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Abstract

Against the backdrop of the global green energy transition, shale gas has emerged as a critical low-
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carbon energy resource. However, its production is influenced by high-dimensional, nonlinear, and
non-stationary factors, while traditional prediction methods suffer from limited accuracy and high
computational complexity. To address these challenges, this paper proposes a deep learning model,
RevIN-Autoformer-FECAM, to enhance the accuracy of shale gas production forecasting. The model
integrates Reversible Instance Normalization (RevIN) to mitigate non-stationarity in time series,
leverages the self-attention mechanism of Autoformer to capture long-term dependencies, and in-
troduces a Frequency Enhanced Channel Attention Mechanism (FECAM) to optimize multi-frequency
feature extraction. Experiments conducted on production data from three shale gas wells in the
Weihai field demonstrate that RevIN-Autoformer-FECAM significantly outperforms baseline models
(e.g., Informer, Transformer) in terms of Mean Squared Error (MSE) and Mean Absolute Error (MAE),
particularly showing stable performance in long-term predictions (24~60 days). The research pro-
vides an efficient solution for complex time series forecasting and holds significant application
value for optimizing shale gas development.
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Figure 1. Diagram of Autoformer model architecture
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Figure 2. Diagram of RevIN architecture
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Figure 3. Diagram of Frequency Enhanced Channel Attention architecture
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Figure 4. Diagram of the production data of 3 wells
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Table 2. Experimental results
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2021 2022
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r 700
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Method

S

Ours

Informer

Reformer

Transformer

Dlinear

Autoformer

Metric

MSE

MAE

MSE

MAE

MSE

MAE

MSE

MAE

MSE

MAE

MSE

MAE

Well 1

Well 2

24
36
48
60
24
36
48
60

0.0264
0.0341
0.0332
0.0416
0.0444
0.0458
0.0466
0.0475

0.1091
0.1273
0.1220
0.1432
0.1071
0.1098
0.1137
0.1179

0.2059
0.0904
0.1107
0.1121
0.1704
0.1636
0.1142
0.0982

0.4000
0.2301
0.2645
0.2752
0.3669
0.3568
0.2892
0.2687

0.1825
0.1423
0.1645
0.1511
0.1599
0.1450
0.1511
0.1386

0.3644
0.3120
0.3380
0.3167
0.3623
0.3371
0.3500
0.3255

0.1274
0.1886
0.2159
0.0956
0.2092
0.0559
0.2133
0.1148

0.2970
0.3791
0.3907
0.2433
0.4200
0.1787
0.4161
0.2989

0.0438
0.0398
0.0354
0.0456
0.0529
0.0476
0.0482
0.0495

0.1591
0.1346
0.1288
0.1582
0.1157
0.1324
0.1324
0.1379

0.0445
0.0717
0.0746
0.1459
0.0564
0.0598
0.0601
0.0586

0.1588
0.1982
0.2149
0.2884
0.1453
0.1512
0.1573
0.1549
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24 0.0105 0.0653 0.1241 0.3295 0.1146 0.3167 0.1089 0.3051 0.0108 0.0687 0.0339 0.1298
36 0.0113 0.0700 0.0829 0.2586 0.0956 0.2876 0.1311 0.3403 0.0134 0.0820 0.0358 0.1272

Well 3

48 0.0119 0.0719 0.0936 0.2807 0.0390 0.1627 0.1471 0.3684 0.0119 0.0726 0.0255 0.1117
60 0.0123 0.0733 0.0848 0.2676 0.0642 0.2213 0.0410 0.1710 0.0128 0.0768 0.0293 0.1261

MR 2 SEIREs 3, AW T 24N AL (Informer, Reformer, Transformer, Dlinear, Autoformer) 7t %
WEUUASH 3 T LT RE . YR FERR 38T 1R 25 (MSE) RSP 4a5t i 25 (MAE),  F iy & fg s Al

FEAN

[FIRF (]2 (24 K 36 K\ 48 KA1 60 K) FRITIIMIACR . 45 FR AT 7T RevIN-Autoformer-FECAM 14

R B R N, 10 HAEAS RN RS A TS FE - R e, RPTA R R e i 3.
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