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Opening 

1. The Chair of the Fourteenth Operating Model and Management Procedure 

Technical Meeting (OMMP14), Dr Ana Parma, opened the meeting and welcomed 

participants (Attachment 1). The Chair noted that the terms of reference are to 

discuss, implement, and evaluate changes to the Operating Model (conditioning 

and projections), and to continue to provide training on the use of the new software 

being developed by Dr Darcy Webber using the TMB-Stan platform. 

2. The draft agenda was discussed and amended, and the adopted agenda is shown in 

Attachment 2. 

3. The list of documents for the meeting is shown in Attachment 3. 

4. Rapporteurs were appointed and agreed to co-ordinate the preparation of the report 

along with the consultant and the Advisory Panel members. Subsequent report 

sections are based on the adopted agenda. 

 

Agenda Item 1. Summary progress report on the Operating Model 

Specification and Software Upgrade project 

1.1. Review of project components and progress 

5. The CCSBT Consultant, Dr Darcy Webber, presented the related part of CCSBT-

OMMP/2406/04.  

6. Dr Webber provided an introduction to the project and a summary of the Tokyo 

workshop (Attachment 4).  The ADMB Operating Model (OM) specifications, 

code, and software present challenges for: 

• communicating the population dynamics and statistical assumptions 

underpinning the SBT model; 

• addressing uncertainty within each element of the OM grid; and 

• revising and implementing alternative hypotheses in stock assessments and 

future Management Procedure (MP) evaluations. 

7. Upgrading to modern software will improve the flexibility, utility and 

understanding of the southern bluefin tuna (SBT) operating and assessment models 

for all CCSBT participants. Improvements to model structural and statistical 

procedures will potentially result in better presentation and understanding of 

historical, current and future SBT stock status, its associated uncertainty and MP 

performance. 



 

8. Prior to the Tokyo meeting, the OM was coded into Template Model Builder 

(TMB). The model was integrated into an R package named sbt, and the R package 

was made available on GitHub. 

 

1.2. Matching of ADMB and TMB likelihoods and results 

9. Version 1 (V1) of the TMB code has been tested to ensure that it mimics the last 

version of the ADMB code. It was locked as V1 and is provided only for future 

reference. 

Agenda Item 2. Handling of uncertainty and Bayesian Inference 

2.1. Comparison of uncertainty approximated by sampling the grid versus 

MCMC1 

10. In the approach used with ADMB, uncertainty was approximated using a 

reference set of models (a grid of 108 combinations of parameter values for 

steepness (4 levels), ψ (3 levels), M0 (3 levels) and M10 (3 levels), and sampling 

using prior weights for steepness and ψ, and objective-function likelihood-based 

weights for M0 and M10 (see CCSBT-ESC/2308/16 for further details). The 

same full grid was run with the new TMB code using the version that matched the 

ADMB results (V1), and R code for sampling the grid was developed during the 

workshop to obtain a sample of size equal to 2000 from the reference set of 

models. 

11. The new TMB software allows uncertainty to be evaluated by applying MCMC. 

A reduced grid was set up for checking purposes, which used the same fixed 

values of steepness and ψ as specified in the full grid but estimated M0 and M10 

within the MCMC together with the rest of the model parameters. Because M0 

and M10 were sampled using objective-function weights in the ADMB grid 

approach, the new reduced MCMC grid would allow for a consistent comparison 

of the level of uncertainty estimated by the two methods.    

12. With four steepness values and three values for ψ, the group ran 12 separate 

(reduced-grid) MCMCs. The respective posteriors were combined for estimating 

the overall uncertainty around the total reproductive output (TRO). The resulting 

uncertainty was larger than that obtained by sampling the fixed grid of 108 cells.  

13. While running the 108-cell grid using version 2 (V2) of the sbt TMB code (see 

section 3 below), except for the changes made to treat two of the fisheries (LL3 

and LL4) as direct removals, some convergence problems were encountered and 

it was noted that a large number of iterations were required to achieve 

convergence. This did not appear to be an issue for ADMB. The comparison of 

the uncertainty estimated by the two approaches was therefore repeated after 

further changes were introduced to the sbt code including the treatment of LL3 

and LL4 fisheries as direct removals (see section 3.2). The group also refined the 

optimiser settings, which lead to better convergence. 

14. The uncertainty around TRO obtained using the final version (V2) of the sbt 

TMB code based on the two approaches (sampling from the 12 MCMC runs 

 
1 MCMC: Markov Chain Monte Carlo simulations 

https://www.ccsbt.org/system/files/2023-08/ESC28_16_stockAssessment2023.pdf


 

compared to integration across the 108-cell grid of fixed parameter values) 

showed similar results to what was observed prior to making those last model 

modifications (see Figure 1). The group concluded that the uncertainty 

approximated by sampling the maximum posterior densities obtained with the 

108-cell grid was underestimating the parameter uncertainty in the sbt 

assessment.  

 

2.2. Evaluation of possible reduced grid structures for applying MCMC 

15. The group considered possible reduced grid structures to replace the full grid of 

108 cells for going forward with MCMC. It was decided that, at the least, M0 and 

M10 should be estimated by MCMC to better reflect their uncertainty. 

16. The question of whether ψ could be estimated instead of treating it as a grid axis 

was evaluated by conducting four MCMC runs conditioned on the four fixed 

steepness values while estimating ψ. The prior for ψ used in the ADMB code was 

carried over for this run. The marginal posterior distribution of ψ for the two 

MCMC runs corresponding to the most extreme steepness values (0.55 and 0.8) 

were examined and found to perform adequately. It was noted however that the 

posterior distributions were constrained by the bounds placed on ψ (log(1.5) and 

log(2)), so that the suggestion was made to explore performance after widening 

those bounds to log(0.5) and log(3).  

17. An MCMC run that used the wider bounds on ψ and a value of steepness equal to 

0.8 was completed during the meeting. MCMC diagnostics were examined in 

terms of the effective sample size and the 𝑅̂ statistic (Monnahan, 2024), which 

were all good. The traces for the two MCMC chains calculated were also good 

although there were a few divergences (14 of 2,000 transitions). The marginal 

posterior distributions and correlations between key model parameters were also 

satisfactory (Figure 2). It was noted that the posterior for ψ was somewhat shifted 

to lower values with respect to the prior, but this might change depending on the 

fixed value of steepness and should be further explored. The group was 

encouraged by these initial results which suggest that ψ could be estimated within 

MCMC together with the other model parameters.   

18. A separate run was conducted where all the parameters were freely evaluated 

within the MCMC. This included the steepness value with an informative prior. 

In general, the posterior largely reflected the prior distribution. The group noted 

that the apparent information content about steepness depends on the assumption 

made that recruitment deviations are independent from year to year. The 

inclusion of autocorrelation in the model would result in higher uncertainty about 

steepness, as discussed in paper CCSBT-ESC/2008/13. The group decided that it 

was best to keep the range of fixed steepness values that has been used in the 

grid. 

 

 

 

 

https://www.ccsbt.org/system/files/ESC25_13_AU_Steepness_0.pdf


 

Agenda Item 3. Operating model changes specified at the Tokyo modelling 

workshop (November 2023) 

19. During the Operating Model Specification and Software Upgrade Workshop held 

from 20 – 21 November 2023 in Tokyo, several changes to the model were 

specified, as described in the workshop report (submitted to this meeting as 

CCSBT-OMMP/2406/Info 01). 

20. Dr Webber presented changes that were made to the TMB model since the Tokyo 

workshop (Attachment 5) so that they could be evaluated by the working group.  

These changes are implemented in Version 2 (V2) of the model, and include:    

• changes to the tag likelihood to remove the H* parameters (section 3.1),   

• addition of cohort slicing of LFs, and an option to specify direct removal of 

the catch (section 3.2), 

• addition of the Student-t distribution function, which will be used as a prior 

for sigma_r when this parameter is estimated in the model, 

• addition of an option to fit to LFs/AFs using a multinomial, Dirichlet, or 

Dirichlet-multinomial distribution (section 3.3), 

• changes to the POP likelihood to account for age uncertainty in the adults 

(section 3.4). 

Other changes were advanced during the meeting, including 

• an approach based on a Gaussian Markov random field to model time-

varying selectivities for LL1, LL2, Indonesian and surface fisheries was 

implemented (section 3.5), 

• alternatives for keeping the harvest proportions at age below 0.9 were 

considered (section 3.6). 

 

3.1. Changes to the tag likelihood 

21. The ADMB OM included a large number of H* parameters that represent the 

harvest proportion of tagged fish in the same time period (year) that tagging 

occurred. These parameters were included to account for incomplete mixing of 

tagged fish within the wider population in the year of tagging. However, these 

parameters are not well estimated in the model. To resolve this issue (see 

https://github.com/quantifish/sbt/issues/17), the recaptures in a given year of 

tagging were removed from the number released that year after accounting for 

non-reporting. The probability of recapture in the year of tagging was then set to 

zero, so that the probability of a tagged fish surviving to the next year with at 

least one tag in place no longer needs to take into account the harvest proportion 

in that year but rather is a function of natural mortality and tag shedding 

parameters only. In addition, a Dirichlet-multinomial distribution function was 

coded in “short-hand” (following the R format) and used within the tagging 

likelihood to improve readability. 

 

 

https://github.com/quantifish/sbt/issues/17


 

3.2. Treatment of LL3 and LL4 fisheries as removals by age 

22. In the ADMB OM and version 1 of the TMB OM, the following four longline 

fisheries were distinguished:  

Fishery Catch data included Pulse 

(season) 

Actual period used for 

compiling statistics 

LL1 Primarily Japanese LL 

areas 4-9 plus all LL 

catches not covered in 

LL2-LL5 

(2)  1 July Jan 1 through Dec 31 

LL2 SBT caught in 

Taiwanese albacore LL 

fishery and Taiwanese 

gillnet catches 

(2)  1 July Jan 1 through Dec 31 

LL3 Japanese LL in Area 2 (1)  1 Jan Jan 1 through Dec 31 

LL4 Japanese spawning 

fishery (Area 1) 

(1)  1 Jan July 1 through June 30 

 

23. Selectivity at age was estimated for each fishery with variable specifications in 

order to fit the respective size compositions. Fisheries LL3 and LL4 had 

substantial catches in the past but not since about 1990. It was therefore decided 

to treat them as direct removals instead of modelling their selectivities, which 

reduces the number of parameters to be estimated. Time varying selectivity at age 

was estimated for the LL3 fishery while time invariant selectivity at age was 

estimated for the LL4 fishery. To implement the direct removal of catches, code 

was written to cohort slice length frequencies and transform them to age 

frequencies for the LL3 and LL4 fisheries outside of the TMB model code. This 

code slices all four longline fisheries, but the user can choose to fit to the original 

length frequencies or the sliced age frequencies for each fishery. 

24. The process of cohort slicing for each length frequency involves taking the mean 

length at age for each year and season (𝑙𝑦,𝑠,𝑎), finding the midpoints between 

each length at age (and appending zero and infinity at start and end), and then 

cutting the length frequency at these midpoints. 

25. An option has been set up in the OM for choosing to remove the catches using the 

standard method or direct removals of catches for all years for the selected 

fishery. When age or length frequency data were missing but catch was taken, an 

option was added in V2 to use the average size composition data to account for 

these removals. This occurred with fishery LL4 which lacked any length-

composition data since 1990. 

26. The equations for modelling the direct removals are specified in paper CCSBT-

OMMP/2406/04. Implementation of this method required restructuring the model 

parameters in the TMB code, so that selectivity parameters for the different 

fisheries could be declared separately.   

27. Stemming from discussions about size at age, the group recommended a future 

research project revisiting growth estimates to determine how they may have 

changed over time and among fisheries (age-length cut-points used in the 

assessment were estimated over a decade ago). It would also be useful to gather 



 

the available information on weight at age to revisit length-weight parameters to 

determine whether or not they have been constant over time, as assumed in the 

model.  

 

3.3. Evaluate the Dirichlet-multinomial likelihood for age/length composition 

data 

28. An option was added to fit the AF and LF likelihoods using a multinomial, 

Dirichlet or Dirichlet-multinomial (D-M) distribution (a multinomial was used in 

the ADMB OM); this included coding the Dirichlet and D-M distributions in 

“short-hand” since they did not already exist in TMB. The D-M option has been 

run in investigations but is yet to be fully tested. An advantage of using the D-M 

distribution is that the likelihood weighting factors for the fisheries get estimated 

directly rather than needing to specify them, but the group noted the importance 

of checking that the estimates are sensible. 

 

3.4. Incorporate the age-uncertainty for the adult part of the POP calculations 

(the possible ages given length) 

29. A new way of evaluating the likelihood of POPs has been developed to include 

age uncertainty in the comparisons where the adults have not been aged and only 

the length is known. While the majority of the adults that were in a POP were 

aged (there are currently 22 adults with no ages and 96 adults that do have ages), 

this was not the case for the adults that were checked but were not part of a POP. 

For those with no ages, there is a range of ages that could be applied to the 

measured length. In V1, the expected age from the distribution of age at length 

was used, but now a procedure has been developed to integrate across all the 

possible ages an observed adult length could be via the distribution of age at 

length. This distribution has a time-dependence for two reasons: (1) the 

underlying distribution of length-at-age changes over time; and (2) given that the 

length distribution of sampled adults and the age composition of the population 

change from year to year, the prior age distribution (the distribution of possible 

ages the adult could be before measuring its observed length) will change also. 

30. The group noted that the Indonesian age composition estimated in the model 

could be used to calculate the desired distribution of age given length, rather than 

estimating the prior age composition directly using the CK samples and applying 

Bayes theorem. The two approaches could be compared to evaluate if using the 

model might account better for the effects of variable year-class strength. 

 

3.5. Time-varying selectivity for LL1, LL2, Indonesia, and surface fisheries 

31. An approach based on a Gaussian Markov random field was proposed (see 

https://github.com/quantifish/sbt/issues/22). 

32. A recent paper (Cheng et al. 2023) developed a methodology for allowing 

selectivity to vary over time using Gaussian Markov random fields (GMRF). 

Using this approach, selectivity can be modelled by age and year, with the 

selectivity parameters treated as random effects. The code has been written but 

has yet to be fully tested. It is difficult to implement as a switch, because it 

https://github.com/quantifish/sbt/issues/22


 

requires changes to many parts of the code. It will be included as part of the next 

version.  

 

3.6. Review harvest proportion function and determine if a penalty is required 

to keep it below 0.9 (currently there is no penalty in the sbt model) 

33. The ADMB code used a function called posfun() to keep the annual harvest 

proportion below 1. It could also adjust (i.e. flatten) the selectivity of a given 

fishery when its catch for one or a few ages exceeded the abundance of those ages 

but the overall catch did not. TMB does not allow “if” statements that involve 

estimated parameters so that the posfun() cannot be used. A smooth penalty that 

increases rapidly as the limit (harvest proportion =0.9) is approached was 

explored but the performance of the maximum likelihood estimation became 

worse. The TMB conditional “ifelse” statement to constrain the harvest 

proportion to be below 0.9 was used in the final version.   

 

3.7. Categorise what to add to REPORT and ADREPORT in the TMB code 

34. Similar to the ADMB report, the TMB REPORT includes all penalties, priors, 

predictions and estimates that need to be accessible outside of the model. The list 

of variables can be modified at any time with minimum effort. Biomass at age 

10+ and TRO will be included in the ADREPORT together with ψ when the latter 

is estimated. 

 

3.8. Implement “one-step ahead residuals” diagnostics 

35. Pearson residuals assume normality and do not account for correlations in the 

age/length composition data. One-step-ahead (OSA) residuals incorporate an 

approach for dealing with correlations that result from the assumed distributions 

of these data (e.g., multinomial, Dirichlet multinomial). However, implementing 

OSA residuals is not straightforward when the model includes random effects, 

and some issues with correlations are likely to remain, so the group decided not to 

proceed with this task right now (it can be revisited in future once higher priority 

items have been completed). 

 

Agenda Item 4. Discussion of further changes to the OM 

36. Dr Webber presented some possible further changes that could be incorporated to 

the model (Attachment 6). The discussion focussed on those changes that are 

likely to be implemented before the next stock assessment to be conducted in 

2026. Issues discussed included alternatives to rewriting the projection code 

(using the “simulation” option available in the TMB code, or as stand-alone code 

that would use MCMC samples as input to the projections). Also, the group noted 

the need to apply or develop the Maximum Sustainable Yield (MSY) calculations 

as part of the reporting.  

37. New diagnostics implemented in a package developed by Dr Cole Monnahan 

were examined using the sbt TMB code that included all the model changes 



 

implemented during the OMMP meeting. This evaluation indicated that some of 

the selectivity parameters for the Australian surface fishery had poor mixing 

properties in MCMC, which could lead to unreliable final estimation of 

assessment uncertainties from MCMC applications. The existing implementation 

of the assessment model uses cohort-sliced catch at age for this fishery and 

estimates very flexible selectivity-at-age functions to achieve almost perfect fits 

to the surface fishery age composition data.  

38. To avoid the problems caused by these selectivity parameters in MCMC, the 

group agreed to explore using direct removals of the surface catches at age, thus 

eliminating the need for selectivity function parameter estimation for this fishery. 

This was considered the “lesser of the two evils”, for two reasons. First, while 

cohort-slicing may be inaccurate, it was already being used to calculate catches at 

age used in model fitting. Second, ageing inaccuracies arising from cohort slicing 

would be relatively small (compared, say, to using cohort-slicing for catches of 

larger lengths) for the young ages (mostly ages 2-4) taken by the Australian 

surface fishery. 

39. The exploration of model diagnostics also indicated some marked differences 

between the Hessian-based bivariate asymptotic confidence regions and the 

MCMC outputs, particularly for the M10-B0 bivariate distribution. These issues 

should be examined in detail. 

40. Based on the presentations made by Dr Webber (Attachment 6) and the 

evaluations conducted during the week, the group noted further analyses and 

changes to be made to future versions. These are outlined and prioritised in the 

Table 1 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1. Summary of modelling issues and further code changes prioritised by the 

working group. 

Issue Coding status Evaluation Priority 

Dirichlet-multinomial for 

age/size composition data 

Done Pending High 

GMRF selectivity In progress Pending High 

Treat catch-at-age for the 

Australian surface fishery as 

direct removals 

 

Not implemented Pending High 

Add overdispersion 

parameters to tag likelihood 

Straightforward to add 

parameters 

Pending High 

Add overdispersion to GT, 

POPs and HSPs using a beta-

binomial distribution 

Needs coding of beta-

binomial distribution 

Pending High 

Develop projection model Implement projections 

within the “simulate” 

blocks of the TMB code 

Pending High 

(2025) 

Compute MSY quantities by 

year using year-specific 

parameters and catch 

allocations between fleets 

Need to add supplemental 

optimisation code (linkage 

between sub-MSY model 

and main) 

Pending High 

(2025) 

Develop plots showing 

relationship between the 

posterior and values of M10 

and steepness (and other 

relevant parameters) 

Pending Pending High 

(2025) 

Superimpose priors on 

posterior distributions for 

comparison 

Pending Pending High 

Combine documentation for 

C++, R package, and model 

Ongoing, github-based 

website resource (e.g., 

here) 

Pending High 

Estimate recruitment SD and 

autocorrelation 

Need to code auto-

regression (AR1) process 

for Rdevs 

Pending Medium 

Use model-estimated 

Indonesian age composition 

in POP likelihood  

Need to add switch in code 

to specify this as an option 

Pending Medium 

Make M a function of size 

using Lorenzen + age-based 

senescence 

Not started Pending – this will 

mean M varies 

over time, so needs 

to be explored.  

Low 

One-step-ahead (OSA) 

residuals 

OK but not for random 

effects. Would needs 

major restructuring to code 

for random effects-model 

Postponed for now Low 

 

 

 

 

https://www.quantifish.co.nz/sbt/


 

41. The group discussed aspects of model fitting and diagnostics. As part of this, the 

group evaluated the characteristics of models that failed to achieve a positive 

definite Hessian (pdH). These were largely resolved by: 

a. Applying the direct-removals option for the smaller-scale fisheries where 

data to inform year-class strength and selectivity options are unnecessary for 

yield calculations (i.e., FMSY etc). This reduced the number of parameters and 

seemed to improve the estimation. 

b. Refining the minimiser settings used by TMB (increasing iterations, applying 

Newton-steps, and repeating the estimation with ending parameter values a 

few times).  

42. When applying the MCMC approach, the group noted the presence of some 

divergent transitions. This was explained as being a problem with part of the 

sampling process and settings could be modified to make improvements. From 

investigations done during the week, it appeared that model results were 

insensitive to these issues (but this needs further work).  

43. A potential longer-term change to be considered is restructuring the model to be 

both age and length based. This could include modifying selectivities to be a 

function of length rather than age. 

 

Agenda Item 5. Review and clean-up of TMB code and model documentation. 

44. During the week, the group appreciated Dr Webber’s work in providing up to 

date documentation on different aspects of this project. This included the 

transformation into TMB of the original ADMB code. Dr. Webber reviewed the 

“bridging” exercise between these two platforms and the group was satisfied that 

the TMB version (under same settings) could mimic the earlier ADMB code.  

45. The review of the R package within the GitHub account formed the basis of 

reporting out documentation (i.e., here).  

46. Two other aspects of model documentation were developed further during the 

week. This included creating automated help-files from the C++ code (currently 

only the R-package “sbt” had documentation on all of the functions). The C++ 

initial draft-documentation was reviewed by the group (as part of the actual 

source code of version 3 (here); for those with an account on the repository). 

47. The second aspect of the model documentation was related to how the model 

equations and structure. This had been developed as an MS word file but the 

group proposed creating a R Markdown file and to generate it as one of the 

vignettes available (i.e., here). The group reviewed aspects of contributing to 

these ways of documenting the model and application usage. 

 

Agenda Item 6. Workplan 

48. The next steps related to the OM coding project are summarised in Table 1. An 

extra day (1 September 2024) was added prior to ESC29 for the OMMP group to 

meet. In addition, the ESC Chair, Dr Kevin Stokes, indicated that he anticipates 

https://www.quantifish.co.nz/sbt/
https://github.com/quantifish/sbt/blob/main/src/functions_v3.hpp
https://www.quantifish.co.nz/sbt/index.html


 

that the ESC agenda will allow time to be allocated to continue working on the 

OM coding project during the meeting.    

Adoption of Meeting Report and close of meeting 

49. The report was adopted and the meeting closed at 3:35 pm in Seattle time on 28 

June 2024. 
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Figure 1. Total reproductive output (TRO) based on the 108 sampled “grid” cell point 

estimates (MPD) compared preliminary MCMC results. 
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Figure 2. “Pairs” plot of preliminary MCMC runs showing the marginal densities for 

some parameters (diagonal histograms) and the bivariate distribution of the posterior 

samples in the off-diagonals. Note parameters are in log-space. 
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Attachment 2 

Agenda 

Fourteenth Operating Model and Management Procedure Technical Meeting 

 

1. Summary progress report on the Operating Model Specification and 

Software Upgrade project 

1.1. Review of project components and progress 

1.2. Matching of ADMB and TMB likelihoods and results 
 

2. Handling of uncertainty and Bayesian Inference 

2.1. Comparison of uncertainty approximated by sampling the grid versus 

MCMC 

2.2. Evaluation of possible reduced grid structures for applying MCMC 
 

3. Operating model changes specified at the Tokyo modelling workshop 

(November 2023) 

3.1. Changes to the tag likelihood 

3.2. Treatment of LL3 and LL4 fisheries as removals by age 

3.3. Evaluate the Dirichlet-multinomial likelihood for age/length 

composition data 

3.4. Incorporate the age-uncertainty for the adult part of the POP calculations 

(the possible ages given length) 

3.5. Time-varying selectivity for LL1, LL2, Indonesia, and surface fisheries 

3.6. Review harvest rate function and determine if a penalty is required to 

keep it below 0.9 (currently there is no penalty in the sbt model) 

3.7. Categorise what to add to REPORT and ADREPORT in the TMB code 

3.8. Implement “one-step ahead residuals” diagnostics 
 

4. Discussion of further changes to the OM 

 

5. Review and clean-up of TMB code and model documentation 

 

6. Workplan 
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1. Report of the Operating Model Specification and Software Upgrade Workshop 
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1. Report of the Thirtieth Annual Meeting of the Commission (October 2023) 

2. Report of the Twenty Eighth Meeting of the Scientific Committee 

(August/September 2023) 

3. Report of the Thirteenth Operating Model and Management Procedure Technical 

Meeting (June 2023) 

4. Report of the Twenty Seventh Meeting of the Scientific Committee (August 2022) 

5. Report of the Twelfth Operating Model and Management Procedure Technical 

Meeting (June 2022) 

6. Report of the Twenty Sixth Meeting of the Scientific Committee (August 2021) 
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