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Additional Contribution of Information about Fish Market Price to the
Stock Assessment of Korea Chub Mackerel Scomber japonicus under
the Availability of Population Index Data

Haengha Yu and Saang-Yoon Hyun*
Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea

Accurate fish stock assessments depend on data availability. One of the most frequently used assessment models
when data are limited is surplus production model (SPM) because it requires time-series data on only two types of
information: (i) fishery catch and (ii) an index of population size (e.g., survey index or catch-per-unit-effort (CPUE)).
Compared with length- and age-composition data, which are required for more sophisticated stock assessments,
market price data are relatively easy to obtain. In this study, we tested whether or not the price information would im-
prove fish stock assessment further in the situation where, both fishery catch and population size index were used. We
illustrated our analysis with Korean chub mackerel Scomber japonicus, because the associated data such as fishery
catch, CPUE, and market price were available. One of the main findings was the price information did not contribute
to fish stock assessment further, given that data on fishery catch and CPUE were already used.

Keywords: Bayesian estimation, Data-limited assessment, Market price, State-space production model, Korean chub
mackerel

M E 517 915k dioto 2, of S} ALY A A] 4= A RTEO &2
AL 7E 3T 4 s oA H(surplus production

A= A A A7 AutE v o 2 A5 o] models, SPMs)o| de] &= 1 glon, @ a9k e 7|4
&= AAsta wedere Yshe ol 71Nk =k wet =HA| 3 AL 8 (International Council for the Exploration
A AHAE 7] A2 A &7bs et AR Bl S & of the Sea, ICES), thA]oFztleto] R 229 3|(International
22 QA E| o] ghrt A S8-El= thFRt AFLdE L 71 F Commission for the Conservation of Atlantic Tunas, ICCAT),
o #2129 (age-structured model)-> 714 A n gk B O 2 B At A =47 | H(Northwest Atlantic Fisheries Organiza-
7Yl A, o5 A-g-57] el A= ol Y F ALRETE ofu 2t &} tion, NAFO), x| %8}|5=4+2] 3] (General Fisheries Commis-
U A|4x(survey index), o] &=F @ AL 7|0F AP R4 A=, sion for the Mediterranean, GECM)]ol|A] 4=3)31= 2} L H 7}
AAAE, A= 5 Wt et AR A7) A o] Al kg 2] 7 ¢lrk. Cousido-Rocha et al. (2022)2]

Z A x]ofok gk}, 1L o] 3t A& ] =Xl HAjofl = Al Ao w2, 2021 49 7|02 9 7|75 A =3 H A}
g AJ7HL} B8-S QR Sh, T H7tol|A] o]k AR 9] A7} Z SPMso]| 7|9kt H712] v]F-2 ICCATO 4] 66.7%,
Aol 2HAI7F 3lek(Costello et al., 2016). o] 3k A1 S Het NAFO9 A 13.61%, GFCMO|| A 8.97%, ICES| 4] 3.03%%]
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o], 58] ICESO| A= SPMs 8-& Hl-&0] Z7ksl 242 1

o}, 0|2t 431 SPMs7} AR} Al of 50 21w}
o] e BLE T g wojath e} ALg A5 AR
o) N A% Zol7t 51| AL of gkl AR x|40] 1
5 tfju] (contrast)7} 0¥k 7-9-0} ro] Xh20] HwAJo] ke A}
oA SPMsi= A 22] 27](HAIS: B A S 4ot
8 2751zt 028 o] glrki 1 Le u} Qlrk(Kokkalis et
al., 2024).

2 Q7 SPMso] 12 u517] ¢
74 Aol FEal et AEA
2418 AL A

3 wohd HHE A%
IR 9 A
S}

s Aol A4 AgEel
(Grafton et al., 2010), AA| AJAo A 8] 71A2 Q-3+ J—PZ]]
of ofal Wi, 53] R ML 7 wEol 4 H9l o

RS 1|2 2= Qi) o] 22 0 & A A ETFo] Z7lsld 0]3F)
gko| 271811, o] = Al T S OH 714 o]_a]_oi o]
o] 2= Q) vl & e Al T 240} /1A AR
3R 7ol . olefel Bl 4, el A1
71 AR= AT 2 WS Ao R wshs A ER

289 4 9 Aol

olo] & o A= A7 SHEHer R 3

SEERE JAYAE S AR At 2do
= e SEUSE e mmn, A 4

Hol FAA ARE FAlo 28 = A=F st &
23019 =8 AFAF?I 31501 (Scomber japonicus)
gatith. & Ao HA2 714 ARE TS AHE
oAt E O] 2-g THs A3 Al ARIE Sl 7HE A
BE AEPsh= Ao] ALF7H| Ass FRATIEA Bt

E Lo A= sH=tEA % (Korean Statistical Information
Service, KOSIS)ol| A Al3ot= AR E ARE-SFA 1, £49
A8 27 0] 7|7H 2006 HE] 20231—‘10]1:} ) d=g =
o2l (2) A=E thF Aol o] of gl (3) A=E F vk
S (4) A= B 4] I Tk (5) L= ARETS
(producer price index).

CPUE

o= Al ool et =AF A= E= 344 CPUE
(catch per unit effort)7} F71=]o] QJA| Q7] W&o, o]= oj
Ae 4= gl wilo] Wastoirk. £ Aol 4 mhelhorse-
power, hp)E 7|REO.2 3t o] Ylee] X5 ARg-8lo] aLgofof

ik CPUES AF&5t3ich

gl
[o

Ho
Ogg
ol

>
Mo

CP(JE: ELPTO.6
0471*1 Y=t Aol doll ol olge 15eo] Azt
Z olggkE YehH, EF =t Aol Aol £ nhelgo]
KOSISA Aol w2, FA 7|7 E 9 th F 0] Aol A T’H
FAFoFe F o g 7F F oF 60%7} A5 o) = = o] Qi
olof upzt i Aol H F mhe4=2] 60%7} 1150] o] & A}
£71 202 7Pel9o], o] whlelel ofg) el £0] 0.6
= wrokeloh
A Kz 2y
o8& 714 g+ Y5714 (nominal price)0. 2 WEE D
2 cim 571 Aol el AT o1 AH A
= AR A 7P Hap7E AR A% 0473_94 H3}of| w2

D

ZQIA], of W AR Q1 £7F = Hztol] 7)1 A2l ]?—r
3}7] oYt} E3] 07]7P°ﬂ A7 AwE ] She 74
a7H % e stetol e Y& AlASHA o A= P7}

2 Bl 0'4“0] Asfld 4= ek ool & oq:r“’ﬂ’ﬂt A=

H 271 HsS AlAH ] flste] WARE7 A5 o8-8}
7+ AA=E A7 (real price) 2 2 HA ST A4 2 =,
7} ALk o] Wi ©9] 7H4 (price per IMT, PMT) P™7of| e
A= o] AARFE7FA| 4= PP T 1%@_5(2020@) AR
7¥2)= PPL,, (=100)2] H]-&-& oo S Fato] A4 9712 (real unit
price) PE AF=3}31T

PP ppP[

=t 2000 ...
P= PPl @
ofu, PPz A1z 0] 5 Sl F o % o] SR B Lol 4
%3]‘911—,], (PtPMT:PttoLaI/ Ytoml) g% H 7+ ﬂEJ 7}7:1 2= o

7] A1 20209 714 4ol A B AL 7HE8HE S BFGITE. O]

23k BAE i ETA of] WAE ARt ¢l 27 HE A Al

8131 714 w5 o] A% e olzdolut ol 212 B4 wistel up

MR 74A BB WehE S Bk £ o)A o)

L= 3#7]7] 2 Table 19 A 2] s}3ict.

2y 74

MEhE7t IS 2XIAE Mo
3 QORI OARAIT Al BT A1 R A A Az

(state-space non-linear logistic production model)2 AME-31%1

THPunt, 2003; Hyun and Kim, 2022):

i, rlm i

B=b K-exp-(¢,), where & ~N(0,02) -+ -+ 3)

B =

1

B
{Bt+r Bt(l— ft)_ youl } -exp(e,,), where g, ~N(0,0)-+- (4)



AR7HAR E7L AR 7 el mj A= 57 7)o = 163

71X B= 1A% 29| e & iE & K(random effects)
2 A be 27] A& v E(initial biomass ratio), r -
A2 AA-E(intrinsic growth rate), K= 37483 (carrying
capacity)= 2Ju|gtt}. g1= (A% 2] 27 2 ZH(process error) =,
o] 0] 1 Rdte] g9l i EEE BETHD ZAst Tk

A% 9] CPUE(I)= ©1¥)5EA5(catchability coefficient) g
£ Foll AEgat AdEt [= 7hAI Y] A 2718 et

+ +(B-

SEENCERE PR T LA AR
ofl vl gtctar 71451 tH(Schnute and Richards, 1995):

Table 1. Notations

YtDtal
It:q-(Bt—tT)-exp(Tt), where 1 ~N(0,02) """ ®)
714 7= 1$91%=9] 352 X (observation error) =, o] 0
o]31 H4bo] 29l ATHEES ek 71geigct. ol 3}
Aot} 75 03e] BARS FAsheha 7gaATHo o).
olo} 2 A Al ETE AR O A5 ARG EHE 71
O 2 AIghel 2w st A Qg A Q1 4= 25 7HEsHA| gkt

(Punt, 2003; Thorson et al., 2013).
T2 2|2 3ke] MAS FEAIZI7] flste], =% BE
pil

874482 KO Lhiro] Ati4] AR 5 =B/KS A ol3h

Notation Description
Indices
total Total of fishery
LP Large purse seine of fishery
t Year measured in discrete units
Data
14 Large purse seine of fishery yield during year t; [Y - [I=MT
Y, Total of fishery yield during year f; [Y;“]|=MT
EF Horsepower of large purse seine in year £; [[E;"]]=hp
E/* Total horsepower in year t; [[E/”*{]=hp
pLe Total landing value at auction markets during year £; [P,**]]=10> KRW
PPT, Producer price index (base year=2020) in year t; [[PPT ]]=dimensionless

PPT 5 (=100)
Fixed effect parameters

Carrying capacity; [[K]]=MT

<9 9@ x>~v

Derived quantities
I; CPUE at yeart; [[/]I=MT/hp

Producer price index in the base year (2020=100); [[PPT ,0]]=dimensionless

Initial biomass ratio; b>0; [[b]]=dimensionless
Intrinsic growth rate; r>0; [[r]]=dimenstionless

Catchability coefficient; [[g]]=dimensionless

(=0?) Variance of the process (or observation) error; [[0.? (=0.?)]]=dimensionless
Variance of the price observation error; [[o,*]]=dimensionless
parameterized price elasticity of supply; [[v]]=dimensionless

P Nominal unit price of mackerel in year ¢ (P™"=P*“Y*); [[P/"]=10° KRW/MT

Real unit price in year ¢, adjusted to 2020 price levels by deflating the nominal unit price using the

P producer price index; [[P]]=10° KRW/MT

& (=1 Process (or observation) error at year t; [[¢; (=7,)]]=dimensionless

Wy Price observation error at year t; [[0; ]]=dimensionless

A Scaling parameter for adjusting the price level; ; [[A]]=dimensionless
Random effects

B, Biomass at the beginning of year ¢; [[B]]=MT

X Rescaled population size (y,=B/K); [[x]]=dimensionless

The dimension of a quantity is denoted with “[[quantity]]”.
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¢} (Millar and Meyer, 2000; Hyun and Kim, 2022). =3+ 174
AT B A(AG)-(5)2 =1 ke B A F ) 5t
At

log;(l:10gb+51 ........................ (6)
total
e
logy, =log(ytry (1-x)- g e, (7
total
log[zzloquOg(X{ K- t2 )+Tt .................. ®)

I

V2 W 40 wshachs oSl WED 28 B
9] YFE o ZA Hh=thal 7HFsqleh o= &4 7 o)
arsolo] gt =7t A o2 dAsHA FA1E ks A
ol &7 3tch(Han et al., 2023). o]&3t 74 vt slo], 2
& W3t tigt 7+ Bhg-& 552 71H4 T A (price elasticity
of supply) 7N'gd= o]&3}o] 714 -2 3 HsF¥ th(Lancker
etal., 2023):

Pfﬁ'é‘xp(a)t),where v=-1and ©,~N(0,0?) -+ (9)

A7A Iz 339 7 g, A 7HE S 2 s &
AL E(price scaling parameter)o|th. A= 27| 714 P,
27] oj2eF Y3 Amsskel 330) 714 w4 ve o8t
o ARPEEHA=P,/ Y}"). 271 7FA(P)T 27] A=/ (Y)=
717} 19904 2] 71203} 19704] of2leole). o= o] 7}
A WS AR, Pato] 00]aL 24to] ¢ 291 L s wE
W eIk o3k A Yimeg B BE ol g5to] 7}
A3 ABFE ddTeRH 712 St 48T ters

FHol 7k st}

A
P:W' exp(w,), where v=-1and o,~N®0,0 ?)

t

2(6)8)T R FA 2 2](10)0] 21 HES 2851 ok
3} 7ro] BRIk
logP=logA-v-(loggtlogE*"+logBtaw, -+ 11)

2g 33
oI5} SPM)T2] 1] 4% £ 3krt. F e ST 4

29} S YA U FAH 7Pyt 5
o), wel 71 ol 744 Az0] E3F of s} ol HE 714

Ho
Ogg

ol
o

gl
[o

>
Mo

o] £Qof T,
AR

APAE3E (prior distribution)= tSPM1} pSPMo]| 5317
@} Kol tafl AAE ATk i K= 9] he 2he maroln
2 2OA3FEZ(log-normal distribution)E AMAEEZZ 2L
&}9itt. $-2]= Hong and Kim (2021)2] 1150] ¢ Zal=
7o 2 2Ot APIEES] 2Hgk(mode)S AT
(mode=0.42, mode =1,500,000). g A= = A2t 5
Sk Ho] 2| QF AeE7E R ES ARE-Sto] LG50l o] AEshA] m
291 i} K2 243519 tHr=0.42, K=1,500,000 MT). =3+ &=
g o A rof ths) A= W5 A4 (coefficient of variation,
CV)E 1.00.=2 dAsoitt. o]2fgt & #4HCV 100%)> H &
7} oFst APAEL3E (weakly informative prior)E 2]u|gtc}. Kof
A= CVE 0.52 AR5 2 A-ollA 2485 AP
= Table 20]] 29F5}%Ith
o B4 U HOIX X2

2 AN AP EZE 295 ol I dE & 2303t
penalized likelihood H<IH-& ARE-Ste] s 45130
A(6)~8)T A(11)S 7|8ro g & 79 % FHx(log-likelihood
function)& A5t

IOngzlog[]V(IOng | 1Ogb,0'52)] ............... (12)

total

logL2=;log[]\](log;([+1 | log(y 1y, (1-x)- 4 ).0.7)]

total
t

2 Y
logL3=;log[N(logIt | logg-log(y, K- 5 ).02)] - (14)

logLflelog[I\(logPt | logA-v-log(q-E* - K),0.2)] *(15)

o714 N(X | 0%z Htol u, #4k0] 0?9 ARz
2 gEs X SEUEE AuRith 4w 7HA
3} 58 A4S Tl 7 Rale] A 219E Pe(oint
log-likelihood function)@} AFH-EIL Ao A A o5t La=0] A}
A3z 7F Ao vhak 22 54] (objective function)
= /4%t

Table 2. Prior distributions of the model parameters

Parameter Prior Mode Ccv
r Lognormal (-0.174, 0.061) 0.42 1.0
K Lognormal (14.444,0.223) 1,500,000 0.5

CV, Coefficient of variation. All priors were identical between the
tSPM and pSPM.
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A

lOg Lobj (Z’ arSPM | Ytotal’ I)=
logL HogL,+logL, +logp(0*™),for tSPM ---(16)

10gLobf (x’0OSPM | YtotaI’I’Etotal,P):

logL +logL, +logL +logL, +logp(07*"™), for pSPM ---(17)

ATV =ttt ) MEHBIE F5 =™, 05™=(br,
K.,q.0%,07)%}t 075"=(b,r,K,q,A,v,0%,0%,0 )= L AI} K
(fixed effect parameters)2 th+itt.

logp(-)= 2 ool tjal] A7 AP e] Aot =gk
UeE oulgic), o] EXFkp= Rujj7|X| Template Model
Builder (TMB)E ©]-&-5to] Z|tha}=glom, sy Ayt 2h&
2k IAE E5) A5 5 ok (Kristensen et al., 2016; R Core
Team, 2023). %719 Z|H31e 029 £ 717 7|28 B% 1
ok A follnt et A2 HEskAITk: (i) SAIqE o]
FO AR A, (i) 4 B Fholl MY B 7e7]9 A
ko] 0.001 =9k A,

o, 92l 7k o) ATRE Yejol RIS wet 4
UalA H715k7] ¢4l tmbstan 3 7] 2| (Monnahan and Kris-
tensen, 2018)E o] 83l nMfEF L ¢l EH|7}EE(Markov
chain Monte Carlo, MCMC) A1Z3-& =853t} & U] 719
A QL ARl Adgstalon, 7 A Q1o 4] 50,00071 9] 2
= FE5FATE 271 1,00071 2] 3222 ARS3zof| of2] =35}
A L Ao 2 rtste] Hol(burn-in) 02 A ASAch E5
it AV EolaL B 5342 2SSl ¢
3l 1003]wjt} s} -5 F50)= thinning 2 2-8-5F3{t}.
MCMC 41252] w8l 3342 H7kst] 98] Al 7H 29
A 7122 AE ST A, SRR FHlE AH o
s1lsto] TS whaskox Hrhstaich. SAL AQl ) 24t
I ARl W AR AR 7F 4kS Bl sk A A Sa
Z|4>(potential scale reduction factor, fZ)—‘% o]-g3fo] H|ele] 4=
PAS Adsiglon], R<1.01¢] 49 £3et 2oz Austgl
ot AR, A7) g FA s A7 (effective sample
size, ESS)& A} 2.0, 7t w2of o) A1 22 1000]
Abo] ESSE S st 34 A28 4= gl AL 22| 7H5ai)
31 Ao tH(Vehtari et al., 2021).

2Y 45 2}

=
o, 7k yhEo A % mule Eolst z7slA Haksisict 2
§ERO] el 4248 H Mol 4 BA 02 S Qled] AR
sholatol wul 488 AT 4
wlo]x|gt F2 Ao A AAT FlEO =

Bk v A= 37171 = 165
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Fig. 1. Goodness of fit for (a) CPUE and (b) adjusted unit price
(P). Dots indicate observations. In panel (a), the solid and dashed
lines represent CPUE (MT/hp) estimates from the tSPM and
pSPM, respectively. In panel (b), the dashed line represents the
pSPM estimate of the adjusted unit price. CPUE, Catch-per-unit-
effort; tSPM, Traditional surplus production model; pSPM, Price-
integrated surplus production model.

o e Al w4 240 HeEE WA Stel Ay 2.4
(relative crror, REYE 0| 83 2] (bias) 412 a3kt 1

% 60 T AR A= theat 7ol Akstac.

RE(Q)=(5:_%)

true

o714 9.2 pHA HHR oA 2] B4 A7, g = 7% B
Zh(true value) 0.2, AA| 2AtR 2 FAH wpgho 2 A5
o}, 7} o tfgk Al @&} B3 = boxplot .2 A|Z}3}s}o],
T gl 7 37 JEw o 2to| & v|awsteltt. B, B 2
o] Auwel g Ao R Hrisly] sl HAlFL
ZHmean squared error, MSE)& A4}t MSE&= o231}
Lol Akketgitt.

MSE(0)=( Bias Y+ Var( § ), where Bias=0-6, =" 19)

ol 58 5 muo| B4 24 450) Jehuel JULS 5
Aol aesto] v stGich npAefo R, el o) HukA] o] A9}

£ vluslr] $3l & ZHof i) AIC (akaike information
criterion)2} BIC (Bayesian information criterion)< #4131
t}. tSPM} pSPM 2] AIC € BIC #42 H|wWgho 24, 714 =}
25 E3H} pSPMo| 2713 BE BAES ISP o

2 A AZSHAE Bk,
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Fig. 2. Prior (solid line) and posterior (histogram) distributions of parameters from the pPSPM. The vertical dashed lines indicate prior modes.
All densities were scaled to a maximum of 1 for comparability. pPSPM, Price-integrated surplus production model.

2

tSPM2t pSPM 7+ A1} H|w

tSPMt pSPM ETOW &) HHT At o] gl
qlom, WE was 2R oA 71E&7] Fhel 0.001 w]Rt
Bl £33 A3 ATdo g +3E S-S Felskl

T mdlof| 4] o] ¥ CPUE= 55 CPUES] H9H4 9_

2 wrd sl th(Fig. la). L1} 712 Apzof| digt pSPM
T v JegthFig. 1b). F RElof|A] 245 mae
S ARk o2 & Ao 5 Ho|A] gFqITH(Table 3).
H|O| X2t AR B

pSPM] 52~0f] gk ALS-E I MCMC Al
o}tk MCMC gt A}, BE maol A}%ﬂ_—

Table 3. Parameter estimates with standard errors (SE) for the
tSPM and pSPM

tSPM pSPM
Parameter - -
Estimate SE Estimate SE

b 0.698 0.170 0.694 0.170
r 1.174 0.291 1.179 0.288
K 1,886,144 0489 1,791,813 0.427
q 5.507x107 0.542  5.829x107 0.476
ol (=07}) 0.121 0.169 0.121 0.169
v - - 0.025 0.003
0.2 - - 0.323 0.167

tSPM, Traditional surplus production model; pSPM, Price-inte-
grated surplus production model.

59101 (Fig. 2), RS 2% 1.01 w|7ho 2 vepyieh, B3 mE
2o ESS7F 24 1480 o] o2 Suslol, A 7
o 283 A o] gl gt MCMC AMZ8 A7E v}
SO= 7} o] AFRE] et g 95% AT
Table 40l 0F5}SALh, AL HBIZEe S 7] FA A0 2 %

o5 HolA] ¢hgten, 95% A§he S 7| 2R E 2
7 ZFehch

EE” b OI'E

1003]2] zl71mojAlsl Aw) (SPMI}F pSPM 2%+
Ho| A 424 sy} AEAog S3go] & nY n&
100%2] +=HES HYch 7 g B g 5LEo] marof| A A
o exp2] FoFgro] 0ol L aHA et HRbE o 2 Helrt =2
2| 93-S FIHTHFig. 3). tSPM2] 4% r.K,q,b,0’ (=0?)
of tigh A eat BE7F hA 2 02 FAH SR FaESHG O,
qollA= A A & Aol A4 Urebgtth(Fig. 3a). pSPMO]|

A (SPMt 3502 E3E BHE(rK.gbo? (<092 A

Y 45 Tt

=
= "t

Table 4. Summary of posterior for parameters from the pSPM

Parameter Mode 2.5% 50% 97.5%
b 0.690 0.383 0.683 1.024
r 1.036 0.229 0.871 1.671
K 2,002,609 878219 1885352 4,412,877
q 6.349x107 2.271x107 5.885x107 1.545x10°
ol (=07}) 0.136 0.097 0.137 0.204
v 0.025 0.019 0.025 0.032
o 0.334 0.248 0.337 0.486

pSPM, Price-integrated surplus production model.
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Fig. 3. Box plots of the relative error of parameter estimates from
(a) the tSPM and (b) the pSPM, based on 100 self-test simulations.
The horizontal dashed line indicates zero relative error. Boxes rep-
resent the interquartile range (25" to 75" percentile), and the bold
lines in the boxes denote the median relative error. tSPM, Tradi-
tional surplus production model; pSPM, Price-integrated surplus
production model.

93 BEIE SAH 02 FHOR BES G ow, F717
o= A Bl o} g2 E FUk0] 00 T A <
2} B2 1 oIrh(Fig. 3b). B4 24 0] Aohwol Aure 2
o2 Wrkelr] gt MSEL: K2} goll s A= pSPMe]
MSE7HtSPMEth 217 Uebideh, ¥, £b02 (=02)9] 2%
pSPMe] MSE7} tSPM}.t} =7 LFeEldth(Table 5). 2=o]
AbAel A4S vjwet A5, SPMO] AICS} BICE 217}
-8.948, -24.496.0.& L}l o, pSPM] AICS} BIC 3He 7+
7} .14.908, -8.673.0.& L}t

Table 5. Mean squared error (MSE) of parameter estimates for the
tSPM and pSPM

H7E A

Parameter tSPM pSPM

b 1.298x107 1.542x107
r 8.954x10? 9.608x107
K 1.508777x10" 0.737x10"
q 1.318x10™ 0.211x10™
ol (=07}) 5.359x10* 5.552x10*
4 - 9.766x10°
g’ - 2.760x10°

tSPM, Traditional surplus production model; pSPM, Price-inte-

grated surplus production model.
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22X, a2t Auot FAA JEE FAl et A
7ke] 7H5Ad-S Sl o] 9 heidte] X< Lancker et al.
(2023)0] Aotat WE-AHA| A+ 7H(bio-economic stock as-
sessment, BESA) 222 714 A a5 A H 7o) 5§35t o
£4) A% A2 B % olr). BESAL AeE7 Qelitn
45 7|Rke 2 7t ZE|(Kalman filter) 2} Hjo] 2| ¢F 25 4
Boto] Y=ok Hael AR Y s FAO 25 L2
= 7o) Sa, oj2lka) 71d ARRHE olgalo] A1) A
£ FEY 5 U=F AA o], Am7t AN ofYGell ek A
& 7 A AT oA S8 7|0l E 7
Lancker et al. (2023)9] v] 1 24 A}o] w2, BESA 7.4
274 AR 275 2 CMSYS} 22 HE el ol 2l
7IRE o] mls a4 sl MAEe Ao Uekt
oF. o] 7} 20] B MBS uredak A el A BT 2
4 Slek 7Pio] AR AROIAE A4 HE $ETE A
o} 28y 2 o] B4 k= BESA B Elo] Anteh= tha
Aol A ek

gk Al g o] ARE o83t i Ao A=, CPUE A}
27} oln] Z4h ARelA 74 ARE FlelggolE 2
3131, (SPMo| [} Wl Ao S-ojulakA AHEick B
7] ol gieh. AAlE A7) o)A Aut, A @A} Farof A
glie] mavh £ w7k 2 2jo] Ko7 gheken), MSE
R4o) H= Ko} goll o3 pSPME] MSE7HSPME.C} ch 4
Al bt e, nbo? (=07)0ll 4= pSPM| MSE7} B 7
Urebsith 2 d Ak 2| ol A e A A oS el
Z] o3k}, AICE pSPMOf A tf Yal, BIC+= tSPMojlA] f &
2 4% moirh olelat A3k 74 A=Y #7723
M e ARt SHOA A St e HASHA|
0SS A A,

2 A2} Lancker et al. (2023)9] A-+eke] 713 2 2o
2 CPUE #A&9] f-5o]t}. Lancker et al. (2023)o]4] BESA
5] v ej A CPUE AH2.00] o] 812 A2 1hS 25t
CMSYo|t}. CPUE AFm= 7HAIE AT A2 el 2715
YsEs}s A solc, o] CPUE A7} 34jat 7ol BESA
oA A9 7H4 Am7t AT BT Al 271E
Hiols A2 B4 Eo] Hu S A Ha 4 gLk 2
Trol A et o] oju] CPUE A&7} B85 Aol 571H]
A7k RS e Aol 2 7101 5] ok Ao Wk
Hitt. 2, 714 ARo] 2717} a4 AUt el o
oloj 2| grom, o] AL 7H5t At e] o] ket Azt

Thereba 4 9le-e AR,
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shggolE B, FAl 37 ol F71hA wd 3
49| Qb Aol ABkEIgS 7RsAel itk B4, 7t A 4

F& 7Hs/do] ek AA| AR Aol A 71 2 g
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A 2919 JFE W=tk of2gt HJHA a9ER 2, of
EH o7 7Pyt 7hA 2ok AA| A% 7HA 1He] 2je] 7 Ay
P& 7Hs/do] it Lyt 7HE Rigol Gk nl A= o2 A
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S & 23S 7hs A = uiAIE = Qlek AlA, o) o3}
27F BRI A B 4 Aol 9 RS 4 vk A
SA Yot H o A= B e Aot A& AHS Teglst
of Blaz] YA ¢l F4E& 7Fs skl Eek(Punt, 2003). WHH,
2 At A= CPUES} 714 Abmof tisf 22 Hes] 5o
S arEfRko = oA 29| BRHo] A4 skt of
23 EA S A g S A BE 7ol Ak
Fohd, o= dAel aGol ARE toE T2 AFolA]
+ o1& CPUE 227} Al H= d=olA 7H A2 & +
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Fig. 4. Goodness of fit of the pSPM to adjusted unit price (P) under
different model specifications. The solid represents the fitted price
trajectory from the pSPM in which the price elasticity parameter
(v) was fixed as an input value (v=0.225) while CPUE data were
included. The dashed line represents the fitted price trajectory from
the pSPM under an alternative assumption, where v was fixed and
CPUE data were excluded, using only catch and price data. pSPM,
Price-integrated surplus production model; CPUE, Catch per unit
effort.
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