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Summary

The cause of the anomalously large increase in the value of 2018 in the abundance
index of SBT calculated from the CPUE of the core vessels was searched. It was
found that the cause was an abnormal estimate of the year*Area interaction due to
an unbalanced number of data by latitude in areas 8 and 9. The cause was proven
by a slight modification of the dataset. The GLM model without the year*Area
interaction term and the GLMM with the year*Area interaction term as random

terms eliminated the anomalously high value.
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Introduction

27 it CPUE &R &fE%T. CCSBT IZH) % 7 I~ 7 v OEFEGHEI ONZ TAC %
REST 2D MPIZEBWNTHWON L BERLERERK TH D, 2019 FOFFEICHWT, £
7 2018 FEOAEIE 2017 FELIAT & DB TR T <. RERIREL G A TV D alRetE) A
iz (Itoh and Takahashi 2019), 2019 ¢ CCSBT-ESC (W Tid, £ DA Z R
KT DI EBNEESNL (Anon. 2019), AILEIE, 2018 FEFEIEDFINZH ST 5 Z
L RR AR T A ERHME Lic, o, FRRICEPOBEEREELZ L XITH
BHTEDL LD, T2 7 DFEEZRF L,

The core vessel CPUE abundance index is an important index used in the stock
assessment and MP that determine the TAC of southern bluefin tuna (SBT) in CCSBT
TAC. In the calculation of 2019, the value for 2018 was extremely high compared to that
before 2017, and it was possible that it contained a large error (Itoh and Takahashi 2019).
In the 2019 CCSBT-ESC, it was agreed to investigate the cause (Anon. 2019). The
purpose of this document is to identify the causes of the 2018 anomalously high value
and to provide solutions. In addition, we examined the check method so that it can be

detected even when similar abnormal values occur in the future.

[REA

EREEBIIU TO7r v A CEREND, 3. 27T —%ty NEERT S
(Itoh and Takahashi 2020 Z#Z&) (X7 v 7 1), IWWT, . A, MBES5 ., KE5
FERNCE &, GLM CTIE¥E(LZ T2 (A7 v 7 2), GLM IZHW=EHO2TOMAEE
bEICEDT7T A N =2 &{Ek L, GLM THlEZ MBIk S (AT v 7 3), Zivk
ERNERMEZ KO T LS -means &35, IRWT, 7 A N —X ZEfEEEKT — % & 3fIG
SEDH, ZORF, RBEEESFEEL2WVEEE (21X 30-40S IZAET 5 4 XN T
D 45S) IZHOWTIERRIND Z L2722 (A7 v 7' 4), GLM FHMEICmERS (2R
2720 CS E/2IFFETEBT 5 VS) TGt T, FEHHEEZRD, BB
Eed (A7 w7 5), RXETIE, T7—F EIFHFHER ED AT v T laD iz HfEIZ L
77

2019 FEDOIEEIZBWTIRD Z L3y ->TWWh, GLM O40 LS-mean (A7 v 7 3)
F CIEME R TIE e < WEEEE N2 (AT v 7 5) ICEREE o7 2 b
Area8 M 40S NEIHZ L TWA Z & . GLM O_— 25 )L TIIRi 72 B2 72 5 2% Reduced-
model TIEE DI 6N &, FERITRKORFEIZITE SR> 725, Year*Area 28 A.
TERMRBFR L TV 5 & BbhT,

2020 FEIZHER L7z 2019 SR £ CO T T — X TIRHT LTz, 7 — X S0HEIC DWW T
SC#E (Ttoh 2020, Itoh and Takahashi 2020) Z&H, 7 —4 % 20194F CTT v /75—
FLTH, 2018 FDENEFIZEH N EIdE b Lot (Fig. 1), AT v 7 4 DOT A
FF =28V T, GLM OFHMEICIE 2,278 12 3 oM EDO K& 2 L a— K
Holz, ERELTIDITFT—ZEBNWTRAT v 7 5 OERERAERD S & 2018 F£D
T/ =BERL, ZO3SHRREBREELFOZLENFEEINT (K2), 3FIFAT
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2018 4%, 81X, 40SDHLOT, TH, 8, 9HDLDOTH T,

FEAZRRRETORE R, BURIE 8 MK & 9VEX DMEER T — X R T L NT A THDH  E
(2L > TH *Area DX BEAERH OHEEMEN R /2o 72720 TH D Z 3oz, 2018
FITIT 9MEXITEIT S 35S (35-39S) DT —Z b hThole (XD, £TLT, ZD9
XD 368 TOT—ZTEIZ4 AL 9HDOLOTERYNOANTEY, IF I~ D
CPUE 2ME7/»o7z, —7. WX D 408 OF —Z [THEEIAFE LT, —JF. 8XIZIW
TIL 358 DT —H1Z%< H D) 408 (408-448) DT — X (IAF/E Leino7z, GLM @
Year*Area TH|ZHZ 2018 FFD Area8 & Area9 |27 — X BFET H 721 T < A U
THIET D7 = DFET H 2 L 28R LTV,

EBEL LT, T—¥tEy b (A7 v 7 1) IZBVT Area9 D 40S LN 418 OF — X %
B b FERE R D 358 L LCAER L7z, ZOMEREYEICL > T2018FDT /< U —2H
KLl &b, FRzRETE (K3),

Cause

The abundance index is created by the following process. First, create a core vessel
dataset (see Itoh and Takahashi 2020) (step 1). Then, it is summarized by year, month,
latitude 5 degrees, and longitude 5 degrees, and standardized by GLM (step 2). Create a
test dataset for all combinations of strata from variables used for GLM and obtain GLM
predicted values for each record (step 3). The value is averaged by year to obtain the
least-square means. Next, the test data is limited to correspond to the area index data.
At this time, the strata where the area index does not exist (for example, 45S in Area 4
where located at 30-408) is excluded (step 4). The GLM predicted value is multiplied by
the area index (CS that does not depend on the year or VS that depends on year), and
then averaged by year, which is the abundance index (step 5). In this document, it is
clarified which steps the data or statistics are.

The following are known in our work in 2019: It is not an extreme value until LS-mean
(step 3) of GLM, but it becomes an extreme value after multiplying the area index (step
5), that 408 of Area 8 is related, that the value become extreme in Base model, but not
in Reduced Base model. Although the cause was not identified last year, it was suspected
that the Year*Area interaction was involved.

Analysis was performed using core vessel data up to 2019 created in 2020. See other
documents (Itoh 2020, Itoh and Takahashi 2020) for data and methods. Even when the
data was updated to 2019, the value for 2018 remained anomalously high (Fig. 1). In the
test data of step 4, GLM predicted values had three extremely large records out of 2,278.
As an experiment, when the resource abundance index in step 5 was calculated by
excluding these three data, the 2018 anomaly disappeared, and it was identified that
these three cases had a large impact (Fig. 2). All three were from 2018, Area 8, 408, July,
August, and September.

As a result of detailed examination, it was found that the cause was that the estimated
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value of the year*Area interaction became abnormal due to the unbalanced number of
data by latitude in Area 8 and Area 9. In 2018, there were few 35S (35-39S) data in Area
9 (Table 1). Those data of 35S in Area 9 were mainly from April and September, which
were out of the main fishing season, and the CPUE of SBT was low. On the other hand,
there are abundant data on 40S in Area9. In Area 8, there are many 35S data but no 40S
(40S-44S) data. In the calculation of GLM including year*Area interaction, it was
required that not only data for Area 8 and Area 9 in 2018 to exist, but corresponding
data at the same latitude.

As an experiment, we changed the data of 40S and 418 of Area 9 in the dataset (step
1) to 35S in 5 degree strata latitude. With this simple operation, the 2018 anomaly
disappeared, and the cause could be identified (Fig. 3).

xR

3 DOfFRGEM 2T, 1 EITRNRO L 9T — X IEEEZ M 5 HIETH D

(BaseA EF577), 2 HiklL, Year*Area B & e o722 & A& fE L T GLM @
Base 7 /L7125 Year*Area H %4 R\ 7, Reduced-base (RedB) XY % Year*Lat HHA %
W, 3 HiEIX, GLMM % T Year*Area JHAZ 7 U X LIHE LT D HIETHDH, =
DFETITRBMEPFE L THHEEMEIE O D,

8 FIEIZ £ > T 2018 FFDFFEINIF 2017 4F & 2019 4 & O HPRHIAYRE L 72 v | HEINIER
Wb D ERo7 (M4, £2), 3 FEROEBEWNINI N7,

AIC 1T Base E7/UIZXF LT, 1 FEIFTFFERLC (F—2EEBHEXRCERT —
HINBETR D O TR IITHRIIARE S v h Liven), 8 2 Fikidm< ., 8§ 3 HiklEs b
IZmimo7z (38 3), BIC X Base E7/LWIx LT, 1 HEID LE<, # 2 HFIEME
<V B3 HEFLT MK 5T,

B 1 HEOEFT, 5% b Base 7 /LT Year*Area IHEZ BETX 52 LIZh b,
Nominal CPUE DBMRIFHFRUZ L - THEXIZ L - THRZR->TEY (X 6 of Itoh and
Takahashi 2020 Z) . Year*Area #BJET 2 Z L ITITH BN H D, FFTIZT — & DE
ENRERNTHD Z L, SRBRICFEROMENE UG E ORLFTERRETHDHZ &L TH
%o 852 HIEORAX, AIC, BIC MZEIZEICRWZ &, mENLRERETC-HLES
B2 2L Th D, BFTIE, Year*Area HAHEN T 52 &L TH D, H 3 HIEOKRIT b
EiroRkETCO—-BHIZH S, FHTIL AIC, BIC D4 TTE 3 EWZ & ThH S,
Solutions

I present three possible solutions here. The first method is to modify the data as
described above (called BaseA). The second method removes the year*Area term from
the GLM Base model, considering that the year*Area term has become a problem. Note
that there is more year*Lat terms than Reduced-base model (RedB). The third method
1s to treat the year*Area term as a random effect term using GLMM. With this method,
an estimated value can be obtained even if there are missing values.

The calculated abundance index value for 2018 was midway between 2017 and 2019,
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and the increase moderated by the three methods (Figure 4, Table 2). The difference
between the three methods was small.

AIC is almost the same as the Base model in the first method (the number of data and
the degree of freedom are the same, but the data may be different, so the comparison
may be inappropriate), the second method is higher, and the third method is further
higher (Table 3). The BIC was slightly higher in the first method, lower in the second
method, and slightly lower in the third method than the Base model.

The advantage of the first method is that the year*Area term can be taken account in
the Base model in the future. The relationship of nominal CPUE differs depending on
the area depending on year (see Figure 6 of Itoh and Takahashi 2020), and it is
reasonable to consider the year*Area interaction. The disadvantage is that the
modification of the data is arbitrary, and what to do if similar problems occur in the
future is undecided. The advantage of the second method is that AIC and BIC are
reasonably good, and the method is consistent from past to future. The disadvantage is
that it ignores the year*Area interaction term. The advantage of the third method is that
it is consistent from past to future. The disadvantage is that AIC and BIC do not fit well.

éi?ﬁ@?— vy

X 5 IZA - i, X 61 E CMEXBIOWEMZ~T, AT v 73, 4, 5OTNEN TR
L72, BaseA X CPUE /NEHIZENTHEHLRNWZ EDREEINTVDLN, ZEDTD
@iz, £7z, CPUE/h&& T“*ﬁﬁéi’bfc GAM v U —XZ F L RAERBEL LTV
T2, ZFDHH gamx9 #BEDTDITE D=, 2018 E@;‘ﬁ‘\:”"ﬁ IAT v 7 3 DEMEND
408 R 8HMEX TR OEN TN D, 95 LT =y 27 27> TBIFIERFEICK I ZERT
&, HRZREHICZEATE s LvRy, 5%, i%ﬁi?a%(@ FERERTET TR <
29 LR RASCHEEM ORI DB OV T HEERS B E L TN RETHA
76

TR LEFEEN R ONLHEICS, EREADT N SID O TRAHZ2EIR &R~
PN SWGEE LD D, PIZIE, 4 HERCIZOME (308 X° 458) TITHEAIRE 72
EEINRLOND OO, FREEEN/ NS W OICERER B~ OB/ NSV, WD
BVDEFHTTERLEL ST OBRNC L > TRRDZDT, EORT v TNEWECT 52 L
DETHA D,
Future check

Figure 5 shows the statistics by year and latitude, and Figure 6 shows that by year
and Area. Those are shown in steps 3, 4, and 5, respectively. BaseA has been agreed not
to be used in the CPUE small group, but included for reference. In addition, gamx9 was
included for reference that several GAM series examined at the CPUE small group had
similar trends. Outliers in 2018 have been seen in 40S and Area 8 since step 3. If such a

check is performed, the anomalous value may be noticed and the cause may have been
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clarified early. In the future, it is necessary to carefully consider not only the final result
of the abundance index, but also the progress and the initial stage of the estimation.
However, even if an abnormal value is seen in earlier steps, the area weighting is
applied, so that the final effect on the abundance index may be small. For example,
although there are relatively large fluctuations in Area 4 and marginal latitudes (308
and 458), the area weighting factor is small, so the effect on the abundance index is small.
Since the degree of influence depends on the data making method and the treatment of

weighting, it will be necessary to clarify which step.
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Table 1. Number of operations in the original dataset in Area 8 and 9 in 2018 by one
degree latitude. Records in enclosed in Area 9 was assigned to be 35S in five

degrees strata in an experiment.

Latitude Area8 Area9

45S 14
44S 232
43S 712
42S 767
41S 174
40S 42
39S

38S 85

37S 175

36S 56 18
35S 36 11

Table 2. Estimated abundance index from the core vessel CPUE

1) Wo0.8
Year Nominal Base Reduced Base with Base A Base_ GLMM
Base SxS noYA

1969 2.2841 2.2841 2.2841 2.2841 2.28411 2.28411
1970 2.2268 2.2268 2.2268 2.2268 2.22684 2.22684
1971 2.0654 2.0654 2.0654 2.0654 2.06542 2.06542
1972 2.1669 2.1669 2.1669 2.1669 2.16691 2.16691
1973 1.8263 1.8263 1.8263 1.8263 1.82627 1.82627
1974 1.8989 1.8989 1.8989 1.8989 1.89893 1.89893
1975 1.4556 1.4556 1.4556 1.4556 1.45555 1.45555
1976 1.8715 1.8715 1.8715 1.8715 1.87152 1.87152
1977 1.6556 1.6556 1.6556 1.6556 1.65562 1.65562
1978 1.4300 1.4300 1.4300 1.4300 1.43003 1.43003
1979 1.1472 1.1472 1.1472 1.1472 1.14724 1.14724
1980 1.3862 1.3862 1.3862 1.3862 1.3862 1.3862
1981 1.3103 1.3103 1.3103 1.3103 1.31025 1.31025
1982 1.0285 1.0285 1.0285 1.0285 1.02855 1.02855
1983 1.0103 1.0103 1.0103 1.0103 1.01026 1.01026
1984 1.0261 1.0261 1.0261 1.0261 1.0261 1.0261
1985 0.8578 0.8578 0.8578 0.8578 0.85784 0.85784
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1986 2.089 0.6311 0.6463 0.6390 0.6315 0.62907 0.63351
Year Nominal Base Reduced Base with Base A Base_ GLMM
Base SxS noYA

1987 2132 0.6433 0.6640 0.6340 0.6439 0.65552 0.65133
1988 2.059 0.5402 0.5216 0.5816 0.5409 0.51757 0.53373
1989 1.983 0.5047 0.5064 0.5433 0.5055 0.51105 0.51229
1990 1.963 0.5341 0.5843 0.4731 0.5341 0.56587 0.54881
1991 1.895 0.4385 0.5037 0.4260 0.4387 0.45911 0.44894
1992 2.251 0.5426 0.6068 0.5109 0.5430 0.56639 0.55353
1993 2.970 0.7279 0.6979 0.7048 0.7272 0.7168 0.72097
1994 2.667 0.6890 0.5832 0.6992 0.6889 0.65119 0.68339
1995 2.715 0.7298 0.7376 0.7890 0.7297 0.76133 0.74033
1996 2.426 0.5882 0.5578 0.6171 0.5882 0.56046 0.57914
1997 2.083 0.5143 0.5478 0.4943 0.5145 0.53114 0.52287
1998 2.204 0.5574 0.5790 0.5315 0.5575 0.57612 0.5663
1999 2.321 0.5653 0.5785 0.5407 0.5653 0.59189 0.57685
2000 2413 0.5337 0.5233 0.5181 0.5338 0.52554 0.52977
2001 2.644 0.6009 0.6122 0.5908 0.6008 0.62133 0.60999
2002 3441 0.9388 0.8047 0.8752 0.9372 0.83485 0.85656
2003 2.564 0.6715 0.6935 0.6310 0.6708 0.71679 0.68801
2004 1.962 0.6386 0.6751 0.6493 0.6386 0.65726 0.64359
2005 1.851 0.5287 0.5352 0.6795 0.5284 0.53562 0.52404
2006 1.350 0.3747 0.3524 0.3739 0.3748 0.36126 0.37428
2007 1.407 0.2796 0.3264 0.3021 0.2797 0.28616 0.28505
2008 1.879 0.5793 0.5147 0.5478 0.5794 0.52002 0.56906
2009 2.644 0.7507 0.7040 0.6531 0.7510 0.74965 0.74021
2010 3.676 0.9866 0.6925 0.9654 0.9858 0.94277 0.97359
2011 3.510 0.9013 0.7559 0.9153 0.9013 0.8743 0.88188
2012 3.360 1.0718 0.7447 1.0080 1.0718 1.02282 0.99859
2013 3.890 1.0466 0.8822 1.0504 1.0473 1.05189 1.02441
2014 4.185 1.2125 0.9254 1.0424 12121 1.24432 1.20784
2015 5.651 1.3216 1.0575 1.3802 1.3213 1.41746 1.34381
2016 4.497 1.2336 1.0639 1.0872 1.2339 1.25188 1.21903
2017 5.523 1.2996 0.8875 1.4757 1.2952 1.35782 1.31097
2018 6.054 2.2809 1.3388 2.4186 1.5980 1.59363 1.61264
2019 7.780 1.7429 1.3438 2.2209 1.7414 1.6482 1.65602
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2) W0.5
Year Nominal Base Reduced Base with Base A Base_ GLMM
Base SxS noYA

1969 2.4934 2.4934 2.4934 2.4934 2.49337 2.49337
1970 2.4169 2.4169 2.4169 2.4169 2.41687 2.41687
1971 2.2054 2.2054 2.2054 2.2054 2.20542 2.20542
1972 2.2273 2.2273 2.2273 2.2273 2.22735 2.22735
1973 1.9271 1.9271 1.9271 1.9271 1.92713 1.92713
1974 1.9710 1.9710 1.9710 1.9710 1.97095 1.97095
1975 1.4974 1.4974 1.4974 1.4974 1.49745 1.49745
1976 1.9279 1.9279 1.9279 1.9279 1.92793 1.92793
1977 1.6850 1.6850 1.6850 1.6850 1.685 1.685
1978 1.3820 1.3820 1.3820 1.3820 1.38202 1.38202
1979 1.2558 1.2558 1.2558 1.2558 1.25578 1.25578
1980 1.3852 1.3852 1.3852 1.3852 1.38524 1.38524
1981 1.2917 1.2917 1.2917 1.2917 1.29166 1.29166
1982 1.0220 1.0220 1.0220 1.0220 1.02197 1.02197
1983 1.0228 1.0228 1.0228 1.0228 1.02279 1.02279
1984 1.0603 1.0603 1.0603 1.0603 1.06032 1.06032
1985 0.8861 0.8861 0.8861 0.8861 0.88613 0.88613
1986 2.089 0.6663 0.6841 0.6718 0.6664 0.6665 0.66836
1987 2132 0.6692 0.6848 0.6605 0.6696 0.67843 0.67492
1988 2.059 0.5561 0.5264 0.5928 0.5567 0.52366 0.54648
1989 1.983 0.5330 0.5305 0.5653 0.5336 0.53473 0.53871
1990 1.963 0.5294 0.5700 0.4745 0.5294 0.55263 0.54059
1991 1.895 0.4492 0.5036 0.4396 0.4494 0.46439 0.45746
1992 2.251 0.5361 0.5865 0.5094 0.5363 0.55182 0.54407
1993 2.970 0.6664 0.6363 0.6643 0.6659 0.6587 0.66078
1994 2.667 0.5803 0.4926 0.5927 0.5802 0.54877 0.57485
1995 2.715 0.6569 0.6593 0.6918 0.6569 0.68439 0.66504
1996 2.426 0.5318 0.5166 0.5608 0.5318 0.51714 0.52668
1997 2.083 0.4679 0.4966 0.4557 0.4681 0.48153 0.47387
1998 2.204 0.5421 0.5551 0.5117 0.5422 0.55228 0.54855
1999 2.321 0.5449 0.5551 0.5206 0.5449 0.56726 0.55393
2000 2413 0.4760 0.4649 0.4693 0.4760 0.47303 0.47367
2001 2.644 0.5596 0.5629 0.5495 0.5596 0.57243 0.566
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2002 3.441 0.7660 0.6676 0.7185 0.7650 0.6963 0.71173
Year Nominal Base Reduced Base with Base A Base_ GLMM
Base SxS noYA

2003 2.564 0.5596 0.5734 0.5353 0.5591 0.58674 0.569
2004 1.962 0.5774 0.6011 0.5786 0.5774 0.58764 0.57953
2005 1.851 0.4823 0.4842 0.5961 0.4821 0.47934 0.47691
2006 1.350 0.3284 0.3203 0.3285 0.3285 0.32367 0.32885
2007 1.407 0.2327 0.2616 0.2501 0.2327 0.23708 0.23662
2008 1.879 0.4309 0.4093 0.4055 0.4309 0.40415 0.42605
2009 2.644 0.5543 0.5334 0.4799 0.5544 0.56431 0.54927
2010 3.676 0.6920 0.5073 0.6748 0.6915 0.67127 0.68545
2011 3.510 0.6544 0.5572 0.6689 0.6543 0.64056 0.64285
2012 3.360 0.7624 0.5377 0.7201 0.7624 0.71844 0.71173
2013 3.890 0.7317 0.6192 0.7455 0.7321 0.73418 0.7178
2014 4.185 0.8654 0.6625 0.7387 0.8650 0.88469 0.86276
2015 5.651 0.9527 0.7518 0.9877 0.9526 1.00794 0.96546
2016 4.497 0.8977 0.7678 0.7895 0.8979 0.90959 0.88917
2017 5.523 0.9429 0.6330 1.0373 0.9403 0.97909 0.94982
2018 6.054 1.5246 0.9373 1.5814 1.1244 1.12889 1.13831
2019 7.780 1.2017 0.9322 1.4904 1.2008 1.14806 1.15172

Table 3. AIC and BIC of GLM/GLMM models for the core vessel CPUE series.

Model AIC BIC Dataset
Base 7,685 9,292 original
RedB 8,108 8,496 original
BaseA 7,697 9,304 modified
Base noYA 7,826 8,823 original
GLMM 8,202 9,205 original
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Area weighed standardized CPUEs.

Nominal CPUE of the core vessels is also shown.
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Fig. 2. CS abundance index by Base model. Black line use the original test data. Red line
use the test data that eliminated three records in 40S, Area 8, year 2018 in July,

August and September whose prediction values were extremely large.
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Fig. 3. Experiment of data manipulation of latitude in Area 9 for effect on the 2018

anomalous value (BaseA).
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Area weighed standardized CPUEs by various GLM/GLMM models.
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Fig. 5. Statistical value from GLM/GLMM/GAM by latitude.
Upper panels use the test data (Step 3), middle panels use the test data that eliminated strata where CS area weighting data absent
(Step 4), and lower panels use the test data that CS area weighted (Step 5). The values ae relative to the mean of predicted value of all
the test data.
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Fig. 6. Statistical value from GLM/GLMM/GAM by Area.
Upper panels use the test data (Step 3), middle panels use the test data and eliminated strata where CS area weighting data absent
(Step 4), and lower panels use the test data and CS area weighted (Step 5). The values ae relative to the mean of predicted value of all
the test data.
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