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Abstract 

  
The survey indices in weight in the future to carry out the 3M Cod MSE are calculated from the 
numbers-at-age of each OM in the future multiplied by the weights in the projected scenario and by 
the catchability by age of the survey and raised by an error. Three different methods are presented 
to estimate that error, the first and the third based on a regression over the total biomass of the 
survey and the second based on a regression over the numbers-at-age of the survey. The first 
regression was fitted over three different periods of time, being the more rationale the one in which 
the years in which SSB≥Blim. As the results for all the methods seem to be quite the same, we chose 
the errors estimated by the first method for estimating the future survey indices in the MSE process.  
 

Introduction 
 
An MSE process for the 3M cod is in development, based on the Bayesian SCAA model approved in 
June 2018 by the Scientific Council (González-Troncoso et al., 2018). Several OMs are projected in 
order to test different model-free HCRs, based on the survey indices. The aim of this document is to 
explain how the indices of the survey are estimated for the future. A 20 years projection (2018-2037) 
is performed for each of the iterations generated by the OMs.  
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Material and Methods 
 

Data used 
 

The data used in this work are those used as inputs in the 3M cod assessments and most of them 
come from the Flemish Cap survey (1988-2017) (González-Troncoso et al., 2018). Table 1 presents 
the survey abundance indices at age, the total abundance and the total biomass by year of the Flemish 
Cap survey. Table 2 shows the mean weight-at-age observed in the survey.  
 

Methodology 
 

The survey indices in weight in the future (𝐼𝑤𝑝𝑟𝑜𝑗𝑦) to carry out the 3M Cod MSE are calculated from 

the numbers-at-age of the OM (𝑁𝑦
𝑎) multiplied by the weights in the projected scenario 

(𝑤𝑠𝑡𝑜𝑐𝑘𝑝𝑟𝑜𝑗𝑦
𝑎) and by the catchability of the survey, 𝑞𝑎(constant over the years), and raised by an 

error: 
 

𝐼𝑤𝑝𝑟𝑜𝑗𝑦 = ∑ 𝑞𝑎 ∗ 𝑁𝑦
𝑎 ∗  𝑤𝑠𝑡𝑜𝑐𝑘𝑝𝑟𝑜𝑗𝑦

𝑎  

8+

𝑎=1

∗ 𝑒𝜀𝑦 

 
𝑤𝑠𝑡𝑜𝑐𝑘𝑝𝑟𝑜𝑗𝑦

𝑎 is the weight-at-age in the stock for the projected years. Four different scenarios are 

considered, as explained in González-Troncoso et al. (2019). 
 
Different methods are analyzed in this document to produce the error in the equation, 𝑒𝜀𝑦 . Before 
describing the methods, let´s introduce some variables: 
 
- 𝑙𝑛𝐼𝑎

𝑦  is the Naperian logarithm of the observed number-at-age by year in the survey (this is an input 
of the assessment, Table 1), y=1988,…,2017; a=1,…,8 
 
-𝐼𝑤𝑦  is the “real” biomass of the survey by year estimated by the swept area method, y=1988,…,2017 

(Table 1) 
 
- 𝑤𝑠𝑡𝑜𝑐𝑘𝑎

𝑦  is the mean weight-at-age in the survey (Table 2), y=1988,…,2017; a=1,…,8 
 
- 𝑙𝑛𝐼𝐸𝑠𝑡𝑎

𝑦
 is the Naperian logarithm of the number-at-age by year in the survey generated from the 

results of the OM (y=1988,…,2017; a=1,…,8). We have 1000 iterations of this variable: 
 

𝑙𝑛𝐼𝐸𝑠𝑡𝑎
𝑦 = 𝑙𝑜𝑔𝑝ℎ𝑖𝑎 + 𝑔𝑎𝑚𝑎𝑎 ∗ [𝑙𝑛 (𝑁)𝑎 

𝑦 +  𝑙𝑛 (𝑒−𝑎𝑙𝑓𝑎∗𝑍𝑎
𝑦

− 𝑒−𝑏𝑒𝑡𝑎∗𝑍𝑎
𝑦

) − 𝑙𝑛(𝑏𝑒𝑡𝑎 − 𝑎𝑙𝑓𝑎) −

𝑙𝑛(𝑍𝑎
𝑦)] , y=1988,…,2017; a=1,…8                                                               (1) 

 
- 𝐼𝑤𝐸𝑠𝑡𝑦  is the total biomass of the survey by year from the numbers-at-age obtained in (1) and the 

mean weight-at-age in the survey, y=1988,…,2017: 
 

𝐼𝑤𝐸𝑠𝑡𝑦 = ∑ 𝑒𝑙𝑛𝐼𝑒𝑠𝑡𝑎
𝑦

8
𝑎=1 ∗ 𝑤𝑠𝑡𝑜𝑐𝑘𝑎

𝑦                                                                       (2) 

 
The 𝐼𝑤𝐸𝑠𝑡𝑦  median values for all the OMs are presented in Table 3. 

 



3 

Northwest Atlantic Fisheries Organization  www.nafo.int 

The methods that we are going to discuss are: 
 
1. First method: In this case, we do not use the numbers-at-age but the total biomass in weight, using 
𝐼𝑤𝐸𝑠𝑡𝑦  as a proxy of the “real” biomass of the index. For that, we fit a regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 

𝐼𝑤𝑦  (in logarithms) in the historic period (y=1988-2017) to get the error between them. After that, 

we can estimate 𝐼𝑤𝑦  in the future adding to 𝐼𝑤𝐸𝑠𝑡𝑦  the error got in this regression: 

 
𝑙𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀,     being   𝜀~𝑁(0, 𝜎) 

 
The intercept is set to be 0 and the slope to be 1, as it is supposed that the values of the estimated 
biomass should be very close to the “real” biomass. This fact was corroborated by a regression fitting 
the intercept and the slope (𝑙𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀). 

 
From here, we get the 𝜎 of the regression (from the R code). So, to generate the errors of the indices, 
we simulate, for each year of the projected period, 1000 values of a 𝑁(0 , 1) and then multiply these 
values by the 𝜎 of the regression:  
 
    𝑒𝑟𝑟𝑜𝑟𝐼_1𝑦 = 𝑁(0 , 1)𝑦 ∗  𝜎 , y=1,…,20, by iteration 

 
The same 1000 x 20 values from a 𝑁(0 , 1) have been being used for all the OMs (we just generate 
once the 1000 values of the standard Normal distribution). 
 
For fitting the regression, three trials were made changing the period used in the fit: with all the 
period of the survey (1988-2017), with the years in which the biomass was above Blim=20000 tons 
(1988-1994, 2007-2017) and with the years in which the biomass was below Blim (1995-2006).  
 
In order to see the level of the correlation of the indices by year, the autocorrelation between the 
residuals of the indices, ϒ, is extracted from the regressions for all the OMs:  
 

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑦 = 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) −  𝑙 𝑛(𝐼𝑤𝑦)  

 

ϒ = 𝑐𝑜𝑟𝑟 (𝑙𝑛(𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑦), 𝑙𝑛(𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑦−1)) 

 
2. Second method: In this case we take into account the numbers-at-age and consider the CV used in 
the assessment fit (Bayesian SCAA). In the OMs 1, 2, 3, 4 and 6, the index of the assessment by age 
(numbers-at-age) is fitted as: 
 

𝑙𝑛𝐼𝑎 
𝑦 ~ 𝑁(𝑙𝑛𝐼𝐸𝑠𝑡𝑎

𝑦 , 𝐶𝑉 = 0.3) 

 
So, in the future, as we know the value of 𝑙𝑛𝐼𝐸𝑠𝑡𝑎

𝑦 , we can generate a value of 𝑙𝑛𝐼𝑎
𝑦  generating a value 

of a normal of median 𝑙𝑛𝐼𝐸𝑠𝑡𝑎
𝑦

 and CV the one set in the OM. 
 
In the case of the OM 5, the CV is estimated by the model via a prior. In this case, we use the posterior 
values of the CV generated by the model, so we have 1000 different values of CV, one for each group 
of ages (1, 2, 3+). 
 
As our aim is to have the same structure for all the OMs, the way the simulation was made is the 
following, generating the errors of the indices: 
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We have that 𝑠𝑑 = √𝑙𝑛(1 + 𝐶𝑉2). We generate, for each year and each age, 1000 values of a 𝑁(0 , 1) 
and to get the error we multiply these values by the sd of the indices: 
 

    𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦
 𝑎 = 𝑁(0 , 1)𝑦

𝑎 ∗  √𝑙𝑛(1 + 𝐶𝑉2) , y=1,…,20; a=1,…8, by iteration  

 
The same 20 x 8 x 1000 values of the 𝑁(0 , 1) have been being used for all the OMs (we just generate 
once the 1000 values of the standard Normal distribution). 
 
3. Third method: As in the first method, we only calculate the total biomass of the survey but using 
an alternative way to calculate the index, calculating it from the total biomass obtained from the OM 
(By) via the total catchability of the biomass by year (qy), in this way: 
 

𝐼𝑤_𝐵𝑦 = 𝑞𝑦  ∗  𝐵𝑦, y=1,…30  

 
So, a regression over the Neperian logarithms in the 1988-2017 period of 𝐼𝑤𝑦  over By is performed: 

 
𝑙𝑛(𝐼𝑤𝑦) ~ 𝑙𝑛(𝑞𝑦)  + 1 ∗ 𝑙𝑛(𝐵𝑦) + 𝜀,    being   𝜀~𝑁(0, 𝜎) 

 
With this regression, we estimate a catchability of the total biomass index (qy) and an error and / or 
CV of the same. That qy and that error are those that would be used in the future to estimate an index 
from the value of the total biomass in a year in the OM. 
 

Results 
 
Results of the first method 
 
First, we fit a regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦 , y=1988-2017, estimating the intercept and the slope 

(𝑙 𝑛(𝐼𝑤𝑦) ~𝑎 + 𝑏 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 ) in order to see if we can assume that they are 0 and 1, 

respectively. Fitting a “deterministic” regression (median of the estimated survey indices versus the 
“real” biomass) for all the OMs (Figure 1), the regressions have a good fit (R2>0.9 in all cases) and the 
confidence intervals of the parameters include the 0 in the case of the intercept and the 1 in the case 
of the slope (Table 4) in almost all the cases (except OM 2 and OM 5), so we can conclude that we 
cannot say that a is different from 0 and b is different from 1.  
 
Fitting the 1000 regressions of each iteration of 𝐼𝑤𝐸𝑠𝑡𝑦  over 𝐼𝑤𝑦 , the medians of the results are quite 

similar to fitting the median of the parameters.  
 
The estimated error of the regression (sigma) for all the OMs are in Table 5, both for the deterministic 
fit (Det_1) and the median sigma of the 1000 iterations (Med_1). The value of sigma varies between 
0.352 and 0.436 for this regression. Figure 2 shows the dispersion of sigma for each OM. We can see 
that the dispersion is low (CVs around 2.5% in most cases), although the value of sigma seems to be 
a bit high.  
 
The autocorrelation of the indices is listed in Table 6 as Det_1 and Med_1, and the dispersion is in 
Figure 3. It is positive and around 0.5 in most cases but OM 4, so it exits a correlation between the 
indices. 
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Second, in light of the previous results, the regression fixing the parameters (a=0 and b=1) was made 
for all the historic years (1988-2017). The results of the deterministic regression for all the OMs are 
in Figure 4. Note that this is the fit of the logarithm of the “real” biomass over the median of the 
logarithm of the estimated index, so the black line of just the regression y=median(𝐼𝑤𝐸𝑠𝑡𝑦).  

 
The estimated error of the regression (sigma) for all the OMs are in Table 5, both for the deterministic 
fit (Det_2) and the median sigma of the 1000 iterations (Med_2). The value of sigma varies between 
0.370 and 0.494. Note that for each OM, the value of sigma is quite similar to the one in the first case 
explained above.  
 
In Figure 5 we can see, for all the OMs, the dispersion of sigma in the case of fitting the 1000 
regressions of each iteration of 𝐼𝑤𝐸𝑠𝑡𝑦  over 𝐼𝑤𝑦 . The CV of sigma remains to be low, although a bit 

higher than in the previous case (CV around 3% in most cases). 
 
The autocorrelation of the indices is listed in Table 6 as Det_2 and Med_2, and the dispersion is in 
Figure 6. As in the previous case, it is positive and around 0.5 in most cases but OM 4, so it exits a 
correlation between the indices. 
 
Third, as the values of the sigma for the cases one and two is a bit high, in order to try to know from 
where the variation comes, the regression fixing the parameters (a=0 and b=1) was made only for 
the years in which SSB≥Blim (1988-1994, 2007-2017). The results of the deterministic regression for 
all the OMs are in Figure 7.  
 
The estimated error of the regression (sigma) for all the OMs are in Table 5, both for the deterministic 
fit (Det_3) and the median sigma of the 1000 iterations (Med_3). The value of sigma varies between 
0.297 and 0.392. In this case the value of the sigma is lower than in the first and second case, which 
is an indication that most of the error in the regression comes from the years in which the biomass is 
low.  
 
In Figure 8 we can see, for all the OMs, the dispersion of sigma in the case of fitting the 1000 
regressions of each iteration of 𝐼𝑤𝐸𝑠𝑡𝑦  over 𝐼𝑤𝑦 . The CV of sigma remains to be low, although a bit 

higher than in the previous cases (CV around 4% in most cases).  
 
The autocorrelation of the indices is listed in Table 6 as Det_3 and Med_3, and the dispersion is in 
Figure 9. In this case, the autocorrelation is negative and around 0.3 in most cases but OM 4, so the 
correlation is weaker than in the previous cases. 
 
Forth, in order to contrast with the third regression, the regression fixing the parameters (a=0 and 
b=1) was made only for the years in which SSB<Blim (1995-2006). The results of the deterministic 
regression for all the OMs are in Figure 10.  
 
The estimated error of the regression (sigma) for all the OMs are in Table 5, both for the deterministic 
fit (Det_4) and the median sigma of the 1000 iterations (Med_4). The value of sigma varies between 
0.336 and 0.680, given in all the OMs the highest variance of the four methods of regression, which 
corroborates the idea that most of the error in the regression comes from the years where the 
biomass was very low.  
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In Figure 11 we can see, for all the OMs, the dispersion of sigma in the case of fitting the 1000 
regressions of each iteration of 𝐼𝑤𝐸𝑠𝑡𝑦  over 𝐼𝑤𝑦 . The CV of sigma remains to be low (CV around 4% 

in most cases).  
 
The autocorrelation of the indices is listed in Table 6 as Det_4 and Med_4, and the dispersion is in 
Figure 12. In this case, the autocorrelation is positive and quite high, around 0.8 in all cases but OM 
4.  
 
In Figure 13, we can compare the results of the different fits applied to each OM. 
 
As a conclusion, it was decided that, as in this moment the biomass is high (well above Blim) and our 
aim is to maintain the SSB above Blim, the most recommendable fit in this case is the third regression, 
fixing the parameters in 0 and 1 and taking only the years in which SSB≥Blim. So, the value of sigma 
for this regression for each OM was multiplied by the values of the 𝑁(0 , 1) generated for this case 
(common to all the OMs) to get the error of the index by this first method (𝑒𝑟𝑟𝑜𝑟𝐼_1𝑦), having for each 

OM a matrix of 1000 x 20 values (1000 iterations and 20 years to the future, 2018-2037). These 
errors are going to be multiplied by the index got in the future. 
 
The median errors got by this method are shown in Figure 14. In general, the value of the errors is 
low and the variation between them in absolute numbers is small. There are more positive than 
negative errors, probably due to that we are taking only the years with high SSB. The median errors 
are quite similar between OMs; the most different values are the ones corresponding to the OM 4. 
 
Results of the second method 
 
The second method has been much easier to be developed. In this case, we just use the generating 
values of a 𝑁(0 , 1) (that in this case are 1000 iterations x 8 ages x 20 years) and the value of the CV 
applied to the number-at-age in the survey in the OM in order to get the errors for the future 
(𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦

 𝑎 ). This CV is the same in all OMs except for OMs 5. For this OM, the posterior of the CV was 

used. The value of the CVs of each OM is in Table 7, being the median of the posterior CV in the case 
of the OM 5. We can observe that if we leave the model to estimate the CV, the values are much higher 
than the 0.3 fix for the rest of the OMs, reaching levels around 0.8.  
  
The median errors got by this method are shown in Figure 15. It can be seen that the median error is 
much higher in the case of the OM 5 (around three times more), as a consequence of the higher CV 
for the OM 5.  
 
Results of the third method 
 
The deterministic fit of the regression for all the OMs are in Figure 16. The value of q from the 
deterministic fit is around 0.7 for most of the OMs, being higher for the OM2 and lower for the OM4 
(Table 8). 
 
The estimated error of the regression (sigma) for all the OMs are in Table 5, both for the deterministic 
fit (Det_TM) and the median sigma of the 1000 iterations (Med_TM). The value of sigma varies 
between 0.414 and 0.452, given in all the OMs a sigma practically equal to the second case of the first 
method except for the OM4 in which the sigma of the third method is higher.  
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In Figure 17 we can see, for all the OMs, the dispersion of sigma in the case of fitting the 1000 
regressions of each iteration of 𝐼𝑤𝐸𝑠𝑡𝑦  over 𝐼𝑤𝑦 , and in Figure 18 the dispersion of logq. 

 
As the values of sigma are very similar in the chosen case for the first method and in the third method, 
it is clear that both methods are going to give the same results in the projected errors, so only one of 
them was implemented. The first method was chosen to fulfill this level of sigma just because the first 
method takes into account the 𝑞𝑎  (the catchabilites by age). 
 
Comparative results of the MSE 
 
In order to see how the methods for estimating the errors of the survey in the future work, both 
errors, 𝑒𝑟𝑟𝑜𝑟𝐼_1𝑦  and 𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦

 𝑎 , were applied to (González-Costas et al., 2019; González-Troncoso 

et al., 2019): 
 

-OM: base case 
-Projection inputs: based on a bootstrap in years 2012-2017 (boot1) and on a random walk 
(RW)  
-HCR: Model Free Trend  

 
In the HCRs used, an estimation of the recruitment at age 1 in the survey, 𝑅𝑦

𝑠𝑢𝑟𝑣 , is needed to calculate 

the catch in the next year. We obtain this index from the 𝑅𝑦  of the OM and the catchability at age 1 in 

the OM, 𝑞1, in this way: 
 

𝑙𝑛(𝑅𝑦
𝑠𝑢𝑟𝑣 )  =  𝑙𝑛(𝑅𝑦)  +  𝑙𝑛(𝑞1)  +  𝑒𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦

 1

 

 

being 𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦
 1  the error obtained in the method 2 for age 1. 

 
The comparisons of the results are in Figure 19 and 20, for boot1 and RW, respectively. It can be seen 
that the results are quite similar, both in the median and in the uncertainty, so used one or the other 
method does not make big differences in the projected results.  
  

Discussion 
 
We present three different methods for estimating the errors of the indices of the survey in the future, 
two based on the total biomass and other based on the numbers-at-age. Due to the problems of age 
readings in the case of 3M cod, it is possible that the methods that do not use ages are more 
appropriate. As the first and the third method give virtually the same results for all the OMs but 4, 
the first method was chosen to fulfill the uncertainty in this case as it takes into account the 𝑞𝑎  (the 
catchabilites by age).  
 
To develop the first method, four different regressions were fit. It seems quite reasonable, at least for 
most of the OMs, to fit a regression in which the parameters are fix, being 0 the intercept and 1 the 
slope, as the estimated total biomass by the model should be very similar to the “real” one. Fitting 
only the years in which the SSB ≥ Blim seems to be the most rational case, since what is intended in 
the future is to maintain the biomass above Blim. Most of the error in the regression comes from the 
years in which the biomass was very low (SSB < Blim) and variable.    
 
As it is supposed that the indices of the survey must be correlated by time, as in general a stock 
increase or decrease by periods of time, the autocorrelation of the regression has been analyzed, 
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concluding that in general the autocorrelation is quite high except for the chosen case. The best way 
to proceed in these cases is to fit the residuals of the regression to an AR(1) to get the index of the 
autocorrelation, but this exercise has been not developed yet. At the view of the results we do not 
know if it´s worth implementing an AR(1), as the autocorrelation in the chosen method is not too 
high. 
 
It is remarkable that the autocorrelation is positive in all the scenarios studied except the chosen one 
(fitting just the years in which SSB≥Blim), and in this case we have the smaller autocorrelation, too. 
The highest positive autocorrelation corresponds to the case in which we fit only the years with SSB 
below Blim. This suggest that, once the stock is in low levels, it is difficult to reach again high levels. 
Instead of that, as the correlation for the years with high biomass is negative, it seems that it is easier 
to reverse a condition of high biomass. 
 
As the results for first and second methods seem to quite the same, we chose the errors estimated by 
the first method for the future indices survey indices to implement the MSE. The rationality of this 
choice is that the first method is over the total index of biomass of the survey rather than over the 
numbers-at-age, which implies on one hand that the ALK is not used for the dependent variable of 
the regression, an advantage due the problems in the age-reading for this species, and on the other 
hand a simpler way to fit the model is performed. 
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Table 1. EU bottom trawl survey numbers-at-age (𝐼𝑎
𝑦) and total (thousands) and total biomass, 𝐼𝑤𝑦  

(tons). These values are inputs of the OMs. 
  

 
1 2 3 4 5 6 7 8+ 

Total 
Abundance 

Total 
Biomass 

1988 4868 79905 49496 13448 1457 211 225 72 149683 40839 
1989 19604 10800 91303 54613 20424 1336 143 139 198363 114050 
1990 2303 12348 5121 16952 15834 4492 340 247 57637 59362 
1991 129032 26220 16903 2125 6757 1731 299 113 183181 40248 
1992 71533 41923 5578 2385 385 1398 244 21 123468 26719 
1993 4075 138357 31096 1099 1317 173 489 87 176693 60963 
1994 3017 4130 27756 5097 130 67 7 116 40319 26463 
1995 1425 11901 1338 3892 928 33 23 26 19567 9695 
1996 36 3121 6659 892 2407 192 8 5 13320 9013 
1997 37 150 3478 4803 391 952 21 4 9837 9966 
1998 23 83 95 1256 1572 78 146 6 3259 4986 
1999 5 84 116 117 717 444 19 5 1507 2854 
2000 178 16 327 198 96 446 172 38 1470 3062 
2001 473 1990 13 122 79 15 142 117 2951 2695 
2002 0 1330 641 29 70 33 26 130 2261 2496 
2003 684 54 628 134 22 42 7 71 1642 1593 
2004 14 3380 25 600 168 5 10 23 4226 4071 
2005 8069 16 1118 78 709 136  41 10166 5242 
2006 19709 3886 62 1481 85 592 115 35 25965 12505 
2007 3917 11620 5022 21 1138 58 425 107 22308 23886 
2008 6096 16671 12433 4530 72 946 56 320 41124 43676 
2009 5139 7479 16150 14310 4154 26 1091 349 48697 75228 
2010 66370 27689 8654 7633 4911 1780 8 766 117810 69295 
2011 347674 142999 16993 6309 7739 3089 1191 304 526300 106151 
2012 103494 128087 10942 11721 4967 4781 1630 1098 266720 113227 
2013 5525 67521 32339 4776 4185 2782 1807 1346 120280 72289 
2014 7282 2372 48564 43168 17861 6842 3447 4223 133760 159939 
2015 1141 12952 7250 25614 14107 21854 3434 2812 89164 114807 
2016 56 4485 14356 2230 14540 12375 4814 2716 55032 80583 
2017 1714 484 9895 7051 12486 14741 8019 2850 57241 89414 
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Table 2. Weight-at-age (kg) in stock, 𝑤𝑠𝑡𝑜𝑐𝑘𝑎
𝑦 . 

 
 1 2 3 4 5 6 7 8+ 

1988 0.032 0.106 0.308 0.664 1.970 3.500 5.742 6.954 
1989 0.036 0.101 0.330 0.836 1.293 2.118 4.199 7.360 
1990 0.043 0.181 0.354 0.868 1.566 2.507 4.132 6.572 
1991 0.056 0.171 0.501 0.865 1.594 2.593 3.423 6.182 
1992 0.056 0.247 0.485 1.394 1.723 2.578 3.068 9.406 
1993 0.043 0.227 0.657 1.216 2.279 2.381 3.373 5.731 
1994 0.063 0.214 0.599 1.321 2.132 4.054 4.119 6.555 
1995 0.048 0.243 0.479 0.969 1.851 2.680 5.532 7.309 
1996 0.044 0.260 0.544 0.813 1.331 2.252 4.079 5.118 
1997 0.081 0.333 0.652 1.020 1.327 2.092 1.997 9.717 
1998 0.073 0.371 0.773 1.206 1.684 2.015 3.070 7.525 
1999 0.108 0.398 0.946 1.329 1.866 2.444 3.461 4.987 
2000 0.106 0.606 0.971 1.638 1.940 2.860 3.461 7.985 
2001 0.084 0.493 1.281 1.724 2.588 3.488 3.893 5.137 
2002 0.071 0.440 1.191 1.540 2.661 3.916 5.302 5.672 
2003 0.058 0.337 0.926 1.566 3.047 3.769 5.721 6.451 
2004 0.004 0.620 1.488 2.098 3.332 4.808 6.207 7.886 
2005 0.084 0.580 1.256 2.242 2.875 4.187 6.033 8.148 
2006 0.096 0.720 1.096 2.549 3.644 4.777 5.858 9.691 
2007 0.053 0.609 1.640 3.478 4.097 5.787 6.373 8.315 
2008 0.068 0.382 1.344 2.695 3.191 5.015 6.324 7.938 
2009 0.078 0.407 0.976 2.072 3.881 6.958 6.583 9.461 
2010 0.061 0.384 1.089 1.677 2.956 5.379 7.616 9.144 
2011 0.038 0.211 0.913 1.618 2.339 3.594 6.050 9.396 
2012 0.074 0.369 0.726 1.349 1.988 2.656 4.933 7.812 
2013 0.071 0.175 0.687 1.159 2.004 2.750 4.206 7.614 
2014 0.048 0.169 0.354 1.059 1.623 2.536 3.846 8.444 
2015 0.049 0.156 0.469 0.747 1.216 1.847 3.434 6.775 
2016 0.044 0.169 0.412 0.783 1.304 2.024 2.883 6.905 
2017 0.042 0.098 0.421 0.678 1.058 1.980 2.754 5.905 
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Table 3. Results of the OMs: median predicted EU bottom trawl survey total biomass 𝐼𝑤𝐸𝑠𝑡𝑦  (tons) 

compared with the “real” biomass of the survey, 𝐼𝑤𝑦  

 

OM OM1 OM2 OM3 OM4 OM5 OM6 Original 

1988 53033 60204 53284 58324 57670 53688 40839 
1989 55691 61950 57851 63196 61673 57165 114050 
1990 43701 46381 45487 51444 49478 44457 59362 
1991 36990 41271 35445 37192 42008 37563 40248 
1992 32334 38115 30212 29037 33777 32627 26719 
1993 33153 40342 31879 28541 34155 33737 60963 
1994 22076 26013 21882 20886 22545 22883 26463 
1995 7402 8157 7578 8663 7487 7696 9695 
1996 4573 4919 4573 5662 4361 4826 9013 
1997 2917 2688 3024 4684 2752 3251 9966 
1998 2019 1528 2096 3606 1772 2303 4986 
1999 1800 1262 1805 2699 1445 2145 2854 
2000 1907 1422 1885 2271 1545 2043 3062 
2001 2108 1727 2071 2131 1826 1991 2695 
2002 2769 2486 2766 2608 2543 2693 2496 
2003 3021 2896 3116 2686 2915 3019 1593 
2004 6006 5526 6235 4770 5868 6107 4071 
2005 7614 7179 7822 5368 7410 7988 5242 
2006 15450 13999 15791 13153 15551 15882 12505 
2007 28336 25887 28953 18576 29301 28536 23886 
2008 40949 37653 43228 26765 43696 42416 43676 
2009 55824 52495 59951 46810 59351 56640 75228 
2010 70394 66931 77867 79400 73589 73993 69295 
2011 72272 68717 78943 120666 74206 74790 106151 
2012 96671 92300 105296 166900 97992 98912 113227 
2013 107553 104349 111715 93490 109740 110613 72289 
2014 107886 106882 107435 72838 110356 111737 159939 
2015 93877 97279 88060 73568 94330 97116 114807 
2016 98074 109567 85269 85998 98091 100761 80583 
2017 87169 108254 71226 87927 88169 82706 89414 
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Table 4.  Confidence interval for all the OMs for the parameters of the regression 𝑙𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗

𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀. 

 
 

OM CI 2.5% 97.5% 

1 Intercept -0.305 1.869 
Slope 0.828 1.046 

2 Intercept 0.311 2.430 
Slope 0.772 0.985 

3 Intercept -0.354 1.827 
Slope 0.831 1.050 

4 Intercept -0.644 1.247 
Slope 0.889 1.079 

5 Intercept 0.149 2.266 
Slope 0.788 1.000 

6 Intercept -0.436 1.675 
Slope 0.844 1.056 

 
 
Table 5. Sigma of the fits for all the OMs. Det: deterministic; Med: median of the 1000 iterations. 1: 

First regression: l𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 ;  2: Second regression: 𝑙𝑛(𝐼𝑤𝑦) ~ 0 +

1 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 ; 3: Third regression: as second regression only fitted in the years in 

which SSB≥Blim; 4: Forth regression: as second regression only fitted in the years in which 
SSB<Blim. TM: third method. 

 

OM Det_1 Med_1 Det_2 Med_2 Det_3 Med_3 Det_4 Med_4 Det_TM Med_TM 

1 0.420 0.420 0.444 0.446 0.317 0.320 0.585 0.588 0.449 0.452 
2 0.435 0.436 0.492 0.494 0.310 0.312 0.679 0.680 0.446 0.447 
3 0.419 0.420 0.441 0.443 0.313 0.315 0.582 0.584 0.412 0.414 
4 0.352 0.353 0.370 0.372 0.390 0.392 0.336 0.338 0.531 0.532 
5 0.427 0.432 0.471 0.481 0.297 0.311 0.650 0.655 0.500 0.506 
6 0.402 0.403 0.414 0.417 0.308 0.310 0.536 0.538 0.445 0.448 

 
 
Table 6. Autocorrelation of the residuals (ϒ) of the fits for all the OMs. Det: deterministic; Med: 

median of the 1000 iterations. 1: First regression: 𝑙𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 ;  2: 

Second regression: 𝑙𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 ; 3: Third regression: as second 

regression only fitted in the years in which SSB>Blim; 4: Forth regression: as second 
regression only fitted in the years in which SSB<Blim. 

 

OM Det_1 Med_1 Det_2 Med_2 Det_3 Med_3 Det_4 Med_4 

1 0.482 0.483 0.508 0.511 -0.297 -0.288 0.813 0.812 
2 0.487 0.488 0.562 0.563 -0.249 -0.241 0.803 0.803 
3 0.495 0.494 0.519 0.521 -0.309 -0.299 0.815 0.814 
4 0.224 0.228 0.224 0.231 0.044 0.048 0.577 0.575 
5 0.498 0.503 0.563 0.571 -0.343 -0.293 0.825 0.821 
6 0.432 0.436 0.451 0.456 -0.314 -0.305 0.784 0.784 
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Table 7. Value of the CV for calculating the errors of the index in the future for each OM. For OMs 1 

 to 4 and 6, is the same for all ages and equal to the CV of the prior of the survey numbers-
 at-age in the assessment. For OM 5 is median the posterior of the CV by groups of ages (1, 
 2, 3+). 

 
OM 1-4, 6 5 

Age 1-8+ 1 2 3+ 
CV 0.3 0.87 0.85 0.74 

 
 
Table 8. Value of the q from the regression 𝑙𝑛(𝐼𝑤𝑦) ~ 𝑙𝑛(𝑞𝑦)  + 1 ∗ 𝑙𝑛(𝐵𝑦) + 𝜀. Det: deterministic; 

 median: median of the 1000 iterations 
 
 

OM OM1 OM2 OM3 OM4 OM5 OM6 

Det 0.708 1.095 0.735 0.462 0.745 0.685 
Median 0.707 1.096 0.736 0.463 0.744 0.685 
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Figure 1. Regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  for all the OMs (method 1) estimating the intercept and 

 the slope: 𝑙 𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 
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Figure 2. Dispersion of sigma for all the OMs in the first regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  

 versus 𝐼𝑤𝑦  estimating the parameters: 𝑙 𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀  
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Figure 3. Dispersion of the autocorrelation of the residuals (ϒ) for all the OMs in the first regression 

model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  estimating the parameters: 𝑙 𝑛(𝐼𝑤𝑦) ~ 𝑎 + 𝑏 ∗

𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀  
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Figure 4. Regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  for all the OMs assuming that the intercept is 0 and the 

 slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 
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Figure 5. Dispersion of sigma for all the OMs in the second regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  

versus 𝐼𝑤𝑦  assuming that the intercept is 0 and the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗

𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀  
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Figure 6. Dispersion of the autocorrelation of the residuals (ϒ) for all the OMs in the second 

regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  assuming that the intercept is 0 and 

the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀  
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Figure 7. Regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  for all the OMs assuming that the intercept is 0 and the 

 slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB≥Blim. 
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Figure 8. Dispersion of sigma for all the OMs in the second regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  

versus 𝐼𝑤𝑦  assuming that the intercept is 0 and the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗

𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB>Blim. 
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Figure 9. Dispersion of the autocorrelation of the residuals (ϒ) for all the OMs in the second 

regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  assuming that the intercept is 0 and 

the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB>Blim. 
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Figure 10. Regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  for all the OMs assuming that the intercept is 0 and the 

 slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB<Blim. 
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Figure 11. Dispersion of sigma for all the OMs in the second regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  

versus 𝐼𝑤𝑦  assuming that the intercept is 0 and the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗

𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB<Blim. 
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Figure 12. Dispersion of the autocorrelation of the residuals (ϒ) for all the OMs in the second 

regression model, regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  assuming that the intercept is 0 and 

the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 fitting the years in which SSB<Blim. 
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Figure 13. Results of the three regression of 𝐼𝑤𝐸𝑠𝑡𝑦  versus 𝐼𝑤𝑦  assuming that the intercept is 0 and 

 the slope is 1: 𝑙 𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙 𝑛(𝐼𝑤𝐸𝑠𝑡𝑦) + 𝜀 (regressions 2-4). 

 

 
Figure 14. Median of the errors of the indices of the surveys for the method 1: errorI_1, by year and 

 OM.  
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Figure 15. Median of the errors of the indices of the surveys for the method 2: errorI_2, by year, age 

 and OM. For OMs 1 to 4 and 6, the error is the same.   
 

 
Figure 16. Regression of 𝐼𝑤𝑦  versus 𝐵𝑡𝑜𝑡𝑎𝑙𝑦  for all the OMs assuming that the intercept is 0 and the 

 slope is 1: 𝑙𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙𝑛(𝐵𝑡𝑜𝑡𝑎𝑙𝑦) + 𝜀. 
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Figure 17. Dispersion of sigma for all the OMs with the third method, regression of 𝐼𝑤𝑦  versus 

𝐵𝑡𝑜𝑡𝑎𝑙𝑦 assuming that the intercept is 0 and the slope is 1: 𝑙𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗

𝑙𝑛(𝐵𝑡𝑜𝑡𝑎𝑙𝑦) + 𝜀. 
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Figure 18. Dispersion of the logarithm of the catchability (logq) for all the OMs with the third 

 method, regression of 𝐼𝑤𝑦  versus 𝐵𝑡𝑜𝑡𝑎𝑙𝑦  assuming that the intercept is 0 and the slope 

 is 1: 𝑙𝑛(𝐼𝑤𝑦) ~ 0 + 1 ∗ 𝑙𝑛(𝐵𝑡𝑜𝑡𝑎𝑙𝑦) + 𝜀. 

 

 
 
Figure 19. Results of the projection taken both errors (𝑒𝑟𝑟𝑜𝑟𝐼_1𝑦 and 𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦

 𝑎) for OM base case, 

 taken as projection bootstrap over 2012-2017 (boot1) and as HCR the Trend-Based one.  
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Figure 20. Results of the projection taken both errors (𝑒𝑟𝑟𝑜𝑟𝐼_1𝑦 and 𝑒𝑟𝑟𝑜𝑟𝐼_2 𝑦

 𝑎) for OM base case, 

 taken as projection Random Walk (RW) and as HCR the Trend-Based one.  
 
 
 
 


