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|OTC Yellowfin Tuna Management Procedure (MP) Evaluation
Update May 20187

Management Procedure Evaluation Status

e ManagementProcedure (MP)evaluation is being pursued in the strict sense (i.e.as inthe
International Whaling Commission and Commission for the Conservation of Southern Bluefin Tuna), in
which thedata to beinputto the MP, the analysis, andthe Harvest Control Rule (HCR) are alldefined
in advance andsimulation-tested together.

o The yellowfinreference case Operating Model (simulator) is being iteratively developedin line with
IOTC technical working party requests (WPTT and WPM). Scientific and technicalconcerns have been
identified throughthese MP evaluations that require further review.

e Several generic MPs have been evaluated foreachof the tuning objectives requested by the TCMP-01
(2017). Asmall subset, 2 MPs per tuning objective, are presented here, to illustrate typical
performance, and facilitate feedbackfor the nextiteration.

e Thisisaniterative process, wherea main feedback priority for the TCMP-02 is to refine management
objectives and MP tuning targets.

e Phase2 scientificand technical supportfunding endsin Dec2018.

Yellowfin MP Development Guidance from TCMP-01 (2017)

Tuning objectives refer to a key management objective thatthe MPs canachieve precisely (e.g. achievingSB >
SBmsy With a 50% probability by 2024). The tuning objective normallyrelates to a desirable biomass (interms of
the risk of exceeding reference points and/ora rebuilding timeframe), and has a verystrong influence on the
obtainableyield (because biomass risk and attainable catchare closely related). Tuning ensures that candidate
MPs areidentical with respect to this high priority objective, making it easier to selectamong MPs on the basis
of performance with respect to secondary management objectives (e.g. yieldandcatch stability). Ideallythe
Commission will have narrowed downthe tuning objectives to 1 or 2 before MP selection. This will allow MP
developersto focus MP development. TCMP-01 defined 5 interim yellowfintuning objectives:

TY1: Pr(mean(SB(2019:2038)>=SB(MSY) ) =0.5. Average Spawning Biomass (SB) over the period 2019-2038
exceeds SBwmsy in exactly 50% of the simulations).

TY2: Pr(Kobegreenzone2019:2038)=0.5. The stock statusisin the Kobe green quadrant over the period
2019-2038 exactly 50% of the time (averaged over all simulations).

TY3: Pr(Kobegreenzone2019:2038)=0.6. The stock statusisin the Kobe green quadrant over the period
2019-2038 exactly 60% of the time (averaged over all simulations).

TY4: Pr(Kobegreenzone2019:2038)=0.7. Thestock statusisin the Kobe green quadrant over the period
2019-2038 exactly 70% of the time (averaged over all simulations).

TY5: Pr(SB(2024)>=SB(MSY))=0.5.Average SBin 2024 exceeds SBwmsy in exactly50% of the simulations).

TCMP-01 (2017) recognized the desirability of other MP constraints used in preliminary testing:

e Total Allowable Catch (TAC) to be setevery 3 years (and held constant between settings)
e A maximumof 15% changeto the TAC (increase or decrease) relative to the previous TAC

1 D.Kolody & P. Jumppanen, CSIRO, Hobart, TAS, Australia (email: dale.kolody@csiro.au)
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Management Procedures Labels

The first three characters of the candidate MP name correspond to the tuning objective and the finalletter designates the
model class, e.g. TY1.D: tuning =TY1 (above), data-based MP (below). Commonly, the tuning objective is more important
than the MP type in determining management performance.

"M" class (model-based) MPs
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Figure 1. The model-based (M-class) MPs involve two steps: 1) fitting a simple surplus production model, and 2) applying a
Harvest Control Rule (HCR) to the model estimates. The individual M-class MPs differ in terms of the Control Parameters
(CP1-CP3) that define the shape of the HCR. In the examples presented here, CP1 and CP2 were constant (at a range of
different levels in different candidate MPs), while numerical optimization was used to find the value of CP3 that achieves
the precise tuning objective.

"D" class (data-based) MPs
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Figure 2. The data-based (D-class) MPs attempt to manage the fishery to achieve a target value of (standardized longline)
CPUE. The next TAC is increased relative to the current TAC if current CPUE is above the target CPUE and the CPUE trend is
increasing. Conversely, the next TAC is decreased relative to the current TAC ifcurrent CPUE is below the target CPUE and
the CPUE trend isdecreasing. If the CPUE location relative to the target and CPUE slope are in opposite directions, the TAC
change could bein either direction, depending on the magnitude of these indicators, and the associated control
parameters. Control parametersinclude: 1) the number of years in the CPUE slope calculation, 2) responsiveness to CPUE
target deviation, 3) responsiveness to CPUE slope and 4) the CPUE target (the tuning parameter in this case).
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Summary of Candidate Yellowfin MP Performance

MP performance rankings for 10 MPs are summarized in Table 1, and illustrated in the standard Figs.
3-9. More comprehensive summary tables are presented in Appendix 1. These results will be used
to facilitate more detailed discussion during the TCMP-02 and get the TCMP feedback to progress on
the development of MSE further work, but we draw attentionto a few key points:

e The tuning levels are much more important than the MP-class (and MP variants within each
MP class) in determining performance.

e The MPs cover a substantial range of the performance trade-off space. Inorder of
decreasing biomass risk, the tuning levels arearranged TY1, TY2, TY3, TY4. TY5is similar to
TY3.

e There is a high level of performance variability among simulations for each MP, such that
even the most conservative tuning objective (TY4) has a non-negligible probability of
breaching the biomass limit.

e All of the tuned MPs resulted in average (20 year) projected catches that are substantially
lower than current (2016) catches.

e The most conservative tuning objective (TY4)was only attainable by relaxing the 15% TAC
change constraint to 25% (i.e. without relaxing the change constraint, catches could not be
reduced quickly enough to reachthe objective).

Feedback Requestsforthe TCMP

The MP development process will work most effectively if the TCMP can provide further feedback
about the management objectives that the scientists should be trying to achieve. The following
points are provided to suggest the type of feedback that would be most useful for scientists for
future iterations.

The single most important factor is defining where on the catch and biomass risk trade -off
relationship the Commission would like to be. This should be defined as a tuning objective, that the
scientists canachieve exactly, while providing future MP variations that differ in other respects.

Itis useful to define tuning objectives in common units, because the different performance
measures tend to be highly correlated, and different performance measures may be pointing to the
same generalspace. The median SB/SBysy (as used in TY1)is particularly attractive for tuning and
communication purposes because:

e This value is expressed in the same units as the interim biomass target and limit reference
points.

e SB/SBwsy has a direct mapping in the standard figures (3,4 and 5). i.e. The median SB/SBysy
for the TY1-tuned MPs fall precisely on SBareet = SBmsy. The probability of being in the green
Kobe quadrant does not map directly onto the standard plots.
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e Within the current Operating Model, TY2 - TY5 can be approximately translated into
SB/SB sy units, i.e. from Table 1:
o TY1=Pr(mean(SB(2019:2038)>=1.00SB(MSY) ) = 0.5 (unchanged)
= Average SB over the period 2019-2038 exceeds SBysy in exactly 50% of the
simulations.
o TY2=Pr(mean(SB(2019:2038)>=1.25SB(MSY) ) =0.5.
= The stock status is in the Kobe green quadrant over the period 2019-2038
exactly 50% of the time (averaged over all simulations) is very similar to:
average SB over the period 2019-2038 exceeds 1.25 SBysy in exactly 50% of
the simulations.
o TY3=Pr(mean(SB(2019:2038)>=1.45SB(MSY) ) = 0.5.
= The stock status is in the Kobe green quadrant over the period 2019-2038
exactly 50% of the time (averaged over all simulations) is very similar to:
average SB over the period 2019-2038 exceeds 1.45 SBysy in exactly 50% of
the simulations.
o TY4=Pr(mean(SB(2019:2038)>=1.65SB(MSY) ) = 0.5.
® The stock status is in the Kobe green quadrant over the period 2019-2038
exactly 50% of the time (averaged over all simulations) is very similar to:
average SB over the period 2019-2038 exceeds 1.65 SBysy in exactly 50% of
the simulations.
o TY5=Pr(mean(SB(2019:2038)>=1.40SB(MSY) ) =0.5
= SBin 2024 exceeds SBysy in exactly 50% of the simulations is very similar to:
average SB over the period 2019-2038 exceeds 1.40 SBy,sy in exactly 50% of
the simulations.

e Tuning based on median (50th) percentiles are likely to be more robust to Operating Model
review and revision than objectives based on "high probabilities", because uncertainty
quantification is a difficult process, and the statistical inferences are likely to be more robust
near the middle of the simulation distributions.

If a single tuning objective can be agreed, this would allow focussed development of MPs that are
directly comparable, and which differ with respect to secondary management performance
measures. To make detailed consideration of MP trade-offs, it has proved useful in other fora to
focus on a maximum of about 6 MPs. Ifa range of tuning objectives is still desired at this time, we
would suggest aiming for a maximum of 3. These can be further refined in subsequent iterations
and interpolation between performance of close tuning objectives is reasonable for discussion
purposes. Targeted MP development might be used to address concerns about the time series of
MP performance in a manner that is more nuanced thanthe generic HCRs applied here.

The TCMP may want to reconsider the tuning timeframe. The interim tuning objectives (and most of
the summary plots) are based on averagesover the years 2019-2038. It would be unusual to expect
an MP to operate for 20 yearswithout review and revision, so it maybe reasonable to focus
performance measures on a shorter (e.g. 10-15 year timeframe).
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Table 1. Performance of candidate MPs with respect to key performance measures (averaged over the period 2019-2038).
Shading indicates the relative performance (darker = better). Note that 2016 catch was413 000t, and the mean catch from
1992-2016 was 374 000't.

Performance Measure
Management Catch
Procedure SB/SBmsy Prob(Green) Prob(SB>limit) Mean Catch Variability
TY1.M 1(0.5-1.4) 0.37 0.73 329 (235-411) 5.7
TY1.D 1(0.56-1.5) 0.41 0.73 320(230-398) 6.3
TY2.M 1.3(0.72-1.6) 0.51 0.79 300 (226-375) 5
TY2.D 1.2 (0.74-1.7) 0.5 0.79 319 (232-393) 5.5
TY3.M 1.5(0.86-1.9) 0.61 0.82 257 (222-317) 4.9
TY3.D 1.4 (0.86-1.9) 0.6 0.82 281 (227-328) 5.2
TY4.M 1.7 (1.3-2) 0.71 0.89 226 (173-300) 7
TY4.D 1.6 (1.2-2) 0.7 0.88 270 (203-329) 7.9
TY5.M 1.5(0.86-1.9) 0.61 0.82 262 (222-322) 4.9
TY5.D 1.3(0.78-1.7) 0.54 0.8 311 (229-376) 5.4
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Figure 3. Boxplots comparing candidate MPs with respect to key performance measures averaged over the period 2019 -
2038. Horizontal line isthe median, boxes represent 25th - 75th percentiles, thin lines represent 10th - 90th percentiles. Red
and green horizontal lines represent the interim limit and target reference points. The horizontal dashed black lineis 2016
catch.
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Figure4. Trade-off plotscomparing candidate MPs with respect to catch on the X-axis, and 4 other key performance
measures on the Y-axis, each averaged over the period 2019 -2038. Circleisthe median, lines represent 10th-90th
percentiles. Red and green horizontal lines represent the interim limit and target reference points. The dashed vertical black
lineis 2016 catch.
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Figure 5. Kobe plot comparing candidate MPs on the basis of the expected 20 year average (2019-2038) performance.
Circleisthe median, lines represent 10th-90th percentiles.
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Kobe Quadrant Probabilities
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Figure 6. Proportion of simulationsin each of the Kobe quadrants over time for each of the candidate MPs. Historical
estimates areincluded in the top panel.
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Figure 7. Time series of spawning stock size for the candidate MPs. The top panel represents the historical estimates from
the reference case operating model, and lower plots represent the projection period. The solid vertical line represents the
last year used in the historical conditioning. The broken vertical line represents the first year that the MP is applied. The
median is represented by the bold black line, the dark shaded ribbon represents the 25th-75th percentiles, the light shaded
ribbon represents the 10th-90th percentiles. Thick broken lines represent the interim target (green) and limit (red) reference
points. The 3 thin coloured lines represent examples of individual realizations (the same OM scenarios across MPs and
performance measures), toillustrate that individual variability greatly exceeds the median.
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Figure 8. Time series of fishing intensity (Upper bound truncated at F = 3) for the candidate MPs. The top panel represents
the historical estimates from the reference case operating model, and lower plots represent the projection period. The solid
vertical line represents the last year used in the historical conditioning. The broken vertical line represents the first year
that the MP is applied. The median is represented by the bold black line, the dark shaded ribbon representsthe 25th-75th
percentiles, the light shaded ribbon represents the 10th-90th percentiles. Thick broken lines represent the interim target
(green) and limit (red) reference points. The 3 thin coloured lines represent examples of individual realizations (the same
OM scenarios across MPs and performance measures), to illustrate that individual variability greatly exceeds the median.
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Figure 9. Time series of catch for the candidate MPs. The top panel represents the historical estimates from the reference
case operating model, and lower plots represent the projection period. The solid vertical line represents the last year used in
the historical conditioning. The broken vertical line represents the first year that the MP is applied. The median is
represented by the bold black line, the dark shaded ribbon represents the 25th-75th percentiles, the light shaded ribbon
represents the 10th-90th percentiles. The broken black horizontal line represents recent (2016) catch. The 3 thin coloured
lines represent examples of individual realizations (the same OM scenarios across MPs and performance measures), to
illustrate that individual variability greatly exceeds the median.
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Appendix 1. Candidate Management Procedure summary performance tables. In the interest of
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legibility, the results of MPs for tuning level TY5 are omitted from these tables. The omitted results

are very similar to the MP results for TY3.

Table Ala. Candidate MP performance for standard IOTC performance measures for the year 2019.

Status : maximise stock status

1year average

TY1.M TY1.D TY2.M TY2.D TY3.M TY3.D TY4.M TY4.D
Mean spawner biomass relative to SB/SB, 0.27 0.27 0.28 0.28 0.28 0.28 0.28 0.28
pristine
Minimum spawner biomass relative to SB/SBo 0.27 0.27 0.27 0.27 0.27 0.27 0.28 0.28
pristine
Mean spawner biomass relative to SB/SBuisy 0.87 0.86 0.88 0.88 0.88 0.88 0.9 0.90
SBMSY
Mean fishing mortality relative to FMSY | F/Fer 1.1 1.1 0.98 0.96 0.95 0.94 0.82 0.81
Mean fishing mortality relative to target | F/Fusy 1.1 1.1 0.98 0.96 0.95 0.94 0.82 0.81
Probability of being in Kobe green SB,F 0.4 0.39 0.41 0.41 0.41 0.41 0.43 0.43
quadrant
Probability of being in Kobe red SB,F 0.52 0.54 0.48 0.48 0.47 0.47 0.41 0.41
quadrant
Safety : maximise the probability of remaining above low stock status (i.e. minimise risk)
Probability of spawner biomass being SB 0.65 0.64 0.66 0.66 0.66 0.66 0.68 0.68
above 20% of SBO
Probability of spawner biomass being SB 0.84 0.83 0.85 0.85 0.85 0.85 0.85 0.86
above BLim
Yield : maximise catches across regions and gears
Mean catch (1000 t) C 373 368 351 351 351 351 310 310
Mean relative CPUE (aggregate) C 0.89 0.94 0.85 0.84 0.83 0.83 0.74 0.74
Mean catch relative to MSY C/MSY 0.69 0.68 0.7 0.7 0.71 0.7 0.72 0.7
Stability: maximise stability in catches to reduce commercial uncertainty
Mean absolute proportional change in C 9.4 15 15 15 15 15 25 25
catch
% Catch coefficient of variation C 0 0 0 0 0 0 0 0
Probability of shutdown C 0 0 0 0 0 0 0 0
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Table Alb. Candidate MP performance for standard IOTC performance measures averaged over the years 2019-2024.
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Status : maximise stock status

5year average

TB1.M | TB1.D | TB2.M TB2.D | TB3.M TB3.D TB4.M TB4.D
Mean spawner biomass relative to SB/SB, 0.46 0.46 0.47 0.46 0.47 0.47 0.49 0.48
pristine
Minimum spawner biomass relative to SB/SB, 0.39 0.39 0.4 0.4 0.41 0.4 0.41 0.40
pristine
Mean spawner biomass relative to SB/SBuwisy 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7
SBMSY
Mean fishing mortality relative to FMSY | F/Fur 0.67 0.62 0.59 0.6 0.54 0.57 0.5 0.54
Mean fishing mortality relative to target | F/Fusy 0.67 0.62 0.59 0.6 0.54 0.57 0.5 0.54
Probability of being in Kobe green SB,F 0.75 0.81 0.83 0.82 0.87 0.83 0.88 0.86
quadrant
Probability of being in Kobe red SB,F 0.16 0.12 0.11 0.14 0.072 0.13 0.048 0.086
quadrant
Safety : maximise the probability of remaining above low stock status (i.e. minimise risk)
Probability of spawner biomass being SB 0.94 0.97 0.97 0.95 0.98 0.96 0.98 0.97
above 20% of SBO
Probability of spawner biomass being SB 0.97 0.99 0.99 0.99 0.99 0.99 1 0.99
above BLim
Yield : maximise catches across regions and gears
Mean catch (1000 t) C 118 108 104 105 97 104 91 100
Mean relative CPUE (aggregate) C 1 0.92 0.9 0.92 0.82 0.88 0.77 0.83
Mean catch relative to MSY C/MSY 0.96 1 1 0.98 1.1 1 1.1 1
Stability: maximise stability in catches to reduce commercial uncertainty
Mean absolute proportional change in C 10 7.7 6 6 4.5 6 4.6 6
catch
% Catch coefficient of variation C 0.12 0.12 0.078 0.078 0.078 0.078 0.078 0.078
Probability of shutdown C 0 0 0 0 0 0 0 0
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Table Alc. Candidate MP performance for standard IOTC performance measures averaged over the years 2019-2028.
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Status : maximise stock status

10 year average

TB1.M TB1.D TB2.M TB2.D TB3.M TB3.D TB4.M TB4.D
Mean spawner biomass relative to SB/SBo 0.41 0.43 0.45 0.45 0.47 0.47 0.49 0.48
pristine
Minimum spawner biomass relative to SB/SBo 0.25 0.28 0.33 0.32 0.34 0.33 0.36 0.35
pristine
Mean spawner biomass relative to SB/SBuisy 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.8
SBMSY
Mean fishing mortality relative to FMSY | F/F, 0.94 0.83 0.69 0.74 0.63 0.66 0.57 0.58
Mean fishing mortality relative to target | F/Fmsy 0.94 0.83 0.69 0.74 0.63 0.66 0.57 0.58
Probability of being in Kobe green SB,F 0.59 0.66 0.74 0.72 0.81 0.76 0.86 0.82
quadrant
Probability of being in Kobe red SB,F 0.26 0.21 0.18 0.2 0.11 0.16 0.07 0.11
quadrant
Safety : maximise the probability of remaining above low stock status (i.e. minimise risk)
Probability of spawner biomass being SB 0.84 0.9 0.93 0.9 0.96 0.92 0.97 0.95
above 20% of SBO
Probability of spawner biomass being SB 0.9 0.95 0.97 0.95 0.98 0.97 0.99 0.99
above BLim
Yield : maximise catches across regions and gears
Mean catch (1000 t) C 142 128 116 118 108 117 100 105
Mean relative CPUE (aggregate) C 1.2 1.1 1 1 0.90 0.95 0.85 0.89
Mean catch relative to MSY C/MSY 0.9 0.95 1 0.97 1 1 1.1 1.1
Stability: maximise stability in catches to reduce commercial uncertainty
Mean absolute proportional change in C 10 8.3 5.8 6 5 6 4.9 5.8
catch
% Catch coefficient of variation C 0.23 0.22 0.15 0.15 0.15 0.15 0.14 0.14
Probability of shutdown C 0.0023 0 | 0.00033 | 0.00066 0 | 0.00033 0 0
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Table Ald. Candidate MP performance for standard IOTC performance measures averaged over the years 2019-2038.
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Status : maximise stock status

20 year average

TY1.M TY1.D TY2.M TY2.D TY3.M TY3.D TY4.M TY4.D
Mean spawner biomass relative to SB/SB, 0.3 0.31 0.4 0.38 0.46 0.45 0.52 0.49
pristine
Minimum spawner biomass relative to SB/SB, 0.11 0.13 0.15 0.15 0.2 0.2 0.21 0.21
pristine
Mean spawner biomass relative to SB/SBuyisy 1 1 1.3 1.2 1.5 1.4 1.7 1.6
SBMSY
Mean fishing mortality relative to FMSY | F/Fir 1 0.96 0.79 0.84 0.6 0.64 0.48 0.54
Mean fishing mortality relative to target | F/Fusy 1 0.96 0.79 0.84 0.6 0.64 0.48 0.54
Probability of being in Kobe green SB,F 0.37 0.41 0.51 0.5 0.61 0.6 0.71 0.7
quadrant
Probability of being in Kobe red SB,F 0.49 0.45 0.35 0.37 0.28 0.28 0.18 0.19
quadrant
Safety : maximise the probability of remaining above low stock status (i.e. minimise risk)
Probability of spawner biomass being SB 0.59 0.61 0.69 0.68 0.73 0.73 0.82 0.81
above 20% of SBO
Probability of spawner biomass being SB 0.73 0.73 0.79 0.79 0.82 0.82 0.89 0.88
above BLim
Yield : maximise catches across regions and gears
Mean catch (1000 t) C 329 320 300 319 257 281 226 270
Mean relative CPUE (aggregate) C 0.78 0.73 0.71 0.73 0.62 0.66 0.55 0.61
Mean catch relative to MSY C/MSY 0.87 0.94 1.1 1 1.2 1.2 1.4 1.4
Stability: maximise stability in catches to reduce commercial uncertainty
Mean absolute proportional change in C 5.7 6.3 5 5.5 4.9 5.2 7 7.9
catch
% Catch coefficient of variation C 0.19 0.22 0.19 0.19 0.2 0.16 0.26 0.24
Probability of shutdown C 0.096 0.097 0.077 0.079 0.072 0.072 0.035 0.034
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