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Fig. 2 Prediction curve of GM(1, N) single-item mode
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Tab.3 Correlation coefficient table
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Tab. 4 Single-item model fitting results
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Tab.5 Single-item model prediction results
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Tab. 6 Weights of each prediction model

&

\
) GM(1,N) fd/N 3R [EIH  LSTM #4845
2002 — — —
2003 0.298 8 0.001 2 0.700 0
2004  0.0135 0.010 6 0.976 0
2005  0.007 1 0.003 4 0.989 5
2006 0.0339 0.308 0 0.658 1
2007  0.198 7 0.016 6 0.784 7
2008  0.0163 0.373 3 0.610 4
2009  0.0310 0.014 0 0.955 0
2010  0.000 0 0.000 0 1.000 0
2011 0.0362 0.038 8 0.925 1
2012 0.060 2 0.162 4 0.777 4
2013 0.0021 0.001 3 0.996 6
2014 0.004 0 0.007 9 0.988 0
2015 0.0915 0.266 3 0.642 2
2016  0.002 0 0.014 1 0.983 9
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Fig. 5 Prediction curve of the gray multivariate variable
weight combination prediction model
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Tab.7 Relative error in fitting gray multivariate variable
weight combination prediction model

G0 FLSAH P E R2/%
2002 3262 069 — —
2003 3360 712 3361901 0.035
2004 3 418 840 3409 016 0.287
2005 3580294 3576 552 0.105
2006 3735 008 3734376 0.017
2007 3535277 3556 302 0.595
2008 3613510 3610 046 0.096
2009 3814304 3809214 0.133
2010 3962 643 3962 535 0.003
2011 4134775 4140 559 0.140
2012 4362 443 4358 867 0.082
2013 4566 350 4563 488 0.063
2014 4799 107 4805923 0.142
2015 4995 654 4972871 0.456
2016 5127 840 5124 824 0.059
XA R 22 /% 0.16

x8 IBZITTIVES AR E il #8 X iR 2=
Tab. 8 Gray multiple variable weight combination prediction
model for predicting relative error

0 FLSH A /%
2017 5210 855 5225934 0.289
2018 4970 985 5151 863 3.639
2019 5141394 5135196 0.121
AT R 22 /% 1.25
2020 5141394 5241 859 1.954
2021 5373 842 5340 925 0.613
2022 5560 794 5558 463 0.042
AT R 22/% 0.87
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Fig. 6 Curve chart of prediction results for each single
model and combination model
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S PR 2R T 45 SR An gk 9 iR .
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Tab.9 Predicted values for influencing factors of total marine aquaculture production from 2023-2025

MK IRFE AR KRR AN K H A AR S T R A A A

O 5 — E=X 5 o2 5 . p -l

N i BN /(10° 3£7T) /(10° JT) /e N7
2023 5589 844 620 112 745 623 6 662 501 474 649 36 696
2024 5668 675 626 409 768 250 6 657 495 473 233 40 377
2025 5748 617 632 771 791 563 6 652 493 471 821 44 426

2.3.2 IR WK FRAE > B EE T

T X 2023 4E—2025 4F 1L AR WK SR BE 7
PHEATII, B A FH A% 52 e B3R A T R T 3
T BT T A AY X 2023 4F—2025 4F 111 748 g K SR B
FEE R EINAE, LA DI LT IR G204
FULH A TSR 4 11 AR 4 2023 4F—2025 4R 1R K 775
PR IR KSRGS B OE AN R 10 s, 22
AP 7 iR .

R10 WEREHBKFESEMMNE
Tab. 10 Predicted values of marine aquaculture production
in Shandong Province

G0 ThE K IR BE A/
2023 5649 101
2024 5708 263
2025 5792 817

MEL T LE W, TR EREZ A, RA
e g RE” ik, hECNE 7RI R,
e T2 RS RS, MAAA OCEUR, s
KSR MR = B RREE LT . IR A A R
T G R R R A A TR PR A A IR, AT LA Sk il K 3R
b A& B B SR AR R A BUR 9K ) SRR R AR
SN, WARB MK IR 0 & S FT 5t [, Fit 2
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IR K SR 7 e A BN A i 2, R
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Fig. 7 Trend exhibited by changes in mariculture production in Shandong province from 2022 to 2026
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Tab. 11 Predicted yield values of seawater aquaculture varieties in Shandong Province (Unit: t)

Ay LR AV 4 =g D= A i Ty
2023 76 032.3 239 809.1 4438 962.7 690 274.9 98 695.2
2024 69 038.0 251 000.6 4448 602.0 688 382.4 97 166.3
2025 62 687.0 262 714.4 4 458 262.4 686 495.1 95 661.1
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Fig. 8 Prediction curve for the production of mariculture varieties in Shandong province
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Prediction of mariculture production in Shandong Province
using a gray multiple variable weight combination prediction
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Abstract: To further improve the accuracy of seawater aquaculture yield prediction and consider the impact of
multiple factors on seawater aquaculture yield, this study tested a variable weight combination prediction model by
fully combining the advantages of the conventional statistical prediction models, such as the Long Short-Term
Memory (LSTM) neural network prediction model, the GM (1, N) prediction model, and the partial least squares
regression prediction model, and by constructing a gray multiple variable weight combination prediction model. As
a result, the total and classified yields of seawater aquaculture in the Shandong province were predicted. The
empirical results indicated that the prediction accuracy of the gray multiple variable weight combination prediction
model for seawater aquaculture production in the Shandong province is as high as 99.13%, which is remarkably
higher than those of various single-item models, such as the LSTM neural network. This model also integrated the
advantages of the LSTM neural network, GM (1, N) prediction model, and partial least squares regression
prediction model, thereby making up for the shortcomings of the individual single-item models and improving the
prediction accuracy and reliability. Based on the predicted results, total production of marine aquaculture products
in the Shandong province will maintain good development at least until 2025, reaching 5.7928 million tons at an
average growth rate of 3.11%. The production of fish, crustaceans, shellfish, algae, and sea cucumber in marine
aquaculture is estimated to reach 62 700 tons, 262 700 tons, 4.458 3 million tons, 686 500 tons, and 95 700 tons,

respectively.
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