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Summary 

 

This document reports refinements to the survey-based SCAA assessments reported at an earlier 
meeting in Vigo, and attempts to provide results for the set of future analyses requested there. 
Particular attention has been paid to attempting to reduce the residual patterning evident in earlier 
assessments through taking further account of serial correlation. These efforts seem to have been 
reasonably successful for the overall survey indices and commercial catch-at-age proportions, but 
less so for the survey catch-at-age proportions, which consequently remain somewhat overweighted 
in the fitting process. A simpler age-structured production model is also fitted to the data, and gives 
similar results to the New Baseline SCAA assessment that is developed, with Bayesian estimates of 
precision computed for both these approaches. Despite these efforts to incorporate serial correlation, 
some conflict remains amongst the different sets of input data, and partly in consequence the 
absolute scale of biomass is poorly determined by assessments. The most pessimistic (in stock status 
terms) of the SCAA variants considered produce biomass estimates that do not differ that greatly 
from those from XSA. Importantly however, even in those cases the SCAA assessments provide 
results for recent years more in line with survey index (and CPUE) trends, and give more positive 
projections for future abundance: for example all SCAA projections under a constant TAC of 22750 
tons increase, whereas XSA projects a decrease in those circumstances. 

 
 
Introduction 

This paper continues the development of the application of Statistical Catch-at-Age (SCAA) methodology to the 
2J3K-O Greenland halibut resource beyond the results presented in Butterworth and Rademeyer (2009a). 
Updates include: 

1) Taking the modelled population age structure to a plus-group age of 20 rather than 14 so that any 
decreasing selectivity trend continues to a larger age. For the commercial selectivity, the estimated decrease 
from ages 11 to 12 are assumed to continue exponentially to age 20+. Similarly for the survey selectivities, 
the estimated decrease from ages 10 to 11 (7 to 8 for the Canadian spring survey) is assumed to continue 
exponentially to age 20+. 

2) The inclusion of correlation, in both year and age, in survey proportions-at-age data. Butterworth and 
Rademeyer (2009a) noted the non-randomness of the residuals for the fits of the survey proportions-at-age 
data. To allow for serial correlation between the survey proportion-at-age residuals, equation B21 of 
Butterworth and Rademeyer (2009b) is replaced by: 
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 i
CAAageρ   is the age serial correlation coefficient for survey series i, which is estimated, and 

 i
CAAyrρ   is the year serial correlation coefficient for survey series i, which is estimated. 

The second term in the likelihood has been added so that the average predicted proportion-at-age is close to 
that observed. This is necessary here because taking account of serial correlation loses the information 
otherwise in the likelihood to fit to data for the youngest age-class. 

 
Results 

New Baseline 

Extending the model to age 20 (compared to 14 in Rademeyer and Butterworth, 2009a) has little effect on the 
results (Case 1, Table 1). Residual patterns for the survey catch-at-age data are improved by allowing for serial 
correlation in both age and year as described above (Cases 2 and 3, Table 1). For both the age and the year serial 
correlations, a series specific correlation parameter is warranted in terms of AIC. These two specifications 
provide the basis for a revised baseline assessment (Case 4, “New Baseline”). Fig. 1 compares the biomass 
trajectories estimated for Cases 1 to 4, while the standardised residual patterns for the fits to the survey catch 
proportions-at-age for these four cases are shown in Fig. 2. 

Figs 3-5 show results for the New Baseline, respectively the survey and commercial (average) selectivities, the 
fit to the survey abundance indices and the corresponding survey standardised residuals. The estimated 
numbers-at-age and fishing mortalities matrices are shown in Tables 8 and 9 respectively. 

As previous assessments presented in Rademeyer and Butterworth (2009a), the New Baseline includes serial 
correlation in the survey abundance indices. The serial correlation parameter is not series specific as it is not 
warranted in terms of AIC criteria (Case 5, Table 1). Introduction of serial correlation does improve the 
randomness of the residuals (see Fig.5). 

Variation in assumptions concerning the stock-recruitment relationship 

Table 2 shows sensitivities to a number of variations in the New Baseline assumptions of a Beverton-Holt stock 
recruitment function with steepness h = 0.9 and recruitment variability set on input to σR = 0.2. First lower 
values of h are considered. Next a refinement of the Ricker form is considered which can also produce shapes 
similar to Beverton-Holt, as described in Butterworth and Rademeyer (2009a). This is implemented estimating 
both h and γ. Finally σR is set to 0.3. The resulting stock-recruitment curves, and time series of standardised 
stock-recruitment residuals and recruitment are shown in Fig. 6, while the biomass trajectories are shown in Fig. 
7. 

Variation in assumptions concerning the annual catches and commercial selectivity 

Table 3 shows sensitivities to the 1990-1994 annual catch assumptions, as well as assumptions concerning the 
commercial selectivity. Fig. 8 plots the biomass trajectories for these four sensitivities. Fig. 9 compares the 
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commercial selectivity estimated for the New Baseline, the XSA assessment and Case 10 with flat selectivity 
from age 10. To coincide with known changes in the operation or regulation of the fishery, an alternative 
commercial selectivity is considered in Case 11. The selectivity is divided into four periods (1960-1987, 1989-
1995, 1996-2003, 2007-2008), with linear trends between the periods. The selectivity estimated for each period 
is shown in Fig. 10. 

Sensitivities on the extent of selectivity variation 

Cases 12a-c in Table 4 investigate the effect of changing the extent of selectivity variation, first in the 
commercial selectivity (more and less variation allowed in 12a and 12b respectively) and then in the survey 
selectivities (σΩ increased to 1 in 12c). Fig. 11 compares the biomass trajectories and Fig. 12 the standardised 
residuals for the commercial and survey proportions-at-age. 

Sensitivities on the extent of natural mortality 

Case 13 fixes the natural mortality to 0.15 instead of 0.2 in the New Baseline assessment (Table 4). The biomass 
trajectories are shown in Fig. 13. 

Start in 1975 with data as in XSA 

Cases 14a-c use the same data in fitting as used in the current XSA, i.e. excluding the pre-1995 Canadian fall 
survey information (biomass index and catch-at-age data) and the pre-1995 EU survey index. In 14a, the model 
starts in 1960 assuming unexploited equilibrium (as in the New Baseline) and is brought forward under the 
annual catches. Stock-recruitment residuals are estimated from 1975 onwards. In 14b, the model starts in 1975 
and θ and φ are estimated; while in 14c, the XSA estimated proportions-at-age in 1975 are used as input and θ 
is estimated. Results for these three sensitivities are shown in Table 4, while the biomass trajectories are 
compared in Fig. 14. 

The estimated numbers-at-age and fishing mortalities matrices are shown in Tables 10 and 11 respectively for 
14a. 

Retrospective assessments 

The results of retrospective assessments for the New Baseline are shown in Table 6 and Fig.16. 

Production-type model 

Table 7 gives results of two production-type models with no stock-recruitment variations and no variations in 
selectivities. These models nevertheless have to be age-structured as account has to be taken of the different age 
“ranges” to which catches and the various surveys correspond. Case 1 fits to both survey indices and 
commercial and survey proportions-at-age, and selectivities are estimated, though with h fixed at 0.9 as 
otherwise parameter estimation becomes confounded. The purpose of this exercise is merely to estimate the 
selectivities at values which can be fixed when h is freed. Case 2 fits to the survey indices only and the 
selectivities are fixed to the values estimated in Case 1. Fig. 15 compares the biomass trajectories for 
production-type model 2, the New Baseline and the XSA. 

Key results are summarised for the XSA, the New Baseline and all the sensitivities to this assessment, and the 
Production-type Model 2 in Table 12. 

Projections results 

20-year biomass projections for the New Baseline are plotted in Fig.17 under a series of catch scenarios: three 
constant catch (0, 16000t and 22750t) and a F0.1 strategy. The constant catch projections of 16000t and 22750t 
are compared across four models in Fig. 18: the New Baseline, a more pessimistic SCAA (Case 14a, start in 
1975), the Production-type Model 2 and XSA. 

The catches expected under the F0.1 strategy for the New Baseline, Case 14a and the Production-type Model 2 
are plotted in Fig. 19. The reason for the sharp initial peak in estimates of the F0.1 strategy TAC for the New 
Baseline SCAA and the production model 2 is that both these assessments estimate current biomass to be 
appreciably above the MSY level, so that TACs are set with the intent to decrease current abundance. 

MCMC results 

For the New Baseline and the Production-type Model 2, MCMC has been used to compute posterior 
distributions. The contribution from equations B25 and B27 in Rademeyer and Butterworth (2009b) then 
correspond to priors on the distribution of the recruitment and selectivity residuals respectively. Other priors on 
the parameters (Ksp, the serial correlation parameters and the selectivity parameters) are taken to be uniform 
over wide and/or feasible ranges with the intent that they be uninformative. 
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The initial parameter vector used to start the MCMC computational process was the mode of the posterior. The 
chain was “thinned” by taking every 1000th value in the chain, and the results of the first one million iterations 
were discarded to allow for a “burn-in” period. A chain of 10 million iterations (including the burn-in period) 
was run. 

Tables 14 and 15 compare the Maximum Likelihood Estimate (MLE), the median and 90%-iles for the New 
Baseline and the Production-type Model 2 respectively. The simple approach of comparing results for the first 
and second halves of the parts of the chains retained showed little difference, broadly suggesting that the chain 
was sufficiently long to achieve convergence.  

Note that the treatments of the SCAA and the production model in this assessment of estimation precision have 
differed. For the SCAA the steepness parameter h was fixed at 0.9, consistent with most other SCAA variants 
for which results are reported here, whereas h was treated as an estimable parameter (with an uninformative 
prior) for the production model MCMC Bayesian computations. In retrospect, it is evident that as the value of h 
has an important influence on values of some other quantities of importance to management, it might have been 
better to include h as an estimable parameter with a prior in the SCAA Bayesian computations, but there was 
insufficient time to do this. 

  

Discussion 

Some key features of the results are as follows. 

In Table 1 the selection of the New Baseline assessment was determined by the best AIC. It is important though 
to note that taking account of further serial correlation has the effect of decreased precision (larger Hessian-
based CVs) for the resultant estimates. 

Table 2 shows that the negative log likelihood does not increase very much for lower values of steepness h, and 
these in turn reflect greater extents of depletion. Together with that, however, comes a poorer fit to the survey 
series. In contrast, if recruitment variability is increased, abundance estimates also increase. 

Tables 3 and 4 show that a lower value of M, or a decrease in 1990-94 catches leads to greater extents of 
depletion estimates, but that the reverse holds if the extent permitted of variation permitted for selectivity is 
increased. Assuming asymptotically flat selectivity does not lead to an especially  pessimistic appraisal as in 
earlier work, but this flat level estimated is rather low, and so still suggests a large cryptic component of the 
biomass. 

Omission of pre-1975 data leads (Table 5) to much greater estimates for the extent of depletion. Additional 
analyses (not shown here) indicate that it is chiefly the inclusion or otherwise of the pre-1995 Canadian fall 
CAA that determines whether or not the estimated extent of depletion of the halibut resource is large. Although 
these Table 5 results for abundance are quite close to those from the XSA in absolute terms, they also show very 
different behaviour close to the end of the assessment period, with their estimated biomass trends more positive 
than for XSA. 

Table 6 yields a preferred production model assessment (model 2) with results similar to those of the New 
Baseline SCAA assessment. However the Hessian-based CV’s for the production model are rather high, 
probably because this model treats h as an estimable parameter, whereas the SCAA fixes h. This qualitative 
comparison is borne out by the corresponding Bayesian results shown in Tables 12 and 13. 

For the retrospective analysis, aside from a more negative appraisal for the assessment with only the most recent 
year’s data removed, the plots in Fig. 16 are very consistent and provide no indication of any systematic pattern 

 

In summary 

The most important (and problematic) feature of the assessment of this Greenland halibut resource is the conflict 
between trends in the survey indices of abundance (or equally the CPUE) and information contained in the 
catch-at-age proportions for the surveys. The former fit better with an appraisal of a relatively large resource 
which is not substantially depleted below its pre-exploitation level, while the latter suggest the opposite. It is 
very evident for all variants where the SCAA suggests a highly depleted resource that the –lnL contribution 
from the survey indices deteriorates to an important extent. 

Our efforts have concentrated particularly on trying to take due account of serial correlation in these data to 
discover whether this removes this conflict, to provide more correct relative weighting of the contributions of 
these two data sources to the negative log likelihood, and to provide a more defensible basis for estimates of 
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precision such as Bayesian probability intervals. In this regard (and these are matters of relevance also to VPA 
approaches) we have been only partially successful. Our sense is that we have adequately accounted for serial 
correlation in the time trends of the survey indices and the commercial catch-at-age proportions, but only 
partially so for the survey catch-at-age proportions. This then suggests that in a statistical context our 
computations reflect an over-weighting of the survey catch-at-age proportions, and with that results for resource 
status that are negatively biased to some extent. 

It is unsurprising that there is a wide range of absolute biomass scale across the various SCAA variants reported, 
as the conflict indicated would contribute to such an effect. Our view is that for more reliable results priority in 
assessments should first be given to having models fit the trends in indices of overall abundance, provided due 
account is taken of serial correlation effects and attention given to possible non-comparability over time. 

The most pessimistic (in stock status terms) of the SCAA variants reported produce biomass estimates that do 
not differ that greatly from those from XSA. Importantly however, even in those cases the SCAA assessments 
provide results for recent years more in line with survey index (and CPUE) trends, and give more positive 
projections for future abundance: for example all SCAA projections under a constant TAC of 22750 tons 
increase, whereas XSA indicates a decrease.  
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Table 1: Results of fits of various SCAA variants to the commercial catch and survey data compared to the Baseline assessment B2 of Butterworth and Rademeyer (2009a). 
Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are Hessian-based CVs. –lnL values in parenthesis 
are for repeating case 1) but fitting to the same number of data points as the sensitivity concerned (see text for details). 
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Table 2: Results of fits of various SCAA variants related to aspects of the stock-recruitment relationship assumed (see text for details) to the commercial catch and survey 
data, compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are 
Hessian-based CVs (note cases 6b and 8 have not fully converged so that Hessian-based CVs are not available). 
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Table 3: Results of fits of various SCAA variants related to aspects of the commercial catches and selectivity (see text for details) to the commercial catch and survey data, 
compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are 
Hessian-based CVs. 
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Table 4: Results of fits of various SCAA variants related to the choice of the σΩ and M parameters (see text for details) to the commercial catch and survey data, compared to 
the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. Quantities shown in parenthesis are Hessian-based 
CVs. 
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Table 5: Results of fits of various SCAA variants starting in 1975 (see text for details) to the commercial catch and survey data, compared to the New Baseline assessment. 
Biomass units are ‘000t. Values fixed on input rather than estimated are shown in bold. –lnL values in parenthesis in the New Baseline column are for the data as the XSA 
data. Quantities shown in parenthesis are Hessian-based CVs. 
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Table 6: Results of five retrospective on the New Baseline compared to the New Baseline assessment. Biomass units are ‘000t. Values fixed on input rather than estimated 
are shown in bold. 
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Table 7: Results of fits of various production model-type assessments to the commercial catch and 
survey data (see text for details). Biomass units are ‘000t. Values fixed on input rather than estimated 
are shown in bold. Quantities shown in parenthesis are Hessian-based CVs. 
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Table 8: Numbers-at-age (in millions) matrix for the New Baseline. 
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Table 9 fishing mortality-at-age matrix for the New Baseline. 
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Table 10: Numbers-at-age (in millions) matrix for case 14a – starting in 1975 assuming equilibrium in 1960. 
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Table 11: Fishing mortality-at-age matrix for case 14a – starting in 1975 assuming equilibrium in 1960. 
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Table 12: Summary key statistics for XSA and all the SCAA sensitivities (4 to 14 and Production-type 
model 2) 
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Table 13: MCMC medians and 90% probability intervals of projected spawning biomass (in absolute 
terms and relative to pre-exploitation level) in 2008, 2013, 2018 and 2018 under a series of catch 
scenarios. The expected catches are also shown for a series of years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 14: Maximum likelihood estimates (MLE) and MCMC medians and 90% probability intervals 
for New Baseline SCAA assessment. Note that h was fixed at 0.9 for the MCMC computations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 15: Maximum likelihood estimates (MLE) and MCMC medians and 90% probability intervals 
for the Production-type Model 2.  
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Fig. 1: Total, exploitable (5-9) and spawning (10+) biomass trajectories for the Baseline B2 of 
Butterworth and Rademeyer (2009a) cases 1 and 4 (New Baseline), and XSA (Healey and Mahé, 2008) 
assessments.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Standardised residual plots for the survey proportions-at-age data for a series of SCAA 
assessments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Survey and commercial fishing selectivities-at-age estimated for the New Baseline assessment.  
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Fig. 4: Fits of the New Baseline assessment to the abundance indices provided by the survey series. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5:  Survey standardised residuals for the New Baseline assessment. Residuals are shown both 
before (“eps”) and after (“lambda”) adjustment for serial correlation. 
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Fig. 6: Stock-recruitment curve and time series of standardised stock-recruitment residuals and 
recruitments for the New Baseline model (σR=0.25, h=0.9, top row), variant 6b (h=0.5, second row), 
variant 7 (Ricker-type, third row) and variant 8 (σR=0.3, bottom row). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, alternative assumptions regarding the stock-recruitment relationship and XSA (Healey 
and Mahé, 2008) assessments. 
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Fig. 8: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, alternative assumptions regarding the total catches and commercial selectivity and XSA 
(Healey and Mahé, 2008) assessments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Commercial selectivity for the New Baseline, sensitivity 10 with flat selectivity from age 10 and 
XSA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Commercial selectivity for each of the four periods for sensitivity 11. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, sensitivities with alternative σΩ, and XSA assessments. 
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Fig. 12: Standardised residual plots for the commercial and survey proportions-at-age data for a series of SCAA assessments. 
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Fig. 13: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, sensitivity 13 with M=0.15 and XSA assessments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, sensitivities starting in 1975 and XSA assessments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories for the 
New Baseline, the production-type model 2) and XSA assessments. 
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Fig. 16: Comparison of total (1+), exploitable (5-9) and spawning (10+) biomass trajectories (in 
absolute terms and relative to pre-exploitation level) for the New Baseline and five retrospective 
assessments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17: Spawning (10+) and exploitable (5-9) biomass trajectories for the New Baseline assessment 
projected for a 20-year period under a series of catch scenarios. 
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Fig. 18: Comparison of spawning (10+) and exploitable (5-9) biomass trajectories for the New 
Baseline, Case 14a (starting in 1975), the production-type model 2 and XSA assessments, projected for 
a 20-year period under a constant catch of 16000t (top row) and 22750t (bottom row). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 19: Historic and projected catch under a F0.1 strategy for the New Baseline, Case 14a (starting in 
1975) and the Production-type Model 2 assessments. 
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Fig. 20: Median (thick line) and 90% probability envelope (shaded area) spawning (10+) and 
exploitable (5-9) biomass trajectories (in absolute terms and relative to pre-exploitation level) for the 
New Baseline SCAA assessment. The MLE are also shown (dotted line). The projections are for a 
constant annual catch of 27500t.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 21: Median (thick line) and 90% probability envelopes (shaded area) spawning (10+) and 
exploitable (5-9) biomass trajectories (in absolute terms and relative to pre-exploitation level) for the 
Production-type Model 2 assessment. The MLE are also shown (dotted line). The projections are for a 
constant annual catch of 27500t.  


