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Table 1 Data sources and variable list of external features
K5 ZRHEE R HIERIR
gt 3 SRR R KR H R 5 EXRAG M5 B
WH 3 FATH 4 AL EPRHT 2 L Ak 2 4 [l 45 Bt 7 23 T A H 22 HEd 0
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LN 1 AR FRRABFEREE (AT WAL Gevk Js) AR BE O e i 380 J8 B
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2024W52 (208 J&) o SRRAERHATG & 2 A E
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Wit o Hied R K1) 43 UIIZRBE (156 FD L KR4 (2024W 1
W26, 26 ) .« MHKEE (2024W27-W52, 26 ) .
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(1) XA PP PSS AL 51 14T ADF HuA
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RV SRR
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Table 2 Granger causality test results for representative varieties (features with p<0.05)
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Table 3 Optimized dual-channel KELM hyperparameters for each variety by GWO

by C ) o2 o

PN=F 892.4 1.85 0.72 0.51
HHE¥ 1045.2 2.13 0.68 0.53
P4 A 1236.8 2.47 0.83 0.62
K 1567.3 1.26 0.45 0.54
+5 678.5 4.12 1.54 0.76
HH 1123.6 2.58 0.91 0.58
KA 2034.7 0.92 0.38 0.48
Kk 4532 5.67 2.31 0.81
G 1345.9 3.24 1.12 0.60
iR 987.3 1.94 0.59 0.55

o fE S BR T RO A IRAE S IO AR B . K
i (0.81) « LE (0.76) ZEiEfif . kg FR
) ity b 2 BN A% Py SR B, K (0.48)
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iE 7 WA A
3.2 T %RERT bE
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ZEWNE 4 PR,

F4 ZHEETE0 N EA ERTHTMRE L GMiXE)

Table 4 Comparison of average prediction errors of multiple models on 10 varieties (test set)

gt 3 MAE GBIAT) SEH#) MAPE (%) S RMSE (GB/A )
SVM 0.41 11.23 0.53
LSTM 0.35 9.87 0.46
GRU 0.34 9.56 0.44
M1 SR ks i 5 0.33 10.59 0.42
M2 BB RHEDfE 0.29 9.12 0.36
M3 CRUBIE il 0.27 7.52 0.33
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Table 5 Feature selection comparison experiment (all features vs. selected features)
Ly M3-All (£ 28 KH{E) MAPE(%) M3 (JEE/E 8 R¥4E) MAPE(%) =E (F4R)
KHAR 10.18 9.73 045
HHR 9.31 8.94 0.37
VEZL A 6.92 6.65 0.27
HK 8.34 8.02 0.32
+5 6.45 6.18 0.27
T 7.81 7.49 0.32
RHE 10.12 9.85 0.27
PN 3.96 3.84 0.12
V| 6.48 6.21 0.27
DU 8.66 8.33 -0.33
Py 7.68 7.52 -0.16
3.3 HHEETMHH PRI

ST AU T RHEES R AR 3.4 EEM SRR
pfi, DATGLAABIMAT SHAP AN, #AMBHE 341 BBGFNZM

FEIAR DTmk o 8 H R ok B i (24%)
HUGEREME (22%) « RS (18%) . #i3
HERBH (15%) « AWBERERE (12%) . X5
PRI A0 BARRBUK. B A R R S A A

W M3 B B3N H TR S 5N T 7.
AR (2024 MR , SR ILE 6. M3 X =FR
HIEL RS BT M1 AR, MAPE F#IRTE 2.5
- 32 NE A, R B R IRz AR

*o6 BENWNKRS5IIGHRMOTUMIRE

Table 6 Prediction errors of the model on untrained varieties

iy M1 MAPE(%) M3 MAPE(%) wt

i 10.43 7.98 2.45pp

R 12.00 9.12 -2.88pp

A3k 15.27 12.06 -3.21pp

342 FAiRAfErE T M3 [{°F 2 MAPE (£ 7) « JFFFIREMRRFRE

¥ 2024 FEMRREFZZET R NES (W14-17) |
B (W18-26) « FKZE (W27-39) . &Z& (W40-52),

5, RFERIMEEMR, TS R R i
BN ZE SRR 2 SR AT K

x7 EESFVHTNMERE

Table 7 Seasonal prediction performance of the model

F4 M3 45 MAPE(%) M1 % MAPE(%) ®’BHt

HE 6.89 10.02 +3.13pp
S 7.94 11.21 +3.27pp
*E 7.58 10.68 +3.10pp
X7 7.48 10.45 +2.97pp
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Prediction of Main Vegetable Prices in Hebei Province Based on
Dual-Channel GWO-KELM

JIA Xinchengl’z, JIA Hua""

1. College of Mechanical and Power Engineering, Dalian Ocean University, Dalian 116023, Liaoning, China; 2. Fuping County
Vocational and Technical Education Center, Baoding 073200, Hebei, China

Abstract: To address the nonlinear, non-stationary, and high-noise characteristics of main vegetable price series in Hebei Province, as
well as the problem that the kernel extreme learning machine (KELM) relies on empirical parameter settings, which limits its
prediction accuracy, this paper constructs a multivariate combined forecasting model integrating the grey wolf optimizer (GWO) and
a dual-channel KELM to improve short-term vegetable price prediction accuracy. The weekly wholesale price data of 10 major
vegetable varieties (Chinese cabbage, cabbage, tomato, cucumber, potato, green pepper, scallion, garlic, bean, and zucchini) in Hebei
Province from January 2021 to December 2024 are collected, with a total sample size of 2,080 records. Eight categories of external
features (meteorological, holiday, agricultural material prices, refined oil prices, Weibo public opinion, Baidu index, macro-economic
indicators, and food consumption) comprising 28 variables are also collected. Missing values are imputed by mean interpolation,
outliers are corrected based on the 3¢ principle, and Min-Max normalization is applied to eliminate dimensional effects. First, the
Granger causality test is used to verify the predictive causal relationship between external features and vegetable prices, and for the
sake of model parsimony and training efficiency, the eight most significant features per variety are retained. Then, a dual-channel
parallel KELM model is constructed: Channel 1 takes the price history (4 weeks) and Channel 2 takes the selected external features.
The kernel matrices of the two channels are fused by a learnable weight . The GWO algorithm is introduced to automatically
optimize the regularization coefficient C, kernel parameters 61 and o, , and the fusion weight a, using the root mean square error
(RMSE) on the validation set as the fitness function with a population size of 15 and 50 iterations. The proposed model (M3) is
compared with a single-channel model using only price history (M1), a single-channel feature-concatenation model (M2), as well as
three mainstream models (SVM, LSTM, GRU). The dual-channel GWO-KELM model (M3) achieves an average mean absolute
percentage error (MAPE) of 7.52% across the 10 varieties, which is 3.07 percentage points lower than that of M1 (10.59%) and 1.60
percentage points lower than that of M2 (9.12%), and significantly outperforms deep learning methods such as LSTM (9.87%) and
GRU (9.56%). The improvement is particularly significant for highly volatile varieties, such as scallion (MAPE reduced from
13.76% to 9.85%). The fusion weight a shows that price-stable varieties (garlic a=0.81, potato a=0.76) rely more on historical inertia,
while highly volatile varieties (scallion 0=0.48, cucumber 0=0.54) depend more on external features, with a negative correlation
between a and the coefficient of price variation (r=—0.73). Contribution analysis of external features indicates that temperature,
agricultural material prices, holiday/opinion indicators, and refined oil prices are important leading indicators for vegetable prices.
The model also exhibits good generalization on untrained varieties (eggplant, celery, lettuce), with MAPEs of 7.98%, 9.12%, and
12.06%, respectively, and its seasonal error increase is controlled within 1 percentage point. The dual-channel GWO-KELM model
constructed in this paper effectively solves the problem of empirical parameter setting of KELM. By integrating Granger causality
verification and dual-channel kernel fusion, it achieves adaptive integration of temporal features and heterogeneous external features.
The model demonstrates high accuracy, strong generalization ability and good robustness in forecasting main vegetable prices in
Hebei Province, and can provide scientific decision support for government regulation, enterprise operations and farmer production.

Keywords: Grey Wolf Optimizer; kernel extreme learning machine; Granger causality test; vegetable price prediction; Hebei

Province; dual-channel model
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