%485 %3 M ok A F 5 R B ¥R Vol. 48 No. 3
2026 5 A Journal of Earth Sciences and Environment May 2026

FERUWL AN 53 B AR R I AR B D T R b (R R (). b BRA 25 5 B 2 41, 2026, 48(3) :317-329.
WANG Shuang-ming,SUN Qiang, YUAN Shi-hao, et al. Geological Support Strategies for Loss-reduction Coal Mining Under Extreme
Climate Conditions[ J]. Journal of Earth Sciences and Environment,2026,48(3) :317-329.

DOI: 10. 19814/j. jese. 2026. 01018 o TN AR S R R R T R R R .
e W um SR T BY JE % B 15 FF K e B4R P2

EMEHITS 5 RV R 20N R RTBORNY, B,
& ®ULWOE. DM, AT
(L. PERRHE R B PG4 B 4% (00T % 5 0 B T SC 00 %L BRI P26 7100545 2. P9 % RHE R
B S IR B BV PG5 7100545 3. PHAERMEE AR M S T R M R BRI B
BePd Pi4c 7100545 4. 179K K2 BEH TR2EBE . LPE KA 037003)

H OB LAARABEEINMBNTRFT AL BEFHET KRR EL-LE- AN SBERAL
MEPEFERREE AT SBEZNRAGHRAGERE TR H . ATET R %447,
BHBEETEASTREERARAAEIE., BB ABE(LLZRER EERTHF R AR AL
B, F 8B AR N F R S A FURRIE S B3 AT AR A MR ) T B aE K M kA
BEFR FTHARKARZRFRFURRRE. P ETHATRELRE 25K, BN, %A 1Ed
—FHRRKRFT EH AN AEIARFEARF M T EEBEA LN BT RAES LN SHICAR. ¥
MERASRAREMER S I . BERN MBI KLAREFTEDEHT R MR E-HT KRR
RAGHBARG . HERAMEBRESSS, RAMRMB AT K IR R A0 % AL
L5RMEEHZARH NS B EME AR RS EE-RDES D ERGINR, R EHNED
BIMSH BRI T R T RER R, ZRABESA XM ER. OENR N E@,. BT
S B EABe R A, AR ZEE 2 LR AB SO ENG;QEGZ LR E®E,H
HSBERBEMEREZE LA ARMNKZ BRI XERTELS KSR RA AL, 5
RRAAWE TR ORI BRABZE LN ESFER  QERBTAMNED, LR % B EHR- Tk
A NSNAER B IR AT AR S T R ERATAZ G TN, AR A TR R E-
AEREHXEFHHQEREG Iz E@ AL S R 5448 I B o 1R A4 B K 5 R 4R &
IARER, FASEAERG Y00 23 FRE R BB 6 LIER DS R R RE G R EAR
BEL5eB;QEMEGHED AL RERRELE AFAERASREN S BAFERIKR DR
FkEaRHHiEaMEER T ARATHERNEFENTRTEE, FATRL AR A AEE
BWWER, MmAETRIRBARFRERARERL—RT RSB EH/S AR, F) A2 EE
LAGMBRIAVALAZAG IR, A ARBLIA T SBEND M ER IRV RE SR Z.H
SRS R R EMAB R LS KGR, R ABE-RKRLF- TR S TR Ea X,
BGM A FR I N Sn12 B B AR TR - £ B AR B AT R AT K owk, R B T A @ R A
FRMNEMEEGERREESRL S  RAFARRLATR AT HRXEFEAZIRKRETHERY
#4745 B AR,

FHRIA] B R IR AR AR AR KRR K JEIRAIE B B TR

FE 4% S . TD82 NXHERFRER:A XEHE1672-6561(2026)03-0317-13
Wi BH:2026-01-14;f&[@ H #9:2026-01-20 #RM AL http: /jese. chd. edu. cn/

BT H :BHLZRHHE T RELTHH H (2024ZD1700101) ; FE 4 [ 48R 2% 3 4 W H (42330808)
* BASIEE TR (1955-) , 95 BRI N 2082 1 58 A4 S0, b B TR B B £ - E-mail : sxmtwsm@163. com,
TEBEEE N 981 B ALK N L B8z W5 AR S 0f , T 2% 1+ E-mail : sunqiang04 @ cumt. edu. cn,



ok A ¥ 5 xR R F R 2026 5

Geological Support Strategies for Loss-reduction Coal Mining
Under Extreme Climate Conditions

WANG Shuang-ming'?** , SUN Qiang’'**", YUAN Shi-hao?*, XIAO Le-le?, GENG Ji-shi'?,
LI Shi-bo*, GU Chao', HU Xin*, MA Peng-da’, NIU Chao?

(1. Shaanxi Provincial Key Laboratory of Geological Support for Coal Green Exploitation, Xi’an University of
Science and Technology, Xi’an 710054, Shaanxi, China; 2. College of Geology and Environment, Xi’an
University of Science and Technology, Xi'an 710054, Shaanxi, China; 3. Geological Research Institute for
Coal Green Mining. Xi'an University of Science and Technology. Xi'an 710054, Shaanxi, China;

4. School of Coal Engineering, Shanxi Datong University, Datong 037003, Shanxi, China)

Abstract: Against the backdrop of intensifying global climate change, extreme climate events pose
systemic challenges to safe production, efficient operation, and ecological sustainability in coal
mining areas through cascading and compounding effects across the coupled “atmosphere-water-

> system. Extreme events-particularly intense rainfall-substantially alter

rock-soil-biosphere’
hydrogeological boundary conditions, accelerating water-driven deterioration of rock-soil
mechanical properties and inducing abnormal increases in pore-water pressure, thereby altering
seepage-stress coupling responses and disrupting the geomechanical equilibrium. These
perturbations can trigger a spectrum of geohazards, including slope instability, fracture
propagation in surrounding rock, mine water inrush (or outburst), and goaf collapse, which
collectively disrupt mining continuity and economic viability. Meanwhile, extreme climate
conditions further amplify the environmental impacts of mining activities: severe drought and heat
stress weaken ecological restoration capacity and reduce regional carbon sink potential, whereas
heavy rainfall intensifies runoff-driven erosion and promotes the transport and dispersion of
contaminants, posing persistent threats to regional ecological security and environmental risk
control. The mechanisms by which extreme climate events reshape the geological conditions of
coal mining were systematically elucidated, the underlying scientific principles of risk-mitigation
and preventive measures were established, and a resilience-oriented geological hazard management
framework for coal mining areas under extreme climate disturbances was proposed. This
framework comprises five key components. (D Mechanistic understanding: this component aims
to reveal coupled multi-sphere response patterns and establish a dynamic mechanism centered on
hydrological pathways and the evolution of rock-soil properties. @ Information sensing: this
involves constructing a dynamic monitoring system for multi-sphere interfaces, structural
characteristics, and state evolution, and developing an integrated evolutionary model that fuses
geological, mining, hydrogeological, and ecological information. @ Model-based prediction:
dynamic analytical models of multi-sphere mass and energy transfer are developed to elucidate the
cascading chain from geological condition changes to mining-induced hazards, and finally to
ecological degradation. @ Regulation and risk control: this pillar focuses on developing adaptive
mining control technologies and loss-mitigation engineering measures matched to geological
conditions to mitigate the intensity and spatial extent of climate-driven damage to the coal mining
geo-environment. (&) Resilience enhancement: the goal is to establish a multi-objective decision
framework encompassing geotechnical safety, production efficiency, and ecological health, and to
develop an intelligent platform based on dynamic risk assessment to enable climate-adaptive,
resilience-based management across the whole life cycle of the mine. Managing geological risks to

reduce losses in coal mining areas under extreme climate conditions constitutes a complex systems
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engineering challenge involving coupled multiple-layer responses, dynamic process regulation,
and system-level resilience enhancement. Extreme climate events modify the intensity and
pathways of mass and energy exchanges across multiple layers, constantly disrupting the stability
of geological structures and hydrological cycling in mining districts, thereby forming a compound

3

‘ meteorological-hydrological-geological-ecological ” damage-response pattern. The systematic
implementation of this integrated strategy can thus significantly strengthen the resilience of coal
mining areas, ensuring mining operations that are secure, efficient, and environmentally
sustainable.

Key words: coal mining; extreme climate; geological guarantee reduction; water cycle regulation;

rock strata deformation control
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Fig.1 Impact Processes of Extreme Climate
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Fig.2 Multi-layer Damage Response Characteristics
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Fig.3 Connotation of Geological Security Under Extreme Climate Conditions
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Fig. 4 Multi-layer Dynamic Monitoring and

Perception System
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Fig.5 Water Cycle Dynamic Prediction and

Regulation System
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Fig. 6 Deformation Control of Overlying Rock Under Extreme Climate Conditions
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Fig. 7 Technological System for Environmental Restoration in Coal Mining Areas Under Extreme Climate Conditions
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