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Abstract
Management Procedure testing is continued with the introduction of further
robustness tests and the inclusion of a penalty term in the TAC formula if the
survey abundance estimates fall below a threshold level. This penalty term
does improve performance in terms of resource conservation risk for both the
Reference Set of Operating Models and the robustness tests examined, though
the improvement is slight even for relatively large sacrifices in catch. There is
minimal increase in resource risk if reducing the interannual TAC change
constraint from 20% to 15%,

Introduction
This document continues reporting on progress in the development of a Management Procedure for
Canadian Pollock, building on the material presented in Rademeyer and Butterworth (2010, 2011),
and implementing modifications agreed in discussions of those documents. In particular further
agreed robustness tests are introduced, and the Candidate Management Procedures refined to
include penalty terms which reduce the TAC still further if survey results fall below a specified (LRPlike) threshold level.

Methodology
Further updates from Rademeyer and Butterworth (2011) March document now incorporated are:
1) the catch in 2011 is assumed fixed at 6000t; and
2) a further statistic is reported: the probability of falling below 2xB2000 over the projection period.
Also a further OM/robustness test has also been constructed: in OM16 the natural mortality of fish
of age 5 and above is fixed at 0.76 from 1996 onwards. Biomass, recruitment and fishing mortality
trajectories are compared in Appendix A for a series of OMs. All the OMs are summarised in Table A1
in Appendix A.
Appendix B provides detailed technical specifications of the CMPs.
For ease of comparison of different forms of CMPs, the CMPs have been tuned to correspond to a
common achieved median catch in 2016 for the Reference Set (RS) of Operating Models. The
resultant tuning parameter values are reported in Table 1.
Broadly speaking this document examines four aspects of CMPs:
1) performance in relation to different targets for rate of increase of catches in the short term;
2) the introduction of TAC penalties if survey estimates of abundance drop below a threshold level;
3) alternative restrictions on the extent to which the TAC can vary from one year to the next; and

performance under some of the more pessimistic robustness tests.
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Results
Projections results for a series of CMPs under the RS are given in Table 2. The CMPs have been tuned
(i.e. had their control parameters adjusted) to achieve a median catch in 2016 of either 8000, 10000
or 12000t.
No penalty:
Shade plots, showing medians, 50%, 75% and 95% PI of a series of performance statistics, are shown
in Fig. 1 for CMPc1a under the RS. CMPc1a-c have been tuned to three levels of median 2016 catch;
the medians and lower 2.5%iles catch and biomass trajectories are compared in Fig. 2.
With penalty:
CMPe1a includes a penalty term if the survey results fall below a defined threshold level. Shade plots
for CMPe1a under the RS are shown in Fig. 3. Fig. 4 compares the medians and lower 2.5%iles catch
and biomass trajectories for CMPc1a (no penalty), CMPe1a (with penalty) and CMPe2a (with a
stronger penalty). These three CMPs are all tuned to a median 2016 catch of 10000t. The
corresponding trajectories under a catch of zero from 2012 onwards are also shown for comparison,
and in particular to reflect the best results for future resource status that are feasible.
Interannual TAC change constraints
Fig. 5 compares the medians and lower 2.5%iles catch and biomass trajectories for CMPe1a (+-20%
constraints on annual TAC change) and CMPe3a (+-15% constraints on annual TAC change).
Robustness tests
To check that the performance of the CMPs is reasonably robust to plausible variations of the OMs
that constitute the RS, at this stage three robustness tests have been run for CMPc1a and CMPe1a:
i.
ii.
iii.

OM15 which is a combination of the key features of OM8 (high M) and OM13 (recruitment
from last 5 years data);
OM16 which also combines a high M (0.76 from age 5 onwards) with the lower recruitment
of OM13; and
Rob3, a variant of the RS and probably the most pessimistic of the robustness tests, in which
the recruitment over the first eight years of projections is assumed to be at the level of the
lowest recruitment over the period from which the recruitment relationship is calculated
(1999-2008 for OM1, OM2, OM3, OM8 and OM14 and 2004-2008 for OM13).

Results for these robustness tests are given in Table 3 and plotted in Fig. 6.
Summary
Fig. 7 summarises performance statistics and compares them under the different CMPs for the RS,
while Fig. 8 compares the results under CMPc1a and CMPe1a for the RS and the three robustness
tests.

Discussion
Fig. 2 contrasts the performances of three CMPs tuned for different levels of short-term TAC
increase. As expected the one with the least immediate increase (CMPc1c) shows better biomass
recovery in both median and lower 5%-ile terms, though the differences in the extent of such
recovery are slight. The comparative plots shown for the zero future catch case are helpful in
indicating the best conservation performance that could be achieved, and show that even in this
case the lower 5%-ile for exploitable biomass decreases after 2017 to levels not greatly in excess of
those for the three CMPs considered.
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Fig. 4 shows the effect of introducing the penalty term (CMPe1a or CMPe2a) into the TAC formula.
This can result in appreciable reductions in the TAC given poor survey results, but the improvement
in the lower 5%-ile for the exploitable biomass is not substantial.
Fig. 5 contrasts TAC and exploitable biomass trends for limitations of 20% and 15% on annual TAC
changes. The tighter restriction makes a scarcely perceptible difference in estimated future resource
trends, and hence the 15% restriction on change in the interests of greater industrial stability would
seem perfectly acceptable in resource risk terms. This result is also evident in Fig. 7 which compares
performances of various CMPs for the RS of OMs. The trade-offs referenced above are also evident
in Fig. 7, again indicating that considerable sacrifices in catch have to be made for enhanced
exploitable biomass recovery.
Figs 6 and 8 compare the performances of CMPc1a and its equivalent with a penalty term (CMPe1a)
for the RS and a number of robustness tests. The latter Figure does indicate that CMPe1a with its
additional penalty term is more successful than CMPc1a in reducing catches under the scenarios of
Rob3 with eight successive future years of poor recruitment. The difference in impact of CMPe1a
compared to CMPc1a on TACs for the other robustness tests is less, but as evident from Fig. 6 this is
in part because at the lower 5%-ile level the exploitable biomass is at levels only slightly less that the
best achievable (under zero catch) for those scenarios.
In summary, the introduction of a penalty term in the MP TAC formula does improve performance in
terms of resource conservation risk for both the RS and the robustness tests examined, though the
improvement is slight even for relatively large sacrifices in catch if survey abundance indices drop
low. There is minimal increase in resource risk in reducing the interannual TAC change constraint
from 20% to 15%,

Future work
Further work will focus on refining the CMPs in the range of catch-recovery trades-offs desired as
advised by stakeholders. This will include examining issues such as whether the choice of three years
in calculating the Jy index for input to the MP formula (see Appendix B) is the most appropriate in
terms of performance trade-offs.
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Table 1: Tuning parameter values for each CMP.
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Table 2: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for different CMPs under the RS. For each CMP tuning
parameters were adjusted to meet the performance criterion shown in bold.
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Table 3: Projections results (median and 95% PI in parenthesis) for a series of performance statistics for different CMPs under the RS and three robustness
tests. For each CMP tuning parameters were adjusted to meet the performance criterion shown in bold for the RS.
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Fig. 1: 95, 75, 50% PI and median for a series of performance statistics for CMPc1a under the RS.

Fig. 2: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPc1a (tuned to 10000t 2016 median catch),
CMPc1b (tuned to 12000t) and CMPc1c (tuned to 8000t) under the RS. The bottom row repeats the
top row, but with different scales for improved discrimination.
7

Fig. 3: 95, 75, 50% PI and median for a series of performance statistics for CMPe1a under the RS.

Fig. 4: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPc1a, CMPe1a and CMPe2a under the RS.
The bottom row repeats the top row, but with different scales for improved discrimination.
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Fig. 5: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPe1a (interannual TAC catch constraints of
+-20%) and CMPe3c (interannual TAC catch constraints of +-15%) under the RS. The bottom row
repeats the top row, but with different scales for improved discrimination.

Fig. 6a: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPc1a, CMPe1a under Rob3. The bottom
row repeats the top row, but with different scales for improved discrimination.
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Fig. 6b: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPc1a, CMPe1a under OM15. The bottom
row repeats the top row, but with different scales for improved discrimination.

Fig. 6c: Median (full lines) and lower 2.5%iles (dashed lines) TAC, spawning biomass and exploitable
(ages 4 to 8) biomass (both in terms of 2000 level) for CMPc1a, CMPe1a under OM16. The bottom
row repeats the top row, but with different scales for improved discrimination.
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Fig. 7: Medians and 95% PI (error bars) for a series of performance statistic for different CMPs
applied to the RS.
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Fig. 8: Medians and 95% PI (error bars) for a series of performance statistic for CMPc1a (full circles)
and CMPe1a (open circles) applied to the RS and a series of robustness tests.

12

APPENDIX A: Operating Model 16

Fig. A1 compares the trajectories for the proposed VPA Reference Set (RS = OM1, OM2, OM3, OM8,
OM13 and OM14) with one further OM, OM16, in which the natural mortality for ages 5 and above
is set to 0.76 from 1996 onwards.
Table A1 summarises the different OMs and Rob3.

Table A1: Summary of the different OMs and Rob3.
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Fig. A1: Time-trajectories of spawning biomass (B4+), exploitable biomass (B4-8), recruitment (N2)
and fishing mortality (ages 4-8) for the new RS of OMs.
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APPENDIX B: Technical Specifications of Candidate Management
Procedures
The target-based Candidate Management Procedures (CMPs) formulae for computing the TAC each
year are as follows:

[

]

C y+1 = a + b(J y − 1) − pen

(B1)

0
if J y ≥ p y

pen = 
c ( p y − J y ) if J y < p y

(B2)

with

where

Cy

is the total TAC recommended for year y,

a , b and c are tuning parameters,
p y is a tuning parameter which increases linearly from 0 in 2012 to 1 in 2022 and is fixed thereafter,
and

J y is a measure of the immediate past level in the survey abundance index relative to a target level
as available to use for calculations for year y:
y
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where I y is the survey abundance index in year y.
Constraints on the interannual TAC change have also been introduced and a cap (upper bound) on
the TAC of 20,000 t has been imposed.
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