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Introduction

Four candidate mana%ement procedures (CMP_1, CMEFMP, 3 and CMP_4) were selected for
further analysis at thé"4AVlanagement Procedure Workshop and Special ManagdPnecedure
Management Consultation in Canberra, 16-23 May 280%hat meeting the following decisions were
made:
1. A new reference set would be produced that woutduebe scenarios which predicted abundance
at ages three and four in 2004 that were belovatieal catches in 2004.
2. TAC reductions of 0, 2500 and 5000 t in 2006 wdwgdrun for the “b” catch schedule (TAC
changes in 2008 and every three years thereafter).
3. A new catch schedule “d” would be implemented (Té&@nges in 2007, 2009, 2011 and every
three years thereafter).
4. The basic runs for the CMPs would comprise theWilhg axes:
a. Tuning parameters for each CMP corresponding tottwing levels (1.1 and 1.3) for the
old Cfull2 reference set.
b. Four catch schedules (“b” with 0, 2500, 5000 TAGuetion in 2006, and “d”).
c. Five scenarios (new reference set, lowR2, lowRdlefR, expl). LowR2 and LowR4
refer to the number of years of low recruitment gled after the 2000 and 2001 years of
low recruitment, tripleR triples the recruitments2000 and 2001, and expl constrains
the catch-to-abundance ratid, by applying a heavy penalty whet(3,2003:2004) >
Hhigh WthEHhith 0.8-[1168.[1‘('(223,84188)).
d. Four CMPs.
5. In total, there would be 160 combinations of runs.

Intersessional discussions based on analyses deddafter MPW4 lead to changes in the approach
used to conduct the final CMP testing. First,ghecess used to amend the reference set was mibdifie
Instead of excluding scenarios for which abundavae less than the catches in 2004, abundances at
ages 3 and 4 in 2003 and 2004 were forced to exbeeactual catches by penalizing the likelihood
whenever the ratio of actual catch to abundaneg@exceeded 0.60. Also, the expl scenario was
modified by using the actual catches in the contpmriaf the (penalized) harvest rates, insteadhef t
predicted catches as was done before. Detailgravéded in Appendix I.

Second, a new schedule of TAC changes (schedujevas proposed to replace schedule “d”. The
rationale behind the evaluation of catch reductiar006 and the new catch schedule “d” was that th
pessimistic status of the stock resulting fromneated low recruitments in 2000 and 2001, and plssib
more years after 2001, may require TAC reducti@mner than 2008, when the first change in TAC
would occur under schedule “b”. Catch schedulediitiwed more TAC changes than schedule “b” and
should therefore allow for earlier TAC reductior®wever, initial examination revealed that under
schedule “d” the CMPs generally recommended thta807 TACs remained constant (CMP_1,
CMP_2, CMP_4) or increased (CMP_3), depending douitt restrictions on allowing increases in that
year (Figure 1). The reason for this unexpectedltress that CPUE had generally increased in the



preceding years, and the additional year (2004)mtilated CPUE used for catch schedule “d” did not
provide strong enough evidence for TAC decreasesi(& 2).

An intersessional email discussion came to thelosion that the runs for schedule “d” be replaced b
three additional runs under a new schedule “e”e8ale “e” is the same as schedule “d”, exceptithat
the first TAC decision period (2007) there woulddect TAC reductions of either 0, 2500 or 5000 t.
The CMPs would then set TACs in 2009, 2011 andyetleee years thereafter, as before. Replacing
schedule “d” with new schedules “e”, “e2500” an&080” increased the total number of runs from 160
to 240.

In addition, some of the procedures that includmtstraints to prevent quota increases in the initia
period did not achieve the intended effect in thusses where the TAC was initially cut by 2500 or

5000 t. This is the case for CMP_1 and CMP_4. rElason is that in those procedures the no-increase
constraint was implemented as not allowing the TiA@e initial period to exceed the current TAC.

This became ineffective when the quota cuts wedeaddecause in those cases the TACs could increase
back to the current level in the next change pe@asdhey did in many cases. This problem was
corrected in this paper. Except for these modifice to the constraints, the original MP codes

provided by the developers were used for thesauatiahs. Details about the four CMP formulations

are provided in Appendix Il.

This paper aims to provide a full set of figuresa#ing the performance of the four CMPs combined
with alternative initial catch reductions in eitt2806 or 2007 under the various scenarios outlined
above.

Terminology

Each of the 200 runs is denoted by CMFk |

i is the number of the CMP (1, 2, 3, or 4)

j is the tuning level parameters used (2 for 1.13%fa 1.3)

k is the catch schedule (b, b2500, b5000, e250@0950

| is the scenario (refset, lowR2, lowR4, tripleR, lexp

CMP_1 2e5000_refset refers to CMP_1, tuning l&vE| catch schedule “e” with catch reduction of
5000 t in 2007, applied to the reference set.

CMP_4 3b_lowR4 refers to CMP_4, tuning level t&gch schedule “b” with no TAC reduction in
2006, under the lowR4 scenario.

Brief discussion

It must first be noted that it is difficult to do#y compare the performance of the CMPs basetieset
plots because of the differences in tuning undemtw reference set. It was decided in Canberta tha
the CMPs wouldhot be retuned based on the new reference set, buhthaining parameters obtained
from the old reference set (Cfull2) would be udadaddition, the tuning parameters for the “b”
schedule have also been used for the new “e” caicldule. The implications are that the ratio of
B2022:B2004 is no longer 1.1 for the “1.1 tuninggmaeters”, and is no longer 1.3 for the “1.3 tuning
parameters), as can be seen in Figure 7 througlid=i. The ratios for schedule 2b (no quotarcut i
2006) went from 1.1 in the old reference set t@,11223, 1.29 and 1.17 respectively for CMPs 1 i 4
the new reference set (Table 3). This differerfiects the higher recruitment estimates obtained b
constraining the catch-to-abundance ratio in caitg so that it could not exceed 0.60.

Substantially higher rebuilding ratios were obtdiméth the addition of quota cuts for CMP_2, CMP_3
and CMP_4, but much less so for CMP_1 (Table 3)e f&tios for CMP_1 were generally lower than



for the other CMPs, with a maximum of 1.46 for thé tuning parameters compared to 1.81-1.99 for
the other CMPs (Table 3). When early TAC reducioere implemented in 2006 or 2007, CMP_1,
CMP_2 and CMP_4 were constrained to not allow caicteases for the next 2-3 decision periods, and
the decision rule CMP_3 rarely allowed catch insesaabove the 2006/2007 catch level. However,
CMP_1 was more likely to increase later catchesoas as catch increases were allowed (after 2015),
resulting in a B2022:B2004 ratio closer to the atiained with no TAC cuts and maintaining the 20-yr
average catches at similar levels (Figure 23, lei@4r). For CMP_2, CMP_3 and CMP_4, the TAC
reductions in 2006 or 2007 generally resulted welbaverage catches over 20 years, reduced shiort-te
risks and higher biomasses in 2022 (Figure 23).

Of all the procedures, CMP_3 tended to have thdlsst®AV values, smallest maximum TAC
decreases and lowest 20-yr average catches. Bweglt it was the only procedure that would alloes th
TAC to increase in the start period if indicatedthg data (the other three CMPs did not allow aAZ T
increases in the start period), it was the le&stylito propose TAC increases if the TACs were oedu

in 2006 or 2007 (Figure 17 to Figure 22). A possitdason for this difference is that CMP_3 uses the
minimum of a recruitment-based and a CPUE-trenédasmponents (see Appendix Il), and thus was
more reactive to recent recruitment failure. Theeoprocedures were slower to respond, even those
procedures that had built in recruitment effect8IFC 1 and CMP_2). When initial quotas were
reduced, a sizeable proportion of the TACs in 20&fe set at the bound imposed by the no-increase
constraints (Figures 3 and 4). CMP_3, on the dibed, was less responsive to possible stock isesea
after 2015.
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Compare projections (10, 50th percentiles) using refset
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Figure 8 As for Figure 7 but for CMP_2.
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Compare projections (10, 50th percentiles) using refset
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Figure 9 As for Figure 7 but for CMP_3.
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Compare projections (10, 50th percentiles) using refset
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Figure 10 As for Figure 7 but for CMP_4.
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Compare projections (10, 50th percentiles) using refset
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Figure 11 18 and 58 percentiles of biomass and catch for catch scleetttiland tuning level 1.1 comparing the
four CMPs for the new reference set.
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Compare projections (10, 50th percentiles) using refset
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Figure 12 As for Figure 11 but with a 2500 t catetiuction in 2006.
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Compare projections (10, 50th percentiles) using refset
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Figure 14 As for Figure 11 but using catch schetgilavith no catch reduction in 2007.
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Compare projections (10, 50th percentiles) using refset
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Figure 15 As for Figure 11 but using catch schetiilavith a 2500 t catch reduction in 2007.
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Compare projections (10, 50th percentiles) using refset
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Figure 16 As for Figure 11 but using catch schetiilavith a 5000 t catch reduction in 2007.
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Figure 17 Trajectories of biomass and catch fohedi¢he candidate management procedures undér catc
schedule “b” and the 1.1 tuning parameters. Fon géat, the median is indicated by a red dotted, lihe 98
percentiles are shaded, and ten individual biorandscatch realization are plotted. Note: for corspa, the
individual worms correspond to the same replicatesss the four CMPs.
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Figure 18 As for Figure 17 but under catch schetb@500".
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Figure 19 As for Figure 17 but under catch scheti&000".
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Figure 20 As for Figure 17 but under catch schetizgé.
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Figure 21 As for Figure 17 but under catch scheteé@500".

26



CMP_1 2e5000 CMP_2 2e5000 CMP_3 2e5000 CMP_4 2e5000

100 150 200 250
1 1 1 1

Biomass (in 1000's MT)

50

30 40
1

Catch (in 1000's MT)

T T T T T T T T T T T T T T T T T T T T T T T T
2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030

Year

Figure 22 As for Figure 17 but under catch schetzeé&000”.
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Figure 26 Compare the performance of the CMPs uthgereference set and different robustness foalsatch
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Figure 27 As for Figure 26 but for catch sched@e5000".
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Figure 29 As for Figure 26 but for catch sched@e5000".

34



Tradeoff in biomass and catch performance for selected MP's
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Figure 30 Tradeoff between the median 10-year-geecatch and the f(percentile of the abundance in 2014
(relative to 2004) for the four MPs and six catchexlules using the 1.1 tuning parameters.
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Figure 31 As for Figure 30 but using the 1.3 turpagameters.
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Tradeoff in biomass and catch performance for selected MP's

14000 X
CMP_1 CMP_2
13000 o
X
12000 o)
FAN Av
D 11000
3 Vo4
s
S! 10000 +
(@]
©
P 9000
5
14000
S CMP_3 O CMP_4
o
S 13000 X
3 x ©
12000 A
© 2b
11000 A & 2b2500
+  2b5000
X 2e +
10000 \V/ 22500 v
+ vV 2e5000
9000
T I I I I I I T I I I I I I
034 036 038 040 042 044 046 034 036 038 040 042 044 046

10th percentile of CPUE.2009

Figure 32 Tradeoff between median 10-year-averaggh@nd the 0percentile of CPUE in 2009 (relative to
2004) for each of the four CPUEs over the catcledales using 1.1 tuning parameters.
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Figure 33 As for Figure 32 but using the 1.3 turpagameters.
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Table 1 18 percentile of B2014 (relative to 2004).

Schedules ZERO MAXDECCONST CMP_1 CMP_2 CMP_3 CMP_4
2b 0.92 0.58 0.22 0.50 0.43 0.41 0.38
2b2500 0.98 0.77 0.22 0.58 0.58 0.58 0.54
2b5000 1.04 0.94 0.22 0.69 0.72 0.74 0.72
2e 0.80 0.53 0.22 0.46 0.33 0.42 0.42
2e2500 0.85 0.69 0.22 0.54 0.46 0.55 0.56
2e5000 0.91 0.83 0.22 0.64 0.60 0.68 0.69

Table 2 58 percentile of B2014 (relative to 2004).

Schedules ZERO MAXDECCONST CMP 1 CMP 2 CMP 3 CMP 4
2b 1.24 0.90 0.61 0.81 0.74 0.75 0.70
2b2500 1.32 1.08 0.61 0.88 0.87 0.89 0.85
2b5000 1.39 1.26 0.61 0.97 1.01 1.04 1.00
2e 1.11 0.86 0.61 0.77 0.66 0.75 0.74
262500 1.17 1.00 0.61 0.83 0.77 0.86 0.85
2e5000 1.22 1.15 0.61 0.92 0.90 0.97 0.97

Table 3 56 percentile of B2022 (relative to 2004) using the tining parameters (for the old Cfull2 reference
set). Note that if the CMPs were tuned to 1.1 Hernew reference set then all of their values wbeld.1 here.

Schedules ZERO MAXDECCONST CMP_1 CMP_2 CMP_3 CMP_4
2b 3.03 2.34 0.49 1.23 1.23 1.29 1.17
2b2500 3.11 2.67 0.49 1.29 151 1.63 1.50
2b5000 3.20 2.98 0.49 1.46 1.81 1.99 1.83
2e 2.77 2.24 0.49 1.18 1.01 1.33 1.34
2e2500 2.86 2.53 0.49 1.26 1.28 1.63 1.62
2e5000 2.95 2.80 0.49 1.40 1.60 1.94 1.91

Table 4 58 percentile of B2022 (relative to 2004) using th@ tlining parameters (for the old Cfull2 reference
set). Note that if the CMPs were tuned to 1.3lernew reference set then all of their values wbeld.3 here.

Schedules ZERO MAXDECCONST CMP_1 CMP_2 CMP_3 CMP_4
2b 3.03 2.34 0.49 1.44 1.48 1.48 1.42
2b2500 3.11 2.67 0.49 155 1.75 1.79 1.73
2b5000 3.20 2.98 0.49 1.64 2.02 211 2.03
2e 2.77 2.24 0.49 1.40 1.24 151 1.56
2e2500 2.86 2.53 0.49 1.49 1.48 1.80 1.83
2e5000 2.95 2.80 0.49 1.58 1.78 2.07 2.09
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Table 5 18 percentile of CPUE in 2009 (relative to that ir02Pusing the 1.1 tuning parameters.

Schedules ZERO MAXDECCONST CMP_1 CMP_2 CMP_3 CMP_4
2b 0.44 0.39 0.36 0.37 0.37 0.37 0.36
2b2500 0.47 0.43 0.36 0.40 0.40 0.41 0.40
2b5000 0.50 0.47 0.36 0.44 0.44 0.45 0.44
2e 0.37 0.36 0.36 0.36 0.36 0.36 0.36
2e2500 0.39 0.39 0.36 0.39 0.39 0.39 0.39
2e5000 0.42 0.42 0.36 0.41 041 0.42 0.42

Table 6 58 percentile of CPUE in 2009 (relative to that ir02Pusing the 1.1 tuning parameters.

Schedules ZERO MAXDECCONST CMP_1 CMP_2 CMP_3 CMP_4
2b 0.72 0.65 0.61 0.63 0.63 0.63 0.62
2b2500 0.76 0.70 0.61 0.68 0.68 0.68 0.67
2b5000 0.80 0.76 0.61 0.72 0.73 0.73 0.73
2e 0.62 0.61 0.61 0.61 0.61 0.61 0.61
2e2500 0.66 0.65 0.61 0.65 0.65 0.65 0.65
2e5000 0.69 0.68 0.61 0.68 0.68 0.68 0.68
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Appendix I. Incorporation of 2004 harvest rate constraints into the OM.

This appendix summarizes intersessional discussedasve to the incorporation of harvest rate
constraints into the operating models.

Background

In discussions at the meeting MPW4, it was noted &hundances simulated for the weak cohorts 2000
and 2001 could be lower than the actual catchadiaction of the scenarios, or could imply
unrealistically high harvest rates in 2003 and 2@4e of the robustness trials proposed in Sedétie,
Cfull2_expl, was designed to impose a constraitihvénharvest rates of the surface fishery, so that
harvest rates would not exceed 80% of the highdsamates estimated for the period 1984-1988. As
noted in paper MP/0505/09, this robustness teshalicdichieve the desired increase in abundance of
year classes 2000 and 2001.

The decision at MPW4 was to amend the referencgCs$eli2) by dropping the scenarios for which

abundance at ages 3 and 4 in 2004 were lower ligaactual catches.

The following models were chosen to test the fM&s under the different TAC-changing schedules:
1) an amended Cfull2, dropping scenarios where

N3,2004e_0'5M @< Csa004 and N4,2oo4e_0'5M @< C..2004

2) lowR2, lowR4, noAC_tripleR, all based on the ameh@éull2
3) Cfull2_expl.

New Results

The 2004 catches at ages 1-5 for all fisheries aoadbcirculated by the Secretariat are

Age Catch

1 102.18

2 96,089.86
3 207,039.59
4 29,347.37
5 20,894.42

Below are histograms showing the ratios of CatdiefNages 3 and 4 in 2004 for the 2000 scenarios in
Cfull2.

Histogram of HR3

Frequency
0 150
I

HR3
Histogram of HR4

_ _
2 o
Q
g?q
[0}
e [
OI T T T T T 1
0 1 2 3 4 5 6

While age 4 is not a big problem (only in 5% of uenarios HR4>1), in a large fraction of scenarios
(~65%) the observed cath »o0sexceeds the projected abundance. In most casegplw@tation rate
for age 3 is very high (in 97% of the scenariosrdi® exceeds 0.5).
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Further examination of the robustness test Cfukpl endicated that the reason why the penalties
applied to the harvest rates had not resultedbstantial increases in recruitment for 2000 andl200
was that the penalized harvest rates were compsiad predicted catches. The constraints in the
harvest rates were achieved by reducing the pestidtches in addition to increasing recruitmértte
problem was cured when the actual catches in 2002804 were used to calculate the penalized
harvest fractions instead of the predicted catchesibstantial increase in recruitment was achieved

New procedur efor introducing harvest rate constraints

After discussion of preliminary results producettaMPW4, it was decided that dropping a large
fraction of the scenarios from the Cfull2 was um@dde and that a better approach would be to impos
the harvest rates constraints in the conditionifige following approach was accepted:

1) To produce a new reference S8fyll2_H60): Amend the reference set Cfull2 by imposing a
penalty in the conditioning to force the C/N ratiosage 3 in the surface fishery in 2003 and
2004 to be less thamigh = 0.60. The penalized C/N ratios are computedgusie actual
catches. The models lowR2, lowR4 and noAC_tripledRbased on Cfull2_H60.

2) Modify the Cfull2_expl using the actual catches in the computation ofplkealized) harvest
rates. The new Cfull2_expl run is done just agieeivith a penalty applied when
H(3,2003:2004) > Hgn = 0.8 mean(H(2:3,84:88).

We expect to have a better idea about the actmedstarates of the surface fishery when the new
tagging data have been analysed. The two cas&s abwer a range of possibilities.

Lognormal error is added to the abundances atages 4 in 2004 so that there is variability arothml
constrained point estimates. The resulting digtitims ofN3 »2004andC/N ratios in projections are

shown below for the old Cfull2, the new refereneeGfull2_H60 and the modified Cfull2_expl:
Cfull2- Csurf(3)/N3 N(3,2004) Cfull2
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For the cases Cfull2_H60 and Cfull2_expl, the mogen code has been modified so that when
lognormal error is added, random numbers that tr@sids 2004€Xp(-0.5M) < C3 2004 are rejected.

For reference, below is the distribution acrosd gglls of exploitation rates estimated for thefare
fishery, ages 2 to 4 by columns (only for sqrt sengizes). The highest estimates were for age 3 in
1983, where the median was above 0.40 and thegtighkie was close to 0.45).
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Appendix Il. Specification of the four candidate management procedures.

CMP_1

This decision rule, developed by Basson et al. 208 based on the Fox production model fitteth®
longline (LL1) CPUE biomass and total catch bioma&spreliminary’ TAC (called pTAC) is
calculated as the estimated maximum sustainable, WESY, times the ratioB, / B,,s, ) timesJd:
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PTAC,., =5.MSY[ B, J (1)
MSY

wheresd is a pre-multiplier, or tuning parameter. Subsedly to that calculation, the TAC is adjusted

for the constraints on the maximum change in TA®fiyear to year (as determined at the MP

Technical meeting (Seattle, February 2005)):

If pTAC,.;—TACy<-maxChange then TAG= TAC,—maxChange
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If pTACy.;-TACy> maxChange then TAG= TAC,+maxChange

In addition, the rule has constraints to prevenCliAcreases during the initial period as:.
* Ceilingon TAC until 2015: if(y<2015) TAG=min(pTAC,, TAC2007)

where y is the year in which the MP calculationasducted using data up to y-2 and the TAC is
applied in y+1. (Note: Since the intention of tbestraint was to avoid increases in the earlysye¢he
ceiling was set to TAggo7 which allows for the cuts in 2006 or 2007 to bestainto account in the
relevant scenarios. This means that the differemedules either have a ceiling at: current catch, o
(current catch — 2500t), or (current catch — 5000t)

Recruitment Feedback

Additional modifications to pTAC are introduced bdson the mean proportion of age 4 in the LL1
CPUE, which is used as a ‘recruitment index’. Basedhe range of values of this index under the
default Fox rule and the old reference set (Cfult23 recruitment feedback was implemented aseaiin
drop in TAC as the recruitment index drops belathrashold:

If (recindex(y-4:y-2) < 0.125) TAC = pTACLO (0.125- recindex(y-4:y-2)) maxChange;
If (y>2009 & recindex(y-5:y-7)<0.125) TACpTAC - 10 (0.125 - recIndex(y-7:y-5))*maxChange

The original constraints on TAC changes are alvegydied last so that the actual TAC decrease can
never exceed the maximum allowed change.

Tablell.1l. Control parameter values for CMP_1.

2b (1.1tuning) | 3b (1.3 tuning)
Max Change 5000 5000

A 1.643 1.3912

Fox Minimization Reliability

Basson et al. (2005) encountered convergence pnsbléhen trying to estimate the two Fox model
parametersr(andK) simultaneously in ADMB. They modified their ingohentation to a grid search
overr, with K estimated for eachon the grid. The final phase of the minimizatioaswnitiated with
both parameters free, starting from the lbestlue. Often this did not result in improved mimation
over the grid estimates. For the purpose of tggtie. to allow for a manageable run time), thd gr
resolution was coarse yalues of 0.05-0.95 at an interval of 0.05), wittoaresponding pTAC
resolution of around 20Q{). If adopted, the grid resolution can, of coutsejncreased.

According to the authors, this implementation segtoeeliminate the majority of dubious results but,
occasionally, the model converged to biomass etgsrarbitrarily close to 0. This presumably redate
to a fundamental limitation of the Fox model toatdse SBT dynamics in some circumstances. The
value ofpTAC approaches 0 in these cases. Fluctuations masiir between years were not found to
be too wide.

CMP_2

The CMP_2 is based on fitting a discrete age-aggeegFox dynamic production model to past catch
and CPUE data, as detailed in Butterworth and Rfi04a). Estimates of the parameter values from
this model fit are used to compute future TACsddiews.
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A y
TAC,, =| WTAC, +a (1-w ) MSWR, (B, , EEéiJ (f,)m(cPue™) | oF (LL, ) (1)
MSY,y

where
ém,y is the maximum sustainable yield levgISYL) as estimated in yesr

y is a control parameter (here fixed to be,0.6)
w is a control parameter,

MéY&is the yeay estimated maximum sustainable yield rate, CaledIaBMéYy/MSYLy
(f,/InK, for the Fox model),

éy is the estimated biomass for ygawhich (together wittf, and Ky) is re-estimated each time
the TAC is calculated,

g(f,) is afunction which reduces the TAC furthef,ifis low,

f(LL,) is a function which adjusts the TAC depending angtoportion of lower ages in the

longline catch,
a is a tuning parameter and
h(CPUE;a‘) is a function which adjusts the TAC dependinglenratio of the immediate CPUE

compared to that over the period immediately prexcgdpplication of the MP.
The TAC reduction factog(F,) is set to:

0 for 0<f¥, <r,
g(f): 1 (f —rl) forr, <f, <r,. 2

rn-n ’

1 forr,<r,

with parameter values fixed a&0.4,r,=1.0 as in Butterworth and Mori (2003).

Thew parameter is introduced to moderate the extewhioh the TAC is adjusted from year to year in
the interests of industrial stability. Thegarameter’s role is to stabilize the TAC trend awmdid

instances where the TAC outputs show a decreashddirst few years followed by a subsequent
increase. Setting to a value <1 tends to smooth out this undesiraélaviour.

The functionf(LLy) modifies the TAC depending on the proportion avdo ages in longline catch as
follows:
1) For thefirst TAC change year (i.e. 2008)

[Note: For schedule e, this applied to 2009 wisctie first year that the CMP is applied.]

Z LLC o004 Z LLC 005

LLooos = +24 2 (3)

Z LLC 2004 Z LLC 2005
a=4 a=4

where
f(LLzoog) 1 if LL,gpg< 013
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f (LLygee) = (1+007(¢y )= 6, lif ,00g > 020

2) For the second TAC change year
For option b):

6 7 8
Z LLCZOOG Z LI-C2007 Z LLCZOOS
a=4 + a=5 + a=6

LLoo11 = 30 30 30 3 (4)
Z LLC 2006 Z LLC 2007 Z LLC 2008
a=4 a=4 a=4
where
f(LLygy) =1 if LLyo;,< 016
F(LLaoza) = (L+(LLooss— 016)1g,) 16 < LLyp1, < 030
f(LL,oyq) = 1+ 014(g,)=6, lif 0,2 030

Parameter values in the equations above were clasea on the distributions of ,q,;and LL,g,; In

the old reference set Cfull2, and in trials Cful@AC and Cfull2_noAC_tripleR (see Butterworth and
Mori 2005). This function allows the TAC to vargmending on good or poor recruitment in recent
years as reflected by the proportion of lower agébke longline catch.

The functiom(CPUE;a‘) controls the TAC depending on the ratio of immezli@PUE value compared to

that when the MP was first put into effect:

y-2
12 > CPUE,
rat _ y'=y-4
CPUE =| — XL ()
CPUE,
y=1998
where
hicPUE® )=0 if 0<CPUE!® < 05
( rat | — 1 rat 0 rat
hlcpue!®)= CPUE/* - 05 0f5 < CPUE™ < 09
09-05
t | — 1 t
hicPUE!® )=1 if CPUE[* < 09

Figure I11. shows the distribution a@fPUES;; and the corresponding valueB®022)B(2004) for the
2000 samples of the Cfull2 case of an MP withoattfunction (specifically D&M_01_2b in

¢

B @022)/B €004)
=




Butterworth and Mori 2005). This Figure shows tagthis early stage, the CPUE ratio provides a
reasonable indicator of the extent of recoveryiyikeo that théh factor was introduced with a view to
make use of this information to reduce the TACuahsan early stage in the event of low CPUE. The
choices of the values of 0.5 and 0.9 in equatignvEre made on the basis of this Figure. The
CPUE,* is defined in terms of averages over a number afsyto improve the signal:noise ratio in the

information input to thd function.

Figurell.l. Distribution of CPUE;;and the corresponding valueB®004)B(2022) for the 2000 samples of
the Cfull2 case under the D&M_01_2b MP. The vattimes show the range over which th&inction increases
from O to 1.

Further constraints added were that for the fwst years in which the TAC can change, it is not
permitted to exceed its immediately previous vallieese were added to counter the consequences of
an inaccurate initial determination ofeading to an increase in the TAC before morermgdion

indicated that the reverse action was required.

The control parameter values for tuning under thélZtrial are listed in Table 11.2

Tablell.2. Control parameter values for CMP_2.
1.1 tuning for a TAC change interval of three yeasstsig with year 2008

Mp name

6 (%)

() w

hlcPue®) o

D&M_03_2b

1.2 (2.86)

1.2 (1.43)

0.65

Yes

1.402

1.3 tuning for a TAC change interval of three yeasstsig with year 2008

MP name | 6,(¢) 6(g) w hlcPue® |
D&M 03 3b | 1.2 (2.86) 1.2 (1.43) 0.65 Yes 0.878
CMP_3

This procedure corresponds to procedure HK5 digclibg Kurota (2005), a hybrid of the "HK1-dfl v2"
and the "HK4-ag4 v1" in Tsuji et al. (2003). ltsh@n empirical decision rule that depends on tbdexn
of CPUE for the longline fisheries. The TAC is asta minimum of those determined by the CPUE
trend (age 4+) and the value of the age-4 CPUBefapanese longline in numbeZPUE.ge). The
latter is used as the index of recruitment bef@@32Figure 11.2).

0.4

o o
N9 w
a w o

CPUE of age4
o
- o
(4] N

o
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o
o
a
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Year

Fig. 1.2. CPUE of age 4 fish used as recruitmafdrimation.
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It is calculated from median CPUE of age 4+ amawg $eries (nominal, ST window, Laslett, w0.8 and
w0.5) and age-composition data of Japanese londhrtee projectionsSCPUE.ge is also calculated
from CPUE of age 4+ and the age composition ot ttefishery provided in the file "sbtOMdata":

catch,
CPUE,, = catcheA X CPUE s, (1)

aged+

The TACs are determined by:

TAC, +max,, if TAC,,, ~TAC, > max,,
TAC,,, ={min (TAC!S" | TAC*#*)  if max,,, <TAC,, ~TAC, <max,,
TAC, —maX;,,, if TAC,,, ~TAC, <maXy,,,
2)
TACYT™ =TAC, x(1+kA) (3)

where
A: slope of regression of IBPUExe+) over years (frony - yrsgpues+ toy - 1),
k: control parameter

TAC* =TAC, x f (CPUE,, ,,) (4)
r-nmax If CPUEage4, y-1 > Ima><
f (CPUE g, ,.) ={axCPUE,, ., +b it |y < CPUE oy s Sy
rT‘lmin If CPU Eage4, y-1 < Imin
®)

where
CPUEagesy-1: average CPUE of age 4 over years (ffonyrsgpues toy -1),
Mhax, Mhin, Imaxs Imin, @, D: control parameters.

Fig. 11.3 shows an example of a relationship betwWeBUE.4es and TAC change for a 1.1 tuning. Table
1 also indicates parameter values used at theguewmel of 1.1 and 1.3.

Table 11.3. Parameter values for the tuning lewél$.1 and 1.3.

tuning

level k I max I min m max M min max up max down yrs cpued+ yrs cpued
1.1 2.5 0.065 0.025 1.10 0.750 5000 5000 10 3
1.3 2.5 0.065 0.025 1.10 0.665 5000 5000 10 3
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Fig. 1.3. Example of relationship between aver@fdJE of age 4 and change in TAC at a tuning lef/élh

CMP_4:

CMP_4, modified from the TAI_05 decision rule pnetssl in Sun (2005), is a CPUE-based rational
expectation of next period’s TAC, with a build mverse demand elasticity self-adjustment to soften
TAC changes in order to reduce the expected ecandeadweight loss to the industry in the short run.

Predicted TAC:

A predicted TAC is first calculated based n the geanf the CPUE for the Japanese longline fisheries
for the most recent n years, as follows:

TACY,, =W[TAC, + (1-w) [TAC, L+ KA () (1)

where TACY,, is the predicted TAC in the next year;

TAC: is the current actual TAC in year t.

w is the carryover percentage which representgrdwedfathered-in fishing rights in various periods
During the adjustment years before 2010, w is®6tT to account for the grandfathered-in fishing
rights in the short-run while allowing the industoyadjust their investment planning. Since the
sunk cost of decommission fishing vessels immelgiggehigh, this rule considers the economic
burden placed on the fishing industry in the fagjustment period. The carryover weight w is set
to zero after 2010 so that the TAC is fully adjddb@ased on the relative changes in CPUE.

n is the number of years included in the CPUE index

An t2 Measures the change of CPUE as the slope oéginession of log(CPUE I;, with respect to the

S, - Ty -Yes)

y=t-n-1
t-n-1

Z(y_yt—z)z

y=t-2

, where

time for the most recently available n yeaks; , =

t-2 t-2

2y 2

Y= is the average of years and, = X"~ is the average of log(CPUE) for year t

Vi =

1969, 1970, ..., 2003. The time-window is set to frears to reflect the situation in the short-run
before 2010, i.e)s, owhen t <2010; a ten year time-window is set toafthe long-run CPUE
trend after 2010, i.€\0, r-2wWhen t >= 2010.

k; is the weight by which changes in recent CPUE affature TAC. k is set to 10, following
Polacheck, Eveson, Hartog, Basson, and Kolody (R(8énce, if there is a 1% change of log
(CPUE), k1 inflates the change to 10% and incretieesecond term of equation (1).
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The predicted percentage change of next period@ With respect to the current TAC is defined as
follows,

P
UATACE, = TAC_FZCTACt
t
_[wAC, + 1-w)DAC, 1+ kA, ,)]-TAC, @)
- TAC,
= (1_ W)kl}\ n,t-2

Adding Economic Considerations to determine TAC:

The CMP_4 rule incorporates the idea of ration@leexations that utilizes the inverse demand
elasticities to minimize the economic losses tbdrsen resulting from an abrupt change of TAC & th
short runParameter values were based on the following aisedysl rational provided by Sun, updated
from Sun (2005):

Total imports of SBT into Japan have increased dtamally since 1999. At the same time there has
been a downward trend in the import price of froaaed chilled SBT and NBT, i.e., the direction of
change in the price of SBT is negatively relatetheochange of TAC. For example, in 2004, the irmpo
guantity of frozen SBT was 8,174.30 MT, or 2.67ds1the import quantity of chilled SBT, 3,057.45
MT. In 2004, during the major import season (AugOct.) of frozen SBT imported into Japan, import
guantity increased 34.2% while prices decreaset¥/30elative to the previous year during Sept. to
Nov. The inverse demand elasticity is definedda8,which indicates a 1% increase of TAC resulis i
0.9% reduction in price to represent the penaltyhainging TAC in the short run. In addition, the
guantity of chilled SBT imported into Japan was@ased 1.0% while import prices decreased 4.4% by
comparing Jun.-Aug. 2004 to July.-Sep. 2008, the inverse demand elasticity for chilled SB&about
-4.4. The inverse demand elasticity (range frorf t0 -4.4) represents the economic deadweight loss
that an abrupt change in the supply would resudt dmop in price in the short run. In 2003, SBT
imports into Japan dropped 40% relative to 2002t price of SBT also declined by 24%, a strong
indication that there are plenty of substitutesdamsumers to choose from in the short-run.

Because of the negative relationship between SEEpand changes in TAC, the CMP_4 adjusts the
next period’s TAC with a penalty weight,las:

TAC,.,, =awTAC, + (1-w)TAC, [1+k A, _, —k,%ATAC?))] (3)

t+1

wherea is the tuning parameter set to meet a given tasgenhass ratio B2022/B2004 under the old
reference set Cfull2.

-kz is the negative weight given to the predicted @etage change of next
period’s TAC, defined as”®P__.
%ATAC

The parameter “K represent how the total revenue and average ingomes will be affected by the
predictedTAC?,, . Since the inverse demand elasticity is negathespercentage change of market price

will be negatively correlated to the percentagengesof TACY,, . For instance, iPoATACY,,is positive,

the market price will drop and the revenue will mareases as much as the supply. So there isatypen
to increase quantity and k2 will soften the chaoig€AC in the next period.

To reflect the range of inverse demand elastictiess the various time periods, the short-run gerial
k2" is set at -0.9 until 2010, -0.5 for years 2@@@022, and zero after year 2022. In addition, a
restriction is set to prevent quota increases be20d.2.

In summary, CMP_4 will adjust TAG in three stages to ensure recovery of the bionmageeilong run
while preventing a dramatic reduction of the comm@alth of the industry in the short run:
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(). In the short-run, when t < 2010,
TAC1+1 =a [[W + (1_ W)((1+ kl)\ 5,t—2) - (1_ W) [klkz)\S,t—Z)] [TACt (4)
where w = 0.7, k= 10, k = 0.9. The percentage change of TAC is positivelgted to the change of

CPUE index, i.e.% =al-w)[k, - (L-w)kk,][TAC, =0

5t-2
(ii). In the inter-median run, between 2010 and 2020,
TAC,; =al(@+kAq5)A-ky) [TAC, (5)

where w = 0, k=10, k = 0.5, and the percentage change of TAC is positively tetatthe change

of CPUE index, i.e.M =alk, [TAC, =0

10,t-2

(iii). In the long run after 2020, the TAGIs adjusted as follows:

TAC,; =al(@+KkyAg,5) [TAC, (6)
where w = 0, k= 10, and the percentage change of TAC is positively relatde change of CPUE
index, i.e.,% =a [k, [TAC, =0.

10,t-2

When the TAC is adjusted every three years, starting in 2008,set to 1.0538 to ensure the median
biomass ratio B2022/B2004 equals 1.1 under schedule 2b with thdeskehee set Cfull2, and to
0.97105 for a biomass ratio of 1.3 under schedule 3b.
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