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Tab.1 Values of grey correlation indices between each category of catch and
the total catch in the Eastern Central Atlantic and Southeast Atlantic

HF R KPGTE Eastern Central Atlantic

K RPETE Southeast Atlantic

RIR R LK
Grey correlation

kIS e

Category of catch

] KRIKFB
Grey correlation

Category of catch

indices indices
)20 Pelagic marine fish 0.996 1 | J2412E Pelagic marine fish 0. 995
B 522K Crustaceans 0.976 JERJZ 112 Demersal marine fish 0.991
JEEJ2 2% Demersal marine fish 0.975 724 Crustaceans 0.973
BAKB Y ( B3k FE2E) Molluscs excl. cephalopods 0. 969 HAb 125 Marine fish NEI 0. 969
e fa2E Freshwater and diadromous fish 0.961 3k JE25 Cephalopods 0. 968
3k J£2 Cephalopods 0.957 JKAAEY) Aquatic plants 0.961
HAh 025 Marine fish NEI 0.944 ARSI (553K JE25) Molluses excl. cephalopods 0.954
JKAEAEY) Aquatic plants 0.939 HAHEFESH Y Aquatic animals NEI 0. 883
HAMEESNY) Aquatic animals NEI 0.777 T 2 Freshwater and diadromous fish 0. 859

MG AR et (B 1) Al A, R K78 3
Bkt L2 R 2 A et Uk
(kR 28) i M £A. 25 41 A%, 2000—2020
AR AR B4 0] 7 R AR R Y 73, T3% 14, 63% |
2.04% . 0. 4% . 0. 38%, & i1 i 4 ¥ 3K & 1
91. 18% ; A ma KV v EE R g o L2 02k
IR HAb PR s A2 Sk R AT,
2000—2020 4 a4k &4y B 5L e 4R B Y
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Fig.1 Variability of total catch and its main catch categories in the Eastern Central
Atlantic(a) and Southeast Atlantic(b) from 2000 to 2020
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*2 & GM(1,N)REWHEXSH
Tab.2 Related parameters of the GM(1,N) model
T 5 JE R T
i, e IR f%ﬂ’ﬁﬁ
Area Grey predictive model Response function indices between predicted
value and original value
GM(1,2) X, (1+1)= (3 733 032-1. 348 16X, ) e > %1 11,348 16X, 0.724
X, (1+1)= (3 733 032-1. 145 64X,~7. 776 24X,) e 128267 4
GM(1,3) 0.787
1. 145 64X,+7. 776 24X,
R T M) Xﬂ(lt; 3; (3 733 032-1. 159 04X,-8. 228 92X, +0. 127 60X, ) 0,754
Eastern e(TLIB T 11159 04X, +8. 228 92X, -0. 127 60X,
Central X, (t+1)= (3 733 032-1. 039 49X, ~11. 140 96X, 0. 453 40X, -
Atlantic GM(1,5) 18. 621 51X5) e "2 3% 41,039 49X, +11. 140 96X;-0. 453 40X, + 0.821
18. 621 51X,
X, (t+1)= (3 733 032-0. 997 26X,~-12. 176 85X,+0. 583 51X, -
GM(1,6) 17. 454 02X5-8. 261 28X, ) e ">22 %) 10,997 26X, +12. 176 85X, 0.825
0. 583 51X,+17. 454 02X, +8. 261 28X,
GM(1,2) X, (1+1)= (1657 011-1. 597 21X,)e "% 11 597 21X, 0. 645
X, (t+1)= (1 657 011-1. 007 35X,—1. 207 58X;)e' "> 1013 4
GM(1,3) ’ 0.816
1. 007 35X,+1. 207 58X,
X,(t+1)= (1657 011-1. 035 16X, 1. 185 88X,+1. 489 51X,)
ARHIR P GM(1,4) (210310 41 035 16X, +1. 185 88X, 1. 489 51X, 0-813
z‘:r;‘zgft X,(t+1)= (1 657 011-0. 951 35X, 1. 179 88X;—1. 694 22X, -
GM(1,5) 0.763 59X5) e "> %) +0. 951 35X, +1. 179 88X, +1. 694 22X, + 0.859
0. 763 59X
X, (t+1)= (1 657 011-0. 944 48X, ~1. 113 54X,~1. 880 82X, -
GM(1,6) 0.972 73X5-2. 014 81X,) e "> 990 10, 944 48X, +1. 113 54X, + 0. 867
1. 880 82X,+0. 972 73X5+2. 014 81X,
3 HBERAAFMEFEAAFES GM(1,N) ERHHETIRE
Tab.3 Relative errors of GM (1, N) models for Eastern Central Atlantic and Southeast Atlantic %
SO Year F1 4K VG Eastern Central Atlantic 4B K VG Southeast Atlantic
GM(1,2) GM(1,3) GM(1,4) GM(1,5) GM(1,6) GM(1,2) GM(1,3) GM(1,4) GM(1,5) GM(1,6)
2001 14.120  15.341 15.583  17.065  17.575 17.107  14.712  15.092  13.440  13.833
2002 10.021  13.726  14.614  11.775  10.641 15.765 6.263 5.479 7.891 8.011
2003 1.507 6.115 6. 832 5.559 5.095 14. 167 4.090 3.872 2.709 2.188
2004 1.617 0. 468 0.754 0.978 1.281 7.299 0.578 0.577 0.205 0. 487
2005 4.367 3.037 2.878 1.804 1.634 7.920 2.584 2. 662 0. 906 0. 663
2006 2.907 0. 455 0.321 0.518 0.638 0. 844 1.470 1.462 0. 955 0.574
2007 1.845 1.007 0. 885 0.327 0.018 3.947 1.167 1.586 0.342 0.011
2008 1.737 1.214 1.188 1.036 1.010 3.184 0. 167 0. 006 0. 477 0.739
2009 1.148 1.159 1.141 0.131 0. 430 7.584 0.912 0.996 0. 388 0.536
2010 5.847 2.563 2. 695 1.806 1.328 3.341 0.244 0.295 0. 062 0.205
2011 1.762 0. 849 0.921 0.432 0. 503 7.139 0.385 0.289 0.272 0.393
2012 0. 506 0. 820 0.751 0.172 0. 025 5.169 0.924 0.412 0.971 1. 074
2013 2.245 0.378 0. 481 0. 486 0.826 6. 040 1. 603 1.964 0.415 0.128
2014 0. 185 1.166 1.049 0.597 0. 141 3.005 0. 601 1.154 0.278 0.351
2015 2.804 1.199 1.420 1.050 0.084 10.125 0.174 0.289 0. 069 0.204
2016 0.559 0. 837 1.047 2.259 3.255 2. 839 2.435 2.224 0.625 0. 004
2017 2.408 1.348 1.323 2.194 1.507 5.557 1.985 2.279 0.989 0.073
S35 Mean 3.270 3.040 3.170 2.835 2.705 7.119 2.370 2.390 1.823 1.734
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RGBT GM(1,6) ,%F 2018.,2019 FI - BRI ERZE 1A 4. 63% FI 8. 24% , L5453 T A 45
2020 AF AT AR AR TN (3% 4) FFRAE, o RN IZARRE R .

F4 2018—2020 F£ ZiEIKE GM(1,6) LERESFHMIE LR
Tab.4 Comparison of actual and predicted values of total catches GM (1,6) from 2018 to 2020

H1 4 KV Eastern Central Atlantic 2B K VG Southeast Atlantic
AEf) Year SLBRE T AHXT IR 22 SEBR{E T AHXT IR 22
True value/t Predicted value/t  Relative error/% True value/t Predicted value/t  Relative error/%

2018 5475 718. 41 5488 506. 26 0.23 1 595 466. 36 1 703 905. 78 6. 80
2019 5417 387.22 5608 104.52 3.52 1373 185.64 1 606 767. 438 17.01
2020 4 970 764.94 5474 251.50 10. 13 1 370 589. 66 1383 225.44 0.92

S35 Mean 4.63 8.24

2.3 2021—2025 £ St R EFN HRZR R T | 2R B R PG A 3 A o LA S B AR o

A5 GM(1,6) BRI U 2021—2025 4F HAUMZRILE 5 K 6 MK T,

RS HERXEF 20212025 FELFBRETN LR

Tab.5 Catch predictions by each category in the Eastern Central Atlantic from 2021 to 2025 t
, ey - , I4IN> bRk Rk NI CRERS
() ESTER e fepmye  ARSIIORLES - B EGk
. L o Molluscs excl. Freshwater and
Year Pelagic marine fish Crustaceans Demersal marine fish . -
cephalopods diadromous fish
2021 3990 967 119 988 941 264 23 924 21 958
2022 4079 415 123 706 979 186 24 675 22 549
2023 4169 823 127 539 1018 637 25 450 23 155
2024 4262 234 131 490 1 059 676 26 249 23 778
2025 4 356 694 135 565 1102 370 27 073 24 418

R 6 FREAEF 20212025 FEEFBRETNLER

Tab. 6 Catch predictions by each category in the Southeast Atlantic from 2021 to 2025 t
G=0) LRk Rk ek oAl i fa 2 PYILES
Year Pelagic marine fish Demersal marine fish Crustaceans Marine fish NEI Cephalopods
2021 937 766 435 767 9224 65 579 10 952
2022 934 191 433 880 9 010 65 740 10 955
2023 930 630 432 002 8 802 65 902 10 958
2024 927 082 430 131 8 598 66 064 10 961
2025 923 548 428 269 8 400 66 227 10 965

F7T HERAEEMREAEFE 2021—2025 F£ 2EREFN LR
Tab.7 Predicted total catches in the Eastern Central Atlantic and Southeast Atlantic from 2021 to 2025 t

FEIX. Ocean area 2021 2022 2023 2024 2025
HIZR KV Eastern Central Atlantic 4976 708 5490 847 5620 183 5752 527 5 887 947
ZR I K VE T Southeast Atlantic 1 381 982 1 474 149 1468 434 1 462 751 1 457 099

3 bk SRR 22 R . FAO 4R R ,2020 4
PR VY ¥ S T AR S o K PG RN B v vl S it R

3.1 ARSI KNS HY 24% , T R F KPGHEAL S 7%, — 5T &R
AR KPR R f RGP AR A 28k RVGERIRETREFE NFE &, LIV T i ( Sardina
RIFRERRED W R E  APOEGE  pilchardus) N, A BE5E 2 RAY T @) 25046
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TR AF 2 FE N IR v gk EL R R AR R BRI
AR N SRR HE— 2 R TR T
IR, [ 2014 AE LR TR R PEVEYD T faifn i a
TRFEFE 100 J7 ¢ ZE 471, 25 Fh AR R P 9 L g
WY 20% , & AR B OR POV SR Y T1% , IF H
FCRPRE AR ST BT . O — i, TP AR K
IR ST RN K Bt , 5 R 4 = 2 Il [ R A AR
S, — HARA R R T R ST A T
KV 3% A o, LA A AR
UK R s IR d i R AR S T H g
AN, AR FE R P R il 2 21 (South East Atlantic
Fisheries Organization, SEAFO) J- J&& 4% fit) £21 Ff i
B ATRE R Rz —,

FAO I S, 2019 4F fr K K P P21 )
ARSI B K 1R 60% , AH L 2017 419 57. 2%
PEE T 2.8% 52019 4F 7R F K VU AR T R 2
BN 64. 7% ,FH 1L 2017 4E1 67. 6% &% T
2.9% . ABFFER I AR K TEHE 2021—2025 4
R e AR B T ORAHG  fa 3, hy 497. 67 T ~
588.79 Ji t, 4 LI s i {E 2019 4B 540 7 t,
I K2 48 T7 v, MK B A /N s AR B R P T
2021—2025 4F (1) i 3R 5 TN AR A 138. 20 J7 ~
147. 41 J7 t, 3845 2020 4Ef9 140 77 t 3557, 230
R s I U 45 SR 45 FAO 1
VAR5 PR FE— 2, T UL v AR KPS ¥ B mT 3 7
AKOVEA i T ELRE PR RIS 1 3, (R 78 RO 1) 3
Kz (a1 PR, 14 5 2% ; T AR B KV 3 ] 4l 5
IR FITREAR , (B AR R it AR AT 8 A S AR Hp At
SEIF SRS
3.2 IRBTNEER ST

ARSI T GM SR ASE A | 36 B F i 5
BRAEIR (0 5 B 28 B0 K L 349 A X 22 e /N Y
GM(1,6) BLRY T T H 7= K PG 1 FH AR B RV 7
HAe R, I 2018—2020 433k & F R 201 7
TIUE, HOF B X R ZE RN, B FAO WAl 45
WO, E AR R A R B — HBCR R S
(eIl BL2E AT, E AR 4 56 1 IX I T 3K 2 40
TG UE K AR T TAE

RAZ T A Y A A7 A — N o FEEAT T
I B:AIE 2001—2017 AF - 3 S i AR 12 1 AF R 52
Z P (R 3), BARELN M RE R
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Catch prediction off the coast of West Africa based on grey theory system

ZHANG Zhong"***, CHEN Xinjun"*>*, YU Wei'*>*

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Engineering Research
Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 4.
Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract; The coast of West Africa, including the Eastern Central Atlantic and Southeast Atlantic, is an
important fishery production area in the world. Scientific prediction of the change trend of its catch in the
future is conducive to the scientific management and development of fishery resources in this area. Based on
the catch data provided by the Food and Agriculture Organization of the United Nations (FAO) from 2000 to
2020, the main catch categories affecting the total catch of the Eastern Central Atlantic and Southeast Atlantic
were analyzed by grey correlation analysis and grey prediction theory, and a variety of GM (1, N) models
were established for comparative analysis. The optimal GM (1,N) model successfully predicted the total catch
of the Eastern Central Atlantic and Southeast Atlantic from 2021 to 2025 by the catch data from 2018 to 2020
catch data for validation. The results showed that the optimal prediction model of the two sea areas is GM (1,
6). The grey correlation coefficients between the predicted value and the original value are the greatest,
which are 0. 825 and 0. 867, respectively. And the average relative errors are the smallest, which are 2.
705% and 1. 734%, respectively. The average relative errors of the prediction catches from 2018 to 2020
were 4. 63% and 8.24% , respectively. The predicted total catch values for the Eastern Central Atlantic and
Southeast Atlantic from 2021 to 2025 are 497. 67x10°~588. 79%x10* tons and 138.20x10*~147. 41x10" tons,
respectively. It is believed that the maximum increase of the total catch in the Eastern Central Atlantic during
the 14th Five-Year Plan is about 48x10* tons, with a relatively low growth rate. It is suggested to strengthen
the conservation of resources, control the scale of fishing, formulate and implement effective management and
conservation measures such as the fishing ban period, and establish a scientific and reasonable fishery
cooperation mechanism. The total catch of the Southeast Atlantic fluctuates steadily. It is suggested to
strengthen conservation and management of key fish species, deepen regional fishery cooperation, and
appropriately expand fishing areas to achieve green development.

Key words: Eastern Central Atlantic; Southeast Atlantic; catch; grey correlation; GM (1, N) model
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