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Summary 

As an illustrative exercise, the CMP testing framework is applied to an Operating 
Model provided by an XSA assessment to show how this may be done. Results are 
reported for the CMP1 candidate management procedure, and performance 
statistics indicate reasonable robustness compared to those for the SCAA OM0. The 
results given should, however, not be over-interpreted as the XSA assessment used 
is not necessarily agreed and accepted at this time. 

 

Introduction 

It is important not to confuse an assessment method (e.g. SCAA, SAM-style, XSA) used to provide 
Operating Models (OMs) for CMP testing (for Greenland halibut) with the broadly agreed common 
projection specifications used to generate future data and performance statistics, as are set out in 
Appendix B of Rademeyer and Butterworth (2017). 

This document provides an example to show how results from XSA can be used in this manner to 
provide such performance statistics for the CMP1 candidate management procedure (though given 
that the XSA results available did not provide all the information required, a few further assumptions 
had to be made, as detailed below).. 

Although comparative results for the SCAA OM0 baseline are also shown, given that the XSA results 
were obtained merely to provide an example and do not necessarily constitute an agreed and 
accepted implementation of XSA at this time, these comparison should be regarded as illustrative 
rather than definitive.  
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Data 

Numbers-at-age, fishing mortality-at-age and catchability-at-age for each of the four surveys, as 
estimated for the XSA “run4” have been kindly provided by Brian Healey (pers. commn). These 
results are listed in Appendix A. 

 

 

Methods 

Projections into the future under a specific CMP are evaluated using steps 1-7 in Appendix B of 
Rademeyer and Butterworth (2017). Given, however, limitations  associated with the XSA 
information available, the following modifications and further assumptions have been made. 

Step 1: Begin-year numbers at age 

The components of the numbers-at-age vector at the start of 2016 (𝑁𝑁2016,𝑎𝑎: a = 2,…, m) are given in 
Table App.A.1. The 2016 recruitment (𝑁𝑁2016,1) is not available and is therefore computed from the 
stock-recruitment curve (see step 4 for details on the estimation of the stock-recruit parameters): 

𝑁𝑁2016,1 = 𝛼𝛼𝐵𝐵2015
𝑠𝑠𝑠𝑠

𝛽𝛽+𝐵𝐵2015
𝑠𝑠𝑠𝑠  (1) 

Error is included for all ages to allow for estimation imprecision in the assessment:  

𝑁𝑁2016,𝑎𝑎 → 𝑁𝑁2016,𝑎𝑎𝑒𝑒𝜀𝜀𝑎𝑎  (2) 

where 𝜀𝜀𝑎𝑎 is generated from the variance-covariance matrix obtained from the SCAA baseline OM0, as 
this information is not available for the XSA assessment in question. Note that this variance-
covariance matrix is for ln𝑁𝑁2016,𝑎𝑎, i.e the same relative error size is assumed, which makes allowance 
for scale differences between the XSA and OM0 results. 

Step 2: Catch 

These numbers-at-age are projected one year forward at a time given a catch for the year concerned 
as for the SCAA projections. This requires specification of how the catch is disaggregated by age to 
obtain 𝐶𝐶𝑦𝑦,𝑎𝑎, and how future recruitments are specified, which is set out in Step 3 below. 

Step 3: Catch-at-age (by number) 

The past commercial selectivity function is computed from the fishing mortality-at-age: 

𝑆𝑆𝑦𝑦,𝑎𝑎 = 𝐹𝐹𝑦𝑦,𝑎𝑎

𝐹𝐹𝑦𝑦
 (3) 

where 𝐹𝐹𝑦𝑦 is the maximum fishing mortality over ages 1 to 10+ for year y. 

Future commercial selectivity is taken to be the average of the last five years (2011 to 2015): 

𝑆𝑆𝑎𝑎
𝑓𝑓𝑓𝑓𝑓𝑓 =

∑ 𝑆𝑆𝑦𝑦,𝑎𝑎
2015
𝑦𝑦=2011

5
 (4) 

Step 4: Recruitment 
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Future recruitments are provided by a Beverton-Holt stock-recruitment relationship:  

𝑅𝑅𝑦𝑦 =
𝛼𝛼𝐵𝐵𝑦𝑦

𝑠𝑠𝑠𝑠

𝛽𝛽+𝐵𝐵𝑦𝑦
𝑠𝑠𝑠𝑠 𝑒𝑒�𝜑𝜑𝑦𝑦−(𝜎𝜎𝑅𝑅)2 2⁄ � (5) 

where 

α is the asymptotic recruitment, computed as the average of the 1975-2010 recruitment values, 
excluding the values associated with the lowest 20% of the spawning biomasses; 

𝛽𝛽 = 𝑏𝑏0(1−ℎ)
5ℎ−1

 (6) 

with 

𝑏𝑏0 = 𝑟𝑟0 ∑ 𝑓𝑓𝑎𝑎𝑤𝑤𝑦𝑦,𝑎𝑎
𝑠𝑠𝑓𝑓𝑠𝑠𝑓𝑓𝑒𝑒−∑ 𝑀𝑀𝑎𝑎′

𝑎𝑎−1
𝑎𝑎′=1𝑚𝑚−1

𝑎𝑎=1 + 𝑓𝑓𝑚𝑚𝑤𝑤𝑦𝑦,𝑚𝑚
𝑠𝑠𝑓𝑓𝑠𝑠𝑓𝑓 𝑒𝑒

−∑ 𝑀𝑀𝑎𝑎′
𝑚𝑚−1
𝑎𝑎′=1

1−𝑒𝑒−𝑀𝑀𝑚𝑚
 (7) 

and 

𝑟𝑟0 = 𝛼𝛼(5ℎ−1)
4ℎ

 (8) 

The steepness parameter h is taken as 0.99 for a reasonable representation of the spawning biomass 
and recruitment estimates from the XSA (see Figure 1).  

As with the SCAA projections, log-normal fluctuations are introduced by generating 𝜑𝜑𝑦𝑦 factors which 
also take account of autocorrelation: 

𝜑𝜑𝑦𝑦 = 𝜌𝜌𝜑𝜑𝑦𝑦−1 + �1 − 𝜌𝜌2𝜆𝜆𝑦𝑦 

with 𝜆𝜆𝑦𝑦 from 𝑁𝑁(0, (𝜎𝜎𝑅𝑅)2) where σR is input (0.4) and 𝜌𝜌 is fixed at 0.5 (based on results from the SCAA 
baseline assessment). 

Step5: 

The information obtained in Step 1 is used to generate values of the abundance indices 𝐼𝐼2016𝑖𝑖  (in terms 
of biomass or of numbers), and similarly for following years. The EU survey is assumed to continue 
sampling the 0-1400m depth zone. Indices of abundance in future years will not be exactly 
proportional to true abundance, as they are subject to observation error. Log-normal observation 
error is therefore appended to the expected value of the abundance index evaluated, i.e.: 

𝐼𝐼𝑦𝑦𝑖𝑖 = 𝑞𝑞𝑖𝑖𝐵𝐵𝑦𝑦𝑖𝑖 𝑒𝑒𝜀𝜀𝑦𝑦
𝑖𝑖  (9) 

with 

𝜀𝜀𝑦𝑦𝑖𝑖  from 𝑁𝑁�0, �𝜎𝜎𝑖𝑖�2� 

where 

𝐵𝐵𝑦𝑦𝑖𝑖  is the biomass available to the survey: 

𝐵𝐵𝑦𝑦𝑖𝑖 = ∑ 𝑤𝑤𝑦𝑦,𝑎𝑎
𝑖𝑖 𝑆𝑆𝑎𝑎𝑖𝑖 𝑁𝑁𝑦𝑦,𝑎𝑎𝑒𝑒−𝑍𝑍𝑦𝑦,𝑎𝑎𝑇𝑇𝑖𝑖 12⁄𝑚𝑚

𝑎𝑎=0  (10) 
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The survey selectivities are computed from the estimated catchability-at-age (Table App.A.3): 

𝑆𝑆𝑎𝑎𝑖𝑖 = 𝑞𝑞𝑎𝑎𝑖𝑖

max (𝑞𝑞𝑎𝑎𝑖𝑖 )
 (11) 

They are assumed to remain unchanged over the projection period. 

The constant of proportionality 𝑞𝑞𝑖𝑖 and residual standard deviation 𝜎𝜎𝑖𝑖 have been estimated directly 
from the XSA outputs: 

𝜎𝜎𝑖𝑖 = �1
𝑛𝑛𝑖𝑖
∑ �𝑙𝑙𝑙𝑙𝐼𝐼𝑦𝑦𝑖𝑖 − 𝑙𝑙𝑙𝑙�𝑞𝑞𝑖𝑖𝐵𝐵𝑦𝑦𝑖𝑖 ��

2
𝑦𝑦  (12) 

The constant of proportionality 𝑞𝑞𝑖𝑖 for survey biomass index i is estimated by its maximum likelihood 
value: 
𝑙𝑙𝑙𝑙𝑞𝑞𝑖𝑖 = 1

𝑛𝑛𝑖𝑖
∑ �𝑙𝑙𝑙𝑙𝐼𝐼𝑦𝑦𝑖𝑖 − 𝑙𝑙𝑙𝑙𝐵𝐵𝑦𝑦𝑖𝑖 �𝑦𝑦  (13) 

Step 6: 

Given the new survey indices 𝐼𝐼𝑦𝑦𝑖𝑖  compute 𝑇𝑇𝑇𝑇𝐶𝐶𝑦𝑦+1 using the CMP (aside from the fixed values assumed 
for 2016 to 2018). 

Step 7: 

Steps 1-6 are repeated for each future year in turn for as long a period as desired, and at the end of 
that period the performance of the CMP under review is assessed by considering statistics such as 
the average catch taken over the period and the final spawning biomass of the resource. 

The results reported here are for  CMP1 with comparable results  for the SCAA baseline OM0. 

 

Results1 

Assessment 

Assessment results are compared for the XSA and SCAA OM0 baseline in Figure 2 and Table 1. 

 

CMP projections 

Medians and lower 5%iles for projected catch, spawning and exploitable biomass are compared for 
the SCAA baseline OM0 and XSA under CMP1 in Figure 3. The corresponding performance measures 
are given in Table 2, with some of the performance measures compared graphically in Figure 4. 

  

  

                                                           
1 Subsequent to the meeting at which this document was presented, a glitch was found in the projection code used 
which introduces some changes to the results given here. This matter is detailed further in footnote 1 of document 
NAFO SCR Doc. 17-026REV. As indicated in that footnote, these changes would not be of particular consequence for 
the differences in the results presented for different OMs and the associated inferences. 
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Discussion 

As stated in the Introduction, this is an illustrative rather than a definitive exercise and comparison, 
so it would be inappropriate to draw over-firm conclusions from the results. Discussion here is 
therefore limited to a few broad points only. 

• A value of steepness h=0.99 seems rather high for the stock-recruitment function for XSA, but 
the results of that assessment do indicate that a high recruitment can be maintained down to 
relatively rather low values of spawning biomass (Figure 1). 

• Spawning biomass is much lower in absolute terms for XSA than for OM0, but exploitable 
biomass and recruitment estimates are not greatly dissimilar in scale (Figure 2). 

• Broadly speaking, the performances for CMP1 under XSA and OM0 are quite similar (Table 2 
and Figures 2, 3 and 4). 

• The important differences appears mainly to be in the Blow statistic (Figure 4), but this is 
unsurprising since the XSA projections start at a lower fraction of BMSY than do those for the 
SCAA OM0. Nevertheless CMP1 secures acceptable resource recovery (Figures 3 and 4). 
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Table 1: Comparison of SCAA baseline OM0 and XSA results. 
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Table 2: Performance measures for CMP1 for the SCAA baseline OM0 and XSA; the pink highlights show instances where desired 
performance criterion specified by the Falmouth RBMS meeting (NAFO 2017) has not been met. 
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Fig. 1. The estimated stock-recruitment curve for h=0.99 compared to the XSA spawning 
 biomass and recruitment estimates. The open dots have been used in the estimation of 
 the asymptotic recruitment. The dotted line through the origin is the replacement line 

.
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Fig.2. Comparison of the results for the SCAA baseline (OM0) assessment with those for XSA 
 “run4”.  
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Fig. 3. Projected median and lower 5%iles for catch, spawning and exploitable biomass (both 
 relative to BMSY) and F/FMSY (for which the upper 5%iles are plotted instead of lower 
 5%iles) for the SCAA baseline OM0 and XSA “run4”under CMP1. 
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Fig. 4. Projected median and 90% PIs for a series of performance statistics for the SCAA 
 baseline OM0 and XSA “run4” under CMP1. 
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Appendix A – XSA outputs 

Table App.A.1: XSA “run4” numbers-at-age (in thousands). 
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Table App.A.2: XSA “run4” fishing mortality-at-age. 
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Table App.A.3: XSA “run4” survey catchability-at-age. 
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