410.3 35.3 353.0 617.0
Hook(unit) 489,902.8 265,127.7 1,870.0 1,337,921.0

A eakatele, WCPFC.
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SFATE19801d o] 7 2] AFm = o] FeF} o] A H4=0] AEX| 9} o] x| 7} thar ER)5)
o] B o3 Lol A] A 2latgict. o HE Ao, Aol e Ay rlol e dite =
3FLAL, o] ol el oJal 2F99% 7t o) F = Qirt. w7 k= k=, dE(AY, 3l vl=(A
Wols, steto] ), th( Y, all) 12| L 5= 57w thAFo 2 31911, o5 =7t
oJal| oF 83%7} o] =] A tk<1¥ 1>
Lrteo] AFek 24 5 199213 HE] 2017E714] 9d A 2E 8HH 51o] WCPFC 2=
o] 9]0kl 0] Q] rlelo] AN E 225l T}

= olwm T =TT 70

2. 3o ALF 33 3

<19 1>of4] B vfo} o], rkrolis therat F7tok of el o3 ol | 9o
o2 G| Hdo] &3 catch per unit effort, CPUE) S 543t 9|2 123515 2843
of ekgt 41717} o] 214 4= 9l o]o] 2 oA -4 71 o} 18 CPUE
£ Gavaris(1980) 2] GLM(General Linear Model)2 ©]-&-5to] #E35}5}$ith 0]% 3
e 255 &-8-5}0] Bayesian State-space nde =5 22 =459k

WCPFC 4~ w=tlefo] A-dsF 4 of ¢lojA]+= Meyer and Millar(1999)9} Millar
and Meyer(2000) 2] 7 W& skl o oA el 2l o] 7hA e, A
1213 ARl APFE-S stte] QJobgate] o 2 et WEj R A Tt ok
4] (1)3} 7o) ey,

Hel
M

BtJrl:Bt_'_g(Bt)_C; (1

(38 1) WCPFC #9 =00 o2l F0((2h: O{HE, 2 =718)
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e L S g °
w“o-?o'»"?-? «fpw“fps‘“@*-»‘fp-? 1‘?»‘91‘5’-&*-‘5&-\9 -~ -\.“'?'P R R e gt S g g
Year car
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A71A, B, 1 2 t+ 1WEL AU, B,= t A= o] AAFS ou|alal, ¢(B,) = td%
O 4 1BaL G = t =9 oSS ofufgitt

A2} A (DolA A o] 7P ol wet A Ei o] FE7F 24 ==, &
Ao M= 4] (2)2 22 A3 F=(Schaefer, 1954)F 717g 3}

714, = o182 A S Y= of ALY A2 BEAlS, g= o185 EA
(catchability coefficient)E LERHTE UHFA O 2 =AM Q] W7o = A H = X]
42 CPUE(/, = CPUE,)E A3ttt

Bayesian State-space T2 H|o|X|¢F S22 Ff A (1)olA] WA st= P4}
(process error) 2} 2] (3)0]| 4] WA S|= = 2 X observation error) & X5 11 5}o] &}
YiFe F45ks Lotk Wo]A|¢ 22 WS AR B 5o &5 22 AL
8o b0 2 o] Aok 22 98] A ()T (3)& AT s of el 4l (2} (s)= 7}
ZF LeRd 4= QltiMeyer and Millar, 1999).

Plo*=e",P|P,_,Kr,0°=\P,_,+rP,_,(1—P,_,)—
t: 27...7N
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5P, q,7° = qKPie”, t=1,..,N )

910} AlolA] u, &= ko] (0) 2|3 ato) 07 Q) ATFRES AR, v, Bt
o] %(0) L] 3L FAte] & 7PARITE o 7] A X | Y = A Y7R RIS Sl A AR
X7P A 2R 35S ojulgi,

Wlo] 2|9t ELE P2 B el Krg.0% 7 T SEA A L P, Pyl B
§ 193 = 7155 CPURY 1., 1,9 AP A T-E E(joint prior distribution) 2 -
Aelct. 24 E|ojo} B W4 Kor.g.o®r” o] AIH 0% Eo]2a 1gsta, oS )
o] 2 A 2] @} AR A A(subsequent states) 2] AR =HS A5% 02 2 851H FAHE
ofof B 152 SFEREL ol 4] (6)7} 7o) LR 4= ATk Meyer and Millar, 1999).

LI
f

p(KnQaUQaTQ?Pla-..aPN)

= p(K)p)p(@p (02 (P)p(Polo®) % TIp (PP, Kor6?)

i=2

(6)

Aol A 21-8-7F AEehA] WMo tiet AR 32= A Kof el A= Winker et
al.(2019), r-2Myers et al.(1999) 2] 1L o> 1} 722 Millar and Meyer(2000)2 223}
t}. 018589422l gi= CPUES} T 0] 91 0 B & AP R = Froj 2| %] eh=rtil 71
3} tHMeyer and Millar, 1999; Winker et al., 2019). T3t 7} @ 2}of] 33F EARS- &7+
olE 3 (inverse-gamma distribution) S wWrEt}al 7143} t(Brodziak and Ishimura,
2011; Meyer and Millar, 1999; Winker et al., 2019).

7 47l B H o BAR 1S 1T A1l BEE CPUES] SHEREE
ol 4] (7)} ZTthMeyer and Millar, 1999).

EI

N

(L., INK,r,q,0%, 7, P, Py) = || p(5lP,,q,7) (7
t=1

Hjo]|= A glof o)) AP SEEE (6)¢ W= CPUES] SHEHZ (7)& o|-83fo] &
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& &7 M E HS 7Rt M S BlE R S AP AT 2= A (8) T o)
LERH 4= Qlti(Meyer and Millar, 1999).
p(KT7q;023727P1;...aPNw[p...v]A*) = (8)
N N

p(K)p(r)p(Qp(o®)p(P)p(Plo®) x [T p(P) P, Kir,0®) [T 02 P,y g, 7)

y=2 y=1

A (&) &2 Ao & v oAk 2l A9 o] & A A o7 A4tel = A A
o2 F7ssER AMETY(Gibbs sampling)& o83 MEEEAQ] ZHIER
(Markov Chain Monte Carlo) 7| 53l &% W4 LS Hlg o g Al R s
SEEH o 345t sjdstlty. 12]al ST ol M 2713 2 9 A
2 Qlfo] AR T 2751 ghe BAI Bumdin 342 712 T AE BE-S A
7] O] S H| AT E 51T 0]9F 2 114 2] Bayesian State-space

S
24 242 WinBUGS(Bayesian inference Using Gibbs Sampling) 3 2 132 225}

=AL Q’Kﬁg]' 711_—_}‘19_‘ 65] Al C‘)l Cobb_Douglas /\g/ﬂ—‘c}‘:l-‘/_['\_i q_E]‘uE_] ‘)‘F‘ }\)]\]‘4'
ek 4 1 711992 of| A 2017 W 7HA] S8 7155}
}2E 8Hg-8to] WCPFC 49 22t g soly
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Q = f (X(:re’w? Xf on? Xh ooks? h/()m ass ) (9)

919] 4] (9)2 Cobb-Douglas A}4F54= B3] 4] (10)} o] ekl 4= 9.

Q _ AXa(:7’6'wX/3t onX'yhoaksBébiomass

(10)
o] 5 JHo] fol3k AR T4 el wakeln 4] (113} 2o perd 4= 9le.
In Q = + Xerew lanrew + ﬂf on 11’1 ton + Yhooks lnXhookS + 6biomss laniomass (1 1)
+ D’m(:[}f{: + Eit

s Cif o

A7|A, 7 o] Al T YRS HHAE AUt &, = ARHAQ @A 9
ﬂ@ﬂ:amﬁu“@H@7P1®$EWI4= OJulshEd], $-2uehs WCPFCe]
. 51“1 = 55“6}04 —‘:Wf& E2.2 WCPFC 719l 0 & <13)) =rtato] o] 3lako] of
g sy EAfsh=A] of oS mteral] fgtolth

FAE B a4 SRS ol galo] i 40} A%

F

-1 o=

4] b5tk 2+ F YUY
AN R4 B2 S0l 15} 2 9ol F5 529 F(RS), 19 B9l F5 5:9] 2

23 120 22 4 9ol 15 20] AZHDRS)S] 42E 71Tk 4] (1)

:1 o=
oA 4= 7S E3F RS(Return to Scales) A| 2 E&31= 12 A (12)¢F 2}

RS = Aerew + 61‘, on + Yhooks + 6biomass (12)
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WCPFC 420} fetfagol A12lahg #4317] 913 A QU= s} ole] Q(Yean),
7KFlag), o1 ®H(Type)°] CPUE W 3}of| @2 m|2Itkal 7 sk ATk oFef 4 Apz ol A
At vk} o], 1980 ] 201771A) A7 @ Az} o} % oF99%e] of kg
71538k Aol AL), AFAUS), AH71o14(P) 2] 37 Hu|H4= 1851 297)]= At=
T 9F83%2] oL 7153 F=(KR), LZLS(IPCS), L= AFIPDW), ti gt s)
(TWOD), tiHAHTWDW), Z=3(CN), B]=512to] F(USHW), B]=ARRL ol (USAS)
9] 87]) ¢ m|H4E &-2-5F GLM(General Linear Model) =32 £3|] CPUE #5315 4
A3k

94, trieol CPUE E280] 717 Mgkt male Meahing £ uss 717t o
23t GLM 37 Zi}o] tfsl] AIC(Akaike Information Criterion) 7|52 W] a5} ch
AIC7} 71 - Case 45 EE0HE 913 2|5 Rd 2 AAskoit< 3>,

Case 4] GLM w8 24 734 1]52] 3h2fo] o]¢] o|9]e] WE Moo 4] 1% e
10% 3-o)spatoll A SAI A o &2 A =|9le). 181 24 H R gho] 0.8135% Uek)
o] 4eo] 7] ekt on, GLMO| F 5 A ot 1% §rols-zalol 4] 57414
o= gofsh] BAE Tk 4>

919) 98 AuE v 2 CPUES H23H5HL,
I <717 250 4] B jel 2

X315l CPUEE v O 2 Bayesian State-space X2 0| ]850 AL aFS 343}

cerol ojg et vt 2

Ar

(E 3) GLM 2! 7o AICZ} H|m

GLM =g AlIC
Case 1 : Ln(CPUE + c¢) ~ Year + Type + error 977.23
Case 2 : Ln(CPUE + ¢) ~ Year + Flag + error 1171.60
Case 3 : Ln(CPUE + c¢) ~ Type + Flag + error 723.17
Case 4 : Ln(CPUE + c¢) ~ Year + Type + Flag + error 659.75
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Hap A FHAL -4k p-#k
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
FlagIPCS -0.3409" 0.1051 -3.242 0.0012
Flag]lPDW 0.1619" 0.0888 1.824 0.0689
FlagkR 0.7070™ 0.0888 7.966 0.0000
FlagTWDW 0.38117" 0.0891 4275 0.0000
FlagTWOD -1.1373™ 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 -1.370 0.0000
R? 0.8173
Adj— R? 0.8135
F_ Stat. Kok ok
(P— value) 212.08™" (0.0000)
LT A 10%, 5%, 1% AEGE StollA BAH0R fofd
(23 2) #&3t = CPUE, 7|& CPUESl =Lt O{&l2F mE H|w
a0 r 180
std_cpue
80 160
I B nominal_cpue
E 70 7 s D&t_catch - 140 =
¢ 60 - L 120 2
] [=]
2 ] L 3
5 50 100 =
= 40 20 E
| ) — -
g >
g ] roo i
o
Yol e - 40
10 4 L 20
0 T T T T 1T T 71 LI LI 1T 1T T T T 7T LI LI T 1T T T 17T LI LI 0

year
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(a8 3) 1980 X3k 2017H XMk K, q,

re
o>
=}
1]
1o
Hr
_IT‘_
i
=}
0x
rx
oot
4>
Ih
oA

2 50E+6
2.00E+5 |
1.50E+6
1.G0E+6
S.00E+5 |

Bl1]

T
10001

T
200000

T
400000
iteration

S.O0E+S
4 00E+S
J.00E+B [
200E+5 |
1.00E+5

B[38]

4.00E+6

3.00E+6

2.00E+6

1.00E+6

1.0
0.8
0.6
0.4
o2
0.0

T
200000

T
400000
iteration

T
10001

T
200000

T
400000
iteration

10001

200000

400000
iteration

8.00E-5F

4 00E-5T

200E-5T

oo

10001

200000

400000
iteration
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itk 28 B4 4] 5000009 FE F5E MG, o] F AFLE S5
L=

27| A& 10,0009] 325 W1 (Burn-in) ¥17g2 &3f Al | Al 7T

Bayesian State-space 89| 4+ o] .5 SHI5H= 3 WA WS 2 HE 2] A
2 315K Aolth F4H g0l S ohEl ik 42 U] ghow malo] 4

< 7
7HA| a1 Qlekal weksk= Aot e 3, 2013). £3] 324 o] &2
F2L2] 5% o v 9 o] il whed o Qled, 3%
Aw o] A =F B0 7SR QAL AR 2 Q22 5% Ko} 2

el o] & Ses}aL 9l AR W grh<E 5> BE),

(T8 4) 1980\ XY, 20173 X K, q, r H4o| AIZER

B[1] sample: 450000 B[22] sample: 430000
3.00ES 1.00E-5

2.00E-5} I
1.00E-5} Srickusd
0.0} 0.0f

1.00E+6 2.00E+G 3.00E+6 4.00E+G

T T T T
5.00E+5 1.00E+6 1.50E+6 2.00E+6

K sample: 455500
1.50E5F

1.00E-6
53.00E-T
0.0

T T T
AMOE+E 2Z00E+5  3.00E+5

=k,

r sample: 459500 q sample: 453500
6.0 3.00E+4 [
6.00E+4
il 4 00E+4 [
2.0r 2 00E+4 [
0.0F Do
T T T T T T T T T
0.0 0.25 0.5 0.75 0.0 2.00E-5 4 00E-5
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(# 5) FFE XHEE(1980~2017)2] 2EIFIER AN/ AIE HELX}
(H9]: 1,000 ton)

%= | SD Error | MC Error | MC/SD | ¢9%= | SD Error | MC Error | MC/SD
1980 186.7 6.3 3.374% || 1999 384.0 13.1 3.411%
1981 201.9 6.9 3.418% || 2000 349.4 11.9 3.406%
1982 214.2 7.3 3.408% | 2001 350.6 11.9 3.394%
1983 226.5 7.7 3.400% | 2002 369.6 12.6 3.409%
1984 227.8 7.7 3.380% || 2003 320.7 10.9 3.399%
1985 219.6 7.5 3.415% || 2004 350.3 11.9 3.397%
1986 254.5 8.7 3.418% || 2005 356.7 12.1 3.392%
1987 264.2 9.0 3.407% || 2006 345.2 11.7 3.389%
1988 251.6 8.6 3.418% || 2007 345.2 11.8 3.418%
1989 266.0 9.1 3.421% || 2008 378.2 12.9 3.411%
1990 287.4 9.8 3.410% | 2009 388.7 13.2 3.396%
1991 303.9 10.3 3.389% | 2010 390.7 133 3.404%
1992 319.0 10.9 3417% | 2011 413.2 14.1 3.412%
1993 300.5 10.2 3.394% || 2012 403.1 13.7 3.399%
1994 304.8 10.4 3412% | 2013 441.6 15.0 3.397%
1995 298.3 10.2 3.419% || 2014 427.4 14.5 3.393%
1996 331.8 11.3 3.406% || 2015 409.7 13.9 3.393%
1997 367.4 12.5 3.402% || 2016 434.4 14.8 3.407%
1998 365.3 12.4 3.394% | 2017 426.4 14.5 3.401%

<3t 6> Bayesian State-space L@ 2 527 | A
L

H
= pun
o) A% HH S WolZrh AT Baloli A ko] Paghs ALkt

ol Bk Q) 173l AR AU X)),

crew

1) £ @20] 1= Cobb-Douglas 4415 91of Translog A1 97l 343 BgroL), MeEe| 2477H5
AH 02 GoJ5tA] ghi 2192 Lhek} Cobb-Douglas AR 34 Antehs: Tefakge.
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(E 6) Bayesian State—space Rz FHE =rCI2t0| XHRIZH1992~2017)
(F%J: 1,000 ton)
A= ot 2.5% | 50.0% | 97.5% A= ot 2.5% | 50.0% | 97.5%
1992 1,771 1,224 1,742 2,465 2005 1,977 1,366 1,945 2,753
1993 1,668 1,154 1,641 2,323 2006 1,914 1,324 1,883 2,668
1994 1,692 1,170 1,665 2,357 2007 1,915 1,325 1,884 | 2,667
1995 1,655 1,145 1,628 | 2,306 2008 2,097 1,450 | 2,065 | 2,922
1996 1,841 1,274 1,811 2,565 2009 2,154 1,488 2,120 3,002
1997 2,039 1,409 2,006 2,838 2010 2,166 1,497 2,131 3,017
1998 2,026 1,401 1,993 2,822 2011 2,290 1,582 2,253 3,190
1999 2,127 1,469 2,093 2,961 2012 2,234 1,544 2,198 3,113
2000 1,938 1,340 1,906 2,699 2013 2,445 1,688 2,406 3,408
2001 1,945 1,346 1,914 2,709 2014 2,368 1,636 2,329 3,298
2002 2,048 1,415 2,016 2,854 2015 2,269 1,569 2,232 3,163
2003 1,779 1,231 1,750 | 2,478 2016 2,406 1,662 | 2,368 | 3,353
2004 1,944 1,344 1,913 2,707 2017 2,360 1,630 2,322 3,290

T X pors ) B OARATH Byi055 )= AHESFATE

WCPFC 4= of| A= Erlahojul o] 3 )= o] ofu e} 3h}ato], x| & = choFst
ojFo] ojg i glom e Hrwgo] s AR Folg ol thH] w=rhgo] o]
Foll et 7215 285t 4= AASHTh el skt A S Sl SER
VY At Y F 2 of A3t Byge ARk

Cobb-Douglas AAFsH= 24 Aat= < 7>o4 A= vlel 2ol sfjg B4 A
Within, Between, Overall 37}4] R2 28 A A8} Q1=t], Within< 52 74 1<) B2
7k Between2 #'d 7HA] 7+2] BR? ZF 712] 3L Overall-& A A tjAte] B2 7S oJn|3ich
(AT EE2, 2017).

A EI Byt SE AT Y BE37H] R? 310] 0.8753 o] 4o & UEh) w9
Aol E2 A0 & By Taja n Y mut 22 of ol Wt u, 1A At A5
7V 71Zske] A aat o] folahqlal, SFEa Tt £ of flof I3t Breusch &
Pagan LM 774 A3} A 571Hd& 7|1 4ste] EEay; 1wy Eot o3t kA, 8t

o
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IAFE} 7 SER} 1y
FAS WA Z-3F P FRAS 22U 23 P-g
Constant V2 06532 203 00030 270 14006 200 0.0450
Increw -0.0017  0.3326 -0.01  0.9960 -0.0587 0.0389 -0.15  0.8800
Inton 0.1 84% 0.9696 1.90 0.0570 0'2001* 0.1122 1.78 0.0750
Inhooks 0'94?2 0.0080 118.54  0.0000 0'93?*1* 0.0076  122.88  0.0000
Inbiomass 0'0745* 0.0441 1.69  0.0920 0'0842 0.0438 1.92  0.0540
Dyonre _0'0822 0.0153 -5.54  0.0000 _0'082 0.0151 -5.64  0.0000
Within 0.8753 0.8753
R? Between 0.9366 0.9382
Overall 0.8795 0.8797
F— Stat. 4690.33™"
(P—wvalue) (0.0000)
u, test 1.58"
(P—walue) (0.0001)
Wald chi? 15329.57""
(P— Ualue) (0.0000)
Breusch and Pagan L Mtest 12.81
(P—value) (0.0002)
Hausman 11.20™
(P—walue) (0.0107)
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95}0] HAGH AT} WCPFC 719] @ 2 terhao] AlakaFo] 0.085%
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