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A coalbed methane content prediction method based on an improved Stacking ensemble model
Liu Jie', Xiao Cong', Zhang Shicheng', He Jiayuan®

(1. College of Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249, China; 2. Sinopec Petroleum
Exploration and Production Research Institute, Beijing 102206, China)

Abstract: The traditional desorption method for determining coalbed methane (CBM) gas content suffers from high costs, long cycles, and
limited regional coverage, making it unsuitable for rapid economic recoverability assessments, cost reduction, and efficiency improvement.
To address this, a CBM gas content prediction method based on an improved Stacking ensemble algorithm was proposed. This method
optimizes the hyperparameters of five heterogeneous base models—support vector machine (SVM), random forest (RF), XGBoost, Light GBM,
and multi-layer perceptron (MLP)—through grid search. It constructed a new meta—training set by innovatively weighting and averaging the
raw training—set features and prediction results from each base model, which was then input into a linear regression meta—model for
secondary learning. This achieved dual integration of raw features and base—model prediction information. The model was applied to CBM
blocks in the southern Qinshui Basin. The results demonsirated that the improved Stacking ensemble model achieved a coefficient of
determination of 0.94 on the test set, representing improvements of 10.64% and 6.38% over the optimal single base model and standard
Stacking model, respectively. Compared with the standard Stacking model, the mean absolute error, root mean square error, and mean
squared error are reduced by 14.3%, 25.2%, and 43.7%, respectively. SHAP (SHapley Additive exPlanations, a method for interpreting
machine learning model predictions) interpretability analysis indicated that coal seam slant depth, spontaneous potential, and natural gamma
ray are the primary features influencing gas content prediction. Field application demonstrated good agreement between predicted and
measured values for eight wells, with a mean absolute error below 0.84 m*t and a mean relative error controlled within 6%. This model
significantly enhances the accuracy and reliability of CBM gas content prediction, providing a new technical approach for CBM resource area
selection and efficient development.
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Table 1

Comparative analysis of advantages and disadvantages of single machine learning models
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Fig. 1 Schematic diagram of standard ensemble model structure
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Fig. 2 Improved Stacking ensemble model structure
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Fig.5 Relationship between predicted values and actual values of different coalbed methane gas content prediction models
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Fig. 6 Feature parameter importance and SHAP value distribution of base models in improved Stacking model
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Fig. 7 Feature parameter importance and SHAP value distribution of meta models in improved Stacking model

3 BB

FI N S5t 19 B2 Stacking FUIASEAY | X6 U0 7K 7 b
2 EA MRl i FOFREATHOZ O R B .
HUX B Py & S B m 0 4 D IF DL S B/ 4 1
HEATFI . 55 SO A B — 2 AR RHA L H AR |
FIAR B P 5 IR 25 A FEARE i A o P 45 2R i 5k 4
JIr 7, i Stacking TN AR TR X690 7K 75 H AR )= R R
o PO -5 B P BB L 5 SR A T LA, i R

SHAP{HE OGRS 4 ) 5] )
b. JCRSRIRFAE ZHSHAPE M)

o %15 25 R 1.56 m/ AR & R I 4 ik 220
0.11 m?/t, PR & A it B A2 M DL S R A Bl
22 WU\ S0 RS o O v o AR TR S o A A AR R
PR X P g e PR Y 4 X 1R 22 (H 7F 0.84 m/t LA
W, TR X R 25 7E 6% LA DY, 2% B 2k iJF Stacking A%
T HA B (A v T X BB 92 R . i
T (R 2 A R SR P T ASE 7R o 552 B g ]
(26 B iE A7 X Ay BT (6 5) , 25 R R M, ik J 1
Stacking fll A B A ELA A X — B0 B AR , iE— 2 BIE
TH R A TR



2026 4F

990 XA, 55 BT U0 Stacking Fill G BT FO R J22 A0 A U g vk Hlet H5H
®4 MBHSOHBEESEKEWNERITLL
Table 4 Comparison of coalbed methane gas content prediction results for eight wells at site

e B A /m SPAS Eljk A P wE TREMEE  SRERETINE, AR AHXS 15
5/API HA/mV B 2/(ps/m) (glem®) (m*1) (m*M) (m*h) 1%

1 3 008.00 37.88 88.57 80.62 2.32 1.94 2.05 0.11 5.93

2 3357.50 74.17 81.27 398.39 1.82 2.06 1.94 0.12 6.24
3 3967.00 71.57 33.87 97.87 1.70 2.53 245 0.08 3.28
4 3837.50 73.17 61.57 387.39 1.85 3.06 2.93 0.13 6.24
5 4632.25 43.38 77.46 315.10 2.15 28.06 29.85 1.79 471
6 1713.87 47.24 73.29 82.08 2.41 15.41 15.09 0.32 2.04
7 4.470.00 48.03 57.09 295.48 2.20 24.58 21.05 3.53 14.35

8 3218.50 80.45 136.07 131.96 1.64 16.99 17.59 0.60 3.51
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Table 5 Performance comparison of different prediction models in coalbed methane gas content prediction
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