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Application of a length-based module of Stock Synthesis software for assessment of Korea

chub mackerel (Scomber japonicus)

Seung Joon Lee

Department of Marine Biology, The Graduate School,
Pukyong National University

Abstract

Stock Synthesis (SS) is one of the fishery stock assessment software packages designated
as the standard package of the US NOAA Fisheries. SS started to be developed in 1983 by
Methot, and is implemented in Auto-Differentiation Model Builder (ADMB), which is a
numerical optimization software language for estimating multiple parameter in a non-linear
model. Although SS has been applied in a wide variety of fish assessments, there is no case
of applying SS to a fish stock assessment in Korea. The main objective of this study was to
apply the size-structured model in SS for assessment of Korea chub mackerel (Scomber
Jjaponicus). In addition, I performed the model validation through a simulation study and
retrospective error analysis. The data used in this study were body sizes from 2000-2019, and
fishery total catch (MT), and catch-per-unit-effort (CPUE in MT/haul) from 1975-2019. To
perform a retrospective error analysis, I considered two cases. Case 1 (C1) was assumed to
use all available data, and Case 2 (C2) was assumed to use data from 2000 to 2019, the period
when all data were simultaneously available. The results of estimates in two cases showed
significant differences in the estimates of growth parameters and annual recruitment deviations.

While the model appeared to fit the data better in C1 than in C2, the simulation study showed

vii



that the model was more stable in C2 in terms of numerical convergence than in C1. The
model did not represent a retrospective pattern, and the Mohn’s p values were also found to
have negligible retrospective errors. The estimated annual stock spawning biomass in both

cases showed a similar trend, and was found to increase gradually over time.
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Bertalanffy growth model) & W&ttty 7}g ) 7]£9 2 HEHy A%
rdy g2 JL, Akl thdt 25 oty thal, Al tidk w4 L,
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o
S

rir

Abg-gt et

golth, 7+ dx %7]9 o

ol
e
o
=Y
2
oL
flo
kv)
dlo
1>
D

(6) ] &sto] AAtent.

Lo =Ling + (Lo —Lins) €% for0< a<A4 (6)

©) oM FHH= EFE(Ly, Ly, K)ol &ato] w2 A& A9

AFE H ALES FEF F AUtk Cl ¢ A9 A% 249 B4 AP

4o
o
o
2=
fﬂ.
&
[\)

ol Ag A HASPT o] FoAX A ol LinstkS A3
&15- (Shiraishi et al., 2008) & Fi1sle] 4= #1(40.6 cm) &= =7 gt}
+1wo® aHEHeE wpxg AGe digste Hd A s 4[4

1L

(D]l oal T

24 -0.2(a—A4) 7 a—A (1. g
~ Za=A(e ) <LA + ( A ) (Llnf LA)) . %
Ly = Y24 e-02(a-4) ’
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A+E)] (equilibrium)

A

ol

=

PN

ko]

s

Hol A5 Tl FFQA)7HA 4

IL 3. o (5).

o

L7 Ax 279 v

1A% A A g

A

o

.

g

<

i A

9

for1<a<3A (®)

— —-aM.,
Nequ,a - Ro e )

il
TIo
B!

0

)
~
N

Nequ,a i 01 g o]

56, 7k vFg 0 A
718 A E A= (A4) ol A ¢

_"

%
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MATF Arks 918,

A=

Ho AFA A9 3 W FFCAINMAE
aE o, +775 AT Arte ts A

of el ALrATHA (9],

3A-1
Nequ,3A—1 e™M
Nequ,A = z (Nequ,a) + 1—eM ; ©)
a=A
Nequat B3 AH 9 oj2lo] dojuhx] o= AHE 7Hde A= 27]9
npA e A (4) Al 9] A=

IL. 3. \The(6),, 7102

A%

1

d 2719 a59el 71 v (Ry) = Ro ot

7kl mElao]l BAF(Rdevy, ) ol oty AlRbA T4 (10)].

2
. e—O.Salog(Rdev)+Rdevy;

(10)

=

719l 7k vl s vERiH, = @919 Rdev,
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)

alog(Rdev) log(Rdevy).J 3T 5(]‘ L}’E]‘ﬂ]:]‘ Olog(Rdev) %)\'% ‘?_Z:}L:_

FHe Arstel A4 e A9Y o Mgk

log (Rdevy)~ N(O, O-lig(Rdev)); (11)

IL 3. Tt} (7). of F+ AlEA

oo 1
N 1+ e~log (19):(L;—Lso)/Los-s50

(12)

S 2 AT AR dese oF AU e, Ly & T
deigol 5% W olel theHE AFE AR, Leg & o

AEgol 77k os%, 0% W, old] tgEE 7t AREY Aols

rif
Mo
=2,
>,

Ir
e
ol
=
=
o,
2
4
2
)
oX,
o
K
A
ol
Y
o
N

Hieoll, E&



7pEe] Agel ARHEe o7 AdYAdS 100%E FAskA 7HEsklt

)

o,
rlo
En)
oo
1>
ftlo

HEHOoR Fa agoo ad = Al ek of 7 A

52
Sa= ) (ar- S); (13)
=0

Sot 7 A AFel dlas o ABAS UeE, ¢, 4 A%

2710 teste d9-A% ol BAE ehdny.

I.4. 25 4
IL4. 7} 4 7t W4

A 7% WY (maximum likelihood method) & 7Fs%  3H49]

FeEE AU e 24 AEst PHoms, B =Red F4%

o =

22



CPUE,~log N (log(CPUEy),Glzog(CPUE)); (14)
Length,,;~ Multinomial(Ngsy, Py 1); (15)

log (Rdev),)~N(0, alig(Rdev)); (16)

CPUE,+ %% CPUE AmE YeRH 23 A+t 225 783l

Length,, = Ax9E, 24 A AFel dsst= ARG & Azold v

kel

BEZ PR Oiogepur) T l0g(CPUE,) o %7 BAbE ojvjdin,

Nesr e OHEEo] s dxd A4 289

=3
e

a71E K A

(14), (15) 2] CPUE, % B, & T8 o] Axer),

CPUE, = 4 - By; (17)
Cyal =St Pay* Ny (18)
52 A
By= ) Wi Cpa (19)
=1 a=0

23



ﬁ _ é=0 Cy’a’l + 0.1_9 .
A _ )
g le=210(22=0 Cy,a,l + 0.1 9)

(20)
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Ir
=
o
rlr
2
kit
e
2
o
)
jl
e
2
ok
g
Y
>
lf
[-'0
kit
e
2
o
X
jl
e

AAAJA ARTE AGHA 7] wWZel, 57 FF #ele ALEHEA

Agol HAY, BH F5E 29 21 AR @Y For THEUL,

Obj = —logL(@|CPUE) — logL (6 |Length) —

(21)
logL(@|Rdev);

Obj = 723 (objective function value) S UENM, o]& HA3she

449 nise xFe RYT 34

ot

A 254(0)+ Table 2(free



(21) 9

‘Q‘U%Y /‘l]

3H 1;]_
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paramters) | gg& =9

A

L S A A RN | % B BN I v I =
o 2 " nm L m
N o - —_ o) ajo ML ko Ak iy m
pwow TS 2 I o oy ow g
. T B’ o5 T
O mﬂ m W W WM UW M K kw
o U T SR v
N @% A & © R Z]T 0
Lo NomoT o™ g N ® g
N Ll 1 1rD ,.nfmo T EE Mﬂ —
(- o N N <
Mo wr I o D oM L
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m KO M S o L, o ofpy =
e | e S o T il
~ MT v = = X ) ®L ™
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_ul = = pin ! m T
Moo Mo BB B oxllg S S
T e o X 1B T ~ T
A T N
B N omlg TR o
U TR B 1| S B (R w_m o
wodlw o m T g g
ﬂm s r h=] ) - .
g I R, Ne o 7
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| = ©n
N - B VR
L S S S S SR
I R L T e N

RMSE (Root Mean

T -

.

FAHOR B

=
25

=
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Square Error), 121l
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7Hgstth olF, A" T AsE Bl A&stu FAHT H,

1
% B APEe ARL R ARE NS AR Ay

s ARE AHE7] A% e 4G 22w, A% CPUE
Azs AF 2 ARE 47 21 PFRE, 0 Lziy 498,

AlEHolA AUy = F Al 7FXZE, CPUE A=.2 W% A4 (coefficient

o,
i)

of variation; CV)E (1) 10%, (2) 30%, (3) 50%= AL om oju A

ftlo

7 A 24 AR BEE Ve AREE 90 AR Fds FE

#-g- Tk (Table 1).
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Table 1. Al E#old Auee. 72 AlEdolAd Alve] 2 (SimS1, SimS2, SimS3) &
CPUEAtR | 7Hg % =271 At E, A =44 ARl 7HEe vt x=z57g A

4T bt AR WY £ES A HIE HIRY (Vepyp s CPUE AR
MEAFE dehin, N b 0 REERE Y AY AR R A/
=t
SimS1 SimS2 SimS3
CVepup 10% 30% 50%
Nojs 90 90 90

AE)A A9 MAZAQ HALS Figure 5 o AA T WA, FoR
AlEH oA AlvE] Qo] met #F RE (Operating model; OM) oA 7H#
A5E AP, Y 7 AEE 54 E 2 (Estimation Model; EM) o]l
dgst FHFoM, ojfst HAFS AlEHIA AU EE 1,000 WA
HHE T 1,000 MO ¥R FoA H TVles T3 Aivks F ek
T4 & (convergence rate) ¥ “Jth4 2} (Relative Difference; RD) &

ANROr, 2y e WAE #4959 7EN FAs 4 et
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. — 9
RDs;; =—2—;  for1<i<CS;,j=123 (22)

ro

4ld @A (RDs) = 7F AlEdlold Al L () FHE S (CS) =

AT, B8 FHA(0;;) 9 Fgh(0)9 A5 Fgow UE o=
dojdn Al Edeld Aol FEE B4 Table2ol AAISE A B
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Figure 5. Al Edo]ld RAE, Foiz Algde]ld Alye] 2 (SimS1, SimS2,
SimS3) ol whg}l Z-E 59l (Operating model; OM) 9|4 7}#F 225 A gkt

WEL F, Fd E o8 A

FHE W AU A5 ARt olE AlEwHeld Alue e
A

Data set criteria

/ 2 | Iterations \
/ Convergence \

3

Convergence
rate

v

Results
Relative

Difference

/

=
<
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IL5. Y. HEEAHAER o3} B4

dEZAED o3k B4 WS AAY Az oAT dEe
sgsts A ARE @ A8 AANbEA 238 AFEA A9E

Yol 54 Aol HAFAFAR ghel Aolrt

]_

ol
oy

i g R

M

AAY, FAZE AARCR A= dEo]l WS AF BEo

JERAAEE 0E 7

rr
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=
)
av
£
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<
o

=
=

5
O
N>
re
r
-1
2
>
rr

>
>
ol
i
;n
ftlo
R
)
3%
)
i
o
re
kit
1o
e
o
=
ftlo
=
k|
ol
N
do
:(I)L_!‘
N
il
il

o

sty AAE writ AxEE FHE ARbs s AEFH o dAEE
A 2ol (RDr)E 21 (23) 0= AAF, Mohn’s (1999) p & 2

(24) S 2 F-E AT

— 93”T_t .
RDry,(0) = R 1; for1<t<5 (23)

yT

RDr, ()= A& A5 7|30l 42 T, T —td o, 54 A% (y)elA

F9A he] gei Aol Jejatel, T BdlelN elE F AR 7,
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p(6) = EZ -1 for1<t<5 (24)

p(6) mohn’s p#ts UEH™, me AAT T Axe +5 Uehdoh
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Table 2. 2-°] 2] 7 9](data, free parameter (@), input value, and derived quantity)

Symbol Description Unit
Data (A} 5)
CPUE, AETH CPUE A= MT/haul
Length,;, <AXH, A Agel dex= A vl& A=
Free parameter (X E5=, 0)
Lo 0 A9 FHa A cm
K d% A4 (growth coefficient)
Ling o2 Hul Fo A% cm
Ry olFo] doubA & FFA el el whels number
q ©] 3 & E(catchability)
Lso

o] - HEA 50%0°] t-eH+= A

33
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Los_so ENA) 95%, 50%°) &= Ao xf cm

e 2
-
2

Rdev, = 7S mbslare) |k

Input value(¥ 8 %)

A npAl e A =, 6+ age

[ 2 A As TR H3134(0,1, -+, 52 cm) cm

M B3 AD A E(year™) year”
fraceem Ao H&

w4 AsE ALY 9 AALE

W AeE 50%A o, ol & == Al (cm) om

w3 A Agel 0d o, ATl e & ol g g9 AAg

Wy ANakg) & o] Feofl gt 2] 717

a % 7<= (weight coefficient)
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p <3 A <=(weight exponent)
Olog(Rgev) log(Rdevy)Q] X+ AA

Olog(CPUE) log(CPUE,)9 ¥ WA}

Nesy TRy 1HyE = AR A A5l ¥E A7 number
t Mohn's p AAFS 98 AlASE Ar9] number
T RdoA 18¥E F Ax9 & number
m AAS & AT F number

Derived quantity (7% %b)

a A= age
fa Az F AekE (kg /mHa) kg/individual
w, Lol He5s FAke) kg
L 2 A AT R Sk o
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<

0

)

Lol o-$=

Matl

kg

number

number

kg

cm

o A% (cm)

Adl S5

19 d¥EE b5

cm

Bt A%

T
RN

3

B!

Ly

cm

)

iz
Ly

v}Z] 2t number
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number

year™!

3

A1 ENR
21

o1 A

L —
T

A %719 Lo &5
AlEH Ol Al 2 (),

Aol

3l

H

f

d A=(y)od =44 719

=
=

A3 AE) Azke] 2z T, T -t o,

oA o)

RDry, .

Mohn’s p %k

p(6)
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= 5o A4 @7t

&

III. 1.

Table 3

Epel 1Y e

A%

B4-(C1,C2) 0l 1 ghor A

g
-

of A A]

At

AA

Table 4°]

=
=

1536 cm, K=

0.63, Lins=33.2cm, C2: Lo=

9.37cm, K=

ol HYICL: Ly

e

]
=

0.17, Ly (4¥ %)= 40. 6 cm].

e TH (Figure 13).

o

26.63 cm, Lgs_50= 6.98 cm, C2°] 7d-F-, Lso= 27.55 cm, Lgs_50= 5.46 cm

o 7 AE4 & Figure 119] A3 sde] AN Yo

A
e

ek A A

_]

=
7

7 Ax 7 vyl

.

3H
A

Figure 12¢] A|A]

el
=

3

T Aus

o]

= d394

Ty

&l

| elojup

o] g

o]
=

i

/BP

(6]

=
o

EaRnsy
T

A+ (Rdevy) 744, 1¥]aL

H

by

%) vkl

=4 7
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B B Olog(ry,,) K EEFEH FEHEH, Clol vl C2ol4 1 ME4

[a—

o] A3 AA YeEb O™ (Figure 9), 7t A& 74y whEl49] H42 C

o] A9 1,874 x 10° (P}E ), C29] A9 3,265 x 10° (v}& ) 02 Clef H]

3l C29] Hat 7k mE7E oF 179 =4 dEbE T A5 3 o] FAL

HE(F)S Cle 43¢ 19759 %00 0.08 year 2 7H¢ 53k, 19961d o

0.66 year 122 74 E9kon 1996\d T H-E= =7t o EALLGE ] A7}
%!

9-3tgFste] 2019 o= 0.14 year 9 FE/HA Faga, F

of

Ao g 1 HE 2000 EFH 2019957 8] = A9 =3t o A

i
1o,
A0
N
o
=
1
Jo
>
_O|L
=)
i,
o
x3
i)
=
et
(=
a
S
_{
o,
o
i
>
XY
oX,
i
of

=% (total biomass) 2 At&7bsd = (stock spawning biomass)
Figure 8ol #AAIgow, Cl19 A% 1975d %A = 15019 F+ AEF

°] 1.2x10°(MT) .2 7F Eokom, 1985 =7b4] 0.2 x 10°(MT) o] F 2.

Ol

=

o

2

1

N

P olF, 201998744 F AER] FAVF $3FE] 1 x
10°(MT) 0.2 WFEbstTh Wb, €29 735, 20009 =5E] 2019 =744 Cle]

A

X!
o,

H FAEE] A7]RT AAE 0.07 x 106 20199 %), A= 0.7 x

10 (20009 %) 2] xpo]E HYgow HFARoxw C27F Cle| Hls) <k 1.54)

w2 $AEYE 55 dEhith shARE 2000 2 5H 2019 =74 9 F
Bl FAE AT Qe S AR A 8 A71E e

Wil (Figure 8), 2019 = ol = F A--olA Z+2F 0.3 x 10° (MT), 0.3 x 10° (MT)

FEOE fAR Vheby



& 3.16, C2+= 4392 Clo] €29 w3 AEES t] & AHs= Ao Z e

ot H, AdxRE A 24 Asel R A9S Figure 700 A F

|o
o
—r
ol
o
3ul
-
2
>
2!
e,
1o
2
Iy
=
o
ﬂ
>,
i
[
;“:
O
Fu
fielf
il
Y
_>,i
mlru

0.062, C2+= 0.088% Clo] C2¢ vlal] A= v] & A9gsts= Aoz e

2 A3 e o r AAE AEHeld A9 A= vy
3 o}z A E el Alve] 2 (SimS1, SimS2, SimS3) ¥ & 1,00081 2] ®F
5 35 FolA 1 Vs T3 SlgE WEEE AA P o (Table 5),
1 A3} CPUE #A=2 WHEA0] 10%, 30%, 50%= Al wel C19 3¢

THEL 91.8%, 66.2%, 34.9%% AA A 74 §E C22 49 CPUE
40



Az o] Mo Aglo]l 99.9%, 99.4%, 96.8%2] HH A FHES K.Y
ol w3k Al B o)A Ao Fgto® 71 % Table4?] 1-7H 2 34

2 gkt 24 AlEEeld AldEleelM FE8 By FEAE

_,d
1o,
o
o £
X

ko] (RDs) & A+ 19 (Figure 14, Figure 15) &= AA T Cl12
CPUE =9 W& AF7E 10% F5Y W, 5 Ly, K& A v
FollA A4 2H(RDs) #=2 U CFEA) o] 00 ZASHAl HHEFR

o AR, 25 Lo, KO RDs®EY FI9S 47 002 E &9 AF

0{

(negative bias), 9F°] A& (positive bias) ©] L}EFST 3, CleA] CPUE

Age] MEgol AR weEt 58] AF B W Ly, K29k log(q) 9

RDs 3kE2] #Fo] Adiyoz IA yerstoed, 24 log(Ry), Lso 2
RDs#HE2] Mol Aoz FasA DA v, SvEAE 4%

wee] wrhE w4 Lo Aot RDs#
& FA Ve, ol 7 Algdold Al Ly, FHAS] &

st 2AksH FE ek

rr
pay
o
i
uj
&
O
:
EE
@)
[\
1o
o,
o
b
ull
>,
i
)

ojd Ayl eolX B2 RDsat w39 yH AEe AN, T4k
= 0ol Al UEld Feks Vo R s Jo® yeint Ay

o7 C29 A% CPUE #Atg9 WEAdo] AXoE E438ta 25 F43

Wl 58], 24 Ly, K, log(q)eld F4x9 o] LA o

RDsEHS el H37h WA Uehd B4 Lo, K, Lol CPUE #A82] WE4
41



AA R, olF vtgo Rz AtA ZFol(RDr)E o gl AAF o,
mohn's p #t= Wt VFEACE Uehlth 3 AR ARE A7 sHHA
F4E%E SSB,, E, #% ©159 RDr#td FAl:= od AAAQ e
(systematic pattern)= WEFA] 9F3kar, sH sidelA Hdor Ui 3ts
o] [k mohn's pak =S ZH2E -0.0063, 023920 % HEZAHEH @
A FEe FAE 7 e AEE YERTY. AR 5 AEE AAR
= "o SSB, A At ARE o AHERE WMo SSB, FA

o} RE AxolA a7 AuiF oz FA UERd, oo B3 yEe
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Table 3. 7} ZA$-olA 48 groz A3t maek 1 A g M2 @97t
year 1l =31 AAAVGES VIS, Ly & B¢ ClolAs F740] =
Rom, C2ollX = FAEA ot 48 Fgom AU vy, CV,E 0,
6+AlNA & A LEL WE AT, CVpgey, CVepyp= 7FA PHRAFE] A}
2 CPUE Azl ndEHe= WEAFE Yebdth CVraey, CVepup W

Olog(CPUE)> Olog(Rdev) %):% %Eé}‘—:‘ Eﬂ A]’%?}]\E}-

Cl C2

No. Parameters Input values

1 M 0.38

2 Lins - 40.6

3 CVy 0.1

4 Ccv, 0.1

5 2.8x107%

6 3.4428

7 w4 -0.82

8 A 29.17

9 w3 1

10 Wy 0

11 fracrem 0.6

12 CVrdev 0.8

13 CVepur 0.1

14 Negs 90
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Table 4. A} X 57(free parameters)®] F7d %] W 3% F 2 Z}(standard error).

Cl1 C2
No. Parameters Estimates S.E. Estimates S.E.
1 Lo 9.37 0.88 15.36 0.69
2 Lins 33.2 0.31 - -
3 K 0.63 0.06 0.17 0.01
4 log(Ry) 14.52 0.12 14.61 0.26
5 log(q) -10.24 0.17 -10.33 0.29
6 Lsg 26.63 0.59 27.55 0.36
7 Los_s0 6.98 0.41 5.46 0.23
8 Rdevi97s -0.82 0.51 - -
9 Rdevi976 -0.51 0.52 . -
10 Rdevi977 -0.06 0.44 - -
11 Rdeviozs -0.68 0.53 - -
12 Rdevi9r9 -0.41 0.51 - -
13 Rdevi9s0 -0.04 0.45 - -
14 Rdev9s -0.27 0.44 - -
15 Rdevis -1.09 0.47 - -
16 Rdevi9s3 -1.54 0.43 - -
17 Rdevigga -0.96 0.52 - -
18 Rdevigss 0.6 0.2 - -
19 Rdev19ss -0.24 0.58 - -
20 Rdevi9s7 0.65 0.28 - -
21 Rdevigss -0.68 0.54 - -
22 Rdev19s9 -0.43 0.53 - -
23 Rdevi99o 0.14 0.52 - -
24 Rdevi99; 0.36 0.61 - -
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Rdev1992
Rdev993
Rdevi94
Rdevi99s
Rdev996
Rdev1997
Rdevi99s
Rdev1999
Rdev000
Rdev201
Rdev2002
Rdev003
Rdev2004
Rdev200s
Rdev006
Rdevao07
Rdev200s
Rdev2009
Rdev2o10
Rdevaon
Rdevion2
Rdevo13
Rdevio14
Rdevzois
Rdevo16
Rdevao17
Rdevaois

Rdevso19

0.52
0.6
1.47
0.3
-0.15
0.05
-0.98
0.61
0.7
0.19
0.1
0.44
-0.52
0.55
0.4
0.65
0.1
0.55
0.43
0.21
0.29
0.38
-0.14
-0.31
0.88
0.69
0.4
-0.44

0.46
0.6
0.27
0.92
0.68
0.44
0.49
0.18
0.16
0.21
0.26
0.2
0.35
0.2
0.25
0.2
0.26
0.2
0.24
0.27
0.28
0.28
0.38
0.38
0.21
0.27
0.43
0.63

1.26
0.33
0.97
-1.25
1.34
-1.02
1.47
-1.5
1.45
-0.91
1.17
-0.7
1.45
-1.14
-1.27
1.76
-1.03
0.33
-1.24
-1.47

0.22
0.49
0.26
0.77
0.16
0.89
0.15
0.68
0.14
0.94
0.21
0.88
0.16
0.8
0.75
0.13
0.9
0.6
0.76
0.68
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how, Clat 29
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¥ v o2 vERith (C1_RMSE=3.16, C2_ RMSE=4.39)
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Table 5. Z} AlEd ol Alyg oA F+ 7 (Cl C2)°] 4% E(convergence
rate). Al E ol Ay @ 1,000 9] RHE 3¢ FoA £H V|EE T
et s NEER A

SimS1 SimS2 SimS3
Cl1 91.8% 66.2% 34.9%
C2 99.9% 99.4% 96.8%
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Figure 16. C29] 7k A= HE A5 5 A7 stdA FA4E dadrbsg A
EH(SSBy) 2 =3F oA IAVGE(Fy)H o152 A Afol(RDr). IF A
W AE ARE BT AREEY] FAS AdE YERE T dd), w1t
7}2e Mohn's p #ts YEFHATHEHT Wd). ( Mohn'sp Fk: pssp =
~0.0063, pp=0.2392).
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IV.1. 7}8-3 A5 & 23 1

7HEe AARE BT 3 Es Cl1Y A9 C2e vl A}E "HelA =
= ¢ 7 AW 2o 7 UE O v (Figure 6, Figure 7), C20l4 374 5 X
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starter.ss

#V3.30.16.00; 2020 09 03; safe; Stock Synthesis by Richard Methot (NOAA)
using ADMB _12.2

#Stock Synthesis (SS) is a work of the U.S. Government and is not subject to copyright
protection in the United States.

#Foreign copyrights may apply. See copyright.txt for more information.

# user_support_available at:NMFS.Stock.Synthesis@noaa.gov

# user_info available at:https://vlab.ncep.noaa.gov/group/stock-synthesis

#C starter comment here

data.ss

control.ss

0 # O=use init values in control file; 1=use ss.par

0 # run display detail (0,1,2)

1 # detailed output (0=minimal for data-limited, 1=high (w/ wtatage.ss new), 2=brief,
3=custom)

# custom report options: -100 to start with minimal; -101 to start with all; -number to
remove, +number to add, -999 to end

0 # write st iteration details to echoinput.sso file (0,1)

0 # write parm values to ParmTrace.sso (0=no,l=good,active; 2=good,all;
3=every iter,all_parms; 4=every,active)

1 # write to cumreport.sso (0=no, 1=like&timeseries; 2=add survey fits)

0 # Include prior_like for non-estimated parameters (0,1)

1 # Use Soft Boundaries to aid convergence (0,1) (recommended)

#

2 # Number of datafiles to produce: 1st is input, 2nd is estimates, 3rd and higher are
bootstrap, 0 turns off all *.ss_new output

6 # Turn off estimation for parameters entering after this phase

#

0 # MCeval burn interval

1 # MCeval thin interval

0 # jitter initial parm value by this fraction

-1 # min yr for sdreport outputs (-1 for styr); # 1995

-1 # max yr for sdreport outputs (-1 for endyr+1; -2 for endyr+Nforecastyrs); # 2019
0 # N individual STD years

#vector of year values

0.0001 # final convergence criteria (e.g. 1.0e-04)
0 # retrospective year relative to end year (e.g. -4)
1 # min age for calc of summary biomass
1 # Depletion basis: denom is: O=skip; 1=rel X*SPBO0; 2=rel SPBmsy; 3=rel
X*SPB_styr; 4=rel X*SPB_endyr
1 # Fraction (X) for Depletion denominator (e.g. 0.4)
4 # SPR_report basis: 0=skisp; 1=(1-SPR)/(1-SPR _tgt); 2=(1-SPR)/(1-SPR_MSY);
3=(1-SPR)/(1-SPR_Btarget); 4=rawSPR
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1 # Annual F units: O=skip; l=exploitation(Bio); 2=exploitation(Num);
3=sum(Apical_F's); 4=true F for range of ages; S=unweighted avg. F for range of ages
#COND 0 6 # min and max age over which average F will be calculated with
F_reporting=4 or 5

0 # F_std basis: O=raw_annual F; 1=F/Fspr; 2=F/Fmsy; 3=F/Fbtgt; where F means
annual_F; values >=11 invoke multiyr with 10's digit

0 # MCMC output detail: integer part (0=default; 1=adds obj func components); and
decimal part (added to SR_LN(RO) on first call to memc)

0.0001 # ALK tolerance (example 0.0001)

-1 # random number seed for bootstrap data (-1 to use long(time) as seed): #
1599073571

3.30 # check value for end of file and for version control
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data.ss

#V3.30.15.00-

safe; 2020 03 26; Stock Synthesis by Richard Methot (NOAA) using ADMB
12.0

#Stock Synthesis (SS) is a work of the U.S. Government and is not subject to copyright
protection in the United States.

#Foreign copyrights may apply. See copyright.txt for more information.

# user support available at:NMFS.Stock.Synthesis@noaa.gov

# user_info available at:https://vlab.ncep.noaa.gov/group/stock-synthesis

# Start time: Fri Mar 05 16:36:25 2021

# Number of datafiles: 2

# observed data:
#V3.30.15.00-
safe; 2020 03 26; Stock Synthesis by Richard Methot (NOAA) using ADMB
12.0
#Stock Synthesis (SS) is a work of the U.S. Government and is not subject to copyright
protection in the United States.
#Foreign copyrights may apply. See copyright.txt for more information.
1975 # StartYr
2019 # EndYr
1 # Nseas
12 # months/season
2 # Nsubseasons (even number, minimum is 2)
1 # spawn_month
-1 # Ngenders: 1,2, -1 = (use -1 for 1 sex setup with SSB multiplied by female frac
parameter)
6 # Nages=accumulator age, first age is always age 0
1 # Nareas
1 # Nfleets (including surveys)
# fleet type: 1=catch fleet; 2=bycatch only fleet; 3=survey; 4=ignore
# sample_ timing: -1 for fishing fleet to use season-long catch-at-age for observations,
or 1 to use observation month; (always 1 for surveys)
# fleet area: area the fleet/survey operates in
# units of catch:  1=bio; 2=num (ignored for surveys; their units read later)
# catch mult: 0=no; 1=yes
# rows are fleets
# fleet type fishery timing area catch units need catch mult fleetname
1-11100 #1
#Bycatch fleet input goes next
#a: fleet index
#b: l=include dead bycatch in total dead catch for FO.1 and MSY optimizations and
forecast ABC; 2=omit from total catch for these purposes (but still include the mortality)
#c:  1=Fmult scales with other fleets; 2=bycatch F constant at input value; 3=bycatch
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F from range of years

#d: F or first year of range
#e: last year of range

#f:  not used

#a b ¢ d e f
# Catch data: yr, seas, fleet, catch, catch_se
# catch se: standard error of log(catch)
# NOTE: catch data is ignored for survey fleets
-9991100.05
19751170123 0.001

1976 11 107382 0.001
1977 1 1 113051 0.001
1978 11 99519 0.001

1979 1 1 120283 0.001
1980 1 1 62690 0.001

1981 1 1 108082 0.001
1982 1 199447 0.001

1983 11122883 0.001
198411101714 0.001
1985 1 1 68479 0.001
198611 103511 0.001
1987 11101337 0.001
1988 1 1 162828 0.001
1989 1 1 163617 0.001
1990 1 1 96297 0.001

1991 1 1 89738 0.001
199211115619 0.001
1993 11 174684 0.001
1994 1 1210442 0.001
1995 1 1200481 0.001
1996 1 1 415003 0.001
1997 1 1 160448 0.001
1998 1 1 172925 0.001
1999 1 1 177540 0.001
2000 1 1 145908 0.001
2001 11203717 0.001
2002 1 1141751 0.001
2003 1 1122044 0.001
2004 1 1 184274 0.001
2005 11 135596 0.001
2006 1 1101427 0.001
2007 11143776 0.001
2008 1 1 187240 0.001
2009 11 117960 0.001
2010 1 194331 0.001
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2011 11 138729 0.001
201211125143 0.001
201311102114 0.001
201411127452 0.001
201511131735 0.001
201611133200 0.001
201711103870 0.001
2018 11 141530 0.001
201911101121 0.001

-99990000
#
# CPUE and surveyabundance observations
# Units: O=numbers;  1=biomass; 2=F; 30=spawnbio; 31=recdev;
32=spawnbio*recdev; 33=recruitment; 34=depletion(&see Qsetup);

35=parm_dev(&see Qsetup)

# Errtype: -l=normal; O=lognormal; >0=T

# SD Report: 0=no sdreport; 1=enable sdreport

# Fleet Units Errtype SD_Report

1100 #FISHERY

# yr month fleet obs stderr

1975 1 1 CPUE 0.0997513 # FISHERY

2019 1 1 CPUE 0.0997513 # FISHERY
-9999 1 1 1 1 # terminator for survey observations
#
0# N fleets with_ discard
# discard units (1=same_as_catchunits(bio/num); 2=fraction; 3=numbers)
# discard errtype: >0 for DF of T-dist(read CV below); 0 for normal with CV; -1 for
normal with se; -2 for lognormal; -3 for trunc normal with CV
# note, only have units and errtype for fleets with discard
# Fleet units errtype
#-9999 0 0 0.0 0.0 # terminator for discard data
#
0 # use meanbodysize data (0/1)
# COND 0# DF for meanbodysize T-distribution like
#note: type=1 for mean length; type=2 for mean body weight
# yr month fleet part type obs stderr
# -9999 0000 0 0 # terminator for mean body size data
# set up population length bin structure (note - irrelevant if not using size data and using
empirical wtatage
2 # length bin method: 1=use databins; 2=generate from binwidth,min,max below;
3=read vector
1 # binwidth for population size comp
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1 # minimum size in the population (lower edge of first bin and size at age 0.00)
52 # maximum size in the population (lower edge of last bin)
1 # use length composition data (0/1)
# mintailcomp: upper and lower distribution for females and males separately are
accumulated until exceeding this level.
# addtocomp: after accumulation of tails; this value added to all bins
# males and females treated as combined gender below this bin number
# compressbins: accumulate upper tail by this number of bins; acts simultaneous with
mintailcomp; set=0 for no forced accumulation
# Comp Error: 0O=multinomial, 1=dirichlet
# Comp FError2: parm number for dirichlet
# minsamplesize: minimum sample size; set to 1 to match 3.24, minimum value is
0.001
# mintailcomp addtocomp combM+F CompressBins CompError ParmSelect
minsamplesize
-999 1e-10000 0 1 # fleet:1 0
# sex codes: O=combined; 1=use female only; 2=use male only; 3=use both as joint
sexxlength distribution
# partition codes: (0O=combined; 1=discard; 2=retained
43 # N LengthBins; then enter lower edge of each length bin
1011 1213141516 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
3738394041424344454647 4849 5051 52
# yr month fleet sex part Nsamp datavector(female-male)
// p: proportion
2000 1 1. 3 0O 90 pl p2 p3 p4 p5 p6 p7 p8 p9 plOpll pl2
pl3 pl4 pl15 pl6 pl7 p18 pl19 p20 p21 p22 p23 p24 p25 p26 p27 p28 p29 p30
p31 p32 p33 p34 p35 p36 p37 p38 p39 p40 p4l p42 p43

2019 1 1 3 0 90 pl p2 p3 p4 p5 p6 p7 p8 p9 plOpll pl2
pl3 pl4 pl15 pl6 pl7 pl8 pl9 p20 p21 p22 p23 p24 p25 p26 p27 p28 p29 p30
p31 p32 p33 p34 p35 p36 p37 p38 p39 p40 p4l p42 p43

-99990000000000000000000000000000000000000000000

00000

#

0# N age bins

#0# N ageerror definitions

# mintailcomp: upper and lower distribution for females and males separately are

accumulated until exceeding this level.

# addtocomp: after accumulation of tails; this value added to all bins

# males and females treated as combined gender below this bin number

# compressbins: accumulate upper tail by this number of bins; acts simultaneous with

mintailcomp; set=0 for no forced accumulation

# Comp_FError: O=multinomial, 1=dirichlet
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# Comp FError2: parm number for dirichlet

# minsamplesize: minimum sample size; set to 1 to match 3.24, minimum value is
0.001

# mintailcomp addtocomp combM+F CompressBins CompError ParmSelect
minsamplesize

# fleet:1 0

# Lbin_method for Age Data: 1=poplenbins; 2=datalenbins; 3=lengths

# sex codes: 0O=combined; 1=use female only; 2=use male only; 3=use both as joint
sexxlength distribution

# partition codes: (0=combined; 1=discard; 2=retained

# yr month fleet sex part ageerr Lbin_lo Lbin_hi Nsamp datavector(female-male)

#

0 # Use MeanSize-at-Age obs (0/1)

#

0# N _environ_variables

#Yr Variable Value

#

0 # N sizefreq methods to read

#

0 # do tags (0/1)

#

0# morphcomp data(0/1)

# Nobs, Nmorphs, mincomp

# yr, seas, type, partition, Nsamp, datavector by Nmorphs
#

0 # Do dataread for selectivity priors(0/1)

# Yr, Seas, Fleet, Age/Size, Bin, selex prior, prior sd
# feature not yet implemented

#

999

85



control.ss

#Stock Synthesis (SS) is a work of the U.S. Government and is not subject to copyright
protection in the United States.
#Foreign copyrights may apply. See copyright.txt for more information.
# user support available at:NMFS.Stock.Synthesis@noaa.gov
# user_info_available at:https://vlab.ncep.noaa.gov/group/stock-synthesis
# data_and control_files: data.ss // control.ss
0 # 0 means do not read wtatage.ss; 1 means read and use wtatage.ss and also read
and use growth parameters
1 # N_Growth Patterns (Growth Patterns, Morphs, Bio Patterns, GP are terms used
interchangeably in SS)
1 # N _platoons_Within_GrowthPattern
# Cond 1 # Platoon within/between_stdev_ratio (no read if N_platoons=1)
# Cond 1 #vector platoon dist (-1 in_first val gives normal approx)
#
4 # recr_dist_ method for parameters: 2=main effects for GP, Area, Settle timing;
3=each Settle entity; 4=none (only when N GP*Nsettle*pop==1)
1 # not yet implemented; Future usage: Spawner-Recruitment: 1=global; 2=by area
1 # number of recruitment settlement assignments
0 # unused option
#GPattern month area age (for each settlement assignment)

1110
#
# Cond 0 # N_movement definitions goes here if Nareas > 1
# Cond 1.0 # first age that moves (real age at begin of season, not integer) also cond
on do_migration>0
# Cond 11124 10 #example move definition for seas=1, morph=1, source=1 dest=2,
agel=4, age2=10
#
0 # Nblock Patterns
# Cond 0 # blocks per pattern
# begin and end years of blocks
#
# controls for all timevary parameters
1 # env/block/dev_adjust_method for all time-vary parms (1=warn relative to base
parm bounds; 3=no bound check)
#
# AUTOGEN

1111 1# autogen: 1st element for biology, 2nd for SR, 3rd for Q, 4th reserved, Sth
for selex
# where: 0 = autogen time-varying parms of this category; 1 =read each time-varying
parm line; 2 = read then autogen if parm min==-12345
#
# Available timevary codes
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# Block types: 0: P _block=P base*exp(TVP); 1: P block=P base+TVP; 2:
P_block=TVP; 3: P_block=P_block(-1) + TVP

# Block trends: -1: trend bounded by base parm min-max and parms in transformed
units (beware); -2: endtrend and infl year direct values; -3: end and infl as fraction of
base range

# EnvLinks: 1: P(y)=P base*exp(TVP*env(y)); 2: P(y)=P_base+TVP*env(y);
3:null;  4: P(y)=2.0/(1.0+exp(-TVP1*env(y) - TVP2))

# DevLinks: 1: P(y)*=exp(dev(y)*dev_se; 2: P(y)+=dev(y)*dev_se; 3: random
walk; 4: zero-reverting random walk with rho; 21-24 keep last dev for rest of years
#

# Prior_codes: O=none; 6=normal; I=symmetric beta; 2=CASAL's beta;
3=lognormal; 4=lognormal with biascorr; 5=gamma
#

# setup for M, growth, maturity, fecundity, recruitment distibution, movement
#
0# natM_type: O0=1Parm;1=N_breakpoints; 2=Lorenzen; 3=agespecific; 4=agespec
_withseasinterpolate

# no additional input for selected M option; read 1P per morph
#
1 # GrowthModel: 1=vonBert with LI1&L2; 2=Richards with L1&L2;
3=age specific K incr; 4=age specific K decr; S5=age specific K each; 6=NA;
7=NA; 8=growth cessation
0 # Age(post-settlement) for L1;linear growth below this
999 # Growth Age for L2 (999 to use as Linf)
-999 # exponential decay for growth above maxage (value should approx initial Z; -
999 replicates 3.24; -998 to not allow growth above maxage)
0 # placeholder for future growth feature
#
0# SD add to LAA (setto 0.1 for SC2 V1.x compatibility)
0# CV_Growth Pattern: 0 CV=f(LAA); 1 CV=F(A);2 SD=F(LAA); 3 SD=F(A); 4
logSD=F(A)
#
1 # maturity option: 1=length logistic; 2=age logistic; 3=read age-maturity matrix
by growth_pattern; 4=read age-fecundity; 5=disabled; 6=read length-maturity
2 # First Mature Age
1 # fecundity option:(1)eggs=Wt*(a+b*Wt);(2)eggs—a*L"b;(3)eggs—a*Wt"b;
(4)eggs=at+b*L; (5)eggs=a+tb*W
0 # hermaphroditism option: 0O=none; 1=female-to-male age-specific fxn; -1=male-
to-female age-specific fxn
1 # parameter offset approach (1=none, 2= M, G, CV_G as offset from female-GP1,
3=like SC2 V1.x)
#
# growth parms
# LO HI INIT PRIOR PR_SD PR _type PHASE env_var&link dev_link dev_minyr
dev_maxyr dev_PH Block Block Fxn
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#Sex: 1 BioPattern: 1 NatMort
0.11.5038000-30000000#NatM p 1 Fem GP 1
# Sex: 1 BioPattern: 1 Growth
5189.3741700020000000#L_at Amin Fem GP_1
255033.196300040000000#L at Amax Fem GP 1
0.0120.6295130002000000 0 # VonBert K Fem_ GP_1
0.050.250.1000-40000000#CV_young_Fem GP_1
0.050.250.1000-40000000#CV_old Fem GP 1
#Sex: 1 BioPattern: 1 WtLen
-332.8278e-06 0.0030.80-30000000# Wtlen 1 Fem GP_1
-343.4428 3.346940.80-30000000# Wtlen 2 Fem GP 1
#Sex: 1 BioPattern: 1 Maturity&Fecundity
253529.1704300.80-3000000 0 # Mat50%_ Fem GP_1
-33-0.81689-0.250.80-30000000#Mat slope Fem GP_1
-551000-30000000#Eggs/kg inter Fem GP 1
-550000-30000000#Eggs/kg slope wt Fem GP 1
# Hermaphroditism
# Recruitment Distribution
# Cohort growth dev base
0.1101110-10000 000 # CohortGrowDev
Movement
Age Error from parameters
catch multiplier
fraction female, by GP
1e-06 0.999999 0.6 0.50.50-9900 00 0 0 0 # FracFemale GP_1
#
# no timevary MG parameters
#
# seasonal_effects_on_biology parms
0 0 0 0 0 0 0 0 0 0
# femwtlenl,femwtlen2,matl,mat2,fecl,fec2,Malewtlenl,malewtlen2,L.1,K
# LO HI INIT PRIOR PR_SD PR _type PHASE
# Cond-2200-199-2# placeholder when no seasonal MG parameters
#
3 # Spawner-Recruitment; Options: 1=NA; 2=Ricker; 3=std B-H; 4=SCAA;
5=Hockey; 6=B-H_flattop; 7=survival 3Parm; 8=Shepherd 3Parm;
9=RickerPower 3parm
0 # 0/1 to use steepness in initial equ recruitment calculation
0 # future feature: 0/1 to make realized sigmaR a function of SR curvature

H H HHF

# LO HI INIT PRIOR
PR _SD PR type PHASE env-var use dev dev_mnyr
dev_mxyr dev_PH Block Blk Fxn# parm name

3 31 145189 0 0 0 1 0 0 0 0 0 O O0#SR LN(RO)
02 1 1 000 -4 0000 0 0 0#SR BH steep
0 2 07033460 0 0 -4 0 0 0 0 O O O#SR sigmaR
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55001 0 4000 0 0 0 O0#SR regime
0 00O 0 099 0 0 0 0 0 0 O0#SR autocorr
# no timevary SR parameters

1 #do recdev: O=none; 1=devvector (R=F(SSB)+dev); 2=deviations
(R=F(SSB)+dev); 3=deviations (R=R0*dev; dev2=R-f(SSB)); 4=like 3 with sum(dev2)
adding penalty

1975 # first year of main recr_devs; early devs can preceed this era
2019 # last year of main recr_devs; forecast devs start in following year
2 # recdev phase
0 # (0/1) to read 13 advanced options
# Cond 0 # recdev_early start (O=none; neg value makes relative to recdev_start)
# Cond -4 # recdev_early phase
# Cond O # forecast recruitment phase (incl. late recr) (0 value resets to maxphase+1)
# Cond 1 # lambda for Fcast recr like occurring before endyr+1
# Cond 975 # last yr nobias adj in MPD; begin of ramp
# Cond 1969 # first yr fullbias adj in MPD; begin of plateau
# Cond 2019 # last yr fullbias adj in MPD
# Cond 2020 # end yr for ramp in MPD (can be in forecast to shape ramp, but SS
sets bias_adj to 0.0 for fcast yrs)
# Cond 1 # max_bias adj in MPD (typical ~0.8; -3 sets all years to 0.0; -2 sets all
non-forecast yrs w/ estimated recdevs to 1.0; -1 sets biasadj=1.0 for all yrs w/ recdevs)
# Cond 0 # period of cycles in recruitment (N parms read below)
# Cond -5 #min rec_dev
# Cond 5 #max rec_dev
# Cond 0 # read_recdevs
# end of advanced SR options
#
# placeholder for full parameter lines for recruitment cycles
# read specified recr devs
# Yr Input value
#
# all recruitment deviations
# 1975R 1976R 1977R 1978R 1979R 1980R 1981R 1982R 1983R 1984R 1985R
1986R 1987R 1988R 1989R 1990R 1991R 1992R 1993R 1994R 1995R 1996R 1997R
1998R 1999R 2000R 2001R 2002R 2003R 2004R 2005R 2006R 2007R 2008R 2009R
2010R 2011R 2012R 2013R 2014R 2015R 2016R 2017R 2018R 2019R
# -0.822743 -0.505766 -0.063263 -0.677131 -0.412869 -0.0445883 -0.26676 -
1.08792 -1.53822 -0.955114 0.602746 -0.237221 0.648728 -0.682834 -0.42979
0.135067 0.361908 0.518473 -0.599505 1.46583 0.299991 -0.149598 0.0507184 -
0.977841 0.608665 0.697295 0.19159 0.10123 0.43923 -0.515205 0.546178 0.397163
0.65315 0.104765 0.545757 0.427426 0.208603 0.289195 0.383026 -0.13515 -
0.310462 0.881607 0.686663 -0.397588 -0.435434
#
#Fishing Mortality info
0.3 # F ballpark value in units of annual F
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-2001 # F ballpark year (neg value to disable)

3#F Method: 1=Pope; 2=instan. F; 3=hybrid (hybrid is recommended)

3.9 # max F or harvest rate, depends on F_Method

# no additional F input needed for Fmethod 1

# if Fmethod=2; read overall start F value; overall phase; N detailed inputs to read

# if Fmethod=3; read N iterations for tuning for Fmethod 3

4 # N iterations for tuning F in hybrid method (recommend 3 to 7)

#

# initial F parms; count =0

# LO HIINIT PRIOR PR_SD PR type PHASE

#2019 2070

# F rates by fleet

#Yr: 19751976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2019

#seas: 11111111111111111111111111111111111111111
1111

# 0 0.0804866 0.139591 0.184997 0.200339 0.289824 0.177258 0.328208 0.312831
0.447199 0.523336 0.490055 0.560223 0.370047 0.479731 0.450478 0.298991
0.280964 0.316221 0.411119 0.514161 0.399501 0.662053 0.2866 0.351056 0.454881
0.420144 0.488708 0.294858 0.242969 0.370111 0.288948 0.217851 0.277622
0.33383 0.198406 0.150044 0.207267 0.186492 0.154503 0.194452 0.211578
0.245565 0.189739 0.213805 0.144124

#

# Q setup for fleets with cpue or survey data

# 1. fleet number

# 2: link type: (1=simple q, 1 parm; 2=mirror simple q, 1 mirrored parm; 3=q and
power, 2 parm; 4=mirror with offset, 2 parm)

# 3. extra input for link, i.e. mirror fleet# or dev index number

# 4. 0/1 to select extra sd parameter

# 5: 0/1 for biasadj or not

# 6: 0/1to float
#_
1

fleet link link _info extra se  Dbiasadj float # fleetname

1 0 O 0 0 # FISHERY
-999900000
#
# Q parms(if _any);Qunits_are In(q)
# LO HI INIT PRIOR
PR _SD PR type PHASE env-var use dev dev_mnyr
dev_mxyr dev_PH Block Blk Fxn # parm_name

-505-10.24130 0 0 4 0 0 O 0O O O O# LnQ base 0(1)
# no timevary Q parameters
#
# size selex patterns
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#Pattern: 0; parm=0; selex=1.0 for all sizes
#Pattern: 1; parm=2; logistic; with 95% width specification
#Pattern: 5; parm=2; mirror another size selex; PARMS pick the min-max bin to mirror
#Pattern:_15; parm=0; mirror another age or length selex
#Pattern: 6; parm=2+special; non-parm len selex
#Pattern:_43; parm=2+special+2; like 6, with 2 additional param for scaling (average
over bin range)
#Pattern: 8; parm=8; New doublelogistic with smooth transitions and constant above
Linf option
#Pattern: 9; parm=6; simple 4-parm double logistic with starting length; parm 5 is first
length; parm 6=1 does desc as offset
#Pattern: 21; parm=2+special; non-parm len selex, read as pairs of size, then selex
#Pattern: 22; parm=4; double normal as in CASAL
#Pattern: 23; parm=6; double normal where final value is directly equal to sp(6) so
can be >1.0
#Pattern: 24; parm=6; double normal with sel(minL) and sel(maxL), using joiners
#Pattern: 25; parm=3; exponential-logistic in size
#Pattern:_27; parm=3-+tspecial; cubic spline
#Pattern: 42; parm=2-+special+3; // like 27, with 2 additional param for scaling
(average over bin range)
# discard options: O=none; l1=define retention; 2=retention&mortality; 3=all disc
arded dead; 4=define_dome-shaped retention
# Pattern Discard Male Special
1000#10
#
# age selex patterns
#Pattern: 0; parm=0; selex=1.0 for ages 0 to maxage
#Pattern: _10; parm=0; selex=1.0 for ages 1 to maxage
#Pattern:_11; parm=2; selex=1.0 for specified min-max age
#Pattern: 12; parm=2; age logistic
#Pattern: 13; parm=8; age double logistic
#Pattern: 14; parm=nages+1; age empirical
#Pattern:_15; parm=0; mirror another age or length selex
#Pattern: 16; parm=2; Coleraine - Gaussian
#Pattern: 17; parm=nages+1; empirical as random walk N parameters to read can be
overridden by setting special to non-zero
#Pattern: 41; parm=2+nages+1; //like 17, with 2 additional param for scaling (average
over bin range)
#Pattern: 18; parm=8; double logistic - smooth transition
#Pattern: 19; parm=6; simple 4-parm double logistic with starting age
#Pattern: 20; parm=6; double normal,using joiners
#Pattern:_26; parm=3; exponential-logistic in age
#Pattern: 27; parm=3+special; cubic spline in age
#Pattern: 42; parm=2+special+3; // cubic spline; with 2 additional param for scaling
(average over bin range)
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#Age patterns entered with value >100 create Min_selage from first digit and pattern
from remainder
# Pattern Discard Male Special

11000#10
#
# LO HI INIT PRIOR
PR SD PR type PHASE env-var use dev dev_mnyr
dev_mxyr dev_PH Block Blk Fxn # parm_name

#1 0 LenSelex
20 35 26.62800020000000 # Size inflection 0(1)
0.01 10 6.981600020000000 # Size 95%width 0(1)
#1 0 AgeSelex
04005990-99 0 0 O
04066990-99 0 0 O

# no timevary selex parameters
#
0 # wuse2D_ ARI selectivity(0/1)
# no 2D_ARI selex offset used
#
# Tag loss and Tag reporting parameters go next
0 #TG custom: O=no read and autogen if tag data exist; 1=read
# Cond-661120.01-40000000 # placeholder if no parameters
#
# no timevary parameters
#
#
# Input variance adjustments factors:

# l=add to survey CV

# 2=add to discard stddev

# 3=add to bodywt CV

# 4=mult by lencomp N

# 5=mult by agecomp N

# 6=mult by size-at-age N

# 7=mult by generalized sizecomp
# Factor Fleet Value

-9999 1 0 # terminator
#
4 # maxlambdaphase
1 # sd_offset; must be 1 if any growthCV, sigmaR, or survey extraSD is an estimated
parameter
# read 1 changes to default Lambdas (default value is 1.0)
# Like comp codes: l=surv; 2=disc; 3=mnwt; 4=length; 5=age; 6=SizeFreq;
7=sizeage; 8=catch; 9=init _equ_catch;
# 10=recrdev; 11=parm_prior; 12=parm_dev; 13=CrashPen; 14=Morphcomp; 15=Tag-
comp; 16=Tag-negbin; 17=F ballpark; 18=initEQregime
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0# minage@sel=1_0(1)

0 0
00 0 O# maxage@sel=1_0(1)



#like comp fleet phase value sizefreq method
#
# lambdas (for info only; columns are phases)
1 1# CPUE/survey: 1
1 # lencomp: 1
1 # _init_equ_catch
1 # recruitments
1 # parameter-priors
1 1 # parameter-dev-vectors
1 11 1# crashPenLambda
0000#F ballpark lambda
0 # (0/1/2) read specs for more stddev reporting: 0 = skip, 1 = read specs for reporting
stdev for selectivity, size, and numbers, 2 = mortality in addition to values in option 1
#0200 # Selectivity: (1) fleet, (2) 1=len/2=age/3=both, (3) year, (4) N selex bins
# 0 0 # Growth: (1) growth pattern, (2) growth ages
# 0 0 0 # Numbers-at-age: (1) area(-1 for all), (2) year, (3) N ages
# -1 # list of bin #'s for selex std (-1 in first bin to self-generate)
# -1 # list of ages for growth std (-1 in first bin to self-generate)
# -1 # list of ages for NatAge std (-1 in first bin to self-generate)
999

11
111
111
111
111
11

HFHHFHHFHEHFEH
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forecast.ss

#V3.30.16.00; 2020 09 03; safe; Stock Synthesis by Richard Methot (NOAA)
using ADMB _12.2
#Stock Synthesis (SS) is a work of the U.S. Government and is not subject to copyright
protection in the United States.
#Foreign copyrights may apply. See copyright.txt for more information.
#C generic forecast file
# for all year entries except rebuilder; enter either: actual year, -999 for styr, 0 for endyr,
neg number for rel. endyr
1 # Benchmarks: O=skip; 1=calc F_spr,F_btgt,F msy; 2=calc F_spr,FO.1,F _msy
2 #MSY: 1=set to F(SPR); 2=calc F(MSY); 3=set to F(Btgt) or F0.1; 4=set to F(endyr)
0.4 # SPR target (e.g. 0.40)
0.342 # Biomass target (e.g. 0.40)
# Bmark years: beg bio, end bio, beg selex, end selex, beg relF, end relF,
beg recr dist, end recr dist, beg SRparm, end SRparm (enter actual year, or values
of 0 or -integer to be rel. endyr)
19952019 1995 2019 1995 2019 1995 2019 1995 2019
# 20012001 2001 2001 2001 2001 1971 2001 1971 2001
1 #Bmark _relF Basis: 1 = use year range; 2 = set relF same as forecast below
#
-1 # Forecast: -1=none; O=simple lyr; 1=F(SPR); 2=F(MSY) 3=F(Btgt) or F0.1;
4=Ave F (uses first-last relF yrs); 5=input annual F scalar
# where none and simple require no input after this line; simple sets forecast F same as
end year F
10 # N forecast years
0.2 # Fmult (only used for Do _Forecast==5) such that apical F(f)=Fmult*relF(f)
# Fcast years:  beg selex, end selex, beg relF, end relF, beg mean recruits,
end recruits (enter actual year, or values of 0 or -integer to be rel. endyr)
00-100-999 0
# 20012001 1991 2001 1971 2001
0 # Forecast selectivity (O=fcast selex is mean from year range; 1=fcast selectivity from
annual time-vary parms)
1 # Control rule method (1: ramp does catch=f(SSB), buffer on F; 2: ramp does
F=f(SSB), buffer on F; 3: ramp does catch=f(SSB), buffer on catch; 4: ramp does
F=f(SSB), buffer on catch)
0.4 # Control rule Biomass level for constant F (as frac of Bzero, e.g. 0.40); (Must be
> the no F level below)
0.1 # Control rule Biomass level for no F (as frac of Bzero, e.g. 0.10)
0.75 # Buffer: enter Control rule target as fraction of Flimit (e.g. 0.75), negative value
invokes list of [year, scalar] with filling from year to YrMax
3 # N forecast loops (1=OFL only; 2=ABC; 3=get F from forecast ABC catch with
allocations applied)
3 # First forecast loop with stochastic recruitment
1 # Forecast recruitment: 0= spawn_recr; 1=value*spawn_recr fxn;
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2=value*VirginRecr; 3=recent mean from yr range above (need to set phase to -1 in
control to get constant recruitment in MCMC)

1 # value is multiplier of SRR

0 # Forecast loop control #5 (reserved for future bells&whistles)

2010 #FirstYear for caps and allocations (should be after years with fixed inputs)

0 # stddev of log(realized catch/target catch) in forecast (set value>0.0 to cause active
impl_error)

0 # Do West Coast gfish rebuilder output (0/1)

1999 # Rebuilder: first year catch could have been set to zero (Ydecl)(-1 to set to
1999)

2002 # Rebuilder: year for current age structure (Yinit) (-1 to set to endyear+1)

1 # fleet relative F:  1=use first-last alloc year; 2=read seas, fleet, alloc list below

# Note that fleet allocation is used directly as average F if Do_Forecast=4

2 # basis for fcast catch tuning and for fcast catch caps and allocation (2=deadbio;
3=retainbio; 5=deadnum; 6=retainnum); NOTE: same units for all fleets

# Conditional input if relative F choice = 2

# enter list of: season, fleet, relF; if used, terminate with season=-9999

#111

#-9999 00 # terminator for list of relF

# enter list of: fleet number, max annual catch for fleets with a max; terminate with
fleet=-9999

-9999 -1

# enter list of area ID and max annual catch; terminate with area=-9999

-9999 -1

# enter list of fleet number and allocation group assignment, if any; terminate with
fleet=-9999

-9999 -1

# if N allocation groups >0, list year, allocation fraction for each group

# list sequentially because read values fill to end of N forecast

# terminate with -9999 in year field

# no allocation groups

2 # basis for input Fcast catch: -1=read basis with each obs; 2=dead catch; 3=retained
catch; 99=input apical F; NOTE: bio vs num based on fleet's catchunits

#enter list of Fcast catches or Fa; terminate with line having year=-9999

# Yr Seas Fleet Catch(or_F)

-9999110

#

999 # verify end of input
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R file

# R code for simulation study of length-based SS model.
Z 20210115

# edited by Lee SeungJoon

?nstall.packages(“r4ss”)

fﬁibrary(r4ss) #

simulation_analysis<-1 # # (0,1,2,3) Input 1 when using M and CV as fixed values, 2
when estimating CV with fixed M, and 3 when estimating both M and CV. Input 0 when
not performing simulation analysis.
save<-1# (0,1) If you want to save the results, enter 1 here, otherwise enter (.
#
##Ht set working directory
setwd((dirname(rstudioapi::getActiveDocumentContext()$path)))
getwd()
#
for(Create directory in 1:1){

if(dir.exists("OM")==FALSE){

dir.create("OM") # Operating model

}

if(dir.exists("EM")==FALSE){
dir.create("EM") # Estimation model

§

if(dir.exists("sim_results")==FALSE){
dir.create("sim_results") # results of simulation study

}
1# OM, EM, results

HHHHHHHHHHHE
# simulation study #
R R
setwd(pasteO(dirname(rstudioapi::getActiveDocumentContext()$path),"/OM™))
getwd()
#
for(read OM_file in 1:1){
#it# read data file
OM_dat _file<-read.table("data.ss", sep="")
if(length(which(is.na(OM_dat file)))!=0){
OM _dat file<-OM_dat_file[-(which(is.na(OM_dat _file)))]
}
OM _dat _file<-unlist(OM_dat file)
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OM_dat_file<-as.numeric(OM_dat file)

### read control file

OM_ctl file<-read.table("control.ss", sep=""")
OM _ctl_file<-unlist(OM_ctl file)

OM_ctl file<-as.numeric(paste(OM_ctl file))

#itt read expected value of CPUE, Len. comp.

OM_new_dat_file<-read.table("data.ss_new", sep="")

OM_report<-read.table("Report.sso",header= FALSE, sep="",fill=TRUE) # read
report file

##t read par file

OM_par<-read.table("ss.par",sep="")

OM_par<-unlist(OM_par)

OM_ par<-as.numeric(paste(OM. par))

year<-

(as.numeric(paste(OM new dat file[1,])):as.numeric(paste(OM_new _dat file[2,])))
N_years<-length(year)
len_years<-2000:2019 # length of year (len. comp.)
N _len_years<-length(len_years)
Ndat_bins<-as.numeric(paste(OM new_dat file[500,]))

}

## expected value of CPUE data
for(read_true value in 1:1){
OM _exp_cpue 1975<-numeric(N_years)
for(iin 1:N_years){
OM _exp_cpue 1975[i]<-as.numeric(paste(OM_new_dat_file[i*5+1834,]))
J
## expected value of Length composition data
OM_exp Len 1975<-matrix(data=NA,nrow=N_len_years,ncol=Ndat bins)
for(iin 1:N_len_years){
OM _exp Len 1975[i,]<-
as.numeric(paste(OM_new dat_file[(1*49+2081):(1*49+2123),]))
}
N_eff<-as.numeric(paste(OM_new dat file[2129,]))
OM exp Len 1975<-OM exp Len 1975/N_eff
#
if(simulation_analysis<2){
true_para_1975<-OM_par[c(3.4,5,16,66,67,68)];
# L0O,L inf,K,SR LN(R0O),LN Q,sel(l),sel(2)
}else if(simulation_analysis==2){
true_para_1975<-OM_par[c(3.,4,5,6,7,16,66,67,68)];
# LO,L inf,K,CV0,CV6,SR_LN(RO),LN Q,sel(1),sel(2)
} else{
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true_para 1975<-OM_par[c(2,3,4,5,6,7,16,66,67,68)];
# M,LO,L_inf,K,CV0,CV6,SR_LN(R0),LN _Q,sel(1),sel(2)
} # get true parameters

}

true para 1975 # check parameters

it
cpue_CV<-¢(0.1,0.3,0.5) # CPUE CV scenarios.
eff samsize<-as.numeric(paste(OM_new dat file[2129,])) # effective sample size of
length composition likelihood function.
iterations<-1000 # iterations of each scenario.
#
N_case<-length(cpue CV) # total number of cases.
logN_shape<-sqrt(log(1+(cpue_CV)*2)) # approximation of standard deviation.
convergence rate<-numeric(N_case) # results of model validation (%,).
#
if(simulation_analysis>0){
#
start time<-Sys.time()
#
for(s in 1:N_case){
setwd(pasteO(dirname(rstudioapi:: getActiveDocumentContext()$path),"/EM"))
# generating result matrix
length par<-length(OM_par)
#
EM_check grad<-numeric(iterations)
EM_N bound hit<-numeric(iterations)
EM_Hessian_results<-numeric(iterations)
para_results<-matrix(data=NA,nrow=length par,ncol=iterations,byrow=FALSE
,dimnames =
list(c("dummy_parm","M","LO","L_inf“,"K","CVO","CV6",

"Wtlen_1","Wtlen 2","Mat50%","Mat_slope",

"eggs/kg inter","eggs/kg slope","CohortGrowDev",
"FracFemale","SR_LN(RO)","steepness","SR _sigmaR",
"SR regime","SR_autocorr",paste0("RecrDev_",year),
"LnQ","Size inflection","Size 95%width","minage sel",

"maxage_sel","checksum999")))
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for(iter in 1:iterations){

if(file.exists("ss.cor")=—=TRUE){
file.remove("ss.cor"
H
#itt generating pseudo data/ CPUE data
sam_cpue<-numeric(N_years)
sam_p_hat<-matrix(data=NA, nrow= N_len_years, ncol= Ndat_bins)

#
for(iin 1:N_years){
sam_cpue[i]<-rlnorm(n=1, meanlog = log(OM_exp_cpue 1975[i]), sdlog =
logN_shape[s])
}
#
for(iin 1:N_len years){
sam_p_hat[i,]<-
rmultinom(1,size=eff samsize,prob=OM_exp Len_ 1975[1,])/eff samsize

}

# modifying the data file/ CPUE data
for(iin 1:N_years){

OM_dat file[5*i+254]=sam_cpue]i]
}
# modifying the data file/ proportion of the length data
for(iin 1:N len years){

OM_dat file[(49*1+501):(49*i+543)]=sam_p hat[i,1:43]
}

# save the modified data file
write.table(OM_dat_file,file="data.ss",row.names = FALSE,col.names
FALSE)

write.table(OM_ctl file,file="control.ss",row.names = FALSE,col.names
FALSE)

L oH FH gy

ystem(get bin) # run

H H H*

# free estimates of parameters
EM_par<-read.table("ss.par",sep="")
EM_par<-unlist(EM_par)
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EM_par<-as.numeric(paste(EM_par))

# checking the maximum gradient

EM_max grad<-read.table("gradient.dat",sep="")
EM_max grad<-EM_max_grad[-c(1),-c(1,2)]
EM_max_grad<-unlist(tEM_max_grad)

EM_max grad<-as.numeric(paste(EM_max_grad))
EM_max grad<-max(abs(EM_max_grad))

# checking the bound hit
EM report<-read.table("Report.sso",header= FALSE, sep="",{ill=TRUE)

#write.table(EM_report ,file="Report.sso",row.names = FALSE,col.names =

FALSE)

EM_N bound<-unlisttEM_report[290,2])
EM_N_bound<-as.numeric(paste(EM_N_bound))

#
EM_Hessian<-file.exists("ss.cor")

#check points for model validation

para_results[,iter][<-EM_par

EM_check grad[iter|<-EM max_grad

EM_N bound hit[iter][<-EM_N_bound

EM Hessian_results[iter]<-EM_Hessian

#

EM_N run<-length(cpue CV)*length(eff samsize)*iterations

for(i in 1:20){
print(paste0(" 4

,round((((s-1)*iterations)+iter)/EM_ N run*100,digits = 2)

’"% "))

j
it

list<-list(para_results,EM_check grad,EM_N bound hit,EM_ Hessian_results)
names(list)<-

c("para_results","EM_check grad","EM_ N _bound hit","EM_Hessian results")

h

##Ht getting convergence iterations

#

ref 1<-sort(which(EM_N_bound _hit > 0),decreasing = TRUE)
ref 2<-sort(which(EM_check grad > 0.001),decreasing = TRUE)
ref 3<-sort(which(EM_Hessian_results == FALSE),decreasing = TRUE)

#

ref final<-unique(c(ref 1,ref 2,ref 3))
length(ref final)
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#
if (length(ref final)==0){
Filtered para<-para results
convergence rate[s]<-paste0(100," %")
telse{
Filtered para<-para_results[,-c(ref final)]
convergence rate[s]<-pasteO(dim(Filtered para)[2]/iterations*100," %")

i
i

setwd(pasteO(dirname(rstudioapi::getActiveDocumentContext()$path),"/sim_results")
);
save.image(file=paste0(s," ",Sys.Date()," simulation.RData"));
write.csv(Filtered para, file=pasteO(s," para.csv"), row.names = TRUE)
# save results as csv file
}
end time<-Sys.time()
print(c(pasteO("start time: ",start time," ----> end time: ",end time," * TOTAL
RUN NUMBER: " EM_ N run)))
print(convergence rate)

}
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