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[Abstract]

In this paper, we propose an optimal model for mid to long-term price prediction of agricultural products
using LGBM, MLP, LSTM, and GRU to compare and analyze the three strategies of the Multi-Step Time
Series. The proposed model is designed to find the optimal combination between the models by selecting
methods from various angles. Prior agricultural product price prediction studies have mainly adopted
traditional econometric models such as ARIMA and LSTM-type models. In contrast, agricultural product
price prediction studies related to Multi-Step Time Series were minimal. In this study, the experiment was
conducted by dividing it into two periods according to the degree of volatility of agricultural product
prices. As a result of the mid-to-long-term price prediction of three strategies, namely direct, hybrid, and
multiple outputs, the hybrid approach showed relatively superior performance. This study academically and

practically contributes to mid-to-long term daily price prediction by proposing an effective alternative.

» Key words: Multi-Step Time Series Forecasting, Agricultural Product Price, Mid-to-long-term Prediction,
Daily Price Prediction, Hybrid Strategy
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I. Introduction
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II. Theoretical Background

1. Agricultural Price Prediction
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2. Multi-step Time Series Forecasting
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2.1 Direct Multi-step Forecasting Strategy
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2.2 Recursive Multi-step Forecasting Strategy
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2.3 (Direct-Recursive) Hybrid Strategy
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Fig. 1. Research Framework

IV. Empirical Test
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Table 1. Descriptive Statistics

Onion Cucumber Cabbage
Count 3,078 3,132 2,895
Mean 755.75 1,893.70 531.62
STD 326.63 756.34 270.04
Min 92.07 527.81 100.00
25% 493.64 1,289.58 331.60
50% 683.34 1,785.76 44792
75% 983.16 2,390.92 654.04
Max 1,927.61 5,300.32 2,310.00
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Table 2. LGBM Results from Direct/Hybrid Strategies

Table 5. Best Models and Strategies

Strategy MAPE(%) Dataset Onion Cucumber Cabbage
Onion Cucumber | Cabbage Avg. 30 MLP+Hybrid LGBM+Hybrid LSTM,GRU
30 Direct 24.60 2451 33.02 27.38 90 MLP+Hybrid LGBM+Hybrid LGBM+Direct
Hybrid 2951 2421 30.04 27.92 180 MLP+Hybrid LGBM+Hybrid MLP+Hybrid
90 Direct 38.40 26.61 37.95 34.32 270 MLP+Hybrid LGBM+Hybrid LGBM+Hybrid
Hybrid 4450 25.37 39.63 36.50 365 MLP+Hybrid GRU LGBM+Hybrid
180 Direct 37.50 28.13 34.21 33.28
Hybrid 42.05 26.76 31.19 33.33
270 Direct 40.03 27.70 29.61 32.44
Hybrid 42.60 25.89 28.50 32.33 .
545 |_Direct | 2887 27.47 38.16 3150 V. Conclusion
Hybrid 43.89 24.61 25.18 31.23
Direct 33.88 26.88 34.59 31.78 h=h = A SEgljo] elulkAo] AJAIY o|& K2k
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Table 3. MLP Results from Direct/Hybrid Strategies

Strategy MAPE(%)
Onion Cucumber | Cabbage Avg.
30 Direct 25.09 33.23 36.63 31.65
Hybrid 15.94 26.93 37.87 2691
90 Direct 50.38 30.81 62.03 4774
Hybrid 16.06 29.03 46.95 30.68
180 Direct 43.92 30.46 45 .34 39.90
Hybrid 21.05 31.14 30.27 27.49
270 Direct 29.75 32.05 39.43 33.74
Hybrid 23.93 38.26 30.47 30.89
3 Direct 28.11 28.46 34.34 30.30
65 Hybrid 23.52 37.35 120.01 60.29
Ava Direct 35.45 31.00 43.55 36.67
"| Hybrid 20.10 32.54 53.11 35.25

Table 4. Results from Multiple Outputs Strategy

Model MAPE(%)
Onion Cucumber | Cabbage Avg.
30 LSTM 44.61 28.25 29 .85 34.23
GRU 44.61 28.25 29.85 34.23
90 LSTM 38.24 27.67 41.36 35.75
GRU 40.23 30.02 42 .28 37.51
180 LSTM 28.81 29.17 34.47 30.81
GRU 28.30 28.29 37.83 31.47
270 LSTM 28.18 29.77 42 .69 33.54
GRU 27.80 31.07 60.49 39.79
%5 LSTM 28.33 26.88 41.08 32.10
GRU 27.90 21.58 53.13 34.20
Ava LSTM 33.63 28.35 37.89 33.29
| GRU 33.77 27.84 44.72 35.44
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