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1. Introduction

Present condition
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« Catch of marine fisheries have been decreasing since the1990s globally.

« It has been decreasing since 1985 in the Republic of Korea.




1. Introduction

Previous study

Table AL Aunval catch, obrerved fiching effort, estimated gross tounage of aquacalfure and fnlind fichery (AIGT) and standardized Table 2. Summary of the estimated results for Korean west coast fisheries by each model using gross tonnage for effort
GT wsing Catehing efficiency (CE) for Korean west coast fisheries from 1967 to 2013 " "

:;’?' C"I‘:‘: ;‘;ﬂ Oloserved mmmm €D . o :IGT = ’;;;‘Ei“g = Parameter Fox model CYP model ASPIC model Maximum entropy model
1968 132735 13,064 1428 31,006 MSY = PY(mt) 219,146 174232 232.700 238,088
1960 123,761 45125 1948 33311
1070 133,047 52770 2401 10078 B;'kﬁ'}’ (m.t ) - 796311 808.500 459762
1971 137302 55,664 3136 46,008
1972 15154 67,053 2802 55.480 Faer(GT) 123.110 142232 138.800 161.438
197 173,940 7123 2356 62,043
1974 198,532 80,563 2,508 73,696 K= FECC(mt) - 2.164.598 1.617.000 1.140.541
1975 220 902 86950 5440 78,603 :

i ql/GT) - 1.54E-06 2.07E-06 3.21E-06
1976 232565 02327 3001 01,046
1977 131472 05,406 3,109 101,236 r(/year} - 0.219 0.476 0.835
1978 230,820 110,345 3260 117,950
1079 219,570 107,503 4244 17,149 Rz 0.896 0.899 0.933 0.953
1980 225400 110,305 4155 124103 .

252
1981 235,981 112347 3,587 131,065 RMSE 0.451 0.728 0.290 0.252
1932 253 628 115430 4625 137,645 U 2671 2482 1.478 1.173
1933 257686 115364 36% 197,973
1984 245347 120811 3243 215071
1985 252582 1150839 2830 212,680 120 K
1986 263,568 114,530 441 212,354 () e
1987 254,085 115713 5,695 217836
1988 228596 115984 6764 225 063 Higgr = 1090, 294mi
1980 235830 109430 2220 212233
1000 24207 100834 7112 220355
1991 224623 111,24 7,983 226,960
1992 213444 107330 5682 225104 -E""'
1003 213710 104,621 3265 270 545 = BO
1004 205,543 102562 2967 232431 -
1995 178,086 08,577 2400 228219 E
1996 155784 #7115 140 230,240 =
1997 148,601 95,653 1674 232553 o
1998 182,141 100,627 2,507 246,457 c] H
1990 165,720 100,009 2735 250,013 E MSY
200 gt oyt s 2 k < A g - """~~~ T--=-
2001 135,560 s40m 3925 239,001 —
2002 135,781 87540 3,002 22,076 ==} =ELEE 230,045z
2003 158484 35352 4122 230,40
2004 137,038 51,660 3,581 224,689
2005 117,258 22% 3,655 729415
2006 130871 20,189 3267 70,3147
2007 142402 78119 2981 75 632
2008 129565 54960 3628 164,695
2000 158,601 50030 3818 167,285 0
2010 163582 50204 3365 172,153 - - - - - - - - - =} .- 2
3 = = = = K] o - -

2011 154230 58773 2678 176,020 1"5‘, = - = = oo = \% ] T
2012 127231 59175 2678 180,145 -+ - i - L -+ - [ ‘-jj.? o > -
2013 117,010 50301 3215 181,720

*Kim et al.(2018)

* Process-error model(Fox and CY&P models), ASPIC model, and Maximum entropy model were -
conducted for assessing the potential yield of West sea. > .
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1. Introduction

Goals of study

® Estimate the fishery resources of West sea in the Republic of Korea using Observation-

error model and Bayesian state-space model.

® Compare the models for selecting an appropriate model.

« Models from the previous study: Process-error model, ASPIC model, and Maximum entropy model

«  Models from this study: Observation-error model and Bayesian state-space model

® Suggest a stock assessment model which can be used for planning fishery resource

management plans for West sea.



1. Introduction

Reasons for selecting the models

® Using age-structured models are limited due to paucity of data in the Republic of Korea.

® Bayesian state-space model can simultaneously consider the process error and the

observation error.

® Stock assessments using Observation-error model and Bayesian state-space model are still

limited in the Republic of Korea.



2. Data and methods
Data

Table Al. Annnal catch. observed fishing effort, estimated gross tomnage of aquacultwre and inland fishery (AIGT) and standardized
GT using Catching efficiency (CE) for Korean west coast fisheries from 1967 o 2013

= T ® Use the ‘same’ catch and fishing effort

1958 132,735 43.064 1,428 31.008

1950 123,761 45125 1948 33311 . .

1970 133,947 52,770 2491 40,078

1971 137.302 58.664 3136 46.008 data from Klm et alo(201 8) WhICh Were

1972 151,543 67,053 2,202 55480

1973 173.940 71230 2336 62.043 o o o R

1974 198,332 80,563 2,306 73.696

e applied for assessing the potential yield of
1976 232 565 92327 3.0 01.045

1977 231472 08 495 3109 101,236 o

1978 230,820 110345 3,260 117,939

1579 229,570 107,593 4244 117,149 West Sea, Repu bIIC Of Koreao

1980 226,400 110305 4135 124103

1981 236.981 112347 3,387 5

1982 233,628 115430 4626

1983 257.686 115364 3.630

1984 245347 120,811 3.243

1983 232,382 113939 2.830 212.689

1984 263.568 114,530 4432 212354

1987 254085 115713 5,605 217.838

1988 228,596 116,994 6.764 225,063 ° °

® Total catch(all species) and standardized

1590 224 207 109,834 7112 220355

1991 224 623 111,224 7.083 226,060

1992 213444 107.330 5.682 225,104

CPUE data of West sea from 1967~2013 are
1994 205,543 102,952 2857 232,431

1995 178.086 08377 2,400 228219

1996 136.784 97.115 2.049 230240 °

1997 148,601 95,653 1674 232,553 a p pl |ed .

1998 182,141 100,627 2507 246 457

1999 166.720 100,009 3755 250013

2000 161.439 96.481 3427 245488

00 135,560 94922 3926 232,001

2002 135,781 87.340 3.002 222078 . . . . .

2003 158 484 85352 4122 270 402

® Prior distributions for Bayesian state-space
2005 117,239 82259 3.635 229415

2006 130,871 80,189 3267 220347 . go . .
2007 142 492 78.119 2081 225,632

B model are specified from the previous studies.
2009 158,601 59,030 3,818 167,285 . .

2010 163,582 50,204 3366 172,153 .

2o 163582 B 3366 172153 (Kim et al., 2018; Miller and Meyer, 1999)
2012 127231 58,175 1678 180,145 o e

5 -

2013 117,010 59,201 3226 181,720 F- i
-
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2. Data and methods

® Surplus production model

Stock assessment models

Models for assessing resources using only catch and catch effort data

Biomass dynamic function :

Relative abundance index : I, =¢qB;

Bii1 =B +g(B) —C;

Be divided by how fit to fishery assessment models to the observed data

T vode 1 wethed | Asumptions

Process-error model
(Fox model, CY&P

Linear Regression Analysis

Error in resource dynamics,
Linear

model)

Observation-error model

Bayesian state-space

Maximum Likelihood Estimate

Bayesian Inference

Error in observed data,
Non-linear

Both process-error and observation-error,

» The assessment of Korean fishery resources has been mainly conducted ngcess-error

g RN

model.

modadei
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2. Data and methods
Methods

- Bayes's theorem

N
p(K,7,q,0% 7%, Py, e, Py Ty, 1) = pUOP@ID(@p@2pEpBilo®) x | [Py 1 K10 | [pylat

y:l y:l
| Y J 1 y J \ Y J
Posterior distribution Prior distribution Likelihood
*  Prior distribution +  Gibbs Sampling

Form of prior Standard simulate KM ~f (K|r(°), e, 729 pO . pO O ---,I(O)),
Parameter . . . . 1 n 1 n
distribution error

simulate rW~f (T‘|K(1), q©, -, TZ(O), Pl(o), " Prfo), 11(0), e Ir(lo)) )

Intrinsic growth rate(r) Lognormal -1.38 0.51

Catchability 1 1

coefficient(q) IErsE-gRmms 1 1 N (1 1

simulate I8~ f (L [K®,r®, p®, ... pD, 1D, 1))
Carrying capacity (K) Inverse-lognormal 16 0.75
Process error(a?) Inverse-gamma 3.79 0.01 l
K(g(m+1)’ g(m))
Observation error(r?) Inverse-gamma 1.71 0.01
m (m+1) m

- Prior distributions are obtained from the previous studies (Miller and = ﬂf(9i(m+1)|1<( D, g2 plmA) . pim ) I(’"“) I

T ..

Meyer, 1999; Kim et al., 2018)




2. Data and methods
Model test

® Evaluation of model precision

«  RMSE(root mean square error) and R?(coefficient of determination) using Expected and Observed CPUEs are

calculated for comparison among models(Kim et al.,2018).

7 \2
1 ~ 2 Zy(ly _ Iy)
RMSE = —zl —1,)? R“=1- =
\/n ( y y) Zy(ly - I)Z
y
I, = Observed CPUE ~ 1
I, = Expected CPUE by = Zg’y

» Lower RMSE and Higher R? indicate higher precision.




3. Results

Bayesian state-space model

BI1967] K B[1967] sample: 30000 B[2013] sample: 30000 B[MSY] sample: 30000
6.00E+6 5.00E+6 1.00E-6F 6.00E-6[ 2.00E-6[
4.00E+6
4.00E+6 7.50E-7T L . -6
o 4.00E-6 1.50E-6
2.00E+6 5.00E-7} 1.00E-6
2.00E+6 2.00E-6[
0.0 1.00E+6 2.50E-7F 5.00E-7
. . - T T T T T T " 0.0 0.0} 00
250001 400000 600000 800000 1000000 250001 400000 600000 800000 1000000 . . . . . . : : : :
ieration ieration 0.0 2.00E+6 4.00E+6 6.00E+6 0.0 5.00E+5 1.00E+6 0.0 1.00E+6 2.00E+6
r q K sample: 30000 r sam ple: 30000 q sample: 30000
1.0t 4.00E-6 1.00E-6} 60 1.50E+6|
3.00E-6
7.50E-7
L 40 1.00E+6}
R T e e PR g
00p Y 2.50E-7} 20 5.00E+5}
250001 400000 600000 800000 1000000 250001 400000 600000 800000 1000000 0.0 i . . . . 00f . , . 00 \ , .
fteration iteration 0.0 2.00E+6 4.00E+6 00 025 05 075 1.0 0.0 2.00E-6 4.00E-6
Process ermor Observation eTar Process errar sample: 30000 Observation error sample: 30000 MSY sample: 30000
0.03} 0015 150.0 600.0 3.00E-51
0.01 0.005
50.0 200.0f L 1.00E-5}
0.0F 0.0
. T T T T T T T T T 0.0 00F 0.0
250001 400000 600000 800000 1000000 250001 400000 600000 800000 1000000 . , . . . . . . T . . .
iteration iteration 00 001 0.02 0.03 0.04 00 0.005 0.01 0.015 1.50E+5 2.50E+5 3.50E+5

« Use WinBUGS to estimate the Bayesian state-space model.
* Posterior distributions are based on 750,000 iterations after discarding the first 250,000 iterations.
« The iterations are reduced to 30,000 by sampling every 25th value to avoid sample correlations.

« The median values are used as a representatives of the parameters of posterior distributions to reduce >
the influence of the outliers. g ‘
1




3. Results

Comparison of model results

5 5.0
fe <Observation-error model> P <Bayesian state-space>
5 o
ul 4.0
3.5 35
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= =
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1 1.0
0.5 0.5

o
Q
(]

1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 1967 1971 1975 1979 1983 1987 1991 1995 1999 2003 2007 2011

Year
Observed CPUE e P re dicted CPUE

Parameter entropy error space

® Observed CF’UE —-—F’redlcted CPUE

MSY (mt) 219,146 174,232 232,700 238,088 179,291 236,725
K (mt) - 2,164,598 1,617,000 1,140,541 2,708,372 2,125,000
r - 0.219 0.476 0.835 0.180 0.446
q - 1.54E-06 2.07E-06 3.21E-06 1.31E-06 1.72E-06
RMSE 0.451 0.728 0.290 0.252 0.238 0.038
‘ R2 0.896 0.899 0.933 0.953 0.947 0.999 P
—

— 4

» Bayesian state-space model has the lowest RMSE and the highest RZM



3. Results
Further study

® Bayesian state-space model can give the relatively reliable result among the stock

assessment models.

® It is controversial which prior distribution for Bayesian inference can give the appropriate

results(Chaloupka and Balaz, 2007; Punt and Hilborn, 1997; Thorson and Cope, 2017).

® Using logistic model (Schaefer) for assessing fisheries resources should be abandoned
(Maunder, 2003).

«  Biomass dynamic function « DIC(Deviance Information
Schaefer (1954) VS Pella-Tomlinson (1969) P _
Crlterlon)DIC — D(O) + 2p,

«  Assumption of prior distribution

Informative K vs Non-informative K D(0) = —2logL(datal8),pp, = D(8) — D(0)
Inverse Lognormal (16,0.75) Uniform (100,000~1,000,000,000)
Inverse-gamma (0.0001,0.0001) >

13



3. Results

Comparison among the different assumptions

[West sea, Republic of Koreal]

DIC Log-normal prior Uniform prior Inverse-gamma
distribution of K distribution of K distribution of K
Schaefer -127.191 -129.289 -132.506
Pella-Tomlinson -127.674 -138.685 -152.567

[East sea, Republic of Korea]

DIC Log-normal prior Uniform prior Inverse-gamma
distribution of K distribution of K distribution of K
Schaefer -80.452 -88.251 -109.003
Pella-Tomlinson -98.757 -107.027 -118.105

No convergence problems emerged in any of the analyses.

» Assumptions of Pella-Tomlinson function and Non-informative K can give relatively reliable results.

A ==
E

- — Sk



3. Results

4,500,000
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

Biomass(mt)

Results

1967 1973 1979 1985 1991 1997 2003 2009

Year
—Biomass

0 1 2
B/Busy

The current biomass level of West sea is assessed to be approximately 40% of B,,q,.

The recent fishing intensity is estimated to be turning to not overfishing.

;‘w-n':arh ‘

In most years, the estimated results belong to overfished and overfishing. il

e TR

—




4. Discussion and conclusion

Discussion and conclusion

- Bayesian state-space model is estimated to be the most reliable among the models.

- Process error model, ASPIC model, Maximum entropy model, Observation error model, and Bayesian state-space
model

« Assumptions of Pella-Tomlinson function and inverse-gamma distribution of K can help to get
relatively reliable results of Bayesian state-space model.

« The recent status of West sea in Korea is analyzed to be overfished.

-The biomass level is estimated to be 40% of By

* Policy efforts are needed to recover the fishery resources of West sea, Korea.



4. Discussion and conclusion

Discussion and conclusion

- What are the benefits of using Bayesians state-space model for social & biological scientists?

3. Biological and economic effects depending on the TAC plans

400,000 Table 2. Economic analysis of Gill net and Stow
net depending on the TAC plans of
320,000 small yellow croaker
300,000 TAC Gill net Stow net | Biomass
(ton) (won/vessel) | (won/vessel)| (ton)
= 250,000
) 23,000 285,358 74,749 116,800
ﬁ 200,000
_S 21,000 214,167 51,157 106,644
m 150,000 ——=—==z=z=c
BMSY=107,000t0]l ’::-E’_._:""'-_—:-
100,000 [irrrrrrrrrme e e nnneeeaagens ;.i.‘?—:.é..:.:..;.-_._n;--_; ..... T i 19'000 142'976 27'566 96'487
50,000 s S, 17,000 71,786 3,974 86,331
\
“ 1992 1996 2000 2004 2008 2012 2016 2020 2024 2028 2033 2037 2041 2045 2049 16,663 59,794 0 84,620
Year
Biomass = = 20,000 = = 21,000 = = 22,000 = = 23,000 = = 24,000 15,000 595 (19,618) 76,174

Fig. 4. Forecasting the future biomass of small yellow croaker
depending on the TAC plans. 13,000 (70,596) (52,808) 66,017




4. Discussion and conclusion

Discussion and conclusion

- What are the benefits of using Bayesians state-space model for social & biological scientists?

1, 2000, 000

1,000,000

BO0, 0D

00, B0

Biomass{ton)

400,000 B, = 346.550100

00, D

.

-
=

-'-h'-_.‘__.-—-l-'—-—-:-—-_--p—r—r—-i'--
1977 15982 1987 1992 1997 2002 2007 2012 2017 02 2027 2032 2037 2042 2047 2062 MOST

Yiar
—Current state ===25th percentile Median 97.5th percentile

Fig. 6. Senstwvity analvses on changes of Black scraper biomass of depending on the 2.5th,

30th, and 7 5th percentile from the posterior predictve distribvhons of mnbrinsie srowth rate.

r sample: 8000
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- THANK YOU )

o - [cmj543@naver.com]
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