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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

a7y CPUE B &fEUX. CCSBT I281F 5 2 7 2 v 27 v OEPFHNIE ONC TAC %
RES D MPIZBWTHWON L HELERBEHRRTH D, 2019 FORREICENT, £
7D 2018 FEDfEIZ 2017 FELART & DHETHED T < . KRERIRAEZ T ATV D ATREMEA M
b7z (Itoh and Takahashi 2019), 2019 40 CCSBT-ESC (23R Tl Z DJRK 2
Ko EMNAESNIZ (Anon. 2019), AILEIZ, 2018 FFREDIINZH S0 9 2 2
bl BRR AR T AR A E Ls, o, FERICHEPOREFEERBELZ L ZITH
BHTELLH, F=v 7 DOFEERGF LI,

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.

JREA

BRERBIU T e A CER SIS, 7. a7y —%ty NEERT S

(Itoh and Takahashi 2020 ZZ M) (A7 > 7' 1), KWT, 4, H, EE5E, KES5
ERNZE &, GLM TE#ELET 5 (A7 v 7 2), GLM ICHWEZEE O TOMAE
DEIZEDLT AT =2 %2/E L, GLM THMELZ BRI kDS (AT v 7 8), Zhzk
FERNEEZ RO T LS-means £ 35, IRWT, 7 A N7 —% ZEfEERT — % & xbIi
S5, ZOR, EBEBEESEELRWVEEE (21X 30-40S IZALET 5 4 MIXIZRB W T
D 458) IZHOWTIERMAND Z &2 b (A7 v 7 4), GLM THIfEIC RS (FRI2B
R720 CS E£7IXFETEBT 5 VS) ZHNT G T, FEHHEE KD, TN EIREFEH
D (AT w7 5), KXETIE, T—F ERIFHHER EDO 2T v FladinE R L
77

2019 FEDIEEIZBWTIRD Z L 030> T\Wb, GLM DD LS-mean (A7 v 7 3)
F Tl Tl e < . MBEERE#NT 2% (AT v 7 5) ITEREE RoTn 2 b
Area8 @ 408 NEAKR LTV A Z & GLM O — 25 /L Tl3dii /2512 72 5 A Reduced-
model TIXZ 9T bRV &, FEFRIIFEOREIZITIE LR > 7223, Year*Area X H.
TERMRBFR L TV D &b,

2020 FITHERL L2 2019 4F . TO a7 g7 — & THT LTc, 7 — & RHFIEIZ DWW TSI
3C#E (Itoh 2020, Itoh and Takahashi 2020) #&ME, 7 — ¥ % 20194FEFE CTT v 77—
FLTH, 2018 FDENRFITE N LIFEDL G o7z (Fig. 1), A7 v 74 DT A
N7 —ZIZBWT, GLM O FHfEIZI 2,278 £EHIZ 3 FOMBERIZEDO K& 72 L 22— KRB
Hol, ERELTIDIT—HEZBRNTAT v 7 5 OERERKERKD S L 2018 4ED
TV =NERL, ZO3SHERREREELFOZENFEINT (K2), 3MHIETAT
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2018 4, 81X, 40SDHLHOT, TH, 8 A, 9HDLDOTH -T2,

PRI R R ORER, RIRNE 8 MEX. & QMEX DRI T —Z BN T v RT U ATHDHZ b
(2 &> TH sk Area O AR OHEE B RE SR -T2 /2 TH D 2 L4y -72, 2018
BT 9MXITHIT D 35S (35-398) DT —# b T nTh-oTe (1), LT, ZD9
XD 358 TOTF—HFEIC4 AL 9AHDLDOTERMMLANTEY, IFIv7md
CPUE ME o7z, —H. WX D 408 OF — X [FEEITHFE LT, —F. 8XKIZI N
TIX 35S DF —#13Z < H 51 408 (405-448) OF —XIIFIEL 72> 72, GLM O
Year*Area TEIZHLIZ 2018 4E0 Area8 & Area9 (27 — X BF(ET H 721 Tl [ UEE
THRIET DT = FDAHET D Z L 2 2R L Tz,

ERELT, 7—=4ty b (X7 v71) ([ZBWT Aread D 40S K 41S DT — X %
B b LR D 358 L L TAER L7z, ZOMHEARBEIC L > T 2018 0T /< U —3H
KLl &b, FRzRFETE (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 40S 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, 40S, July,
August, and September.

As a result of detailed examination, it was found that the cause was that the estimated

value of the year*Area interaction became abnormal due to the unbalanced number of
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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 DOFRGE 2 RS, BB 1 HFIRIETARO X 51T — X IEEEZ M2 5 HiETH D

(BaseA LFr97), % 2 Fiki%, Year*Area HAME L 725722 &L A& L C GLM ©
Base 7 /L5 Year*Area THZ R\ 72, Reduced-base (RedB) XY % Year*Lat IH) %
W, 3 HiEklL, GLMM % MW\ T Year*Area lHZ 7 U X AR E LT D HiETH D, Z
DFETIIRBENFE L THHEELI GO D,

3 HEIZ £ - T 2018 4EDFEHUEIL 2017 4 & 2019 4 & OFRHIBIZRME L 72 0 . HINIES
RN D ERo7 (M4, £2), 3 FEROEWINI T,

AIC I Base E7/UICXF LT, 1 FEIXFFERL (F—2EBREXRCENT —
ZINETR D O TR IITHRIIARE S b Livey) . 8 2 HiEidm<, & 3 HiElEs b
\Z@noTe (R 38), BICE Base E7 /MZX LT, &1 HEIFD LE<, &# 2 FiETK
<. B 3FEFOTRITEI 72,

1 FEOEFIX, 4% b Base 7 /LT Year*Area lHA ZE TEX H 2 LILh D,
Nominal CPUE O BfRITFRIZ L > THERKIZ K > TR > TED (X 6 of Itoh and
Takahashi 2020 ), Year*Area # B &3 5 Z L IZITB PR H 5, FFTIIT — & DE
ENZRERTHD Z L, SRICFEROMENAE UG E ORLFIERRETH L Z & TH
%, H2HEOERL, AIC, BICMIZEIZEIZREWZ &, WBENGFRET-HLES
EIZRDHZEThD, FTEL, Year*Area AR T2 L Th D, 3 HIEORFTHIH
EhoREETCO—EMIZH S, EETILAIC, BICOETEEF Y NENZETHD,
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
is 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,

and the increase moderated by the three methods (Figure 4, Table 2). The difference
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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.

SHEDFT VY

X 5 IZAF - M, (X 6 AR - HEXBIOHEEEZ " d, AT v 73, 4, b DTNLEN TR
L7z, BaseA !X CPUE /NEFIZBWTHH LARWVWZ EDRFEINTNDLID, ZEDTD
Gz, 72, CPUE/MEE TR SN GAM &V —XE h Ly RV ERBEELLL T
T2, D HH gamx9 B EDT-DICE DT, 2018 FEDERFHIZIAT v 7 3 DEMENS
40S R° B8R TROLNT VD, 29 LEEF = v 7 7o TBIFIFRFHEIZAS ZENT
&, FREZREHICEATE b Ly, 4%I1IF, BRERBRORKRERIZT TR
29 L@ - CHEEE O A O BB OW T HIEETRSBHZ L TN RETH A
Do

TRELEREENRONDHEITS, HEEA DTN S 1D O TREH 2GR &R~
HENNSWIEE LD D, BIAIE 4 BXCRIZOME (308 < 45S) TlEHLBHIR X 72
EERR SN OO, EREEENNS W2 DICEREEHA~OFEI NS, HEBOE
BVNEFTEREL ST ORI L > TRRDDT, EORXT v IhaWicT 5L
RUETHS 9,
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
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.
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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 459), 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

455 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) Wo.8
Year Nominal Base Reduced Base with Base A Base GLMM
Base SxS noYA

1969 22841 22841 22841 22841 2.28411 2.28411
1970 22268 22268 22268 22268 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
1986 2.089 0.6311 0.6463 0.6390 0.6315 0.62907 0.63351
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Year Nominal Base Reduced Base with Base A Base GLMM
Base SxS noYA

1987 2.132 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 2.413 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 3.441 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 1.2121 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) Wo0.5
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 22273 22273 22273 22273 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 2.132 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
2002 3.441 0.7660 0.6676 0.7185 0.7650 0.6963 0.71173
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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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Fig. 1. 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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Fig. 4. 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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