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Fig. 1 Environmental geology of the study area
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Fig. 4 Correlation between average monthly rainfall and average monthly water inflow in the same month and the first 4 months
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Note: Abscissa 1 represents the correlation between precipitation and water
inflow from 1994 to 2015. Abscissa 2 represents the correlation between
precipitation and water inflow from 1995 to 2015. Successively, abscissa 19
represents the correlation between precipitation and water inflow from 2012

to 2015.
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Table 2 Standard BIC, AIC, NSE and MAPE values under different models
Model(p, d, q) (P, D, Q)* BIC AIC NSE MAPE/%
SARIMA(3,0,0)(1,0,1)" 2.8805 2.8593 0.8291 16.74
SARIMA(3,0,0)(1,0,0)" 2.9614 2.9438 0.7591 18.74
SARIMA(2,0,0)(1,0,1)" 2.8802 2.8626 0.8255 17.29
SARIMA(2,0,0)(1,0,0)" 2.9625 2.9484 0.7528 18.90
SARIMAX(3,0,0)(1,0,1)" 2.6747 2.6435 0.8627 17.85
SARIMAX(3,0,0)(1,0,0)" 2.6693 2.6416 0.8626 17.88
SARIMAX(2,0,0)(1,0,1)" 2.6814 2.6537 0.8555 18.42
SARIMAX(2,0,0)(1,0,0)" 2.6768 2.6526 0.8549 18.55

333 BT BRI

AR DL RIS, 73550 o s A R S ANk 3

R R B S R0 B PR EAT R R, Pmax=0.02<
0.05, BEHIBIRI S0 B 3%, HSHITHE R BA SR

HEX.

*®3 EESHMLIT

Table 3 Estimation of model parameters
e 240 SR THE bR 22 T WM

AR{1} 0.8504 0.0452 18.8302 0
AR{2} -0.3628 0.0676 —5.3686 0

SARIMA(3, 0, 0)(1, 0, 1)" AR{3} 0.1456 0.0625 2.3285 0.02
SAR{1} 0.9655 0.0070 137.3414 0
SMA({1} —0.7492 0.0367 —20.4154 0
AR{1} 0.7389 0.0498 14.8260 0
AR{2} —0.0904 0.0382 —2.3698 0.02
AR{3} 0.2206 0.0389 5.6650 0

SARIMAX(3, 0, 0)(1, 0, 0)" SAR{1} 0.4438 0.0462 9.5986 0
Beta(P) 04131 0.0537 7.6868 0
Beta(P1) —0.2044 0.0617 -3.3120 0
Beta(P2) 0.7389 0.0498 14.8260 0
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Fig. 7 Fitting result of the SARIMA model
and the SARIMAX model
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Table 4 Prediction value of water inflow in 2015

‘ S B m b MAPE/%
T Bt — wrom ™ — —
S SARIMAA! SARIMA X471 SARIMAZ SARIMAX#i %!
2015414 143.0 150.9 156.2 5.51 9.22
2015424 137.6 119.5 125.0 13.15 9.16
20154E3 125.8 100.0 131.6 20.53 4.59
201544 H 119.9 98.5 148.3 17.86 23.72
20154E5H 150.3 103.0 139.3 31.46 7.30
20154E6H 185.3 161.5 240.3 12.82 29.68
20154F7H 251.4 339.7 387.4 35.14 54.10
201548 H 292.4 398.8 384.5 36.38 31.50
20154£9H 362.2 318.2 379.5 12.14 478
20154104 382.0 247.8 365.5 35.14 432
20154¢11H 3472 180.9 258.1 47.90 25.65
20154F 124 219.0 141.9 177.7 35.22 18.85
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Application of different time series models to the prediction for mine water
inflow in karst mountainous areas

ZOU Yinxian', CHU Xuewei’, DUAN Xiangian’, LIU Pu’, WANG Zhongmei’, WANG Yiwei’
( 1. Guizhou Geological Environment Monitoring Institute, Guiyang, Guizhou 550081, China; 2. College of Resources and
Environmental Engineering, Guizhou University, Guiyang, Guizhou 550025, China )

Abstract  Coal resources are one of the important mineral resources in China. In the process of coal mining, due to
the complex hydrogeological conditions in the mining area, and ineffective water exploration and discharge, accidents
of mine water inrush occasionally occur, which may seriously restrict the safe production of coal resources. According
to statistics, from 2000 to 2017, there were 1,173 accidents of coal mine flood in China, with 4,760 deaths. Therefore,
the prediction reliability of mine water inflow plays a vital role in the safety of coal mining. A time series model is
specifically designed to simulate and predict a time-sequential, time-varying, and interrelated data series. Most time
series models require that the data must be stationary and the time series must follow a normal distribution. Taking
Laoyingshan coal mine as an example, this study establishes a model of Seasonal Auto-Regressive Integrated Moving
Average (SARIMAX model) and a model of Seasonal Auto-Regressive Integrated Moving Average with eXogenous
factors (SARIMA model), compares the fitting and prediction results of these two models, and evaluates their
adaptability in prediction of mine water inflow in karst mountainous areas. Based on the monthly average rainfall and
monthly average water inflow from October 1994 to December 2014, a SARIMA model for univariate seasonal time
series and a SARIMAX model for multivariate seasonal time series have been established. To establish a
corresponding mathematical model, it is necessary to perform a parameter significance test on each model, analyze the
model fitting goodness and model fitting accuracy, and determine the optimal model. The test parameters can be
selected from the coefficient of determination R2 of the sample, the Nash efficiency coefficient (NSE), the mean
absolute percentage error (MAPE), the deviation, the root mean square error (RMSE), the AIC value, the BIC value
and other indicators to test. Since NSE, RMSE, R2, and MAPE standards are correlated in some degree, the NSE, AIC
and BIC values are selected as the criteria for validating the quality of the model.

The above two different models are used to predict the average monthly water inflow of the mine in 2015. The
model prediction results show that, except for the SARIMA model in November 2015 and the SARIMAX model in
July 2015, the MAPE is greater than 40%. According to Qian Xuepu's classification of the prediction accuracy of mine
water inflow, these prediction results can reach the mine water inflow of Level B. According to the relative error of the
prediction results, the MAPE errors of the SARIMA model in the first 4 months and those of the SARIMAX model in

the first 5 months are both within 25%, and the subsequent errors experience a maximum value or a large fluctuation
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with the step size, indicating good short-term prediction but poor adaptability for long-term prediction of these two
models. Even so their prediction accuracy can still reach the mine water inflow controlled by Level C. In terms of the
prediction accuracy, the SARIMAX model is more accurate in prediction than the SARIMA model. The main reason is
that the SARIMA model is a univariate prediction model, which predicts the later changes only based on the time
series changes of the water inflow itself, but ignores the external factors caused by the water inflow. The SARIMAX
model only introduces the influence of rainfall on water inflow, but as one of the important factors affecting water
inflow, rainfall plays an obvious role in improving the prediction accuracy. The correlation between rainfall and mine
water inflow indicates that atmospheric precipitation is the main source for water recharge, and mining fissures are the
main recharges channels in the mining area. The change of water inflow has a certain hysteresis effect relative to
rainfall. With the extension of mining level, the increase of the mining area and the backfilling of the water-conducting
fissures caused by the goaf collapse, the hysteresis effect of rainfall becomes increasingly obvious. The correlation
between rainfall and inflow in the same month and the first previous month radually decreases, while it gradually
increases from the second and fifth months. Based on the mine water inflow and rainfall, the SARIMA model for
univariate seasonal time series and the SARIMAX model for multivariate seasonal time series have been established to
predict the mine water inflow. The prediction results show that 91.7% of the predicted values of the two models reach
the mine water inflow of Level B, and the prediction accuracy is high. The MAPE of SARIMAX model is 18.57%, less
than that of SARIMA model (25.27%), indicating higher accuracy of SARIMAX model.

Key words karst mountainous area, mine water inflow, prediction, the SARIMA model, the SARIMAX model
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