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Report of the FC Working Group on Greenland Halibut Management 
Strategy Evaluation (WGMSE) 

(FC Doc. 10/30) 
 

16-17 September 2010 
Halifax, Nova Scotia, Canada 

 
1. Opening 

  
The Co-Chair (Sylvie Lapointe, Canada) opened the meeting at 1000 hrs on Thursday, 16 September 2010 at the 
World Trade and Convention Centre and welcomed the participants to Halifax (Annex 1). She recapped the 
discussions and accomplishments by the working group at the two previous meetings. She reminded the participants 
as per the terms of reference of this group, an outstanding deliverable remained -- the formulation of 
recommendations and options concerning Management Strategy Evaluation (MSE)-approach in the determination 
of Total Allowable Catch (TAC) for Greenland halibut.   

 
2. Appointment of Rapporteur 

 
Ricardo Federizon (NAFO Secretariat) was appointed Rapporteur. 

 
3. Adoption of Agenda 

 
The provisional agenda as previously circulated was adopted (Annex 2).  
 

4. Presentation of Consultants' Reports on SCAA and XSA 
 

Peter Shelton (Canada) presented the results of the MSE from Extended Survival Analysis (XSA)-conditioned 
operating models (FCWGMSE WP 10/16 Draft 2); and Douglas Butterworth (EU) presented the results of the MSE 
from Statistical Catch-at-age (SCAA)-conditioned operating models (FCWGMSE WP 10/13-15). The Consultants' 
Reports are compiled in Annex 3.  

The MSE were run on the operating models agreed upon at the May 2010 Meeting. A suite of Management 
Strategies (MS) were developed on the combinations of alternative choices on three factors: the λ values in the 
Harvest Control Rule (HCR), the starting TAC control parameter values, and constraints on the extent of TAC 
variation from one year to the next – the latter two elements being explored for the first time during this meeting. A 
smaller set of MS were selected for further consideration based on their performance relative to the established 
Performance Targets (See FC Doc. 10/5).  

5. New Management Strategies Specifications for Evaluation 
 
Discussions on the Management Strategies Specifications centered on: 

• Comparability of the results between XSA- and SCAA-conditioned operating models in the MSE runs, and 
• Starting TAC input, constraint levels, and λ values in the Harvest Control Rule. 

A number of MS were considered by the Working Group and after considerable discussion no consensus could be 
reached as to what single MS could be recommended to the Fisheries Commission. Subsequently, two options were 
identified for consideration by the Fisheries Commission.  

The initial input parameters in the HCR vary between the two MS: 16 000 and 17 500 t as starting TAC; 1.25 and 
2.00 as  λ values when slope is negative; and ± 10% and ± 5% constraint levels. A  λ value of 1.00 applies to both 
MS when the slope is positive. 
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6. Recommendations to be forwarded to the Fisheries Commission 
 
In the formulation of recommendations/management strategy specifications for the Fisheries Commission, the 
Working Group discussed how the MSE approach complements the current Greenland Halibut Rebuilding Plan and 
"exceptional circumstances" under which management strategy output for a TAC should be over-ridden.  
 
While no consensus could be reached on a single MS, participants broadly endorsed the MSE approach and agreed 
to put forth a recommendation to the Fisheries Commission which included two management strategies for 
consideration. The recommendation also included guidance on and follow-up related to implementation.  
 
As such, it was agreed that the following recommendations be forwarded to the Fisheries Commission on behalf of 
the Working Group: 

 
Recognizing that Contracting Parties agreed in 2003 to implement a fifteen-year rebuilding programme for the 
Greenland halibut stock in Subarea 2 + Divisions 3KLMNO, 
 
Acknowledging the continued uncertainty of the 2009 assessment for the Greenland halibut stock in Subarea 2 + 
Divisions 3KLMNO,  
 
Desirous to move forward with a risk management approach for this stock,  
 
Desirous to achieve the objectives of the rebuilding programme, 
 
Recalling that at the 2009 annual meeting of NAFO, the Fisheries Commission established a Working Group to 
develop a Management Strategy Evaluation (MSE) framework to help inform management of Greenland halibut 
in Subarea 2 + Divisions 3KLMNO (FC Doc 09/18), 
 
Consistent with its terms of reference, the Working Group considered alternative management strategies with 
their harvest control rules, selected appropriate performance indicators, defined acceptable levels of risk, and 
projected/evaluated outputs of the risk management framework utilizing a range of assessment models, 
 
Noting that the Fisheries Commission will consider the report from this Working Group including any 
recommendations contained therein as the basis for a risk management based decision on the TAC level for 
2011 and beyond, 
 
The following recommendations will be forwarded to the Fisheries Commission. 

 
1. Management Strategy Evaluation (MSE) 
 
The Fisheries Commission shall implement an MSE approach for Greenland halibut stock in Subarea 2 + 
Divisions 3KLMNO. 
 
2. Management Strategy (Harvest Control Rule) 
 
A simple model-free management strategy shall be adopted consistent with NAFO SCR 09/37.  The harvest 
control rule (HCR) will adjust the total allowable catch (TAC) from year (y) to year (y+1), according to: 
 
TAC y+1 = TAC y  (1 + λ x slope)   
 
where : 
 
slope =  measure of the recent trend in survey biomass.  The TAC is subject to constraints on a percentage 
change from one year to the next. 
 
Two management strategies were put forward for consideration by Fisheries Commission based on the HCR 
identified above: 
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 Management Strategy 1 Management Strategy 2 
Starting TAC Control Parameter 16, 000 t 17, 500 t 
λ  if slope is negative 1.25 2.00 
λ  if slope is positive 1.00 1.00 
Constraint on the rule-generated 
TAC change 

± 10% ± 5% 

 
Full details of the application of the management strategies are provided in Annex 4. Results of these 
applications are provided in Annex 5.  
 
3. Implementation 
 
The management strategy shall be implemented initially for 4 years. It shall be annually monitored by the 
Scientific Council to ensure that the data being input into the management strategy is consistent with the MSE 
process. If exceptional circumstances arise, this shall provide a scientific justification for over-riding the TAC 
provided by the HCR 
 
Guidelines on how to address exceptional circumstances for adoption by Fisheries Commission in 2011 shall be 
developed intersessionally by WGMSE with the advice of the Scientific Council. 
 
The Fisheries Commission shall review the progress of this management strategy in four (4) years with advice 
from Scientific Council. 
 
[The FC shall consider undertaking a revision of the Greenland halibut rebuilding programme to reflect the 
implementation of the Management Strategy.] 

 
The WGMSE will remain in place at least until 2011 to allow for further refinement of the MSE following initial 
implementation. 

 
7. Other Matters 

 
The Co-Chair Antonio Vazquez (European Union) would communicate with the Scientific Council and keep it 
informed concerning the results of this meeting. 

 
8. Adoption of Report 

 
This report was adopted through correspondence after the meeting. 
 

9. Adjournment 
 
The meeting was adjourned at 18hrs on Friday, 17 September 2010. 
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Annex 3. Compilation of Consultants' Reports 
 

(FCWGMSE WP 10/16 Draft 2) 

Performance Statistics for NAFO Greenland halibut management strategy 
evaluation from XSA-conditioned operating models 

Peter Shelton1, David Miller2, Brian Healey1, and Bill Brodie1 
1DFO St John’s, Canada 

2Independent Consultant, The Netherlands 

Background 
 
A study funded by the Canadian International Governance Programme commenced work in 2007 on developing a 
management strategy evaluation (MSE) for NAFO 2+3KLMNO Greenland halibut.  A Study Group on Rebuilding 
Strategies for Greenland halibut was struck by NAFO SC in 2007 based on promising preliminary results (NAFO 
SCR Doc. 07/58).  The SG met in Vigo in February 2008 to make further progress (NAFO SCS Doc, 08/13).  
Research documents providing the results of analyses were tabled at the June SC meetings in both 2008 and 2009 
(NAFO SCR Docs. 08/25 and 09/037) and advice was provided by NAFO SC to NAFO FC in both years regarding 
the desirability of adopting a prescribed management strategy (MS) based on a feedback harvest control rule.   
 
Based on progress, NAFO FC struck the Working Group on Greenland Halibut Management Strategy Evaluation 
(WGMSE) in 2009.  WGMSE met in Brussels in January 2010 (NAFO/FC Doc. 10/2) and in Halifax in May 2010 
(NAFO/FC Doc. 10/5).  The decision was taken to review two sets of results for management strategy evaluation at 
a further meeting in September 2010 just prior to the Annual NAFO meeting – results from analyses conditioned on 
the NAFO SC June 2010 XSA assessment of the stock and results from an alternative Statistical Catch at Age 
Approach (SCAA) applied to the same input data.   
 
Update on assessment and status from the June 1010 NAFO SC meeting 
 
Estimates of exploitable biomass from the June 2010 assessment are higher than previously reported estimates over 
2004-2008 (Fig. 1). This difference primarily arises as a result of the addition of the deep-water information from 
the EU survey to the analysis as well as a reduction in the amount of F-shrinkage applied. (see Healey et al. (2010) 
NAFO SCR 10/40 for technical detail and rationale for these changes.) 

 
Fig. 1. Estimated ages 5+ biomass (000 t) from the 2008 SC assessment (dashed line) and from the 2010 SC 
assessment. 
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Brief review of MS, OMs and HCRs 
 
More details can be found in the above cited NAFO documents available online. Management Strategy Evaluation 
(MSE) involves evaluating candidate Management Strategies (MSs) against alternative hypotheses regarding how 
the real world behaves, captured in a set of simulations called Operating Models (OMs).  Depending on the 
management objectives, a set of Performance Statistics (PSs) can be developed to compare alternative MSs.  The 
PSs comprise explicit quantifications of the management objectives and typically incorporate risk tolerances that are 
desired to be met with regard to not achieving specific objectives.  PSs were suggested in Brussels and refined in 
Halifax (see NAFO/FC Doc. 10/5, especially Annex 3). 
 
The core of an MS is typically a feedback Harvest Control Rule (HCR).  It was agreed by the WGMSE that the 
model-free (survey-based) HCR described in NAFO SCR Doc. 09/037 would be applied.  Assuming the first year is 
2010 and the TAC is known to be 16kt, this HCR adjusts TACs in 2011 and onwards based on the trend in the 
survey indices.  The rule as described in NAFO/FC Doc. 10/5 has a parameter λ that adjusts the change in TAC 
based on the estimated average survey slope.  It was decided to have the option of setting different values for λ 
depending on whether the average survey slope is negative or positive, termed  λ-down and λ-up. Tuning the HCR 
involves finding the set of λ parameters that best meet the management objectives for the fishery as quantified 
through the PSs. 
 
Graphical illustration of the relationship between change in TAC and λ 
 
In the application of the survey-based HCR, next year’s total allowable catch (TAC) in the simulations is computed 
from trends in the survey data. Specifically, the TAC in year (y+1) is defined by: 
 

( )slopeTACTAC yy ⋅+=+ λ11  
  
where: 
 
slope=the average of the slopes of regression models fit to the log values of each of the survey data series over the 
past 5 years – considered to be indicative of the change in the size of the stock. 
 
 λ  is a scaling parameter which can be altered to “tune” the rule to optimize its performance with respect to the PSs 
and the associated risk of not meeting the risk tolerances defined for each PS (except the magnitude of catch PSs).  
In several instances, a pair of λ  values are applied in a single MSE, by setting: 

otherwise
slope

if
d

u 0>

⎩
⎨
⎧

=
λ
λ

λ  

  
Independent choices of  λ  in the case of a perceived increase (slope>0) or decrease in the stock permits a different 
“rate of reaction” in the TAC depending on the trajectory of the stock. 
 
Parameterizing the HCR 
 
The initial TAC generated by the HCR within the MSE is for the fishery in 2011. It is computed from the 2010 TAC 
(16kt), the trend in the survey data over the period 2005-2009 (via slope) and the scaling parameterλ .  
 
Of interest in 2011 and subsequent years is not just the magnitude of the TAC, but the one-year relative change in 
the TAC: 

slope
TAC

TACTAC
TAC

y

yy ⋅=
−

=Δ + λ1  

 
Thus the change in TAC is fully determined by the product of the slope and the scaling parameter. 
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Note that:  
- TAC is unchanged in a year (i.e. relative change=0) if slope=0. Also true if 0=λ , but this case is 

unhelpful as annual TAC would remain at 2010TAC  over all years. 
 
- The TAC change is constant provided product slope⋅λ  is constant. For example the TAC would increase 

by 25% if either λ =1 and slope=1.25 orλ =1.25 and slope=1. 
 
Fig. 2a illustrates the one-year percent change in TAC over a range of slope and λ values. It is meant as a guide 
towards informative choices for λ (or alternatively, dλ and uλ ). This is the only parameter selection for the WG 
to make as the value of slope is computed directly from the survey data within the MSE simulation (unless 
alternative starting TAC levels for 2010 are considered). 
 

 
Fig. 2a. Contour plot of One-Year change in TAC (%). The +/-15% contours are highlighted, as they relate to the 
maximum average annual variation in TAC agreed to by the WG at its May meeting. 
 
Note that the range of TAC change is decreasing as λ decreases. By way of example, slope values in the range of (-
0.2, 0.2) will lead to TAC changes of +/- 40% if 2=λ . However, if 5.0=λ the TAC change for the same 
ranges of slope will be only 10%. An illustration of the one year TAC change if dλ =1.5 and uλ =1.0 is provided  
in Fig. 2b.  
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Fig. 2b. Contour plot of One-Year change in TAC (%). Vertical lines indicate what the TAC change would be 
across slope values of -0.7 to 0.7, assuming dλ =1.5 and uλ =1.0. 
 
Further information that is useful in making decisions on λ is available from the survey data over 1996 – 2009. 
Over this time period, we can compute the slope parameter as specified in the HCR (red horizontal lines) and 
overlay this on the profile of the TAC change (Fig. 3). From this plot it can be seen that for λ >1.5 a number of the 
historic slopes values would have lead to TAC changes >15%. 
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Fig. 3.  Contour plot of One-Year change in TAC (%), with ‘survey slope’ from each five-year window in 1996-
2009 overlaid (red lines). Slope is computed as per the HCR specifications. 
 
 
The historic percentage change in TAC that would have occurred based on observed survey slopes is illustrated in 
Fig. 4 for three sets of λ values.  This historic trajectory over time is purely illustrative in nature as the catches which 
impacted stock dynamics were very different from the TACs that would have been generated by historic application 
of the HCR.   Note that the average of the log survey slopes for the most recent 5 year interval (2005-2009) gives a 
small percentage decrease in TAC in 2011 for a range of λ’s , the first year for which the harvest control rule will 
generated by the HCR, if adopted. 
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Fig. 4. Historic percentage change in TAC that would have occurred based on survey slopes given λ values (both up 
and down) of 1, 2 or down 1.5 and up 1.   
 
Performance statistics  
 
The PSs for 14 pairs of λ values are provided in Appendix Table 1.  The first column gives the λ values applied.  
(The nomenclature “ld” refers to lambda down, the value of lambda if slope <0. Similarly, “lu” refers to lambda up.)  
The next column lists the PSs as described in NAFO/FC Doc. 10/5.  An additional statistic is computed, PS4_alt, 
representing the original NAFO rebuilding target which was to rebuild the 5+ biomass to 140kt by 2019, which 
corresponds to the 1975-1999 mean value by 2019.  The next column gives a brief description of what is measured 
by the PS (see NAFO/FC Doc. 10/5 Annex 3 for details).  The next column indicates what aspect of the performance 
statistic is given under each OM.  For PS1 and PS4 this indicates that “All” the data are used to compute the straight 
probability from the 100 replicates under each OM.  For PS2 it is the median “50%” of the distribution of 
probabilities from the 100 replicates under each OM and for PS3 it is the median catch.  The following 6 columns to 
the right provide the probabilities or catch values under each OM.  The second last column from the right gives the 
risk tolerance as specified by managers and industry at the May 2010 Halifax WGMSE meeting.  The probabilities 
need to be compared against these risk tolerances to determine whether or not the specific tuning of the harvest 
control rule being evaluated has performed satisfactorily or not.  The last column on the right gives the outcome in 
terms of Pass or Fail for PS1, 2, 4 and in terms of mean of the medians of the catch for PS3. 
 
Guidance to decision-makers in selecting an appropriate tuning of the HCR  
 
A two step approach is recommended in dealing with the results from the MSE (see NAFO SCR Doc. 09/037).  In 
the first step each MS (in this case alternative tunings of the HCR) must “satisfice” the risk tolerances specified by 
the decision-makers.  In the second step, MSs that pass the first step are subject to trade-off analysis as quantified by 
the performance statistics. 
 
All HCR tunings meet the specified risk tolerances for the “conservation” PS1.  All HCR tunings also meet the risk 
tolerance for PS4 with the exception of λ-down=2 λ-up=2 which fails for the CAV_domed OM (Annex Table 1, Fig. 
5).  All tunings meet a <25% risk tolerance for PS4_alt across all OMs except for MP16 and barely in the case of 
CAV_domed for λ-down=2 λ-up=2 (Fig. 6).  PS4_alt corresponds to the FC target of rebuilding the exploitable 
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biomass to 140kt by 2019, but is not an agreed PS from the May WGMSE meeting in Halifax because it was 
thought to be difficult to achieve under the then more pessimistic XSA-based analyses.  
 

 
 
Fig. 5.  Risk of not reaching the long-term interim conservation target or milestone by 2031 (PS4).  The maximum 
risk across OMs is plotted for each HCR tuning.  The horizontal line indicates the risk tolerance specified by 
decision-makers. 
 

 
 
Fig. 6.  Risk of not reaching the NAFO interim target or milestone by 2019 (PS4_alt).  The maximum risk across 
OMs is plotted for each HCR tuning.  The horizontal line indicates the risk tolerance specified by decision-makers 
with respect to the long-term meeting of the milestone. 
 
With regard to “exploitation” PSs, there are three types of PSs: variation in catch (PS2a, PS2b), minimum catch 
(PS2c), and the average catch (PS3).  The risk tolerance for PS2ai is met for all HCR tunings examined whereas for 
PSaii failure to meet the specified risk tolerance occurs for λ-up>1.5.  It should be noted that this is associated with 
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increases in TAC rather than reductions.  The specified risk tolerance for PS2b is generally not met for most HCR 
tunings examined, except for tunings with λ<1 or those HCRs with forced constraints on the amount of TAC 
variation allowed (MP14* and MP16).  The specified risk tolerance for PS2c is met by all HCR tunings examined. 
 
To summarize the average catch, (PS3i, 3ii and 3iii) median catch across the 6 OMs is averaged. For the range of λ 
values considered, the short term catch (2011-2015; PS3i) ranges from 13.7 to 16.3kt. Average catches over 2016-
2020 (PS3ii) range from 18.3 to 26.2kt and for 2011-2030 (PS3iii) the average catch ranges from 22.9 to 31.5kt. 
 
The trade-off between annual catch variation (PS2aii) and the average catch (PS3iii) is clearly illustrated in Fig. 7 
(average catch variation across OMs) and Fig. 8 (maximum catch variation across OMs).  The greater the long-term 
average catch, the greater the year-to-year catch variation that has to be accommodated.   These trade-offs are less 
evident in short-term data (PS2ai vs PS3i; Fig. 9). 
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Fig. 7. Trade-off in the long-term between catch variation (average across OMs of the median risk of a greater than 
15% annual catch variation ;PS2aii) on the y-axis plotted against the average of the median catches across OMs 
(PS3iii) on the x-axis for a range of HCR tunings.   
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Fig. 8. Trade-off in the long-term between catch variation (maximum across OMs of the median risk of a greater 
than 15% annual catch variation ;PS2aii) on the y-axis plotted against the average of the median catches across OMs 
(PS3iii) on the x-axis for a range of HCR tunings.  
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Fig. 9. Trade-off in the short-term between catch variation (average (top) and maximum (bottom) across OMs of the 
median risk of a greater than 15% annual catch variation ;PS2ai) on the y-axis plotted against the average of the 
median catches across OMs (PS3i) on the x-axis for a range of HCR tunings. 
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Appendix Table 1.  Performance statistics results from the Greenland halibut MSE applied to operating models 
conditioned on XSA for a range of alternative tunings of the HCR.  Shading indicates outcomes that don’t meet the 
risk tolerances.  Note that MS 12, 14 and 16 refer to the specific tunings in FCWGMSE WP 10/13 modified (as 
denoted by the star) such that MS12 has a 15% constraint both up and down, MS14 has a 10% constraint up and 
down. 

 
 
  

label PS Description Percentile_examined CAV LMV CAV_domed CAV_varM CAV_dep LMV_dep Criterion Pass%
ld1_lu1 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1_lu1 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1_lu1 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 10 10 <25% Pass
ld1_lu1 2b P(3yr Catch variation >25% for 2010-2027) 50% 15.1 17.3 14.2 14 23.3 25.5 <25% Fail
ld1_lu1 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1_lu1 3_i Avg. Catch 2011-2015 50% 14.5 15.6 14.5 14.4 14.9 16.1 (mean:) 15
ld1_lu1 3_ii Avg. Catch 2016-2020 50% 19.3 22.4 18.4 18 22.1 26.1 (mean:) 21.1
ld1_lu1 3_iii Avg. Catch 2011-2030 50% 21.7 25.7 20.8 20.7 29.5 34.5 (mean:) 25.5
ld1_lu1 4 P(Expl bio in 2031 < 1985-1999 avg.) All 1 0 7 7 0 0 <25% Pass
ld1_lu1 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 4 1 14 9 0 0 <25% Pass
ld1_lu1 Overall Overall performance NA NA NA NA NA NA NA NA Fail
ld2_lu2 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 1 0 0 <10% Pass
ld2_lu2 2a_i P(annual Catch variation >15% for 2010-2014) 50% 20 20 0 20 20 20 <25% Pass
ld2_lu2 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 25 25 20 25 42.5 50 <25% Fail
ld2_lu2 2b P(3yr Catch variation >25% for 2010-2027) 50% 30.2 32.6 29 30.8 46.6 53.3 <25% Fail
ld2_lu2 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld2_lu2 3_i Avg. Catch 2011-2015 50% 13.8 15.4 13.5 12.5 13.9 15.5 (mean:) 14.1
ld2_lu2 3_ii Avg. Catch 2016-2020 50% 23.4 30 22 20.9 30 40.2 (mean:) 27.8
ld2_lu2 3_iii Avg. Catch 2011-2030 50% 25.7 32.7 24.9 23.6 37.9 43.9 (mean:) 31.4
ld2_lu2 4 P(Expl bio in 2031 < 1985-1999 avg.) All 15 7 30 21 0 1 <25% Fail
ld2_lu2 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 7 1 25 11 0 0 <25% Pass
ld2_lu2 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld2_lu1.5 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld2_lu1.5 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 10 <25% Pass
ld2_lu1.5 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 10 15 10 10 30 30 <25% Fail
ld2_lu1.5 2b P(3yr Catch variation >25% for 2010-2027) 50% 20.6 24 21.3 22.2 35.3 37.1 <25% Fail
ld2_lu1.5 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld2_lu1.5 3_i Avg. Catch 2011-2015 50% 14.3 15.7 14 13.6 14.1 15.8 (mean:) 14.6
ld2_lu1.5 3_ii Avg. Catch 2016-2020 50% 20.7 26.9 20.2 19.7 26.1 32.4 (mean:) 24.3
ld2_lu1.5 3_iii Avg. Catch 2011-2030 50% 24.1 31 23.2 22.6 35.6 44.3 (mean:) 30.1
ld2_lu1.5 4 P(Expl bio in 2031 < 1985-1999 avg.) All 8 0 17 13 0 0 <25% Pass
ld2_lu1.5 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 10 2 20 7 0 0 <25% Pass
ld2_lu1.5 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld2_lu1.25 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld2_lu1.25 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld2_lu1.25 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 5 10 5 5 20 25 <25% Pass
ld2_lu1.25 2b P(3yr Catch variation >25% for 2010-2027) 50% 19.6 22.4 19.3 20 29.4 33.1 <25% Fail
ld2_lu1.25 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld2_lu1.25 3_i Avg. Catch 2011-2015 50% 13.7 15.3 13.3 12.9 13.5 15.5 (mean:) 14
ld2_lu1.25 3_ii Avg. Catch 2016-2020 50% 18.7 23.9 17.6 17 22.7 29 (mean:) 21.5
ld2_lu1.25 3_iii Avg. Catch 2011-2030 50% 21.5 27.1 20.4 19.4 29.4 38.3 (mean:) 26
ld2_lu1.25 4 P(Expl bio in 2031 < 1985-1999 avg.) All 2 0 6 3 0 0 <25% Pass
ld2_lu1.25 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 3 1 17 1 0 0 <25% Pass
ld2_lu1.25 Overall Overall performance NA NA NA NA NA NA NA NA Fail
ld1.5_lu1 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.5_lu1 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.5_lu1 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 10 15 <25% Pass
ld1.5_lu1 2b P(3yr Catch variation >25% for 2010-2027) 50% 15.5 17.9 15.5 15 24.7 27.1 <25% Fail
ld1.5_lu1 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.5_lu1 3_i Avg. Catch 2011-2015 50% 14 15 13.8 13.6 14 15 (mean:) 14.2
ld1.5_lu1 3_ii Avg. Catch 2016-2020 50% 18.1 21.3 17.5 17.1 20.3 25.2 (mean:) 19.9
ld1.5_lu1 3_iii Avg. Catch 2011-2030 50% 20.4 25.1 19.5 18.8 27 33.1 (mean:) 24
ld1.5_lu1 4 P(Expl bio in 2031 < 1985-1999 avg.) All 2 0 1 1 0 0 <25% Pass
ld1.5_lu1 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 4 2 9 3 0 0 <25% Pass
ld1.5_lu1 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld1.5_lu1.5 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.5_lu1.5 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 20 <25% Pass
ld1.5_lu1.5 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 10 15 10 10 25 30 <25% Fail
ld1.5_lu1.5 2b P(3yr Catch variation >25% for 2010-2027) 50% 21.7 24.6 21.4 21.4 34 37.2 <25% Fail
ld1.5_lu1.5 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.5_lu1.5 3_i Avg. Catch 2011-2015 50% 14 15.8 13.9 13.6 14.5 15.6 (mean:) 14.6
ld1.5_lu1.5 3_ii Avg. Catch 2016-2020 50% 20.7 26.5 20.2 20 26.4 32.6 (mean:) 24.4
ld1.5_lu1.5 3_iii Avg. Catch 2011-2030 50% 24.3 30.5 23 22.6 36.5 44.6 (mean:) 30.2
ld1.5_lu1.5 4 P(Expl bio in 2031 < 1985-1999 avg.) All 7 0 19 18 0 0 <25% Pass
ld1.5_lu1.5 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 8 0 19 9 0 0 <25% Pass
ld1.5_lu1.5 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld1.5_lu1.25 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.5_lu1.25 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.5_lu1.25 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 5 10 5 5 20 25 <25% Pass
ld1.5_lu1.25 2b P(3yr Catch variation >25% for 2010-2027) 50% 18.7 21.2 18.4 18.6 29.5 32 <25% Fail
ld1.5_lu1.25 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.5_lu1.25 3_i Avg. Catch 2011-2015 50% 14.2 15.5 14 13.8 14.1 15.5 (mean:) 14.5
ld1.5_lu1.25 3_ii Avg. Catch 2016-2020 50% 19.7 24.3 18.7 18.4 23.2 28.8 (mean:) 22.2
ld1.5_lu1.25 3_iii Avg. Catch 2011-2030 50% 22.5 28.5 21.8 20.9 30.8 40.3 (mean:) 27.5
ld1.5_lu1.25 4 P(Expl bio in 2031 < 1985-1999 avg.) All 2 0 8 4 0 0 <25% Pass
ld1.5_lu1.25 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 0 0 20 9 0 0 <25% Pass
ld1.5_lu1.25 Overall Overall performance NA NA NA NA NA NA NA NA Fail
ld1.25_lu1 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.25_lu1 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 10 10 <25% Pass
ld1.25_lu1 2b P(3yr Catch variation >25% for 2010-2027) 50% 15.1 17.2 15.2 14.2 24 26.4 <25% Fail
ld1.25_lu1 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1 3_i Avg. Catch 2011-2015 50% 14.5 15.6 14 13.9 14.4 15.5 (mean:) 14.7
ld1.25_lu1 3_ii Avg. Catch 2016-2020 50% 18.6 22.2 17.6 17.6 21.9 25.4 (mean:) 20.6
ld1.25_lu1 3_iii Avg. Catch 2011-2030 50% 21.3 25.6 20.2 19.9 28.6 34.1 (mean:) 24.9
ld1.25_lu1 4 P(Expl bio in 2031 < 1985-1999 avg.) All 1 0 4 2 0 0 <25% Pass
ld1.25_lu1 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 8 0 23 7 0 0 <25% Pass
ld1.25_lu1 Overall Overall performance NA NA NA NA NA NA NA NA Fail
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ld1.25_lu1.1 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.25_lu1.1 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.1 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 5 0 0 15 15 <25% Pass
ld1.25_lu1.1 2b P(3yr Catch variation >25% for 2010-2027) 50% 16.3 18.8 15.9 16.3 25.5 28.3 <25% Fail
ld1.25_lu1.1 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.1 3_i Avg. Catch 2011-2015 50% 14.4 15.6 14.4 14 14.5 15.9 (mean:) 14.8
ld1.25_lu1.1 3_ii Avg. Catch 2016-2020 50% 19.2 22.8 18.9 18.5 22.1 27.4 (mean:) 21.5
ld1.25_lu1.1 3_iii Avg. Catch 2011-2030 50% 21.8 26.7 21.3 20.2 28.9 37.1 (mean:) 26
ld1.25_lu1.1 4 P(Expl bio in 2031 < 1985-1999 avg.) All 0 0 2 7 0 0 <25% Pass
ld1.25_lu1.1 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 12 0 14 9 0 0 <25% Pass
ld1.25_lu1.1 Overall Overall performance NA NA NA NA NA NA NA NA Fail
ld1.25_lu1.3 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.25_lu1.3 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.3 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 5 10 5 2.5 20 25 <25% Pass
ld1.25_lu1.3 2b P(3yr Catch variation >25% for 2010-2027) 50% 18.2 21.2 18.6 18.1 29.4 33 <25% Fail
ld1.25_lu1.3 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.3 3_i Avg. Catch 2011-2015 50% 14.6 15.7 14.2 14 14.7 15.7 (mean:) 14.8
ld1.25_lu1.3 3_ii Avg. Catch 2016-2020 50% 20.5 24.9 19.5 19.6 25 29.7 (mean:) 23.2
ld1.25_lu1.3 3_iii Avg. Catch 2011-2030 50% 23.5 28.9 22.7 22.1 34 41.2 (mean:) 28.7
ld1.25_lu1.3 4 P(Expl bio in 2031 < 1985-1999 avg.) All 4 0 10 15 0 0 <25% Pass
ld1.25_lu1.3 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 8 0 11 8 0 0 <25% Pass
ld1.25_lu1.3 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld1.25_lu1.25 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.25_lu1.25 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.25 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 5 5 0 5 20 20 <25% Pass
ld1.25_lu1.25 2b P(3yr Catch variation >25% for 2010-2027) 50% 18.1 21.1 17.6 18.2 28.3 31.2 <25% Fail
ld1.25_lu1.25 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.25_lu1.25 3_i Avg. Catch 2011-2015 50% 14.6 15.7 14.3 13.9 14.7 15.8 (mean:) 14.8
ld1.25_lu1.25 3_ii Avg. Catch 2016-2020 50% 20.5 24.4 18.8 18.7 24 29 (mean:) 22.6
ld1.25_lu1.25 3_iii Avg. Catch 2011-2030 50% 23.1 28.6 21.9 21.7 32.3 40.3 (mean:) 28
ld1.25_lu1.25 4 P(Expl bio in 2031 < 1985-1999 avg.) All 4 0 14 8 0 0 <25% Pass
ld1.25_lu1.25 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 5 0 16 2 0 0 <25% Pass
ld1.25_lu1.25 Overall Overall performance NA NA NA NA NA NA NA NA Fail
ld1.75_lu1.25 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.75_lu1.25 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld1.75_lu1.25 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 5 10 5 5 22.5 25 <25% Pass
ld1.75_lu1.25 2b P(3yr Catch variation >25% for 2010-2027) 50% 19.5 22.2 18.4 18.9 30.5 33.2 <25% Fail
ld1.75_lu1.25 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.75_lu1.25 3_i Avg. Catch 2011-2015 50% 13.8 15 13.4 13.2 13.6 15.6 (mean:) 14.1
ld1.75_lu1.25 3_ii Avg. Catch 2016-2020 50% 19 23.7 18 18 22.1 28.7 (mean:) 21.6
ld1.75_lu1.25 3_iii Avg. Catch 2011-2030 50% 22.1 28 21.1 20.1 30.7 40.1 (mean:) 27
ld1.75_lu1.25 4 P(Expl bio in 2031 < 1985-1999 avg.) All 1 0 7 2 0 0 <25% Pass
ld1.75_lu1.25 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 6 0 17 3 0 0 <25% Pass
ld1.75_lu1.25 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld0.5_lu0.5 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld0.5_lu0.5 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld0.5_lu0.5 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 0 0 <25% Pass
ld0.5_lu0.5 2b P(3yr Catch variation >25% for 2010-2027) 50% 7.7 9 7.3 7.2 11.9 13.3 <25% Pass
ld0.5_lu0.5 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld0.5_lu0.5 3_i Avg. Catch 2011-2015 50% 15.3 15.7 15.3 15.2 15.3 15.9 (mean:) 15.4
ld0.5_lu0.5 3_ii Avg. Catch 2016-2020 50% 17.4 18.8 17.1 17.1 18.7 20.4 (mean:) 18.2
ld0.5_lu0.5 3_iii Avg. Catch 2011-2030 50% 18.8 20.6 18.5 18.2 21.6 23.6 (mean:) 20.2
ld0.5_lu0.5 4 P(Expl bio in 2031 < 1985-1999 avg.) All 0 0 0 1 0 0 <25% Pass
ld0.5_lu0.5 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 7 0 16 10 0 0 <25% Pass
ld0.5_lu0.5 Overall Overall performance NA NA NA NA NA NA NA NA Pass

ld0.75_lu0.75 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld0.75_lu0.75 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
ld0.75_lu0.75 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 0 0 <25% Pass
ld0.75_lu0.75 2b P(3yr Catch variation >25% for 2010-2027) 50% 11.1 13.3 10.5 10.7 17.6 20.1 <25% Pass
ld0.75_lu0.75 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld0.75_lu0.75 3_i Avg. Catch 2011-2015 50% 14.9 15.9 14.9 14.7 15.2 15.8 (mean:) 15.2
ld0.75_lu0.75 3_ii Avg. Catch 2016-2020 50% 18.3 20.9 17.8 17.7 20.8 22.9 (mean:) 19.7
ld0.75_lu0.75 3_iii Avg. Catch 2011-2030 50% 20.2 23.4 19.6 19.3 25.1 28.8 (mean:) 22.7
ld0.75_lu0.75 4 P(Expl bio in 2031 < 1985-1999 avg.) All 0 0 4 1 0 0 <25% Pass
ld0.75_lu0.75 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 7 1 14 10 0 0 <25% Pass
ld0.75_lu0.75 Overall Overall performance NA NA NA NA NA NA NA NA Pass

ld2_lu1 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld2_lu1 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 20 0 0 <25% Pass
ld2_lu1 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 2.5 5 10 15 <25% Pass
ld2_lu1 2b P(3yr Catch variation >25% for 2010-2027) 50% 16.1 18.3 16.6 17.7 25.3 27.4 <25% Fail
ld2_lu1 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld2_lu1 3_i Avg. Catch 2011-2015 50% 13.8 14.9 12.7 12.2 13.4 14.9 (mean:) 13.7
ld2_lu1 3_ii Avg. Catch 2016-2020 50% 17.5 20.7 16.1 15.6 19.6 24.5 (mean:) 19
ld2_lu1 3_iii Avg. Catch 2011-2030 50% 19.4 24.3 18.1 17.4 25.5 32.9 (mean:) 22.9
ld2_lu1 4 P(Expl bio in 2031 < 1985-1999 avg.) All 1 0 1 0 0 0 <25% Pass
ld2_lu1 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 2 0 12 0 0 0 <25% Pass
ld2_lu1 Overall Overall performance NA NA NA NA NA NA NA NA Fail

ld1.75_lu1.75 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
ld1.75_lu1.75 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 20 0 0 20 20 <25% Pass
ld1.75_lu1.75 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 15 20 15 15 35 40 <25% Fail
ld1.75_lu1.75 2b P(3yr Catch variation >25% for 2010-2027) 50% 26 28.2 24 25.9 40.3 44.9 <25% Fail
ld1.75_lu1.75 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
ld1.75_lu1.75 3_i Avg. Catch 2011-2015 50% 13.6 15.5 13.7 13.3 13.9 15.5 (mean:) 14.2
ld1.75_lu1.75 3_ii Avg. Catch 2016-2020 50% 21.6 28.8 20.7 20.6 28.6 37 (mean:) 26.2
ld1.75_lu1.75 3_iii Avg. Catch 2011-2030 50% 24.7 32.2 23.6 23 38.3 46.7 (mean:) 31.4
ld1.75_lu1.75 4 P(Expl bio in 2031 < 1985-1999 avg.) All 14 6 20 18 0 3 <25% Pass
ld1.75_lu1.75 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 8 2 19 8 0 0 <25% Pass
ld1.75_lu1.75 Overall Overall performance NA NA NA NA NA NA NA NA Fail

mp14* 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
mp14* 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
mp14* 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 0 0 <25% Pass
mp14* 2b P(3yr Catch variation >25% for 2010-2027) 50% 15.6 16.7 15.1 14.6 20.3 22 <25% Pass
mp14* 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
mp14* 3_i Avg. Catch 2011-2015 50% 14.7 15.8 14.8 14.6 15.1 16 (mean:) 15.2
mp14* 3_ii Avg. Catch 2016-2020 50% 18 21.1 17.7 17.4 19.9 22.4 (mean:) 19.4
mp14* 3_iii Avg. Catch 2011-2030 50% 20.5 24.7 20.4 19.5 25.2 29.1 (mean:) 23.2
mp14* 4 P(Expl bio in 2031 < 1985-1999 avg.) All 2 0 3 1 0 0 <25% Pass
mp14* 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 9 1 19 7 0 0 <25% Pass
mp14* Overall Overall performance NA NA NA NA NA NA NA NA Pass
mp16 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
mp16 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
mp16 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 0 0 <25% Pass
mp16 2b P(3yr Catch variation >25% for 2010-2027) 50% 15.1 16.3 15 15.2 20.4 21.6 <25% Pass
mp16 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
mp16 3_i Avg. Catch 2011-2015 50% 16 17.5 16.1 15.3 16 17 (mean:) 16.3
mp16 3_ii Avg. Catch 2016-2020 50% 19.2 22.2 19 18.6 21 23.2 (mean:) 20.5
mp16 3_iii Avg. Catch 2011-2030 50% 21.9 26 21.6 20.8 26.4 30.2 (mean:) 24.5
mp16 4 P(Expl bio in 2031 < 1985-1999 avg.) All 2 0 6 2 0 0 <25% Pass
mp16 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 17 2 29 10 0 0 <25% Fail
mp16 Overall Overall performance NA NA NA NA NA NA NA NA Fail
mp12* 1 P(>=25% decline in expl bio from 2011 to 2016) All 0 0 0 0 0 0 <10% Pass
mp12* 2a_i P(annual Catch variation >15% for 2010-2014) 50% 0 0 0 0 0 0 <25% Pass
mp12* 2a_ii P(annual Catch variation >15% for 2010-2029) 50% 0 0 0 0 0 0 <25% Pass
mp12* 2b P(3yr Catch variation >25% for 2010-2027) 50% 17.1 19 16.7 16.7 23.7 26.5 <25% Fail
mp12* 2c P(TAC <10kt at least once 2011-2015) 50% 0 0 0 0 0 0 <25% Pass
mp12* 3_i Avg. Catch 2011-2015 50% 13.3 14.7 13.3 12.6 13.8 14.8 (mean:) 13.8
mp12* 3_ii Avg. Catch 2016-2020 50% 17.1 21 16.5 16.1 20 23.2 (mean:) 19
mp12* 3_iii Avg. Catch 2011-2030 50% 19.2 24.8 18.7 17.9 25.8 30.7 (mean:) 22.9
mp12* 4 P(Expl bio in 2031 < 1985-1999 avg.) All 1 0 0 2 0 0 <25% Pass
mp12* 4_alt P(Expl bio in 2019 < 1975-1999 avg.) All 5 0 11 4 0 0 <25% Pass
mp12* Overall Overall performance NA NA NA NA NA NA NA NA Fail
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ABSTRACT 

This paper reports the results of the application of 18 potential Management Procedures 
(MPs) to the Base Case and seven robustness test operating models based on SCAA 
assessments of the Greenland halibut resource.  One of these MPs is selected as a 
preferred candidate (subject to its performance for XSA-based operating models) on the 
basis of satisfying virtually all performance targets identified at the May NAFO 
WGMSE meeting and achieving relatively high catches. The one drawback for this MP 
(and also all others considered) is failure to meet the specified resource recovery target 
under robustness test SCAA5 (a lower stock-recruitment steepness), and suggestions are 
made in that regard. Suggestions are also made in relation to “exceptional 
circumstances” provisions where over-riding the TAC recommendation output by the 
MP becomes scientifically justified, and for catering for possible future TAC over-runs. 
Following discussions of these analyses with our EU principals, results for four further 
variants of these MPs have been added for consideration. 

INTRODUCTION 

This document reports results of testing of candidate Management Procedures (MPs) for Greenland halibut for a set 
of SCAA operating models for the population dynamics which have been updated using the most recent data for the 
resource as considered at the 2010 NAFO SC meeting (Butterworth and Rademeyer, 2010a). This set includes a 
Reference Case (SCAA0) and seven robustness tests (SCAA1 to SCAA7). 

The projection methodology utilised for these tests is detailed in Butterworth and Rademeyer (2010b), which also 
lists the performance statistics agreed at the May NAFO WGMSE meeting (NAFO, 2010). Results for 18 alternative 
MPs are contrasted below in terms in line with the forms and the performance targets and statistics agreed at that 
meeting. 

RESULTS AND DISCUSSION 

All the MPs follow the form of the NAFO (2010) default control rule: 

( )
( )1

1 0
1 0

y u
y

y d

TAC slope if slope
TAC

TAC slope if slope
λ
λ+

× + ×⎧ ≥⎪= ⎨ × + × <⎪⎩
            (1)

 

Three factors/tuning parameters are varied, with the alternatives reflected here culled from a wider set investigated: 

1) the λu and λd control parameters:   a) λu=1.0 and λd=1.25; b) λu=1.0 and λd=2.0; 

2) the starting TAC control parameter: a) 16 000t;  b) 17 500t;  c) 19 000t; 

3) the inter-annual TAC change constraints: a) +10%, -10%; b) +10%; -5%;  c)+15%,-5%. 

Note that our earlier Greenland halibut MSE analyses (e.g. Rademeyer and Butterworth, 2010) had imposed inter-
annual TAC constraints of 20% and later 15%. These relatively large values were necessitated by the poor status of 
the resource indicated by earlier XSA assessments, so that sufficient adaptive TAC adjustment could be achieved if 
these reflected the actual underlying resource situation. However the updated XSA assessment from the 2010 NAFO 
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SC meeting reflects notably improved results as regards resource status (which is now also closer to SCAA results), 
motivating consideration of tighter constraints in the interests of enhanced industrial stability. 

A full cross of the factors/parameters listed above is reported, yielding 18 candidate MPs (mp01 to mp18) in all. The 
linkage between MP names and factor/parameter values is provided in Table 1a, which lists results in terms of a 
format corresponding to the performance targets agreed in NAFO (2010), with results for a 16 000 t constant catch 
MP also add to provide a convenient benchmark for comparisons. Note that in this Table, statistics that do not meet 
the targets specified in NAFO (2010) are shown shaded. 

These same results are shown in Fig. 1 in the form of graphical projections for the annual catch (assumed equal to 
the TAC in projections under MPs) and exploitable biomass (B5-9), with both medians and lower 2.5%iles of 
probability distributions plotted. In this Figure, the 18 MPs are grouped by the starting TAC control parameter 
value. 

In the authors’ view, mp14 provides the best trade-off amongst the performance statistics under SCAA0, satisfying 
all performance targets, and yielding the highest catches amongst the other MPs which do likewise. It is thus used as 
a “baseline” MP in Figure 2, which illustrates the sensitivity of the results for mp14 to single factor variations of the 
starting TAC control parameter (Fig. 2a), the inter-annual TAC change constraints (Fig. 2b) and the λ control 
parameters (Fig. 2c). Note that the impact of variation of the first two of these factors on results is much greater than 
the third. It is possible to “mimic” TAC change constraints by decreasing λ values, but for reasons of longer-term 
stability of abundance projections (i.e. adequate feedback), λd values in particular should preferably not be set less 
than 1. 

The performance of the Baseline mp14 across the SCAA Base Case and robustness tests is shown in Table 1b and 
Fig. 3. Performance targets are met in all cases except for a marginal failure for Pachieved/Pmilestone (resource recovery) 
for SCAA4 (increasing natural mortality at larger ages), and a much greater extent of failure for SCAA5 (stock-
recruitment steepness h = 0.6 in contrast to the h = 0.9 preferred for SCAA0 because of a much better fit to the data). 
Fig. 3 shows that behavior for SCAA5 is qualitatively different to that for the other robustness tests which manifest 
quite similar behavior to that of the Base Case SCAA0. In contrast to increases in both catches and exploitable 
biomasses for these other scenarios, for SCAA5 these both remain fairly steady into the future. Table 1c shows 
results for SCAA5 across all 18 of the MPs considered, and demonstrates that the failure to meet recovery targets for 
this scenario is general and not peculiar to mp14. Further comments on this are made below. 

In response to a suggestion from Canadian scientists for selection of the three best performing MPs, our selections in 
addition to the Baseline mp14 are mp12 and mp16 (it must be stressed that these constitute the authors’ selections, 
and do not necessarily reflect the views of the EU). These choices are seen by the authors to provide the best 
balances between achieving recovery targets, maximizing catches, and minimising TAC variations. We do not 
consider the marginal failure of mp16 to meet certain TAC change performance targets to be critical, both because 
these particular targets were chosen primarily with TAC decrease being the concern whereas it is TAC increases that 
are resulting in these “failures”, and further because if such targets are considered critical, they could readily be 
hard-wired into the control rules without any great impact on other performance statistics. Results for these three 
MPs applied to the Base Case SCAA operating model (SCAA0) are given in Table 2 in a format different from 
Table 1, with the statistics for mp14 under robustness test SCAA5 also added there. Graphical comparisons are 
shown in Figs 4 and 5. Except for the earliest years mp14 achieves the highest catches for only marginal lesser 
recovery, and also shows appreciably less TAC variation. 

An alternative graphical form for contrasting performance statistics for the various MPs applied to SCAA0 is shown 
in Fig 6a, with comparisons restricted to the authors’ three preferred MP choices shown in Fig. 6b. 

SUMMARY AND RELATED CONSIDERATIONS 

Subject to showing satisfactory performance also under the various XSA based operating models, mp14 appears to 
the authors to be a strong candidate for adoption as the MP to provide TAC recommendations for Greenland halibut. 
It meets all the performance targets set at the May WGMSE meeting (NAFO, 2010) while also being likely to 
achieve relatively high catches. It provides a good example of a major strength of the MSE approach that has been 
evident in its application to other fisheries, viz. that of being able to provide a scientifically defensible basis to 
constrain inter-annual TAC variation in a manner that nevertheless secures adequate safeguards for the risk of 
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unintended resource depletion. Thus in the first few future years in this case, the TAC change constraints imposed 
prevent unnecessary reduction of the TAC as a consequence of following more of the noise than the signal in the 
survey data (nearly all recent residuals in the assessment fits to the survey indices of abundance are positive), and in 
a manner which does not compromise resource recovery. 

The one concern is the failure of mp14 (or indeed any of the other MPs considered) to secure the desired level of 
resource recovery under robustness test SCAA5 (lower steepness). The lower 2.5%ile plot for exploitable biomass 
shown in Fig. 3 for this situation does at least indicate that application of mp14 would prevent any continuing 
deterioration. This is a manifestation of a potential problem with derivative-control-based MP approaches such as 
that of equation (1), which arises because their targets are emergent properties which cannot be pre-specified and 
therefore may turn out to be different to what is desired. The simplest solution to this problem is to include a target-
based term as an extension of equation (1). This might better secure some recovery under SCAA5 while not 
compromising the desirable performance achieved under mp14 for the other SCAA scenarios. 

Two other more general issues merit attention in moving towards agreement of an MSE approach for Greenland 
halibut with its associated decision rule in the form of a TAC formula. The first is that it is usual to pre-agree some 
guidance concerning “exceptional circumstances” – unexpected future events which provide scientific justification 
for over-riding the TAC recommendation provided by an MP’s control rule. A customary criterion for what need to 
be compelling reasons to take such action is future data falling outside the range considered in the MSE process, 
thus indicating that circumstances have arisen outside the range for which the control rule has been tested to show 
adequate robustness. To aid consideration of this possible approach, Fig. 7 shows probabilistic projections of future 
survey results expected under SCAA0 (and implementation of mp14). 

A second concern is TAC over-runs, given an empirical MP (equation 1) which takes no explicit account of any 
mismatch between the TAC set and the catch subsequently taken (as, in contrast, a population model based MP 
would do). The feedback nature of MPs ensures that they do react to this, but typically slower than needed to make 
fully compensatory TAC adjustments in the short term. Furthermore, none of the robustness tests considered for 
these evaluations have considered the impact of possible future catch over-runs. Ideally there should be pre-
agreement, as part of any Management Procedure of this type that is adopted, on how to make appropriate 
adjustments for such over-runs to recommendations output by an MP for TACs. 

ADDENDUM 

In discussion of the above with our EU principals, suggestions were made that the following further options 
warranted analysis to allow consideration of the results: 

mp14*:  this MP is as mp14 (i.e. starting TAC control parameter of 17 500t; λu=1 and λd =2; and constraints on the 
inter-annual TAC changes of +10% and -5%), but the 2011 MP output is over-ridden by a pre-set TAC of 
16 000t. To compute the TAC in 2012 the original 2011 MP output (17 182t) is used in the control rule 
(equation 1). 

mp14**: as mp14*, but the 2012 MP output is also over-ridden by a pre-set TAC of 16 000t. 

mp14***: as mp14* but with a pre-set TAC of 14 500t instead of 16 000t in 2011. 

mp19: starting TAC control parameter of 14 500t; λu=1 and λd =2; and constraints on the inter-annual TAC changes 
of +10% and -5%. 

Results for these four further MPs are compared to mp14 and mp11 (starting TAC of 16 000t) in Tables 3 and 4, 
while the exploitable biomass and TAC are plotted in Fig. 8. In terms of the biomass projections (Fig. 8), the 
original mp14 and its three variants are virtually indistinguishable. The catches over time for all the mp14's (starting 
TAC control parameter of 17 500t) are appreciably higher than for mp11 (starting TAC control parameter of 16 
000t) and mp19 (starting TAC control parameter of 14 500t) without compromising mp14 reaching the specified 
biomass recovery targets. 
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Starting TAC: 

16 000t 

 

 

 

 

 

 

Starting TAC: 

17 500t 

 

 

 

 

 

 

Starting TAC: 

19 000t 

 

 

 

 

 

 

 

Fig. 1: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for a series of MPs for the Base 
Case SCAA operating model (SCAA0). Here and in subsequent biomass plots the full horizontal line represents 
the 2011 median level while the dashed horizontal line represents the target level (1985-1999 average). 
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Fig. 2a: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for three MPs with different 
starting TAC control parameters (mp14: 17 500t; mp11: 16 000t and mp17: 19 000t) for SCAA0. Note that here 
and below to magnify around where most differences are evident, the axes no longer intersect at a zero value on 
the vertical axis. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2b: Medians (left) and lower 2.5%iles (right) TAC and   biomass for three MPs with different bounds on 
maximum annual TAC change (mp14: +10%, -5%; mp13: +10%, -10% and mp15: +15%, -5%) for SCAA0. 
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Fig. 2c: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for three MPs with different 
values for �down (mp14: 1.25 and mp05: 2.0) for SCAA0. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for the SCAA Base Case 
operating model (SCAA0) and a series of robustness tests (SCAA1 – SCAA7) for mp14. 
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Fig. 4: 95, 75 and 50% PIs and medians for the total catch and exploitable biomass projections for mp12 (top), 
mp14 (middle) and mp16 (bottom) for SCAA0. 
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Fig. 5: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for the SCAA Base Case for 
mp12, mp14 and mp16. 
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Fig. 6b: Median and 95%-iles for a series of performance statistics for the Base Case SCAA under mp12, mp14 
and mp16 (in that order). 

  



38 
 

 

Fig. 7: 95, 75 and 50% PIs and medians for the survey projections for SCAA0 under implementation of mp14. 
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Fig. 8: Medians (left) and lower 2.5%iles (right) TAC and exploitable biomass for some further MPs (requested 
for addition by our EU principals) for the Base Case SCAA operating model (SCAA0). Here and in subsequent 
biomass plots the full horizontal line represents the 2011 median level while the dashed horizontal line 
represents the target level (1985-1999 average). 
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minus plus minus plus
Canadian Fall 1 13 1 8

EU (0-700m) 1 11 1 9

EU (0-1400m) - - 4 11

Canadian Spring 1 8 1 8

Butterworth and 
Rademeyer (2010a)

Updated assessment

(FCWGMSE WP 10/14) 
 

Greenland Halibut Updated SCAA Reference Case and Robustness Tests 
DS Butterworth and RA Rademeyer 

August 2010 

 

INTRODUCTION 

The Greenland halibut SCAA Reference Case (RC) and robustness test operating models (Butterworth and 
Rademeyer, 2010a) have been updated to take into account data now available up to 2009. The updated data 
(Appendix A) are: 

1) 2008 and 2009 catches (Table A1) (Healey et al. 2010); 

2) 2008 and 2009 commercial catches-at-age (Table A2) (Healey et al. 2010); 

3) updated weights-at-age to age 20 (Table A3) (ages 1-13, Healey et al. 2010; ages 14-20+, Miller, pers. 
commn); 

4) updated maturity-at-age to age 20 (Table A4) (Morgan, pers. commn); 

5) 2008 and 2009 survey data: numbers-at-age (Table A5) and total weight per tow (Table A6). 

The EU summer survey has been split into two series in order to make use of the deep-water portion (0-1400m) 
of the survey which has taken place since 2004. The model is therefore fit to four survey series: a) Canadian Fall 
survey (2J3K) (1996-2009), b) Canadian Spring survey (3LNO) (1996-2009), c) EU summer 0-700m survey 
(1995-2003) and d) EU summer 0-1400m survey (2004-2009). 

In fitting the survey CAA, the plus and minus groups have been changed slightly compared to the assessments 
presented in Butterworth and Rademeyer (2010a). The table below compares the plus and minus groups used in 
each instance. The splitting of The EU survey series prompted the one change; the change for the Canadian Fall 
series was made because of the small proportions of fish in the age classes above 8. 

 

 

 

 

 

 

Furthermore a selectivity smoothing penalty has been included in the negative log likelihood: 
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where 
i
aS  is the selectivity at age a for survey i (before adding variability); 

com
aS  is the commercial selectivity at age a (before adding variability); and 

−a  and +a   are the minus and plus groups. 

This addition was prompted by the large upward spike that otherwise occurs in selectivity at age 10 for the EU 
(0-1400m) survey. Introduction of this term hardly affects estimates of abundance trends. 

In other respects the structure of these operating models remains identical to that detailed In Appendix B of 
Butterworth and Rademeyer (2009a), with two updates detailed in Butterworth and Rademeyer (2009b). In 
particular note that first order autocorrelation in time is estimated in fitting to the survey indices of abundance, 
and similarly in both time and age in fitting to the survey catch-at-age proportions. Fishing selectivity functions 
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change at two-yearly intervals, with the extent of the change constrained by treating these as random effects 
with standard deviation σΩ = 2.0 for the commercial selectivity and σΩ = 0.5 for the survey selectivities. 

 

RESULTS AND DISCUSSION 

The following SCAA Reference Case (RC) and robustness test operating models for the Greenland Halibut, 
which are straightforward updates of those reported in Butterworth and Rademeyer (2010a), will be used in the 
MSE process. 

0) Reference Case: Update of Case 2 of Butterworth and Rademeyer (2010b): Beverton-Holt, h=0.9, M=0.2, 
exponential decrease in selectivity for ages 11+; 

1) RC with flat commercial selectivity (estimated in the fit to be 0.27) for ages 11+; 

2) RC with flat commercial selectivity (fixed to 0.3, which is equal to the new XSA average value over 2005-
2009) for ages 11+; 

3) RC with M=0.1; 

4) RC with M=0.2 for ages 0-10, linear increase to M=0.4 for age 14, and constant thereafter; 

5) RC with h = 0.6 in the assessment, to simulate a stock that has a large maximum recruitment which has 
been severely recruitment-overfished; 

6) RC with a modified Ricker stock-recruitment relationship: ( )( )γβα sp
y

sp
yy BBR −= exp ; 

7) RC with fixed flat commercial selectivity (as in 2 above) and increasing M with age (as in 4 above). 

The results of the SCAA variants explored are listed in Table 1, with corresponding biomass trajectories plotted 
in Fig. 1 and stock-recruitment relationships shown in Fig. 2. Results for the RC presented in Butterworth and 
Rademeyer (2010a) are shown in Table 1 and Fig. 1 for comparative purposes. The commercial and survey 
selectivities estimated in the RC are plotted in Fig. 3. The commercial selectivities of the two OMs with flat 
selectivity at older ages are also shown in Fig. 3. The RC stock-recruitment curve, and time series of recruitment 
and standardised recruitment residuals are shown in Fig. 4. The fit of the RC to the survey indices and the 
commercial and survey CAA are shown in Fig. 5. It is notable that these CAA residual plots (which are outputs 
after adjustment for auto-correlation) all now show few obvious and substantial patterns, and thus constitute a 
considerable improvement over results for this SCAA methodology (Butterworth and Rademeyer, 2009b) prior 
to this update of the data. 
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Fig. 2: Stock-recruitment relationships for a series of SCAA variants. 
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Fig. 3: Survey and commercial selectivities-at-age estimated for the RC. Commercial selectivity estimates are 
also shown for robustness tests 1) and 2) for which selectivity is flat for ages 11+. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Estimated stock-recruitment curve, and time series of recruitment and standardised residuals for the RC. 
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APPENDIX A – Data 
 
Table A1: Landings (tons) for Greenland Halibut in Sub-area 2 and Div. 3KLMNO (Healey et al. 2010). 
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Table A2. Catch at age matrix (000s) for Greenland Halibut in Sub-Area 2 and Divisions 3KLMNO (Healey et 
al. 2010). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table A3. Catch weights-at-age (kg) matrix for Greenland Halibut in Sub-Area 2 and Divisions 3KLMNO 
(ages 1-13: Healey et al. 2010; ages 14-20+: Miller pers. commn). 
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Table A4: Proportion mature-at-age for Greenland Halibut in Sub-Area 2 and Divisions 3KLMNO (Morgan 
pers. commn).  
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Table A5: Survey data (mean numbers per tow) of Greenland Halibut in Sub-Area 2 and Divisions 3KLMNO 
(Healey et al. 2010) 
 
2J3K Canadian Fall, 1995-2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EU Summer 0-700m, 1995-2003 
 
 
 
 
 
 
 
 
 
 
EU Summer 0-1400m, 2004-2009 
 
 
 
 
 
 
 
 
3LNO Canadian Spring, 1996-2009 
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Table A6: Survey data (kg per tow) for ages combined: 2J3K Fall and 3LNO Spr, and EU summer 0-700m and 
0-1400m surveys (Healey pers. commn). 
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(FCWGMSE WP 10/15) 

Candidate Management Procedures Testing Methodology 
DS Butterworth and RA Rademeyer 

August 2010 

 

Projection methodology 
Projections into the future under a specific Candidate Management Procedure (CMP) are to be evaluated using 
the following steps. 
 

Step 1: Begin-year numbers at age 

The components of the numbers-at-age vector at the start of 2010 ( aN ,2010 : a = 1,…, m)  are obtained from the 
MLE of an assessment of the resource (SCAA or XSA). For SCAA the 2009 catch-at-age data are used in the 
assessment, whereas for XSA the estimated numbers-at-age at the start of 2009 are projected forward one year 
using these data. For XSA, the 2009 recruitment ( 1,2009N ) is generated deterministically from the estimated 
stock-recruitment relationship. Error is included for ages  0 to 5 (1 to 5 for XSA) because these are poorly 
estimated in the assessment given limited information on these year-classes, i.e.: 

aeNN aa
ε

,2010,2010 →    ( )( )2,0 from Ra N σε      (1) 

where σR is the standard deviation of the stock-recruitment residuals estimated by the SCAA, and for XSA is 
estimated in the process of fitting a stock-recruitment relationship to the outputs from that assessment as 
described below. Equation 1 is approximate in that it omits to adjust for past catches from the year-class 
concerned, but these are so small that the differential effect is negligible. 
 

Step 2: Catch 

These numbers-at-age are projected one year forward at a time given a catch for the year concerned. 

For 2010: 

yyC χ16000=   yχ  from ( )45.1;32.1;42.1;27.1;22.1;27.1U    (2) 

From 2011 onwards: 

yC  is as specified by the CMP. 

This requires specification of how the catch is disaggregated by age to obtain ayC , , and how future recruitments 
are specified. 
 

Step 3: Catch-at-age 

For SCAA the ayC ,  values are obtained under the assumption that the commercial selectivity function 
estimated continues to vary by 2-year block, as assumed in the assessment: 

ayeSS aay
,

,
Ω=           (3) 

where 

ay ,Ω   from ( )( )2,0 ΩσN  for ages 5 to 10, 

0, =Ω ay  for ages 4- and 11+, and 

Ωσ =2.0. 
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Since the selectivity function varies by 2-year block starting in 1975, aS ,2009  and  aS ,2010  are equal and already 

specified and ayS ,  is generated from the random process above from 2011 onwards. 
For XSA, the selectivity each year is selected randomly from the selectivity vectors for the last 10 years (1997 
to 2006) estimated in the assessment. The selectivity vectors for 1997 to 2006 are computed as follows: 
 

( )ayayay FFS ,,, max=          (4) 
 
where the maximum is taken across the ages for that year. 
 
From this it follows that: 

a
M

ay
a

mid
ayyy SeNwCF a 2/

,,/ −∑=        (5) 

where 
mid

ayw ,  is each year selected randomly from the weight-at-age vectors for the last 10 years (2000 to 2009) 
used in the assessment (Table 1), and hence that: 

ya
M

ayay FSeNC a 2/
,,

−=         (6) 

 
The numbers-at-age can then be computed for the beginning of the following year (y+1): 
 

11,1 ++ = yy RN           (7) 

( ) 2/
,

2/
,1,1

aa M
ay

M
ayay eCeNN −−

++ −=              for 1 ≤ a ≤ m – 2    (8) 

( ) 2/
1,

2/
1,,1

11 −− −
−

−
−+ −= mm M

my
M

mymy eCeNN + ( ) 2/
,

2/
,

mm M
my

M
my eCeN −− −    (9) 

 
These equations reflect Pope’s approximation. The XSA uses the Baranov equations rather than Pope’s 
approximation; these equations can be adjusted accordingly for XSA projections. 
The plus-group m is 20 for both the SCAA and XSA. 
 
Step 4: Recruitment 
 
Future recruitments for the reference case SCAA operating model (RC) are provided by a Beverton-Holt stock-
recruitment relationship:  

( ) ( )
)2(0 2

151
4

Rye
BhhK

BhR
R sp

y
sp

sp
y

y
σς −

−+−
=       (10) 

Log-normal fluctuations are introduced by generating yς  factors from ( )2,0 RN σ  where σR is estimated from 

the residuals of the model fit for years 1976 to 2006. spK is as estimated for that RC assessment. For the 
Reference Case SCAA, h is fixed (0.9). 

ay
mid

ay

m

a
ay

sp
y NwfB ,,

1
,∑

=

=         (11) 

where  

ayf ,  is each year selected randomly from the maturity-at-age vectors for the last 10 years (2000 to 2009) used 
in the assessment (Table 2). 

For XSA, σR is computed as follow:  

( ) ( )( )∑
=

−=
2006

1975

2
0, nn321

y
yyR RN llσ         (11) 

where the recruitment is assumed to follow a segmented regression: 
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⎩
⎨
⎧

≥
<

=+ βαβ
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sp
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y

sp
y

y Bif
BifB

R 1         (12) 

with the α and β parameters as estimated from the results of that assessment and provided by D Miller. 

At a later stage in the process, these approaches should be extended to take account of first order serial 
correlation in recruitment residuals. 

Step5: 

The information obtained in Step 1 is used to generate values of the abundance indices iI2010  (in terms of 
biomass or of numbers). 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 added to the expected value of the abundance index evaluated, 
taking account of the serial correlation i.e.: 

i
yeBqI i

y
ii

y
λ=            (13) 

i
y

ii
y

i
y 1−−= λρλε          (14) 

i
yε  from ( )( )2,0 iN σ          (15) 

where i
yB  is the biomass (or numbers) available to the survey: 

( )41 ,
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,,
1

,
,
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M
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surv
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springsurv
y FSeNSwB a −= −
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∑      (16) 

for spring surveys, 

( )21 ,
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ay

summersurv
y FSeNSwB a −= −
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∑      (17) 

for summer surveys, and 

( )431 ,
4/3
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1
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,

yay
M

ay
surv
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a

mid
ay

fallsurv
y FSeNSwB a −= −

=
∑      (18) 

for fall surveys. 

As for the commercial selectivity, the survey selectivities for the SCAA are obtained under the assumption that 
the selectivity functions estimated in that assessment continue to vary by 2-year block, as assumed for the 
assessment: 

surv
ayeSS surv

a
surv

ay
,

,
Ω=          (19) 

where 

surv
ay ,Ω   from ( )( )2,0 survN

Ω
σ  for ages 1 to 8 for the Canadian Fall and Spring surveys, and for ages 4 to 11 for 

the EU 0-1400m survey, 

0, =Ω surv
ay  for ages 9+ for the Canadian Fall and Spring surveys, and 12+ for the EU 0-1400m survey, and 

5.0=
Ωsurvσ  

For the Canadian and the EU 0-1400m surveys, surv
aS ,2009  is already specified, while surv

aS ,2010  is generated from the 
random process above.  
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For the XSA, the survey selectivities are taken as the catchabilities ( i
aq ) estimated in that assessment, 

renormalized so that 1)max( =i
aq . For each survey, the selectivity is assumed to be zero after the last age for 

which data are specified (13,12, 13 and 8 for the Canadian Fall, EU 0-700m, EU 0-1400m and Canadian Spring 
surveys respectively) to the plus group (age 20).  

 

For the SCAA, for the indices related to biomass, the constant of proportionality iq , the iσ  and iρ  are 
estimated directly in the assessment. For other cases, the following procedure is used. 

The constant of proportionality iq is as estimated for the assessment in question by: 
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where ni is the number of data points in the series, y1=1996 for the Canadian surveys, and 2004 for the EU 0-
1400m survey, 
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where y1=1996 for the Canadian surveys, and 2004 for the EU 0-1400m survey; and y2=2008 for the EU 0-
1400m and Canadian spring surveys, but 2006 for the Canadian Fall survey because of the missing data in 2008. 

To commence this data generation process and compute iI2010 , a value for i
2009λ  is required. For each of the 

three surveys, this is given by: 

( ) ( )iiii BqI 200920092009 nn ll −=λ         (25) 

for the assessment concerned, using the known values for the outputs from these surveys for 2009. 

Step 6: 

Given the new survey indices i
yI  compute 1+yTAC  using the CMP. 

 
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 candidate MP under review is assessed by considering statistics such as the average catch 
taken over the period and the final spawning biomass of the resource. 

 

Performance Targets and Statistics 
During the January 2010 Brussels meeting it was agreed that four properties would be evaluated in a risk 
management context: 

I) the risk of steep decline be kept moderately low; 
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II) the risk of annual average catch variation of greater than 15% be kept moderately low; 

III) the magnitude of the average catch in the short, medium term and long term be maximized; and 

IV) the risk of failure to meet an interim target within a prescribed period of time should be kept moderately 
low. 

 

A number of mathematical expressions (Performance Statistics) were then proposed to capture these four 
properties: 

(a) 
2011

2031

P
P

, where yP  is the population size in year y; 

(b) 
2011

2016

P
P

; 

(c) 
2011P

Plowest , where lowestP  is the lowest population size during evaluation period (2011-2031); 

(d)  
minP

Plowest , where minP  is the lowest population size during the assessment period (1975-2010); 

(e) 
target

2031

P
P

, where targetP  is pre-defined recovery target population size, for which the average value 

over the period 1975 to 1999 for the assessment/operating model concerned will be used for the 
moment pending further discussions; 

(f) 
MSYP

P2031  where MSYP  is the population level when maximum sustainable yield is achieved; this will 

be pursued only after the next meeting at which methods to compute MSYP will be discussed. 

In each of them, population can be measured as total numbers ( tot
yN ), total biomass ( tot

yB ), exploitable 

numbers (ages 5 – 9) ( 95−
yN ), exploitable biomass ( 95−

yB ), survey index ( surv
yB ) or spawning biomass ( sp

yB ), 

(though with primary focus on exploitable biomass for targetP ) where: 
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The primary PS (I) and (III) above can be captured by: 

(g) (Average) annual catch over short, medium and long terms: 

2011C , 2012C , 5
2015

2011
∑
=y

yC , 5
2020

2016
∑
=y

yC  and 20
2030

2011
∑
=y

yC  

(h) Average annual variation in catch over short and long terms: 
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Subsequently, at the May 2010 Halifax meeting, the four properties (or Performance Targets) were refined as 
follows: 

I) The probability of the decline of 25% or more in terms of exploitable biomass from 2011 to 2016 is 
kept at 10%* or lower. 

II) a) The probability of annual TAC variation of greater than 15% be kept at 25% or lower and 

b) The probability of variation of TAC more than 25% over any period of 3 years should be kept at 25% 
or lower. 

If the conditions a) and b) are not met, then an alternate performance target should be considered as 
follows:  

c) The TAC should not be below 10 000 t for the period 2011-2015 in any one year with a probability 
of 25% on a year by year basis. 

III) The magnitude of the average TAC in the short, medium and long term should be maximized. 

IV) The probability of failure to meet or exceed a milestone within a prescribed period of time should be 
kept at 25% or lower. Milestone means the average exploitable biomass for the period 1985-1999 to be 
compared with the exploitable biomass in 2031. 

 

The following corresponding Performance Statistics were then also agreed: 

 

Performance Statistic for Performance Target I: 

 
2011

2016

P
P

, 

where Py is the exploitable biomass computed at the start of the year indicated. 

 

Performance Statistics for Performance Target II a): 
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Performance Statistic for Performance Target II b): 

 18
2027

2010

3

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧ −
∑
=

=

+
y

y y

yy

C
CC

; 25.03 −
−

= +

y

yy
y C

CC
X ; 

 
⎭
⎬
⎫

⎩
⎨
⎧

≤
>

=
0 if0
0 if1

y

y
y X

X
I ;  ∑

=

=
2027

201018
1Prob

y
yI  

 

where Cy is the TAC for the year indicated. 

 

Performance Statistics for Performance Target IIc): 

  2011C ; 2012C ; 2013C ; 2014C ; 2015C  

 

Performance Statistics for Performance Target III: 
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Performance Statistic for Performance Target IV: 

 
milestone

achieved

P
P

 where 2031PPachieved =  and ∑
=

=
1999

198515
1

y
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A total of 100 forward projections will be run for each trial, with results presented as the 5th, average of 50th and 
51st and 96th in an ordered set (i.e. median with 90% probability intervals). 

Plots of annual catch and B5-9 may be produced for each trial, the first showing the median and 90% probability 
envelopes, and the second showing the first 5 realisations (“worm plots”).  
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Annex 4. Application of the Management Strategies 
 
The management strategy to calculate the TAC for year y+1 is defined by the following formulae: 
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and where 
if  ( )%11 xTACTACTAC yyy +>−+  then ( )%11 xTACTAC yy +=+  

if  ( )%11 yTACTACTAC yyy −<−+  then ( )%11 yTACTAC yy −=+  

 
where Z, λu, λd, x and y are control parameters to be selected. 
 
For the MP selected the values of the control parameters are: 
 

Z  16 000 t  or  17 500 t 

λu  1.00  or  1.00 

λd  1.25  or  2.00 

x  0.10  or  0.05 

y  0.10  or  0.05 
 
The quantity slopey is calculated as follows: 
 
For each survey, linearly regress i

yIln  vs year y’ for 5' −= yy  to 1' −= yy , to yield a regression slope 

value i
yslope , an average of the slopes is taken to provide a composite value: 

 
( ))14000( mEU

y
CanSpring
y

CanFall
yy slopeslopeslopeslope −++=

 / 3 
 
where Iy is the survey biomass result in terms of mean weight per tow of fish for all ages. 
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Annex 5. Results of the MSE Application 
 
 Performance statistics (medians) for two Management Strategies as averaged over the SCAA- and the XSA- 
conditioned operating models. 
 

 SCAA average XSA average 
MS 1 (mp01) MS 2 (mp14 (+-5%)) MS 1 (mp01) MS 2 (mp14 (+-5%)) 

C2011-2015 13374 15766 14800 16400 
C2016-2020 13566 15827 19600 19100 
C2011-2030 14335 16195 23100 21400 
B2011-2015 91530 89361 69446 66588 
B2016-2020 107715 103211 131854 128102 
B2011-2030 117766 113381 127975 127612 
B2011-2015/B2011 1.05 1.03 1.04 1.02 
B2016-2020/B2011 1.26 1.20 1.98 1.98 
B2011-2030/B2011 1.36 1.31 1.93 1.97 

 
 

 
 




