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SIMULATION STUDY FOR APPRAISING THE VALIDITY OF PARRACK'S YPA TUNING METHOD
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SUMMARY

A simulation study was made using the artiflciai catch~at-age and CPUE
data with and/or without random noise to examine the validity of the VPA
tuning method developed by Parrack (1986) which has been used in estimating
the bluefin tuna stock abundance at ICCAT for these three years., 1t was
indicated that the tuning method could not find the true value, and that
the simulation results fluctuated greatly with fairly small noise involved
in the data used, even when the partial recruitment was known. It is con-
cluded that this tuning method is sensitive to the accuracy of the data set
and, therefore, not robust as a stock assessment tool in the area of At~
lantic tunas stock analysis.

It is the purpose of this report to examine the validiey of th"e VPA
tuning method developed by Parrack (1985) by simulation studies.

RESUME

Une &tude de simulation a &t& effectule sur des donnbes artificielles
de prise 2 un #ge doané et de CPUE, avec et sans interf&rences, pour véri—
fier le degré d'exactitude de la mEthode d'ajustement des VPA Elaborfe par
Parrack (1986), qui est employfe depuls trois ans par 1'ICCAT pour estimer
1'abondance du stock de thon rouge. Il a Bté signalé que la méthode d'a~
Justement ne pouvalt pas trouver la valeur réelle, et que les résultats de
la simulacton fluctuatent de fagon fmportante du fait des légdres inter—
férences en jeu dans les donnBes utilisfes, mBme lorsque le recrutemeat
partiel &tait connu. Il en a &té conclu que cette méthode d'ajustement est
sensible au degré de précision du jeu de données, et.n'est donc pas robuste
en tant que moyen d'&valuer le stock dans le domaine de l'analyse des

stocks de thonidés de 1'Atlantique.

RESUMEMN

Se hizo un estudio de simulacibn empleando datos artificiales de cap~
tura por edad y de CPUE, con yfo sin laterferencias, para examinar la
valldez del nftodo de ajuste por VPA desarrollado por Parrack (1986), que
ha sido el uétodo empleado en ICCAT los Ultimos tres affos para estimar la
abundancia del stock de atfin rojo. Se indic§ que el método de ajuste no
darfa el valor real Y que los resultados de la simulacibn fluctuabam
ampliamente a causa de las ligeras interferencias en los datos empleados,
incluso en el caso de que el reclutamiento parcial fuese un dato conocido.
La conclusibn es que este método de ajuste es sensible a la precisién del
conjunto de datos ¥, por lo tanto, no tiene la solidez necesaria para

servir de instrumento de evaluacifn del stock de tunidos atlfnticos.

1. Haterials and Hethods

The parameters were set to make an artifitial data without random noise with
considering the recent assessment work of west Atlantic bluefin tuna stock
(1CCAT 1985, 1986). The period and &ges of artifitial data were set to ten years
and 15 ages, respectively. The recruits, partial recruitment pattern (s;),catch-

ability (q), natural mortality (H). and vear specific fishing effort (Fi} were



assuzed (Yzble 1), Based on th; following thrse squations,
(1) Figo=2q85 1,
(2) Rivioger = Moy oxp(-(Fa 4K))
S Ciy o= Fig My (1 - sxp(-(Fi o))/ (F 1 2H)
the population nusber at age and fihing mortalities were calculated as shown in
fable 1, snd tpe resultant catch-at-age In Table 2.
ks the population nusbar and catchability were known, the trus CPUE’s were
calculated fros the following squation,
) CPUE) = ¢ 8) I jRyy
Throa fisheries compossd of the largs fish fiéhery;for 8-15 year olds, the
sediuy fish flshery for sge 5, and the ssall fish fishery for ages 2 to 4 fish
vers assused. In case of swall fish fiahery;lt vas supposed that thres fisheries
wery g&éa for each age group, separstely. Those calculated CPUE's were shown in
Fable 3.
The dats with randon noise
By using the generatod norsal randow errors, noise was added to Ci, and
CPUZ: ot ons level swong 5%, 10%, and 20% in coefficient of varlatien.
Tuning zaihod in VPA calculation
YP4 run can be tuned using & unigue and/or some CPUE's on the assumpticn
that thers 1s a correlationakip betwsen CPUE and estimated population size. The
terminal fisking mortaelity (Ft) is derterzined so as to winlmiza the objective
function sentioned below (Parrack 1986).
(3) 58 = ZuxZ1( CPUEn, ou(k,1) - CPUEa, var(k,1) )?
ukere &, &, @ are the nuwber of avallable =abundance indices, ysars, and ages,
respectively. 85, CPUEx, os, and CPUEx, cor indicate the residual sum of squares,
observed CPUE, and ostimated CPUE. In practice, the CPUE's shown In Table 2 and
/or thoss with random noige wers used as CPUPx ,u, while CPUE’s sstimated froe
the sguation (4) a8 CPUEw. car.

The cowpuler brofram used
The cosputer prograw coded in ¥ge-bssic (Magal and Wiyabe 1887) which is
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substantially the sawe as thet¢ daveloped by Parrack(1986) wsre sppliad in the
following analysis by using KEC PC-9601.

8 cuses listed in.ths !olloviﬁz table were analyzed by slmuletion. In Casas
1 and 6, no neise §s invoived in both of Ciy and CPUE:. The former casze is tuned
with aingle CPUB, the latter with thrse CPUE's. Fxcept the adovs-zenilaned twe
cases, random nolse was added to iy and/or CPUE.. 100 trials vere malle for such
case on the assumpilen %h@t & veal pariial recruitment pattern was alresdy known,
Because the rezl solutlon was set at Ft= 0.08 and M= 0.20, the response surface
vas exazined within the Ft range of 0.03-0.13 and for ¥ inside the range of 9.15
~0.25 with changing both the paraszeters by 0.01.

CPUE series used ; nofeet (%)

in tuning VPA Ciy CPUE,
Case 1 Largze fish o 0
Cage 2 Large fish 0 5
Case 3 Lerge fish [ | 1]
Case & Large fish ] 6
Cage 3 ‘ Large fish 10 10
Case &  Ssall(Age2),¥séius, 0 0

Large fish
Cape ¥ 99all(Age2), Kedlan, 10 10

Large flgk
Cege & Seall(Age?,3,4). i¢ 1%
Hediup,Largs fich

6: Frpragsed In coefficiemt of varlatien.



2. Results

fable 4 shows the ralative response surfaces in Case 1 and 6 without randos
noise. The sum of squares stands at minimus with X = 0.20 and Ft = 0.08 for each
case. 1t is concluded that the tuning procedure ientioned above is theoretically
correct from the fact that the msthod found the true solution.

Regarding Cases 2 to % and Case 7 and 8, 100 trials being made for each
case; the nusber of trials giving a minimum sum of squares were ﬁhuwn in a M-
Ft ' plane (Fig.1).

Fig.1 shows that the points giving a minimum sum of squares locate lower-
ing in the right side for each case. As a matter of course,the larger noise, the
sore dispersed points from the real sclutionm.

In this typs of simulation, the choise of an acceptable range for estimat-
ing the real selution is in itself a problem. It seems to be difficult how to
determine the allowable range in practical use.

The population estiwates in final year is the most important to make a pro-
jection for estimating a surplus production. Under the condition that partial
recruitzent is known, the ratios of population estimates (No4,es1) to real popu-
latien size (Ns4,rest) ars constant irrespective of ages at any combination of
H and Ft. Therefore, it was decided to count the number of trials where SSHIN’s
focats within the range of 90-110% and 80-120% of Ws4.eve/ Not,rees ratic(Fig.
1), and to use it as a tesporary standard te know whether tuning the VPA is well
done or not (Table 5).

The results of Cases 2 to 5 with a single CPUE are as follows; Compared to
Case 2 with 5% noise, the nusber of trials occurred within the two ranges became
balf the size in Case 4 where 20% noise is involved in CPUE:. In Cases 2 to &
without noise im Cy;, the larger noise in CPUE:'s, the fewer trials occurred
in £10% and £ 20% of Msa, cor/ Mo, rent. In €ase 5 with 10Y noise involved in
Ciy and CPUE.,the number of trials occurred in the two ranges decreased at about
60% cospared to Case 3 with 10% noise contained only in CPUE:. In Case 5, only

six and 24 trials of 100 runs located in ths £ 10% and % 20% range 2f Nee,coc/
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Noa, rear ,respectively.

The results of €ases 7 ts 8 vith cubtiple CPUE's used in tuning are as follows
i In Case 7 with thres CPUE's, the necber of trials occurred in the %10% range
becage about twe times 2nd in the % 20% range about 1.5 times cnmparéﬂ to Case 5
with a single CPUE. However, those trials occurring in the two ranges are only
11 and 38, respectively. 1In Case 8 with five CPUE’s, the number of trials oc-

curred within the above-mentioned two ranges was increased slightly .

3. Discussions

Table 4 shows that the area giving a swmall sum of squares im response
surface distributes in a narrow band in Case 1 and Cass 6: It indicates that
H and Ft are interdependent in estimating these two parameters. Those two
cases exhibit the existing probles clear.

Comparing Case §, 7 and 8, it seems that increasing 1he number af CPUE's
used in tuning is effective to get the true value,though the affectivemess being
not necessarily proportional to the number of CPUE series used. CEven in Case 8,
there were only 13% and 41% in probabilities where SSKIN locates withim the +10
% and £720% range of Nos4,ean/ Heda,rear , respectively.

Though & partial recruitment was assumed to be already known in this paper,
it could be pussible to estimate it from the used catch~at~age data by separable
VPA (Pope and Shepherd 1982) as is proposed by Conser(1987). However, & partial
recruitment pattern estimated froz separablg VPA is always ‘biasedl, unless
four input paramsters necessarry fer scparable VPA are coincident with the true
values. Based on our preliminary amalysis, the SSHIN's were mers or less biased

corresponding t¢ the extent of hi tavelved im  the used partial recruitsent

pattern.
From the sferementioned point of view, it is clear that the ¥PA tuning
wethod develsped by Parrack(1986) is sensitive 1o the data with a noiss.
Generally spesking.a fairly Jarge neise is always invelved im ths cutch-at-~

age and GPUE duts whizh we actusily ebiaim. In cese of desersal fish in the



Canedian Atlentic waters where t@o quits large amount of efforts expended in
sagpling, the level of nolas was setimatsd as several percents in coefficient of
variatien at the dosinant ages in catches, while that was 20-30% at the border
ages [See Doubleday and Rivard (1985)].

A reliability on the catch-by-length of west Atlantic bluefin tuna is low
espsclally in the sarly 1970"s because of the poor samling (Nagai 1984). Based
en the catch-by-longth of the stock concerned, - some well-separated age groups

vers observed below 140-150 ¢z (5-5 years-old), while unlike above that length.

In particular, a unlque widaly sprsad length group was occurred above 200 cx.

The 200 ca fish in length being nearly 10 years-old, more than 10 age groups, at
leagt, wers ssemsd to got mixsd to soms extent, because the l1ife span of the
species 1s estisatsd to be somewhere from 20 to 30 years-old. In case of the
bluefin tuna etock, & length-age conversion has baen made by using a growth
equafion due to an age-length key being not available. Thersfors, it seess
thet the catck-at~ags data contalns a fairly large noise, espscially, for the
fish older then 10 years-old(Hagal, Hayasl and Yonewori 1986). Consesquently, it
fs sot appropriates to apply the Parrack’s VPA tuning method te those bluefin
tuna catch-at-age data with a lerge nolse, because the mothod 1is not robust

a3 iadicated in this study.

§. Conclpslon
Based en tke present simulation study, it vas found that ths VPA tuning
methed developed by Parrack(1985) was very sensitive even to the szall level of

2zlge involved In the uzed deta sst. The conclusion, therefors, is that the tun-

ing sethod i3 not appropriets as a stock asszessment tool in case of Atlantic .

tungs stock nalysis.
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cij matrix without random noise.

Table 2.

15
2%
37
497
1219
1498
1536

73

14
n
582

1220
951

PIXE]

1841

2110

167

2575
4

13
364
1019
523
1585
3495
3156
1562
805

1
03]
a1
872

1702
213t
1324

219
5997
amn
MY

1
271
7

1220
3805
4503
3976
2322
4668
1413

10
!
1019
2092
2859
7551
2412
2826
5086
4981
1830
LARGE
FISH
4.3500

631
1746
1572
4794
4580
6189
5427
6450
2048

HEDTUN
FIsd
0.4500

1082
1312
2636
2908
6249
7208
1219
1694

AGE4
0.4800

650
1757
1275
3151
8306 16778
6193
4676
4072

b
813
193
1283
4987
2223
SHALL FISH
AGE3
0.7500

407
883
wn
6099 16238

4195
8473
1989
2038

=~ CPUE SERIES (CPUEob) --~
AGE2
0.5000
0.4307
-0.4085
0.2449
0.536¢

LM]
I
1798
4065
7042
302t
5292
1697

YEAR
15

Assumed CPUE's without random noise.

619
1108
1625
313
3945
6275
4034
3867
407t
3410

AGE

2
453
888
1108
1543
7190
nun

T
1617

1
Table 3.

mn
453
407
2429
1488
1405

33N
2513
[

YEAR
915
116
917
978
979
980
381

1982

1983

1984

Table 1. The assumed parameters (recruits, partial recruitment,

resultant Nij
q equal 0,00001.

+-- POPULATION NUMBER ---

AGE
YEAR 1 2 3 L 5 [} 7 8 9 10 i 12
1975 300000 250000 250000 120000 90000 150000 90000 120000 70000 50000 30000 70000
1976 750000 245373 204276 204070 97856 7338 12075 M99 920 SeTAT 405 %318
1677 150000 204276 200093 16645 165747 79320 59312 98340  SBes 78061 45536 32526
1978 30000 122662 G645 162354 134486 133682 63783 ATA09  TBISD 61D 620 36180
1979 180000 268256 98853 133281 129254 106321 104948 49377 38191 9658 35I81 4T3
1980 150000 - 145178 2MTY TI373 102167 98178 79556 76208 3796 25503 42041 25073
1981 120000 121466 116275 168866 60621 79636 TSIAT  SO64B 5589k 25521 18705 30835
1982 50000 OK9T9 96396 91557 131248 4eS08 60308 SS522 42882 018k 18347 1;54—48
0163 TI053  TS&AT  TOSHS 99693 M4B0T  4Z7:Z 3126 30219 8317 1929

1983 140000
1986 90000 112352 158412 59A12  ST319 52298 - 72392 24280 29355 24227 20256 18981
F RATRLX ( q = 0.00001 )

- AGE
YR 1 2 3 4 S & ' 8 9 W 1 12 B W IS
1975 0.0610 0.0020 0.0030 0.0040 0.0050 0.0040 0.0080 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 9.0100
1976 0.0020 0.0040 0.0040 0.0080 0.0100 0.0120 0.0140 0.0200 0.0200 0.0200 0,0200 0.0200 0.0200 4.0200 0.0200
1977 0.0030 ©.0068 0.0090 0.0120 0.0150 0.018C 0.0240 0.0300 0.0300 0.0300 9.0300 0.0300 0.0300 0.0300 0.0300
1978 0.0070 0.0140 0.0210 0.0280 0.0350 0.0426 0,0566 0.0700 0.0700 0.0700 0.070¢ 0,0700 0.0700 0.0YGQ 0‘0709
1979 0.0150 0.0300 0.0450 0.0600 0.0750 0.0900 01200 0.1500 0,1500 ©,1500 ©.1500 0, 1500 0.1500 0,1500 0.1500
1980 0.0110 0.0220 0.0330 0.0440 0.0550 0.0640 0.0880 0.1100 0.1100 0,1160 0.1100 0,1108 6,1100 0,1100 0.1100
1981 0.0130 0.0240 ©6.0390 0.0520 0.0458 0,0780 0,1040 0,1300 0,1300 0.1300 08,1300 0,1300 £,1300 0.1300 8,1300
1982 0.0150 0.0300 0.0450 §.0600 0.6750 6.0900 0.1200 0.1500 0.150¢ 0,1500 0.1500 0,1500 0.1500 0.1500 0.1500
1983 0.0200 0.0400 0.0600 0.0300 0.1060 0.1200 0.1400 0.2000 0.2000 0.2000 0.2000 €.2000 0.2000 0.2000 0.2000
1984 0.0080 0.0160 0.0240 0.0320 0.0400 0.0480 0.0660 0.0800 0.0800 0,0800 0.0800 0.0800 0.0300 0.0800 6.0800

§y 6% 6.2 63 04 03 04 0.8 L0 L0 10 1.0 10 L0 Lo L0

0.3488  0.6755 0.3031 2.47M4

0.2429

fishing effort) and

and F{j matrix under the condition that M equal to 0.2 and

13

40000
56741
19515
25843
27619
13365
18390
2168

9476

8647

0.4758  0.2376  0.2866 1.4459

0.2247

1
30000
U3

45536 -

15506
19728
19443
2471
1321
15621

6352

25000
%38
26020
26180
11837
13902
14275
17593
7
10471

=== FISKING EFFORT -~
{NIT: 1000)



" Tablae 4. Ralative responge surface of residual sum of squares in Case 1 and 6.

Case 1

1 SCRED SN 0F SCUSRES SURFAGE et Table 5. The number of trials of 100 runs in casse uhere

SSMIN being estimated within the 10% and 26% FRREE
-~ HATURAL HORTALITY ---
FIO005 006 007 048 0.9 0.20 0.21 0.2 023 0.2 0.2 of Nea.ese/Naa ren
0.0 9999 B¢ &7 4921 3639 2562 1702 1059 &3 425 428
0.04 6983 S504 41S6 3068 22 1370 807 431 29 2 4Nl
0.05 BB 32 2699 184D LI65 52 M3 s 12 19 41

0.06 3414 2482 1695 1058 515 248 79 6 2 516 M

0.07 2384 1640 1032 56} 2% 4 1 126 3B MY 1N nolse(X) HNo. of CPUE Kot a0 t/Nou. reat
0.00  le6s 1073 406 218 68 0 68 202 612 1085 1690 — : e
0.09 1172 00 M9 120 17 4 193 41 88t wn 20m Ciy CPUE, wusad for VYPA t10% +20%

0.10 840 48 210 69 @ T 3 09 11 7 sl
[ LI Y2 B 8 B 1 1 B9 1M 295 571 96y M70 09t 28N
0.12 502 28t 486 IS 259 471 19 1228 112 45 318

0.8 42209 Ul 261 410 665 1026 1495 2070 2750  353Y Case 2 0 5 Singls ’ 20 a8
I Case 3 0 10 Single 10 36
;:u:ag' s?szggznmt(mv/(swx‘ssnlu)) » e ! ’ ’ e v i
Case § 10 10 Single 6 KL}
Case 7 10 10 Thres 1 38
Case 8 10 10 Five 13 41

Case §

488 SCAED SUM OF SCUARES SURFACE tes

== NATURAL HORTALITY -
FT 008 06 07 0.8 019 820 0.1 0.22 0.2 0.1 0.2
0.03 9999 B2 4440 4951 3465 2588 1125 1006 &4 4 18
0.04 6995 5520 4216 JO%O 2046 138y B2L M5 2%y 22 ¢SH
0.05 4B% 3126 M4 183 MY 64 320 1Y T M6 61
0.06  34IY 2489 1703 1064  SB2 258 ]} 45 6 501 9ad
0.07 2382 1edd 1033 %65 2 1} 1€ 123 M T 1299
0.08 1657 1067 803 269 %) 0 6 210 o8 1078 1670
0.0% 11T 4% 32 I 1 3 1% 476 BA2  lé10 2068
0.1 85 20 [} LLI S S D U R A V1. QO /S G L} |
0.1 &1 M 1M 8 139 o s e 1Bs e 2842
0.42 407 9 162 160 X9 481 WS 1252 1199 2054 34
.13 43 0 18 0 426 6BB 1056 1530 2108 2191 357

ssuin: 19917613

SSHAX:  4%8)SSE-03
SCALED §5 = (SS-SSAIX)$(3999/(33KAX-SSMIN))
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Case 2 Casa §
0.13 o2 1 613+ M 4 4 1 3 v 1 g
1 1 2 4 1 2
0.11 4 t 1 3 ] 0.11 - 1 1 1
B i -202 cemmaemmmmeem———= -202
1 emmee-- il It ki R I T I e 1
0.09 - 23 42 -10% g 09 4 2 ) ) ——=10%
s 3 I o O IEE T
& +10% +10%
0.07 7 S e w0z 0007 ] T VoL LI R SO NS BT
4 3 12 2 1t 1.1 i [
0.05 - s 0:05 4 - 2 1oy s
4 [ | 4 T 1 1 2 3
6.03 4 0.03 - ' 1 1 E 3 8
AR S T T v T L T T (i an eumaman o T M T LA 1 Y T Y T
0.15 0.17 0.19% Q.21 0.23 0,25 0.15 0.17 0.19 0.21 0.23 0.25
M : M '
Case 3 Case5
0.137 ¢ 5 1 1 1 0.1377 ¥ ¢ & 3
41 2 12 4 3 5 1 1
o119 .+ 2 3 1 o.114 5 s 1 4« 3 12
4 Loeeon lmamee 3 cmpamemmoneomTos ~= -202 frcesaw] amees lee FesmosenesscmooTTTS -20%
0.09 - 13 s 5 ~19% 5,09 - LBme 3 s i
“ 1 ! 3 2 1 ; » O 1o
B @ +102 +10Z
- 1 2 2 1 2 i ’ - 1 1 ] 2 1
0.o79 T O A SRR A . +20z 0-07 . aeeeeccecssseecssammscsces= wmmmeseesas +20%
4 31 5 2 1 4 T2 2 1
0.05 - o 1 3. 2 4 0.05 ‘ 1 H 1
4 1 [ | 4
0,03 1 . o2 0.03 7 t
o ¥ T T T T T T T T T 1T Y T v T T T T T T T
0.15 0.17 0.19 0.21 0.23 0.25 .15 0.17 0.19 0.21 0.23 0.25
M M
Fig. 1. The simulation results were shown in M-Ft plane vhere the number of trials of

100 runs giving the minimum sum of squares was plocted.

( 10% and 20% dindicate N / Na‘,r“l ratio.)
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Yt.

0.13

0.11

0.09

0.97

0.0%

6.03

0.11

0.05

.03

Case 7
| 7 3 2 3 1
] LI ¥ ¥
- 3 4 H ?
[ i -20%
1 [ JRppp Low2 ==y ==p~=%"
-3 1 2 2 r 22 =102
) IO o
+102
B R, RS AR 4 4201
] ! U B
. v s 2
} 2 2
- . s
e
0.15 0.17  0.19 0.21  0.23  0.2%
M
Case 8
- 2 3 2
2 2 H 3
- 3 1 2 i
--------------- -20%
7 5"'"""""f"""'i'"1
~-10
§ : i ; z
J : 2 ,
@ +102
o L . S, DIUUR SROS Y.y
} vooro2 3 1
7 1 T TP
] , 3
- s
7
Y ' i T v T T T
0.15 0.}7 0.1 0,21 0,23  0.25

Flg.1.

( Continued )
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