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This paper estimates the economic loss for the squid and cuttlefish industry in Japan due to illegal and un-

reported imports. We developed a simultaneous equation model that consists of demand, harvest, and price equa-

tions, and an identity that defines the relationship between demand, supply, and inventory. We estimated the

model by both the two-stage least squares and the GMM three-stage least squares methods using monthly data

from August 1990 to December 2016. Three scenarios for counterfactual import volumes are assumed based on

the estimates by Pramod ef al. (2017). Our simulation results suggest that the economic loss may range from 24.3

to 46.9 billion yen, which amounts to 15-29 percent of the total revenue of the industry.
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Fig. 1 Structure of the model. Endogenous variables are shown in rectangular boxes, exogenous variables in diamond shapes, and
the defined variable in the circle. Solid lines show contemporaneous relationships while dashed lines show one-month lagged
relationships. P, price; D, demand; H, harvest; PS, substitute price; Y, income; IE, net import; S, supply; Z, inventory; R, input

price.
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Fig. 2 Annual harvests of squid by species and the TAC for Japanese common squid.
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Table 1 Descriptive statistics

Variable N Mean SD Min Max
Demand (103 t) 317 47.21 10.85 15.80 93.20
Harvest (103 t) 317 23.82 19.50 0.67 105.21
Total inventory (103 t) 317 263.78 111.80  90.05 613.00
Import of raw squid (103 t) 317 24.74  7.59 9.23 40.94
Export of raw squid (103 t) 317 2.64 2.67 0.08 18.21
Squid price (yen/kg) 317 611.42 100.98 424.51 1148.85
Gross domestic product (1012 yen) 317 476.01 28.99 412.25 528.74
Oil price (103 yen/barrel) 317 5.00 3.08 1.21  14.31
Octopus price (yen/kg) 317 841.57 174.23 420.84 1163.96
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Table 2 2sls and GMM-3sls estimation results
2sls GMM-3sls
Ln demand Ln harvest Ln price Ln demand Ln harvest Ln price
Ln price -1.114** -0.452 1.376**  -0.580 -1.114** -0.451 1.376** -0.628
Ln gdp 4.873*%  -2.459 4.873*%  -2.405
Ln gdp X trend -0.030** -0.012 -0.030***  -0.012
Ln octopus price -0.397*%F*  -0.148 -0.397**  -0.147
Ln oil price -0.330*** -0.119 -0.330%** -0.132
Ln harvest (t—1) 0.523*** -0.071 0.523*** -0.081
Ln inventory -0.447*** -0.072 -0.447%** -0.071
February 0.375** -0.164 0.295*** -0.101  -0.047*** -0.016 0.375%* -0.163 0.295%** -0.117  -0.047*** -0.016
March 0.726***  -0.239  -0.413*** -0.097 0.009 -0.018 0.726™**  -0.237  -0.413*** -0.095 0.009 -0.018
April 0.835*** -0.308 -0.021 -0.190 -0.026 -0.025 0.835***  -0.304 -0.021 -0.275  -0.026 -0.025
May 0.733** -0.375 0.621*** -0.127 -0.110*** -0.033 0.733** -0.371 0.621*** -0.167 -0.110*** -0.033
June 0.691**  -0.381 1.042%*% -0.139  -0.243*** -0.033 0.691**  -0.376 1.042%**% -0.184  -0.243*** -0.033
July 0.767** -0.450 1.371%%F -0.108 -0.281*** -0.034 0.767** -0.445 1.371%% -0.120 -0.281*** -0.034
August 0.787 -0.516 1.268*** -0.091 -0.231*** -0.030 0.787 -0.511 1.268*** -0.113  -0.231*** -0.030
September 0.657 -0.595 1.236*** -0.083 -0.178*** -0.022 0.657 -0.587 1.236%** -0.083 -0.178*** -0.022
October 1.183**  -0.672 1.313*** -0.083 -0.135"** -0.022 1.183**  -0.663 1.313*%** -0.089  -0.135™** -0.022
November 1.318** -0.750 1.218*** -0.087 -0.102*** -0.022 1.318** -0.739 1.218%** -0.092 -0.102*** -0.022
December 1.837**  -0.810 0.400*** -0.089 0.022 -0.019 1.837**  -0.797 0.400*** -0.101 0.022 -0.019
Trend x February -0.002**  -0.001 -0.002**  -0.001
Trend x March -0.001**  -0.001 -0.001**  -0.001
Trend X April 0.000 0.000 0.000 0.000
Trend x May 0.001 -0.001 0.001 -0.001
Trend X June 0.002***  -0.001 0.002***  -0.001
Trend x July 0.002** -0.001 0.002%* -0.001
Trend x August 0.002**  -0.001 0.002**  -0.001
Trend x September 0.003***  -0.001 0.003***  -0.001
Trend X October 0.002***  -0.001 0.002***  -0.001
Trend x November 0.003***  -0.001 0.003***  -0.001
Trend x December 0.002***  -0.001 0.002***  -0.001
Year: 1991 1.568**  -0.803 -0.072  -0.105 -0.091*** -0.018 1.568**  -0.788 -0.072  -0.091 -0.091*** -0.018
Year: 1992 3.539**  -1.614 0.193 -0.145  -0.243*** -0.027 3.539**  -1.585 0.193 -0.149  -0.243*** -0.026
Year: 1993 5.666**  -2.463 -0.027  -0.161 -0.301*** -0.024 5.666**  -2.418 -0.027  -0.176 -0.301*** -0.024
Year: 1994 7.634*%  -3.254 -0.122 -0.157  -0.294*** -0.036 7.634**  -3.195 -0.122 -0.160  -0.294*** -0.036
Year: 1995 9.041%%  -4.121 -0.159  -0.170  -0.274™* -0.034 9.941%%  -4.049 -0.159  -0.164 -0.274™ -0.034
Year: 1996 11.929**  -4.935 0.020 -0.212  -0.340*** -0.034 11.929**  -4.848 0.020 -0.169  -0.340*** -0.034
Year: 1997 14.273%  -5.813  0.061  -0.154 -0.292%%* -0.026  14.273** -5710  0.061  -0.152 -0.292*** -0.026
Year: 1998 16.656**  -6.715  -0.337** -0.156 -0.291*** -0.040 16.656**  -6.596  -0.337** -0.160 -0.291*** -0.040
Year: 1999 18.539%* -7.551 -0.009 -0.185  -0.442*** -0.047 18.539** -7.416 -0.009 -0.182  -0.442*** -0.046
Year: 2000 20.626**  -8.376 0.408** -0.162  -0.473*** -0.039 20.626**  -8.225 0.408** -0.170  -0.473*** -0.039
Year: 2001 22.916**  -9.259 0.360 -0.221  -0.517*** -0.031 22.916**  -9.093 0.360 -0.252  -0.517*** -0.031
Year: 2002 25.258%*F  -10.154 0.319 -0.229  -0.621*** -0.049 25.258** -9.972 0.319 -0.254  -0.621*%%* -0.049
Year: 2003 27.494%F  -11.044 0.194 -0.209  -0.610*** -0.054 27.494**  -10.846 0.194 -0.220  -0.610*** -0.053
Year: 2004 29.788*%*F -11.934 0.069 -0.163  -0.593*** -0.063 29.788**  -11.721 0.069 -0.166  -0.593*** -0.063
Year: 2005 32.100%* -12.821 0.146 -0.129  -0.537*** -0.063 32.100%*  -12.592 0.146 -0.122  -0.537*** -0.063
Year: 2006 34.443**  -13.706 0.209 -0.169  -0.541*** -0.065 34.443**  -13.461 0.209 -0.136  -0.541*** -0.065
Year: 2007 36.688** -14.592 0.301 -0.203  -0.595*** -0.064 36.688** -14.332 0.301 -0.170  -0.595*** -0.064
Year: 2008 38.771**  -15.458 0.356**  -0.209  -0.654*** -0.062 38.771** -15.181 0.356** -0.199  -0.654*** -0.062
Year: 2009 40.718**  -16.270 0.267 -0.217  -0.715*** -0.066 40.718**  -15.978 0.267 -0.220  -0.715*** -0.066
Year: 2010 43.154**  -17.196 0.230 -0.200 -0.826*** -0.093 43.154** -16.888 0.230 -0.193  -0.826™** -0.092
Year: 2011 45.393**F  -18.100 0.172 -0.222  -0.753*** -0.089 45.393**  -17.776 0.172 -0.188  -0.753*** -0.088
Year: 2012 47.715%%  -19.008 0.078 -0.206  -0.712*** -0.079 47.715**  -18.668 0.078 -0.201  -0.712*** -0.079
Year: 2013 50.082**  -19.905 0.002 -0.217  -0.735*** -0.092 50.082**  -19.548 0.002 -0.199  -0.735*** -0.092
Year: 2014 52.457** -20.820 -0.094 -0.209  -0.679*** -0.089 52.457** -20.448  -0.094 -0.166  -0.679*** -0.089
Year: 2015 54.871** -21.751  -0.487*** -0.155 -0.583*** -0.088 54.871** -21.362  -0.487*** -0.137 -0.583*** -0.088
Year: 2016 57.436** -22.707 -1.065*** -0.164 -0.492*** -0.113 57.436™* -22.302 -1.065*** -0.127 -0.492*** -0.113
_cons -15.848 -13.655  -7.767** -3.989 9.465*** -0.455 -15.848 -13.341  -7.767**  -4.420 9.465™*** -0.453
Fstat 30.660 30.300 668.040
N 316.000 316.000 316.000 316.000 316.000 316.000
R2 0.413 0.885 0.823 0.413 0.885 0.823

Heteroskedasticity- and autocorrelation-robust standard errors are in parentheses. The bandwidth used in the estimation is determined by the automatic
bandwidth selection procedure of Newey and West (1994). Fstat shows the F statistics for the instrument (lagged Ln inventory) in the first stage regres-

sion, *¥¥* ¥

, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.



U faZEia A 23 A 71

D&/ L Tnb, Fijabdd@ D 2sls & GMM-3sls
T EHEEMEA L TS50, EEHEXIZ OV T L
OTHEML 7R &7 - 7o, BT, GMM-3sls O
LK A EMEICHEE TE WA, 2s8ls OF AR
BOFTXTONG A=A EFEICHEETE W5, b
LOFETHHTHEEMITZED LW &1, FBRO
HEE AR L T\ 5

FTEBAMICOWT AL &, MR -1.114 &
RPRKEOTHY, A NEIERHBTHAHI LERL T
Bo FEDNNG A—=RETSATHERETHYD, WdTK
7ol (4.873) & o>TW0Whb, LirL, FifB&EX 1A
FUVFOREHITIIA T ATER > TR, FH
OIS IERR R & L HITETFLTWAZ EHERL T
Wh, THIEHEK (2000) DOKEYEEOFTEHIIE
MEEE EBITETL TS EWSFEREEEHNTH
%o A ABDMMED/ING A= FATHEE LIr->T05%
ZEnG, XaBEIANEOMTEM THH I L0550
bo Fio, KYPOAFXI—ELFEXI—, AXI—L A
L VVFOREEDPER EIn->TBY, FEOFHMN
PRFEACDTFLEERL T D

WEBI R OHEEHRE BRI >\ T A S &, BT
PEIE 1.376 LK &\, SETHSETIE, Y7 3EicB L T
FE RIS IR T 5 Z M TEZ D E WD FERIR
INTWA202008 A JE TR Mis G0 B 5N
B EVO R BRRER o 72, — T, B (2000)
TRAKEDEMEE—2OM & L CAIGEITITRERD
MRS T 5 Z ERRINTED, AOHOMR L&
HHTH 5,18 E /AT IR 45N O W R I 2
bz B EVSEERLAER (2000) LESGHLKERT
B 5 ItRIT, FUMMR IS OV Cid, BRIk 23 2 H
BICAOEB 52 % 0> Mg LGS &
o TWh, AXI—D/INTG A—=2h b3, EENT
ARE—=27I1CZL, SACRLELS LB Lhrbr b,
F/EX I BT EAEDPERETIE W &b,
BORENEIKEL W B 50, 2015
3 KO 2016 SEICH U 72 AV A A OKRAFIT DWW T
BATHERNGA—2L L THRLIZLNATVS

k& BAEUIC DWW T, EEEA 1% #ind 5 2 & Cfff
BR044T% BT T H VIR LTS, Th
i3, BEFEIMEEHL TS HEICIEHTS L 0D
TS AW OMER S EENTHY, ARLO—HDOE
FIUHERRLL B LTS, E/LAXI—REX
I-MIFINRTHE LR - TRY, MBEROFHEIN
REREALDOFLEPTRBE SN T\ D,

HEHL 72 ET IV ERVWTBORY R 2V —va vV a T 5
JoDITIBETNVOY TR EDNP LW EDREEETH 5,
COMICEAR, FEBEBOIERIT 0.413 & 2R
DD, WERIE & iR BRI DWW TR E RE A 0.8

AR 72PN 25

LiE&RIFCH D, THEBEROWERBEAMENC & O
HO—2iF, ﬂﬁ%gb ﬂiﬂ@”’rﬁﬁ%%%éﬂ“m\% e

ZHh 5, T7abb, DOEFH O MOELORPE
ﬁ%%ﬁ%bfm%t@,i%m B L5 2 L3R
(flikg, Prf57cy) CTHHTELEBS PN 5D
72EEZL 2B,

V32—V s VETDENS, E R ET V2R
ELTCOFUREERE T 7 4 FIVTF AKX - THEPD
o 77 AFIVTFAL LR, T—2Ey FORHDOA%
EE LT MEERICIEROBIIE, 57 F &Nt
BRI ETFIVHTFHES N AEEA RS T3S, A
ABEBOMEHY I a2 —ya v L, TORME L EREOM
T A HBETH D, Fig. 5 ICEHLEHOENE (ac-
tual) & EFINOFHUE (model) #RL T\W5b, Th
ICkud, T, WE, itk RO T X TONELRK
KL TETVOFERBE R SBTRE I E8by
Bo FEHIZOWTIIROREERKEVD, THTHETE
T 3 DONAEERANDOBTITEDA L %D &
ININRG A=A R L TSI, $XTOFHRE
EPEBEOFIHEICENTWALDTHALEELZLN
o KT TTDOFRICIEY I ab—Y a VORELREY
it Cd 5 FHa xR AER (Mean Absolute Percen-
tage Error; MAPE) & Theil D AR—FE (Wb b
U2) DI T\ 5,3 MAPE (3 0 IS\ E T
FERE WS EARL, %72 Theill DAR—FHBEA 1 &
DPNSTNIEETIVDAERTHS LR TELDT, §
NTOERIZOWTETVRY I 2 V—v a VIZTi 2 %
ZEBMA

>FHYFAELIalb—2 3> U BKROEAMEEE
1k L 72O A BDOEALEKF I 5 D 2 T, kD>
DOHERAEET HLERD D, H—OERE, IU dk
DA ZIE LB, ZOHIBSBEEA I TEE
B LOICETLHETH S, COMTEAL, IQ W%
I BEICOWTIE, GEA AT TICHAEDE CThl g
HIRABRETHAINTVWLE EEZ LT ENRTES,
- T, IU fkoig A3 25 I SN TH EEA DOl
ABRBERIVHEZ RV ERET S, s, BEEICE
U fisk Ol A S OB & - THig ik 2s EF L, &
BiA NOMAD % V2 AT EETE Vv, &
CTRZOWMGIERATELLDERET S, DR
E1d World Wildlife Fund (2016) T REMICI AN
TWHEDTH5,D —HT, IQ %5 B I 2Tl
AREDMBARITIE 100% kSN TWwWB, TOHFEZER
QX MEIICBEL T, —MOMmAMEEELL Tl
fﬁ’)&ﬁﬁlﬁjkf&]@??\nuf WO LAEERSRD S &

L TWh, LB T, YIalb—v a3y
f:oﬂi, COBE LY OREOME THEL 2 &K
ETHLLENRD S, 8510, Pramod et al. (2017) T



26 Bk, Mok, ok

Demand

20 40 60 80 100

T T T T T T
1990m1  1995m1 2000m1 2005m1 2010m1 2015m1

MAPE: 0.129 Thiel'U: 0.602

Price

400 600 80010001200

1990m1  1995m1 2000m1 2005m1 2010m1 2015m1
MAPE: 0.061 Thiel'U: 0.813

0 20 40 60 80 100

100200300400500600

Harvest

1 1 1 1 1
———

T T T T T T
1990m1  1995m1 2000m1 2005m1 2010m1 2015m1

MAPE: 0.275 Thiel'U: 0.657

Inventory

1990m1  1995m1 2000m1 2005m1 2010m1 2015m1
MAPE: 0.070 Thiel'U: 0.999

actual

Fig. 5 Final test results.
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Fig. 6 Simulation results.

THT ERNBL TS, Table 312y F U AT LOH
MEEEORESTOETFHMEOEA LY & LTz, a8,
C 2TV D SR XIS & EN R ORI
g 50, CHNIRFEEDPEEZ TS T LA
TR EFEEEOPGRICHEL T 5 LICHERSLETH
o YF UL 1T, IUHRDIATICKYD, S
BN 243 BAREA L TOWAB T ENREINTED, Th
FRN—=25 A4 VORESF 1625 M D 15% IZHH2% 5
Bo FREICYF U A 2 Tk TU AT & » THESH
73 18.2% WAL TS T L, ¥ F U S 3Tt 28.9%
PLTWATEPRINT VS,

% £

REFFETIE, EDE « WMIREHEERROBAMIC LD,
EWNA WEZEIC Y OREOREFNHEENEL THBD0
ZHHBRRET VI L - THEE L 72, TOFRER, AN
PEEDINIEGED 15-29% 12 H 7= % 243-469 1%
b TWB EHEE SN, FAFEDO ST %47 - 72 World
Wildlife Fund (2016) Ti3, TUBARIC K > TT A
NEEHEDOESD 20% FITHY T HHEENPEL T 5
LS TV 5,0 WWF ORFZE & K% TIRAK D
ERNRIL DO TRE R T TE W, HEEHE
OREPHNRBRE TH L LIE, AMFEORKEOZY
HAETREL TWAEEZLLNS, AFFETHEON/IHE

Table 3 Economic loss due to illegal and unreported

imports
Base Scenario 1 Scenario 2 Scenario 3
(mean) (mean) (mean) (mean)
Revenue (10° yen) 162.5 186.8 192 209.4
Revenue loss (109 yen) 0 24.34 29.53 46.95
Revenue loss share 0 0.15 0.182 0.289

Revenue and revenue loss are calculated by the average month
revenue and revenue loss multiplied by 12, respectively. Revenue
loss share is calculated by the total revenue loss during 1990-2016
divided by the total revenue during the same period.
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