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HEEE AN (Thunnus albacores) S5 FEFZE. K
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Grade reference table of precision test

Tab. 1

FREME

FeEAE 4 HAXT R ZE 0 KK e ¥ EWEC MREME P
accuracy level relative error a correlation indices € variance ratio C small error probability P
—%  level 1 0.01 0.90 0.35 0.95
T4 level 2 0.05 0.80 0.50 0.80
=2 level 3 0.10 0.70 0.65 0.70
MUk level 4 0.20 0.60 0.80 0.60

n
—axiV(k) + X b xiV(k +1) %2 SIBBHREBTHISHEREGFIIN
Xk +1)= =2 Y
I+ E Tab.2 Value of grey correlation indices between the

TF B UMK A S B B R R 5 v, LA
JR A HE B R /NHE T SR 57 5 GM (1, N) T
R

GM (1, 2) B . fREaAf, DR
SR 2L T X I RIS g e AR

GM (1, 3) f5i7). fuf& Sifagkat, DLJHT 2 {7
PRUEREV DTN N EI

GM (1, 4) BiRL . (45 AR, DLAGHT 3 7
PRI NN MRS

GM (1, 5) t A . fudh ke, LIHT 4 07
SRR B I X I 2 ) v AR

GM (1, 6) 581 . fud% Mg, LLRRT S 07
PRI NPT SN RIS

FIH 2000—2016 45 (1) & i 3k & S Hogiy 5 4
IR B B 2 AR BT GM (1, N) T A58
) B3 P A X R 22, DA K A 5 SE PR A
K €, DI B ([RIRE DA (AR AL B, 43 B R O
0.5), IR 22 e/ N R e K B €0 S 106 8 N Fe
FERL, FEXF 2017—2018 4EBEFEATHERIIGAIE

2 4k

21 ERETWEBRKEREKIHT

2000—2016 4F E1 i 7 S 31 B (X)) 546 K
FM R IR OSBRI R (5 2), IKECEE
RKIAIRIZAZE (X)), N 091; H/NRRKAE
Y (X10), A 0.520 KA ICHKBE e KT S HiAK
WHNIRZAZE (X)) Tk (). 1 ERaZE ().
Hfl i vE a2 (X) Ak 2 (X))o

GiitArHr B, 2000—2018 4 B EE VEMETE 2
W R MRCE KB, 2017 FiR B R
FehE, 12447 T (1), Hep, i bEas Hib
WS RE M e LERF N EE
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sequence of each category of catch and the total catch

IR RIS
S e grey

category of catch correlation

indices

JREM2(X,)  demersal marine fish 0.91
F5225(X;)  crustaceans 0.89
i FJEf2E(X,)  pelagic marine fish 0.88
H AP 2(Xs)  other marine fish NEI 0.74
& fEH(Xs)  cephalopods 0.70
AR PI(FR L L 2)(X7)  molluscs excl. cephalopods 0.56
TmFE 1 25(Xg)  freshwater and diadromous fish 0.54
HAh#FEFESIYI(X,)  aquatic animals NEI 0.52
KAEHPI(X,,) aquatic plants 0.49

P2, 2017—2018 4F [ F 334k 451 o 520.1
255.4, 254.1, 93.0 F146.6 J7 t (B 1), 435 & Eif
PRI 41.98% . 20.61%. 20.51%. 7.51% F13.76%,

2.2 GM (1, N) B S Hr

M8 K SR B NIRRT, IEHRIR )2 2k
Xy, HFHK Xy, LEAK X, HmgRak
Xs Mk B2 X R M SR X, T, 40
HIEEST 54 GM (1, N) B (3% 3),

GM (1, 5) il GM (1, 6) #5 1A X 15 22 43531 Sy
1.83% 1 1.90%, T0INAE 5 B 46 (8 5 51 9 Ik 0 5%
HREEY N 0.92, BUMBIRIERAL (£ 3, & 4).

RAERACFR GM (1, 5) Fil GM (1, 6) XF 2017
H1 2018 AF (1 B AT B0 E, 2 A X 1R 2% 43 il
h3.78 F13.43(% 5), BEAUEEEEAT .

2.3 2019—2025 FEBIREFTUN

FIHH 2000—2016 42K X, . HFHIK X,
bRk X, HAE R 2R X Sk RS X 1Y
HARE R, 2 9EST GM (1, 1) &AL (£ 6), Jf
K 2017—2018 4FE A TR, 25280 sk
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Fig. 1 Distribution of total catch and its main catch categories in the Indian Ocean in 2000—2018
#3 xta GM(, N) HRMHELSH
Tab.3 Related parameters of the GM(1, N) model
IR TR W 7 B TRIME 55 SR AR E K (R Ik R 5
grey catastrophe function grey correlation indices between
model response fu predicted value and original value
GM(1, 2) X, (+1)=(9 087 339.511-4.973Xy)e" "+ 4.973X, 0.79
GM(I, 3)  X,(r+1)=(9 087 339.511—13.874X,+23.564.X3) e “***+13.874X,-23.564.X; 0.70
GM(1, 4)  X;(t+1)=(9 087 339.511-15.644X,+17.632X;+2.109X,) e “*™*"+15.644X,~17.632X;-2.109X, 0.65
GM(I, 5)  X,(r+1)=(9 087 339.511—1.268X,0.362X;~1.256X,~0.882.X;) e >*""+1.268X,+0.362X;+ 0.92
1.256X,+0.882.X;
GM(I, 6)  X,(t+1)=(9 087 339.511-1.057X,—1.345X5—1.083.X,~0.915X5~1.071.X,) e T"*+1.057X, + 0.92

1.345X5 +1.084X,+0.915X5+1.071.X;

T AS T FE AL GRS BEEAL IR ZE 5K . 2019—2025 4
RIZME X, Wk X, b LEmk X, Hibik
P X Sk 2 X ok s T DL 26 7. AR PR
GM (1,5) F1GM (1, 6) £, A4k 2019—2025
AEENE AR (R 8), WUMINA, 2019—
2020 AF B[ JE ¥ 9 R v 3K 5 1 186~1 290 J7 t,
2021—2025 4 H i AR oK 3G m &) 1 227~1 324
Tt HE R v aek A L)Ea2s . sk
FERDIRIRZ 5%,

3 e
3.1 ENEFaFRENRETMNERE D

FAO Bi¥ls 581, EPEEVERaska A 20 4
80 AR LIk — AR Lo, HifmdkE ik 20k
/N R 2SR 2 SRR, fE AR
PRV ER, Hof ki R RE LA, 2017 4
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IKF] 700 T3t BT . ARIEC A I E R,
[} (Tenualosa toli). 18 i F} (Sciaenidae), H
W (Trichiurus lepturus) . GE5F}F (Ariidae), V0T
1t (Sardinella spp.) F1H Sk /NPT 1 (S. longiceps)
Al RBAL Fad B BRAL, {HELF} (Engraulidae), =
i} (T. ilisha). FIEREG (Rastrelliger kanagurta). 5
(Decapterus spp.). #=i5 X HF (Penaeus merguiensis) .
BETXTHF (P. monodon). %W FL (Sepiidae) FlH- 1
IHEL (Sepiolidae) &b F I FFLe gl #5 K", FAO P
fEW, 2017 4F, PUENFERE 66.7% [ PPAL R
TEA W] F SEBR BE N4, 33.3% MYFPREAL T4
WIA AT Rk, v P g B 8 X6 MR i 5 2 R
WY BER 5 I 2 1, TEAREDBE T 68.6% MY LT
A e 2 AT R R R PN A4

EJY ¥ Vi a0 4 ¥ A o 24 19 S8 i) A A ) R
— S e v [ R R AR R N R 3 M TGV A AR
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#Fz4 & GM(U, N)ERWETIRE
Tab. 4 Relative errors of GM (1, N) models

B [ /4

e GM(1, 2) GM(1, 3) GM(1, 4) GM(1, 5) GM(1, 6)
2001 7.29 14.92 13.67 13.77 13.46
2002 17.44 38.07 41.20 8.49 9.16
2003 2.87 18.36 24.80 211 2.79
2004 3.54 5.32 10.99 0.47 0.90
2005 7.17 0.97 0.22 0.00 0.04
2006 7.99 4.95 6.87 0.63 0.80
2007 1.84 0.76 428 1.20 1.18
2008 3.03 0.09 5.40 0.08 0.19
2009 2.80 5.36 8.59 0.07 0.05
2010 1.25 17.55 15.76 0.32 0.06
2011 0.80 14.38 9.86 1.05 043
2012 7.01 1.04 6.68 0.18 0.44
2013 8.52 8.31 11.80 0.01 0.32
2014 0.75 11.12 21.16 0.36 0.30
2015 331 4.90 1.38 0.45 0.16
2016 11.00 28.66 26.33 0.08 0.13
SEX)E  mean value 541 10.92 13.06 1.83 1.90

5 2017—2018 & GM(1, 5) F1 GM(1, 6) FTUNME S LIRELLER
Tab.5 Comparison of forecast values from GM (1, 5) and GM (1, 6) with actual values in 2017—2018

. 20174 20184
A - m o - - o
models SLPRfEA TRt AHXS R 2 SLPRfEA TR/t AHXS R 2
true value predicted value relative error true value predicted value relative error
GM (1, 5) 12 446 838 11956 591 3.94 12332 944 11901 884 3.50
GM(1, 6) 12 446 838 11996 265 3.62 12332 944 11919 801 3.35
F6 BREGM 1) BREFNER
Tab. 6 GM (1, 1) prediction models for catch of various species
I LIRS NRZEM P Bor W EC
category of catch response function small error probability P variance ratio C
R (X) Xo(t+1)=9246.22¢°°"-9 046.86 0.944 0.387
72 (X3) X;(t+1)=3174.69 ¢**'"-3101.67 0.944 0.385
b EEAZE (X Xy (++1)=11018.39 e “*-10702.66 1.000 0.234
HAHERE B2 (Xs) Xs(t+1)=—18194.06 ¢ *""+18447.27 0.650 0.640
kAR (X) Xy(1+1)=268.28 e “*-243 56 0.944 0.487

Giitiagkr= ik, (A5 2 50Rh 0 R IER LN REAR
FIA R IEAL I B L ik B T BB A A7 E —
EMAREM ., H2Z, ABFRHN 2019—2020 48
EJ R 3 e AR B T A 1 186~1 290 J1 ¢, X —
T 5 2017 4R S e 1244.7 T t KA
., 2021—2025 4FENREVE SR B TONE R 1227~
132475 t, 52017 sl R 80 J1 t 7244
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(225, X —TRIE I, Rk B B v i e gk i
R BE AN A AT BEMEAR K, HTRI 25 SR 5 FAO X}
PUEDFEVE | AR VR W JE RN B T & R 00 B R4
AHAIF] .

3.2 GM (1, N) F4EE 45 47

GM(1, N) R E A Z o0 (274 4) —Brktt
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RT 20192025 EEAFBEETUNER

Tab.7  Catch projections by major species in 2019—2025 x10"t
I ] /4 R F5ek BRI FCAbE P 12 PYRES
time demersal fish crustaceans pelagic fish other marine fish cephalopod
2019 257.70 96.88 529.63 226.77 44.83
2020 262.76 98.91 544.89 22292 47.49
2021 267.92 100.99 560.60 219.14 50.30
2022 273.18 103.11 576.76 215.42 53.28
2023 278.55 105.27 593.38 211.77 56.44
2024 284.02 107.48 610.48 208.18 59.79
2025 289.60 109.74 628.08 204.65 63.33
&8 20192025 FENEF R IBRETUNER
Tab. 8 Predicted total catches in the Indian Ocean in 2019-2025 t
Hﬂ!ﬂéﬁ 2019 2020 2021 2022 2023 2024 2025
GM(1, 5) 11865349 12065390 12272166 12485569 12705897 12933212 13167845
GM(1, 6) 11882322 12089118 12303560 12525639 12755711 12994002 13240790

ISR, EEHATRENIESH. KR
I KA SCIRAE 9 A28 50 i AR AR 5 M B RE VE S i
PAAIET 5 AN, HRECHREEHAE 0.70 UL
Hrp, HIRZEMZE () WK ACEE N 091, i
B —goKF G, SHEE X)), T LEMAE
(Xy) BRS04 0.89 . 0.88, k% —Z/KF-
(F 1), SHAEEAE (X)), K2 (X) HKE
SEBERE AR K 074, 0.70, AT =Rk (E D).
FIH 2017 4EF01 2018 4F ¥ 48wt £ 4 A7 50Uk, 3
U e 3K 0 OF 2R R R 22 4 R 3.78% Al
3.43%, 3R I ASE Y X 3k B G AT i UK
(F Do WARARFEZmAF, HJFH 20002016
AR EN T B AR E ST GM (1, D) AL, 2017 4F
F1 2018 AF A 30 UEAH X2 25 73301 R 7.89% il 5.83%,
T GM (1, 5) #lGM (1, 6) Bi% | K. GM (1, 5)
F1IGM (1, 6) ERIT] I FF00 R f B BE v S gk i

3.3 ENEF&RFRATHFE A L EIN

B RE T T Bt R 1) T EA R g 2 —
A ER S R B R M R, A G R K A
X229 7 g EP BE ¥ ¥l D5 € (Southern Indian
Ocean Fisheries Agreement, SIOFA)) , JfF 2012
AR 6 H 21 HAR, ZHLUAT T 16 Tl A 5
i, IR T 5 MRIPIX . HAIR)Z i
BBV b DX OC T A FE S A, DR o X 21 4 AR 65
(Beryx splendens). K V4 ¥ i ik & (Hoplostethus
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atlanticus) FVINBER A FE (Dissostichus eleginoides)
R B AR HAT T BRIV, AHE SR B RE
WARTEFI R T, ROk 5~7 4F S 3R o 1 i K
i A 80 1 t Ac Ay, HMl B IR AR B T 58
O IT R MRS o MR g B B Ol B E
(SIOFA) ) A JC 114 8 B ft Fn v 4R B 0 25 51, %
B RE VR VRl A SR AR s R i . D45 Uit [E
A VA 5 1 I A i oy B 5 Y o il T4
XF 5 U AR AN M B R, gt 5
L 20 ST FEAT RS R T, NI BN A 2
BEA VM ORI A PR AR 2 45 1 A
i DR 12 M 2 AR 45 55 0, AR I R R
2l R Z Al , B DR BRI I Y T
RSl Je Aty EUR Y AT RF S A s RN EE U
R RO R P E 5, TR 2 3 1 i e
Wl EZAE Y, W RIRECh e, s
ARWTFEFMEART , ARE — B )% 1 4 Y
WA IR A BN [, —Se i [ 5 U
ANER IR Bl 25 TR 3R AT 2 52 el ) aok A T e M 1Y
FoE R JE, PG, 200 s ol 2 v ol AT XU
PEBOTFE™, B ORI P e Il g o R

(12 7 9 A U 5 B s 8 A B9 R 2 0 52 )
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Prediction model of marine catch based on GM (1, N) in the Indian Ocean
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Abstract: The Indian Ocean is an important marine fishery production area, and its marine catch has shown a
continuously increasing trend in the past several decades. The scientific prediction of the catch trend in the
future is of great significance to the development of China's pelagic fishery. Based on the catch data of Indian
Ocean from 2000 to 2016, the main catch categories affecting the total catch were analyzed by using the grey
system theory and method, and the catch of 2017 to 2018 were used for GM (1, N) models verification. Based
on the optimal GM (1, N) , the total catch in the Indian Ocean from 2019 to 2025 was predicted. According to
the study, the main categories that affect the total catch in the Indian Ocean were bottom fish, crustacean, pela-
gic fish, other marine fish and cephalopod, and their grey correlation degree is above 0.70. The optimal predic-
tion model is GM (1, 5) and GM (1, 6) , the average relative error is 1.83% and 1.90% respectively, and the
grey correlation degree is above 0.9. The average relative errors for 2017 and 2018 are 3.78% and 3.42%
respectively. The total catch projections for 2019-2020 and 2021-2025 in the Indian Ocean are 11.86-12.90
million tons and 12.27-13.24 million tons, respectively. The main increases in catches are likely to come from
pelagic, cephalopod and bottom fish. The study concluded that the growth of the total catch in the Indian
Ocean during the 14th five-year plan period would limited, with a total increase of less than 0.8 million tons,
and that the total catch be basically at the stage of full development. It is recommended that the scale of fisher-
ies development should be strictly controlled in the future in order to ensure the sustainable development of

marine fisheries and the sustainable utilization of fishery resources in the Indian Ocean.
Key words: catch; grey correlation; GM (1, N) model; Indian Ocean
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