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structures. This study aims to (1) identify the most suitable empirical equation
for estimating maximum surface subsidence (Sy.) based on key geometric
parameters of coal seam thickness (%), overburden depth (H), and panel width
(Lvw); and (2) develop and compare two data-driven models: Random Forest
(RF) and Linear Multivariate Regression (LMR). To do so, a collected database
consist of 85 real-world cases was analyzed, and S« was computed using each
empirical method. Four statistical indicators (R? VAF, MAPE, RMSE) were used to evaluate and rank the empirical
models. Then, the database was divided into two sets of train and test. The RF model, trained and tested on randomly
split data, achieved the highest predictive accuracy, while the LMR model showed acceptable results. Specifically, the
RF model yielded R?=0.921, VAF = 92.71%, MAPE = 23.34%, and RMSE = 0.287 in the training phase; and R?= 0.939,
VAF =94.11%, MAPE = 13.21%, and RMSE = 0.246 in the testing phase. Finaly, sensitivity analysis revealed that /4 has
the greatest influence on S, Whereas H plays the least significant role. Overall, RF proved to be a promising alternative
to empirical methods in practical subsidence prediction.

Introduction

Longwall mining operations typically result in ground surface subsidence due to the disturbance of the original stress
field and panel roof caving. Accurate estimation of maximum subsidence (Swa) is crucial for ensuring safety and
minimizing environmental impacts. So far, various empirical methods have been developed to predict Sy.q., considering
factors such as coal seam thickness (%), depth of cover (H), and panel width (L.,). These methods, although widely used,
vary in terms of accuracy and applicability under different mining conditions. This study aims to compare and validate
these methods using actual in-situ data to identify the most reliable method for predicting Sy.... Additionally, the study
develops and evaluates two data-driven models of Random Forest (RF) and Linear Multiple Regression (LMR) to
enhance predictive accuracy and provide an alternative to traditional empirical approaches.

Methodology and Approaches

This study utilizes six existing empirical equations and two new developed data-driven models of Random Forest (RF)
and Linear Multivariate Regression (LMR) to estimate the maximum surface subsidence (Smqx) induced by longwall
mining. A comprehensive dataset of 85 in situ cases containing A, H, and L,, was analyzed. Each empirical method was
applied to compute S, and the accuracy of predictions was evaluated using four statistical indicators: R?, VAF, MAPE,
and RMSE. Also, The RF and LMR models were trained and tested on randomly split data, and their performance was
compared to that of empirical equations. Furthermore, sensitivity analysis was conducted to identify the relative influence
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of input variables on the predicted S,..x values.

Results and Conclusions

Among the six empirical equations evaluated, the equations by Van der Merwe and Karmis et al. delivered the most
accurate predictions of maximum ground surface subsidence (Sy.). However, the RF model outperformed all models,
with higher accuracy and better consistency in both training and testing datasets, as reflected by its superior R? VAF,
MAPE, and RMSE scores. The LMR model also showed acceptable performance but was less effective than RF.
Sensitivity analysis using SHAP value and cosine amplitude techniques indicated that coal seam thickness (/%) had the
greatest influence on Syq, While overburden depth (A) had the least. These results confirm the high potential of RF as a
reliable, data-driven alternative to traditional empirical equations for prediction of S,.., particularly under varying
geometrical conditions.
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