
Comparative analysis of stock assessment models for 

planning the effective fishery resource management:

Analyzing potential yield of West sea, Republic of Korea

Minje Choi, Jaebeum Hong & Dohoon Kim
Department of Marine & Fisheries Business and Economics

Pukyong National University



Contents

I. Introduction

II. Data and methods

III. Results

IV. Discussion and conclusion



3

Present condition

• Catch of marine fisheries have been decreasing since the1990s globally.

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

*Statistics Korea (2019)*Zeller et al. (2017)

Global Republic of Korea

1. Introduction
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Previous study

1. Introduction

*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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Goals of study

1. Introduction

• 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. 

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

error model and Bayesian state-space model.
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Reasons for selecting the models

1. Introduction

• 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. 

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

2. Data and methods

• Use the ‘same’ catch and fishing effort 

data from Kim et al.(2018) which were 

applied for assessing the potential yield of 

West sea, Republic of Korea.  

• Total catch(all species) and standardized 

CPUE data of West sea from 1967~2013 are 

applied. 

• Prior distributions for Bayesian state-space 

model are specified from the previous studies.
(Kim et al., 2018; Miller and Meyer, 1999)
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Stock assessment models

2. Data and methods

• Models for assessing resources using only catch and catch effort data

Biomass dynamic function :   𝑩𝑩𝒕𝒕+𝟏𝟏 = 𝑩𝑩𝒕𝒕 + 𝒈𝒈 𝑩𝑩𝒕𝒕 − 𝑪𝑪𝒕𝒕
Relative abundance index    :   𝑰𝑰𝒕𝒕 = 𝒒𝒒𝑩𝑩𝒕𝒕

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

Model Method Assumptions

Process-error model
(Fox model, CY&P 

model)
Linear Regression Analysis

Error in resource dynamics, 
Linear

Observation-error model Maximum Likelihood Estimate
Error in observed data, 

Non-linear

Bayesian state-space 
model Bayesian Inference

Both process-error and observation-error, 
Non-linear

• Surplus production model

▶ The assessment of Korean fishery resources has been mainly conducted by process-error 
model. 
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Methods

2. Data and methods

𝑝𝑝 𝐾𝐾, 𝑟𝑟, 𝑞𝑞,𝜎𝜎2, 𝜏𝜏2,𝑃𝑃1, … ,𝑃𝑃𝑁𝑁, 𝐼𝐼1, … , 𝐼𝐼𝑁𝑁 = 𝑝𝑝 𝐾𝐾 𝑝𝑝 𝑟𝑟 𝑝𝑝 𝑞𝑞 𝑝𝑝 𝜎𝜎2 𝑝𝑝 𝜏𝜏2 𝑝𝑝 𝑃𝑃1|𝜎𝜎2 × �
𝑦𝑦=1

𝑁𝑁

𝑝𝑝(𝑃𝑃𝑦𝑦|𝑃𝑃𝑦𝑦−1,𝐾𝐾, 𝑟𝑟,𝜎𝜎2)�
𝑦𝑦=1

𝑁𝑁

𝑝𝑝(𝐼𝐼𝑦𝑦|, 𝑞𝑞, 𝜏𝜏2)

Prior distribution LikelihoodPosterior distribution

- Prior distributions are obtained from the previous studies (Miller and 

Meyer, 1999; Kim et al., 2018)

• Bayes’s theorem  

• Prior distribution

Parameter Form of prior 
distribution Mean Standard 

error

Intrinsic growth rate(r) Lognormal -1.38 0.51

Catchability 
coefficient(q)

Inverse-gamma 1 1

Carrying capacity (K) Inverse-lognormal 16 0.75

Process error(𝜎𝜎2) Inverse-gamma 3.79 0.01

Observation error(𝜏𝜏2) Inverse-gamma 1.71 0.01

• Gibbs Sampling

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐾𝐾(1)~𝑓𝑓 𝐾𝐾 𝑟𝑟(0),⋯ , 𝜏𝜏2 0 ,𝑃𝑃1
0 ,⋯ ,𝑃𝑃𝑛𝑛

0 , 𝐼𝐼1
0 ,⋯ , 𝐼𝐼𝑛𝑛

(0) ,

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟(1)~𝑓𝑓 𝑟𝑟 𝐾𝐾(1), 𝑞𝑞(0),⋯ , 𝜏𝜏2(0) ,𝑃𝑃1
0 ,⋯ ,𝑃𝑃𝑛𝑛

0 , 𝐼𝐼1
0 ,⋯ , 𝐼𝐼𝑛𝑛

(0) ,

⋮

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐼𝐼𝑛𝑛
(1)~𝑓𝑓 𝐼𝐼𝑛𝑛 𝐾𝐾(1), 𝑟𝑟(1),𝑃𝑃1

(1),⋯ ,𝑃𝑃𝑛𝑛
1 , 𝐼𝐼1

1 ,⋯ , 𝐼𝐼𝑛𝑛−1
1

K 𝜃𝜃 𝑚𝑚+1 ,𝜃𝜃 𝑚𝑚

= �
𝑖𝑖=1

𝑛𝑛

𝑓𝑓(𝜃𝜃𝑖𝑖
𝑚𝑚+1 |𝐾𝐾 𝑚𝑚+1 ,⋯𝜏𝜏2 𝑚𝑚+1 ,𝑃𝑃1

𝑚𝑚+1 ,⋯𝑃𝑃𝑛𝑛
𝑚𝑚+1 , 𝐼𝐼1

𝑚𝑚+1 ,⋯𝐼𝐼𝑛𝑛
(𝑚𝑚+1))
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Model test

2. Data and methods

• Evaluation of model precision

• RMSE(root mean square error) and R2(coefficient of determination) using Expected and Observed CPUEs are 

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

𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹=
𝟏𝟏
𝒏𝒏
�
𝒚𝒚

(𝑰𝑰𝒚𝒚 − 𝑰̂𝑰𝒚𝒚)𝟐𝟐

▶ Lower RMSE and Higher R2 indicate higher precision.

𝐼𝐼𝑦𝑦 = Observed CPUE

𝐼𝐼𝑦𝑦 = Expected CPUE

𝑹𝑹𝟐𝟐 = 𝟏𝟏−
∑𝒚𝒚(𝑰𝑰𝒚𝒚 − 𝑰̂𝑰𝒚𝒚)𝟐𝟐

∑𝒚𝒚(𝑰𝑰𝒚𝒚 − 𝑰̅𝑰)𝟐𝟐

̅𝐼𝐼𝑦𝑦 =
1
𝑛𝑛
�
𝑦𝑦

𝐼𝐼𝑦𝑦
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Bayesian state-space model

3. Results

• 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.

B[MSY] sample: 30000

    0.0 1.00E+6 2.00E+6

    0.0
5.00E-7
1.00E-6
1.50E-6
2.00E-6



12

Comparison of model results

3. Results

▶ Bayesian state-space model has the lowest RMSE and the highest R2 values.

Model
Parameter Fox CY&P ASPIC Maximum 

entropy
Observation-

error
Bayesian state-

space

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

<Observation-error model> <Bayesian state-space>
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Further study

3. Results

• 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).

𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐷𝐷 𝜃̅𝜃 + 2𝑝𝑝𝑑𝑑

𝐷𝐷 𝜃̅𝜃 = −2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑|𝜃𝜃 , 𝑝𝑝𝐷𝐷 = 𝐷𝐷 𝜃𝜃 − 𝐷𝐷(𝜃𝜃)
Uniform (100,000~1,000,000,000)

• DIC(Deviance Information 

Criterion)

• Biomass dynamic function

Schaefer (1954) VS Pella-Tomlinson (1969)

• Assumption of prior distribution

Informative K vs Non-informative K

Inverse-gamma (0.0001,0.0001)

Inverse Lognormal (16,0.75)
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Comparison among the different assumptions

3. Results

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

DIC Log-normal prior 
distribution of K

Uniform prior 
distribution of K

Inverse-gamma 
distribution of K

Schaefer -127.191 -129.289 -132.506

Pella-Tomlinson -127.674 -138.685 -152.567

DIC Log-normal prior 
distribution of K

Uniform prior 
distribution of K

Inverse-gamma 
distribution of K

Schaefer -80.452 -88.251 -109.003

Pella-Tomlinson -98.757 -107.027 -118.105

[West sea, Republic of Korea]

[East sea, Republic of Korea]

• No convergence problems emerged in any of the analyses.
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Results

3. Results

• The current biomass level of West sea is assessed to be approximately 40% of BMSY.

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

• In most years, the estimated results belong to overfished and overfishing.
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Discussion and conclusion

4. Discussion and conclusion

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

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

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

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

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

-The biomass level is estimated to be 40% of BMSY. 
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Discussion and conclusion

4. Discussion and conclusion

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

4. Discussion and conclusion

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



THANK YOU
[cmj543@naver.com]
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