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Introduction 

A key feature that distinguishes the Management Procedure Approach (also termed Management 

Strategy Evaluation or MSE) from conventional “best assessments” is the importance of selecting not 

the (“best”) one assessment, but rather of ensuring that future resource trends will be satisfactory 

no matter which of a number plausible assessments most closely reflects the actual (but unknown) 

underlying situation of the resource. 

Frequent convention is to select a small number of such “Operating Models” (OMs), spanning the 

most important aspects of uncertainty in the assessment, for use as a Reference Set (RS) which 

provides the initial basis to develop and to tune a Management Procedure (MP). 

This paper develops a suggested set of four VPA-based OMs to provide a RS to serve as a basis for 

subsequent testing of candidate MPs. Two Statistical Catch-at-Age (SCAA) models are also developed 

to provide robustness tests for MPs developed using the VPA-based RS. 

 

Data and Methods 

The details of the VPA methodology are provided in Appendix A, while those of the SCAA 

methodology are provided in Appendix B. The data used are listed in Appendix C. 

 

Results 

Table 1 summarises the seven OMs presented in this paper, while Table 2 compares the negative 

log-likelihood values for these. 

 

VPA results and Comparisons 

Stone vs. Rademeyer 

Although both based on VPA, the analysis of Stone (Stone, 2010) use a slightly different 

methodology. Fig. 1 compares spawning (B4+) and exploitable biomass (B4-8), as well as fishing 

mortality trajectories for these two cases. The trajectories are virtually identical, except for the most 

recent years. The recent divergence is due to the use of a bias correction approach in the Stone 

analysis. These two analyses are subsequently referred to as “Base Cases”. 

 

Excluding the 2010 survey estimates 

Fig. 2 compares a series of trajectories for two VPAs which either include or exclude the 2010 survey 

results. Here differences are much greater over recent years than for the “Stone vs Rademeyer” 

comparison above 



Fishing mortality at older ages 

In the Rademeyer Base Case VPA, σF=0.01, so that the fishing mortality on age 9 is very close to the 

weighted average of ages 7 and 8 fishing mortalities. Fig. 3 compares the trajectories for this analysis 

with those for a case when this penalty is relaxed (σF=0.3). There are differences as in Fig. 2, though 

not as large, and in particular much less for recruitment. 

 

Choice of a VPA-based Reference Set of OMs 

Fig. 4 plots the trajectories for the proposed VPA Reference Set for use in MP testing (MSE). This 

proposed Reference Set includes the following cases, which are VPA variants selected to attempt to 

span the range of uncertainties encompassed by key choices for different features of the VPA: 

1) St1_BC_withBias: Stone (Stone, 2010) Base Case; 

2) St2_BC_withBias_no2010: Stone (Stone, 2010), excluding the 2010 survey biomass estimates; 

3) Rad1_sig001: Rademeyer Base Case; 

4) Rad3_sig03: Rademeyer, with more flexibility on age 9 fishing mortality. 

 

SCAA results 

Fig. 5 compares the Rademeyer Base Case VPA results (Rad1_sig001) with two SCAA 

implementations: for SCAA1, the survey selectivity is assumed to decline exponentially at older ages, 

while for SCAA2, the survey selectivity for ages 9 and above is fixed at the age 8 level. These OMs are 

for use as robustness tests for Management Procedures developed through testing under the VPA-

based Reference Set of OMs. Results for the Rademeyer Base Case and SCAA2 are very close, but 

absolute biomass estimates are generally rather larger for SCAA1. 

 

Reference 

Stone H. 2010. 2010 Pollock Assessment Update for the Western Component (4Xopqrs5). WP1. 

  



Table 1: Summary of the Operating Models (OMs) presented. 

 

 

 

 

 

 

Table 2: Components of the negative log-likelihoods for the five VPA- and two SCAA-based OMs. 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2) 

and fishing mortality (ages 4-8) for the Stone (St1_withBias) and Rademeyer (Rad1_sig001) VPA Base 

Cases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2) 

and fishing mortality (ages 4-8) for the VPA assessments including (Rad1_sig001) and excluding the 

2010 survey results (Rad2_sig001_no2010).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2) 

and fishing mortality (ages 4-8) for the VPA-based OMs with σF=0.01 (Rad1_sig001) and σF=0.3 

(Rad3_sig03). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2) 

and fishing mortality (ages 4-8) for the proposed VPA Reference Set of OMs. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2) 

and fishing mortality (ages 4-8) for the Base Case VPA and two SCAA OMs: with decreasing (SCAA1) 

and flat (SCAA2) survey selectivity at older ages. 

 

 

 

 

 

 

 

 

 

Fig. 6: Survey and commercial selectivities for the VPA Base Case and the two SCAA-based OMs. 

 

 

 

 

 

  



Appendix A - The VPA Model 

 

A.1. Population Dynamics 

The resource dynamics are modelled by the following set of equations: 
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where 

ayN ,  is the number of fish of age a at the start of year y (which refers to a calendar year), 

aM  denotes the instantaneous rate of natural mortality for fish of age a (M=0.2 for all ages), 

ayC ,  is the number of fish of age a caught in year y,  

 m is the maximum age for the estimation (age 9), 

ayZ ,  is the instantaneous rate of mortality during year y from all causes (total mortality) on fish of age a, and 

ayF ,  is the instantaneous rate of fishing mortality on fish of age a. 

 

The total and fishing mortality on age m: 
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Catch-at-age information is available to age 13, so that the numbers-at-age for ages 10 to 13 (not taken to be a 

plus-group) can be computed as: 
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A.2. The Objective Function 

The model is fit to survey abundance and CPUE indices. Contributions by each of these to the objective 

function (maximised in the fit) are computed as follows. 

Calculations assume that the observed abundance indices are log-normally distributed about their 

expected values:  
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where 

i
ayI ,   is the observed abundance index for year y, age a and series i, 



i
ayI ,

ˆ   is the corresponding model estimate, where  

ay

Z

ay
i
a

i
ay Z

e
NqI

ay

,
,,

,1ˆ
−−=          for survey mid-year indices, and (A8) 

i
a

ay

ay

Z

ay
i
a

i
ay Z

e
NqI

β













 −=
−

,
,,

,1ˆ          for CPUE mid-year indices. (A9) 

i
aβ   are estimable parameters, and 

i
aq̂  is the constant of proportionality (catchability) for abundance series i and age a, estimated 

by its maximum likelihood value: 
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The objective function is then given by: 
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The function is minimised by treating the abundances for ages 3 to 8 in year T+1 as estimable 

parameters, where T is the final year.  Furthermore, the myN ,  are estimated directly for each year to 

year T and a penalty is added to the objective function: 
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σF is set small. 

  



Appendix B - The Statistical Catch-at-Age Model 

 

B.1 Population dynamics 

The resource dynamics are modelled by the following set of population dynamics equations: 
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where 

ayN ,   is the number of fish of age a at the start of year y (which refers to a calendar year), 

yR   is the recruitment (number of 2-year-old fish) at the start of year y, 

aM   denotes the natural mortality rate for fish of age a, 

ayC ,   is the predicted number of fish of age a caught in year y, and 

 m is the maximum age considered (13, taken to be a plus-group). 

 

The number of recruits (i.e. new 2-year old fish) at the start of year y is assumed to be related to the 

spawning stock size (i.e. the biomass of mature fish) by a Beverton-Holt stock-recruitment 

relationship, allowing for annual fluctuation about the deterministic relationship:  
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where  

α and β are spawning biomass-recruitment relationship parameters,  

yς   reflects fluctuation about the expected recruitment for year y, which is assumed to be 

 normally distributed with standard deviation σR (which is input (0.5) in the applications 

 considered here); these residuals are treated as estimable parameters in the model fitting 

 process. 

 
sp
yB   is the spawning biomass at the start of year y, computed as: 
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where  

strt
ayw ,   is the mass of fish of age a during spawning, and  

ayf ,   is the proportion of fish of age a that are mature. 



In order to work with estimable parameters that are more meaningful biologically, the stock-

recruitment relationship is re-parameterised in terms of the pre-exploitation equilibrium spawning 

biomass, 
spK , and the “steepness”, h, of the stock-recruitment relationship, which is the proportion 

of the virgin recruitment that is realized at a spawning biomass level of 20% of the virgin spawning 

biomass. In the fitting procedure, both h and spK are estimated, with h constrained not to exceed 

0.9. 

 

The catch by mass in year y is given by: 
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where 

mid
ayw ,   denotes the mass of fish of age a landed in year y, 

ayC ,   is the catch-at-age, i.e. the number of fish of age a, caught in year y, 

ayS ,  is the commercial selectivity (i.e. combination of availability and vulnerability to fishing gear) 

at age a for year y; when 1, =ayS , the age-class a is said to be fully selected, and 

*
yF  is the proportion of a fully selected age class that is fished.  

 

The model estimate of the mid-year exploitable (“available”) component of biomass is: 
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whereas for survey estimates of biomass in the middle of the year: 
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where  

surv
aS  is the year-independent survey selectivity for age a. 

 

Initial conditions 

As the first year for which data (even annual catch data) are available for the stock considered 

clearly does not correspond to the first year of (appreciable) exploitation, one cannot make the 

conventional assumption in the application of ASPM’s that this initial year reflects a population (and 

its age-structure) at pre-exploitation equilibrium. For the first year (y0) considered in the model 

therefore, the stock is assumed to be at a fraction (θ ) of its pre-exploitation biomass, i.e.: 

spsp
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with the starting age structure: 
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where φ  characterises the average fishing proportion over the years immediately preceding y0. 

 

B.2. The (penalised) likelihood function 

The model is fit to CPUE and survey abundance indices, and commercial and survey catch-at-age 

data to estimate model parameters. Contributions by each of these to the negative of the 

(penalised) log-likelihood (- Lnℓ ) are as follows. 

CPUE relative abundance data 

The likelihood is calculated assuming that an observed CPUE abundance index for a particular fishing 

fleet is log-normally distributed about its expected value:  
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where 

i
yI   is the CPUE abundance index for year y and series i, 
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exploitable resource biomass, given by equation (B7), 

iq̂  is the constant of proportionality (catchability) for CPUE abundance series i, 

iβ  is an estimable parameter and 

i
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The contribution of the CPUE data to the negative of the log-likelihood function (after removal of 

constants) is then given by: 
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where  

i
yσ   is the standard deviation of the residuals for the logarithm of index i in year y. 

Homoscedasticity of residuals is assumed, so that ii
y σσ = is estimated in the fitting procedure by its 

maximum likelihood value: 
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where 

in  is the number of data points for CPUE abundance index i. 

The catchability coefficient 
iq for CPUE abundance index i is estimated by its maximum likelihood 

value: 
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Survey abundance data 

In general, data from the surveys are treated as relative abundance indices in the same manner to 

the CPUE series above, but with 
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Commercial catches-at-age 

The contribution of the catch-at-age data to the negative of the log-likelihood function under the 

assumption of an “adjusted” lognormal error distribution is given by: 
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and 

comσ   is the standard deviation associated with the catch-at-age data, which is estimated in the 

fitting procedure by: 
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Commercial catches-at-age are incorporated in the likelihood function using equation A2.19, for 

which the summation over age a is taken from age aminus (considered as a minus group) to aplus (a 

plus group). 

 

Survey catches-at-age 

The survey catches-at-age are incorporated into the negative of the log-likelihood in an analogous 

manner to the commercial catches-at-age, assuming an adjusted log-normal error distribution 

(equation B19) where: 



Plus-group:                                  m 13

Commercial CAA:                a minus 2

a plus 9

Survey CAA:                          a minus 2

a plus 8

Stock-recruitment residuals: σ R 0.5

y 1 1983

y 2 2009

Natural mortality:                      M 0.2

Maturity-at-age:

Maturity-at-age:                      f y,a knife-edge, 1 for ages 4 and above

Weight-at-age: input, see Table C1

input, see Table C2
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Stock-recruitment function residuals 

The stock-recruitment residuals are assumed to be log-normally distributed. Thus, the contribution 

of the recruitment residuals to the negative of the (now penalised) log-likelihood function is given 

by: 
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where 

yε   is the recruitment residual for year y, which is estimated for year y1 to y2 (see eqn B4), 

Rσ  is the standard deviation of the log-residuals, which is input (0.5). 

The years y1 and y2 are chosen to include periods to which age data relate and hence provide some 

information on the recruitment residuals.  

 

B.3. Model parameters 

Fishing selectivity-at-age: 

The commercial fishing selectivity, aS , is estimated separately for ages 2-9, while the fishing 

selectivity for the surveys, 
surv
aS , is estimated separately for ages 2-8. If not indicated otherwise, the 

estimated decrease from ages 8 to 9 for the commercial selectivity and from ages 7 to 8 for the 

survey selectivity is assumed to continue exponentially to age 13. 

 

Other parameters 

 

 

 

 

 

 

 

 

  



Appendix C - The Data 

 

Table C1: Begin-year weight-at-age (kg) in the western component (4Xopqrs+5Zc) (used in VPA and SCAA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table C2: Mid-year weight-at-age (kg) in the western component (4Xopqrs+5Zc) (used in VPA and SCAA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Table C2: Pollock landings (tons) in the western component (4Xopqrs+5Zc) (used in SCAA only). 

 

 

 

 

 

 

 

 

 

Table C3: Pollock total catch-at-age (000s) in the western component (4Xopqrs+5Zc) (used in VPA and SCAA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Table C4: Standardized mobile gear CPUE (TC1-3) (truncated at 2004 due to changes in management 

measures and fishing practices) and summer survey index (Needler time series only) (used in SCAA 

only). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Table C5: Summer survey index (ages 3-8) (numbers/tow) and standardized mobile gear CPUE (ages 

3-8) (truncated at 2004 due to changes in management measures and fishing practives (weight/tow). 

 

 

 

 

 

 

 

 

 

 

  



Table C6: Summer DFO research vessel survey age-disaggregated numbers per tow in the western component 

(4Xopqrs+5Zc) (used in SCAA only). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


