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Introduction

This document shows preliminary results of future profawifrom outputs by Stock Synthesis (SS)
with different settings. The stochastic projections with SS ougmetsonducted by specific software
coded by R, which have been used in PBF-WG for the stock amse$sf Pacific bluefin tuna
(Ichinokawa et al. 2007, Ichinokawa et al. 2008). By ovewing recruitment and harvesting
scenarios and other options implemented by this softwasagladility of this software and further
requirements could be discussed in order to obtain realonegults on stochastic projections and
reference points for the next stock assessment of Nortti®athacore.

Materials and method

R-code for stochastic projections with SS outputs

Appendix | describes algorithms to conduct stochasticgmta)ns with the R-code, and available
options for future scenarios. In addition, method for clting suites of reference points is described.

Data and SS model

SS output for the preliminary calculation of future projent are derived from preliminary data and
control files for SS, which was distributed before this WGté&lthat projection results shown in
documents are only for testing the R-code and availableogtiwhich does not reflect any actual
results of stock assessments for the North Pacific albacore.

Configurations for future projections

Options available with the software are shown in Table 1.sBbs base options for the next stock

assessment are underlined in the table, and used as a base ttés document (Table 2). Of course,

final choices of those options will be done after enough itiga8ons of final stock assessment re-
sults, which will apper next WG. Also, note that stochastitufe projections for this document are

conducted with 500 times stochastic simulations from pegtimates, not from bootstrap estimates,
because there wasn't enough time to conduct bootstrap$ielnext WG for the final stock assess-
ment with SS, stochastic simulations will be conducted flmutstrap estimates with enough number
of replications.
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Figure 1: Examples of future recruitment scenarios. Lefigha simple re-sampling of past re-
cruitments during 19652008. Middle panel: assuming hockey-stick type recruittmdiased on
re-sampling of past recruitments. In this example, thestholl of SSB is set to be lower 20% of
the historically observed SSB. Right panel: beverton-ldpédwner-recruitment relationship and log-
normal error. Parameters of the S-R curve are inherited flwrestimates in SS. In this example,
steepness is fixed as 1 in SS.

Test runs and examples

Validation of the R-code with deterministic run of future pr ojections by SS

Average numbers at age (Fig. 3) and partial catch by fishéffiegs 4) estimated from stochastic
future projections implemented by the R-code are compai#dtihose calculated by deterministic
projections implemented by SS. Those runs follow the ggttihrun 0, except for time period of
current F. This run (run 1) used F in 2008 as current F, instéasterage F during 20006-2008 in the
base case.

While average numbers at age (Fig. 3) are almost identidaldmssn the two results from the
R-code and SS, partial catch by fisheries and estimated S&Bight (Fig. 4) are slightly dierent
especially in the catch by fleet 6 and SSB. Thiedences of the partial catch are caused lfiegnt
assumptions of annual partial F by fleet between SS and teizd@- There are no clear description
on the way to assume future partial F in SS, so that the R cailttace every procedures in SS. The
difference in SSB is may because $8.(0a) calculate weight at terminal age from initial nunsber
at age older than the terminal age with assumption e\, but it shouln’'t cause thefiérences.
Details in future projection by SS should be asked to Dr. Metin near future, the R-code should
be modified to follow the way to calculate weight at termingéas used in SS.

Results of preliminary runs testing available options

The dfects of changes in the year to start stochastic projectieigs b), the way to average current
F (geometric or simple mean, Fig. 6), the time period to dateucurrent F (Fig. 7), recruitment
scenarios (Fig. 8), harvesting scenarios (Fig. 9).

0.1 Discussion: configuration for future projection

See Table 1.
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Figure 2: Diferences of current F with simple and geometric averages




Table 1. Lists of possible options in settings of future pobjons for the stock assessment of North

Pacific albacore

Start year

Future recruitment

Harvesting scenarios

'Current’ F period

‘Current’ F average

Number of bootstraps

Number of simulations

=
s1

RO
RO-1

RO-2

RO-3
R1

R2
__HO

H1
H1-1

H1-2

H2

H3

H4
“FO
F1
F2

_AO
Al
_BO
B1
B2
S0
s1
S2

2009
Before 2008 (depending on time period when recruitmenatiens
are estimated, and retrospective patterns)

Random re-sampling
Simple random re-sampling of past recruitments during tbeks
assessment period such as 1965-2008 (Fig. 1, left). Thedtoi
recruitment re-sampling depends on time period when receuit
deviations are estimated.
Assume high or low recruitment, taking a specific pexidaen re-
cruitments are relatively lower or higher. This is appliedhe 2004
stock assessment.
Hockey-stick+ random-resampling (Fig. 1, middle). See Appendix
0.4.4 for details.
Beverton-Holt lognormal error (depending on estimated steepness
in SS) (Fig. 1, left). Details are in Appendix 0.4.2.
Others
Constant fishing mortality (current¥ multiplier).
F multiplier can be set by annual and fisheries.
Constant catch (some scenarios are not implemented yet.)
Constant catch by quarter. In this option, constanttgts catch
can be given.
Constant catch by fisheries and quarter. In this optiomat age
should be calculated in the same procedure in SS. This is é33yn
combination of constant catch (H1-1 or H1-2) and F (H1)isTi&
probably needed for adjust catch during the periods betvastn
year of stock assessment period and the year when stoclsassgs
is conducted. In this case, combination of H1-2 and HO islidea
Constant F and catch capping. Basically, the projeci@monducted
by given F, but set the upper limit of annual catch by fisheries
others
2006-2008 (Pick 3 years including the terminal year)
2005-2007 (Pick 3 years excluding the terminal year)
Others. It should be determined after retrospectiveepattand SD
of the terminal year’s estimates.
Geometric mean (Fig. 2)
Simple mean (Fig. 2)
0 (tentatively in this document)
> 300 (recommended in the next stock assessment)
500 (in the 2004 stock assessment)
250 (tentatively in this document)
> 1 (depending on scenario B1)
1 (in the 2004 stock assessment)




Table 2: Settings for the preliminary calculations of fetstochastic projection in this document

Run 0
Run 1
Run 2
Run 3
Run 4
Run 5
Run 6
Run 7
Run 8

S0
S0
S1(2008)
S1(2007)
S0
S0
S0
S0
S0

RO-1
RO-1
RO-1
RO-1
RO-1
RO-1
RO-3
R1
RO-1

HO
HO
HO
HO
HO
HO
HO
HO
H1-1

FO AO
F2 (Fin 2008) A0
FO AO
FO AO
FO Al
F1 AO
FO AO
FO AO
FO AO

Base run in this document

For validation with SS results

Start from 2008

Start from 2007

Simple average

Drop terminal year for current F

Hockey-stickrandom resampling

Beverton-Holt lognormal error

Constant catch by quarter (10, 20,A,thousands MT)
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Figure 3: Comparison of numbers at age generated from stticipaojections by the R-code (average
values, thick green lines) with those from a determinidiic by SS (lines with circles).
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Figure 4: Comparison of catch in weight (MT) by fleets (figutided by F1 to F12) and spawning
biomass (MT) generated from stochastic projections by thwmdRe (thick lines) with those from a
deterministic run by SS (lines with circles).
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Figure 5: The start years for future projections are asswuse2D09 (black, run 0), 2008 (gray, run 2)
and 2007 (white, run3).
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Figure 6: The way for averaging current F through 2006-2@#metric (white, run 0) and simple

(gray,

run 4) means
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Same settings as shown in Fig. 1.
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Appendix: Algorithm for calculation of stochastic future p rojections

and suites of reference points from Stock Synthesis outputslraft)

0.2 Introduction

Stock Synthesis (SS) is currently one of the most commoreég seftware for stock assessment. The
software provides statistical framewaork for calibratidnagpopulation dynamics model using a di-
versity of fishery and survey data (Methot, 2005). SS caniseide outlooks for future population
dynamics with deterministic projections from the estimdgb@rameters during the stock assessment
period. In the future projection phase, SS provide averafdature statistics such as spawning
biomass (SSB) and standard deviations of the future statisthe standard deviations are estimated
by Hessian-matrix under normal approximation (Maundet.e2806) or by MCMC. Therefore, the
estimated future statistics (such as future SSB) in SS awnaed to distribute normally, and not
reflect future stochastic uncertainty.

On the other hand, stochastic future projections are samestimportant for evaluating current
stock status and future management procedures. Simulagieed reference points bty, (Conser
et al. 2006; Ichinokawa et al., 2010) are used as an interienenrece point for this stock for North
Pacific albacore stock. Future stochastic projectionsherstock assessment of Pacific bluefin tuna
in ISC have been conducted with specific software coded byf.Rdginokawa et al., 2008). Suites
of reference points are also produced with this softwareKaf et al. 2010).

This appendix made detailed description on algorithms tmloot stochastic future projections
and reference points from outputs by Stock Synthesis wélRitode.

0.3 Population dynamics

0.3.1 Definition of parameters and dimension for populatiordynamics

Table 1 shows definition of parameters used in this docunB=gically, parameters estimated during
the stock assessment phase are expressed by lower casesdthimg future projection phase are
by upper cases. For example, numbers ataffe< a < Amax) and timet at thebth bootstrap run

during the stock assessment period is expressegtawhile those in the future projection period are

expressed bwgf. The superscript db, representing theth bootstrap results, can range from 0 to the
number of bootstrap iterations &f,. The Oth iteration represents maximum likelihood estiorati
Since multiple season per year can be assumed in SS, estipatemeters in SS include the
dimension of season (8 s < nseason). However, because description of the additional dimensio
make the R-code complicated, population dynamics useckifutiure projections didn’t include the
dimension of season. Instead, the time series is expandgddryand season to use year interval
of i = 1/nseason . For example, time series from 1952 to 2006 with 4 season$eaexpressed
by t = 1952 195225,19525, ...,20055, 200575, and age classes from 0 to 20 years old are by
a=0,0.250.5,...,195,19.75. Then, estimates in SSifs: (humbers at age at the beginning of the

13



Table 3: Parameters used in this document

Parameter Description

n2,, N5Y  Population numbers at beginning of season

f,gt, Fg? Instantaneous rate of fishing mortality during the stoclesssient period (lower
case) and future projection period (upper case)

cgt, C'a‘f Catch at age during the stock assessment period (loweraagé)ture projection
period (upper case)

Mg Instantaneous rate of natural mortalityr{

A Weight at age at the beginning of season

Wit Weight at age by fleet at the beginning of season

Qa Maturity rates at age

Fcur, Current F, which is produced by averaging a current F period

PFcugs Partial F corresponding with Fcajrzﬂi'lea PFcugs = Fcur=a

bP,BP Stock biomass at the beginning of the year

ssip, SSH
PTQ,TCP
t1, to
nseason
nfleet

i

Amin,Amax

Xs
Xp

SSB spawning stock biomass at the beginning of the spaweisgps

Total catch by fleet, and total catch in weight

Generic parameters specifying a range of time period frotmt, (Table 2)
Number of seasons per year (inherited from SS)

Number of fisheries (inherited from SS)

Time interval= 1/qt

Minimum and maximum age considered in the stock assessnuaidland future
projection. Plus groups are included in the agégfy. Recruitments are assumed
to occur ata = 0.

Number of stochastic simulationk= 1,2, ..., Xs.

Number of bootstrap iterationsh = 0,1,2,..., Xs. The Oth iteration represents
point estimates.

time time interval t)g4 st (Catch at age of age a during the time interval t), eqg ¢ (partial catch at
age by fisheries) are rewritten as the following equations.

na&t |f na&t > O
Nat(s-1)/qtt+(s-1)/qt = NA  if Naei=0 (1)
a,StU —
Car(s-D)/qLir(s-1/adt = | fagason et Cast if Mast>0 and &= Am )
Car(s-/attr(s-1/qLT = | smmon asg Castf if Nagt>0 and &= Amax ®)

'NA' stands for a blank element, where corresponding pdpriadoes not exist. Also, since all
elements ofgy, Cat, Cat ¢ Can't be filled with the above equation, remaining elemengsfiled by

'NA. Those blank columns expressed by 'NA' are ignored im following calculations. Note that,
in the case of catch at age, catch of terminal ages are asdorbedain average through the season.
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0.3.2 CurrentF

Current F (Fcwy) is defined from the parameters estimated in the stock assesgeriod, numbers
at age (‘g,t) and catch at age:gt). First, fatjt is estimated by solving the following catch equation.

f

b at

Coi = ————(L—explTfar — My))n 4
at far + Ma( P fat a))Nat 4)
Given the time range representative to 'currentt@as t < tp, the current F of Fcuyris calculated
by averaging F at age during the time range. In averaging geatf@ough the current F period,
two options can be selected: simple or geometric averageisiilg simple average, the following
equation is used.

ty<t<t
1 1 2

Foup = ——————— 3 f, (5)

number of years

Otherwise, geometric mean can also be available.

i <t<tp

1
F = log fpt—————————
Clla = &Xp Z 9 2t imber ofyearl ©)

Current F by fleet (Fcyrs) is also calculated as following equations using partiatitat age
(Cat.f)-

Fcurg s = FecuPFcug ¢ 7
where
1 i <t<ty tf
PFc =— = 8
He.f number of yearsz Cat ®

The parameter of PFcyy is partial catch ratio assumed in the current F, which iszetl in calcu-
lating partial catch in weight by fleet in future. Note thag tAFcuy ¢ is calculated by using simple
average, even though the option of 'geometric mean’ is ugdds is because zero partial fishing
mortality appears frequently, which cause inability tocoédte geometric mean.

0.3.3 Population dynamics in future

Numbers at agalé’)? in the future periodtf <t < ty) are calculated as the following equations.

R® a=0 and = recruitment timing
Nak;g = <0 a=0 and # recruitment timing 9
nb
aty
R{"b a=0 and t=recruitment timing
0 a=0 and t # recruitment timin
Nla(f kb TlO?
NoZi i XPEFai + —Mas) 0 < a< Amax
NED i eXPEFasi + —Masi) + Ni2; expEFa+ —Ma) @ = A

Future recruitment oR; and fishing mortality at age df, are determined by optional scenarios of
recruitment (see section 0.4) and harvesting (see section 0

15



Future statistics of total biomasB(’) and SSB (SSf) are calculated.

Armax )
= > waNit (11)
a=0
Amax
b _ k.b
SSH" = ) wWaQaNg (12)
a=0

weight at agews,, is derived from SS results (column specified by "B&g’). Total catch (T(t‘:b, in
weight) and total partial catch by fisheries (Fﬁ’Cin weight) are also calculated.

nfleet nfleet

Amax
F PFCUELf
TC = Z Pqu’f = Z We, f 2 (1 exp(—Fa + Ma))Nk’tb (13)
= a=0

Fishery specific weight at agev{;) is used in calculating C and PTC. The parameter ofvy; is
derived from SS results (column specified by ‘Selwt’ in Reé3s0).

0.4 Recruitment scenarios
Following scenarios are available for future recruitments

0.4.1 Simple resampling (REC.highlow)

This scenario assumes future recruitments as random rglisgs from recruitments estimated in
the stock assessment periods specifieti byt < to.

Ri(’b‘ random draw from ngg <t<t, t = recruitment timing (14)
o t # recruitment timing
Followings are required configurations in using this retongint scenario.
yearlimENULL)  Give a vector with 2 elements of andt,
qt(=1) Assumed number of seasons per year (be consistent witroiEgura-
tion).
recruit.qtEl) Season when recruitments occur (be consistent with SSgaoation).
Currently, multiple recruitments per year can't be assumét this R-
code.

0.4.2 Deterministic+ Log-normal error (REC.ss2)

Future recruitment is assumed to occur according to the rBewéiolt relationship estimated in
SS with random log-normal distributions. The parametershef stock-recruitment relationship
(h, Sp, Rp) ando is basically derived from SS output.

RED _ {Iflt exp(N(—o-Z/Z, 0-2)) t = recruitment timing (15)
0 t # recruitment timing
where
ﬁt _ 4hRySSB (16)

So(I-h) + SSB(5h - 1)

16



0.4.3 Assume empirical spawner-recruit relationship (RECtwophase)
This option is only for testing thefkects of empirical spawner-recruit relationship observethe
Pacific bluefin tuna.

0.4.4 Options applied to all recruitment scenarios

In addition, hockey-stick type recruitments can be assufoethe all recruitment scenarios. The
parameter of SSResold Should be specified with this option.

SSB
R - {R@Wmﬂ SSB < SSBiveshold 17)
R SSB > SSBhreshold

0.5 Harvesting scenarios

0.5.1 Constant F (MP.CESqt3)

Fa is given by Fcuy scaled by a multiplierF i, determined by the optional settings described
below.

Fa = Frut * Feur (18)

FcurlENULL) Give a vector with 2 elements ¢f andt,. The parameter of Fcyr
is calculated with this time duration. Fcurl is used befbeeytear
to start regulation.

Fcur2&ENULL) Give a vector with 2 elements ¢f andt,. The parameter of Fcyr
is calculated with this time duration. Fcurl is used afterytbar to
start regulation.

start.regulation{2011) Start year for regulation (switch F vectors from FdarEcur2).

CES.multiEl) Simple multiplier toF5 (both for Fcurl and Fcur2).

gm(E=FALSE) Use geometric mean (TRUE) or simple average (FALSE)&I-
culating Fcus.

CES.plus£0) Simple additional F td-.

CES.multi.yeastNULL) Multiple vectors when changing multipliers 6, by year. Even
though the population dynamic consider season, this vesctiven
by year.

catch.cappingéNULL) Set upper limit of annual partial catch (MT) by fleet. UNLL is
not to use this option. If using this option, provide a lissfmecify
target fisheries, upper limit of catch and reset timing.

0.5.2 Constant catch by season (MP.CHSfleet)

Fais given by Fcug = PFcugs scaled by a multiplier determined by solving catch equagem 13)
to archieve given future catches in weight by season.
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CHS.qt ENULL) Give a vector withnsesaon elements assigning catch in weight per
quarter.

Fcurl&NULL) Give a vector with 2 elements ofy andt,. The parameter of
FcunandPFcugs is calculated with this time duration. Fcurl is used
before the year to start regulation. In constant catch sugnthe
estimated FcyandPFcug; is scaled to adjust constant catch.

Fcur2&ENULL) Give a vector with 2 elements ofy andt,. The parameter of
Fcur, is calculated with this time duration. Fcurl is used after th
year to start regulation. In constant catch scenario, thienated
Fcur,andPFcug;s is scaled to adjust constant catch.

start.regulationf2011) Start year for regulation (switch F vectors from FdarEcur2).

gm(=FALSE) Use geometric mean (TRUE) or simple average (FALSE}L&lcu-
lating Fcug.

0.5.3 Scenarios not implemented

e Constant catch by quarter and fleet

e Combination of constant catch (recent yeargonstant F

0.6 Calculation of reference points

0.6.1 Feyp

Fse is based on the probability that future SSB will fall belowigen threshold of SSBesholg @t one
or more years, during the assumed projection pettipd ¢ < tp). The probability can be calculated
from results of the stochastic projections.

XpXs
1 .
Pr[SSB?L?ture < SSS)hres:hold“:] = XpXs kZ:; I mm(SS igtstz) < SssjhfeShO'd” (19)

, Where the double brackgtindicates a logical test with outcome O (if false) or 1 (ifejuNote that
the probability is diferent from the probability that SSB at nearly equilibriumay/eSSRBqiiibrium,
falls below the SSBreshod as follows.

XpXs
1 .
Pr[ss%quilibrium < SSBhresholle] = X kZ:; | m'”(SSBéqunibrium) < SSBresnaldl (20)

The F-based reference pointfely, is determined by letting the probabilityy [SSBfuture < SSBhregqo|d|F]
be equal to a given probabilityrireshoid- SO, for the calculation oF sg,, SSBhreshold,Prinreshold
and projection range df andt, should be specified.

The parameter of SSBeshold iS originally proposed to be miisshi<<2), or average of ten his-
torical lowest (ATHL) of ssh<i<>. Currently it is not determined whether the threshold lebeluld
depend on bootstrap iteration (using r(‘:islf)l Stgtz)), or not (using point estimates of n(issk?l <t Stz)).

0.6.2 Suites of other reference points

Other reference points based on SPR and YPR are calculatedtifre following functions. It is
noteworthy that the oldest age in estimating SPR and YPRé&ndrd to 3. However, weight at
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age at the ages older th@g,y is simply equal tova,,,, Wa ., f -

N = )P =9 @)
Na-i €Xp(-Fai — Ma-j) a>0

Ca = ot (L= exXp(-Fa - Ma)Na 22

Cat = CqPFcugg (23)
3Amax

SPR = > NawaQa (24)
a=0
3Aax Nfleet

YPR

D, D CatWar (25)
a=1 f=1
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