Table S1: 

	Confidence score range
	Category
	Number of studies

	≥ 0.70
	High reliability
	30

	0.40–0.69
	Moderate reliability
	20

	< 0.40
	Low reliability
	0

	Total
	
	50



Table S2: Included studies list (n = 50) and extraction sheet used for synthesis and heatmap interpretation.
	ID
	Author (Year)
	Region/Country
	Study Type
	Methods/Data
	Mining Context
	Riparian Indicator
	Climate Stressors
	Theme
	WoE
	Key Findings

	1
	An et al. 2023
	China
	Experimental
	Lab + pilot system
	AMD (coal)
	Water quality
	C5
	T3
	High
	Hybrid treatment systems significantly improve AMD remediation efficiency

	2
	Arif et al. 2021
	[To confirm]

	Spatial
	RS + GIS
	Indirect

	Vegetation
	C4
	T2
	High
	Flow regulation alters riparian vegetation and increases fragmentation

	3
	Babu et al. 2025
	India
	Review
	Literature
	Indirect
	Biodiversity
	C3
	T1
	Moderate
	Climate stress and land degradation reduce biodiversity and ecosystem services

	4
	Barbier & Hochard 2018
	Global
	Economic
	Statistical
	Indirect
	Land
	C3
	T1
	High
	Land degradation reinforces vulnerability and reduces adaptive capacity

	5
	Bhattacharya & Das Chatterjee 2021

	India
	Modeling
	ANN
	Sand mining

	Habitat ecology; water quality; species diversity

	C4
	T3
	High
	Sand mining significantly degrades water quality and habitat suitability

	6
	Wilson 2024

	Global

	Conceptual

	Synthesis

	Indirect

	Stream biodiversity

	C3

	T2

	Moderate

	Overview of key drivers of stream biodiversity loss under human development


	7
	Burger 2023
	Global
	Conceptual
	Policy
	Mining
	Indirect
	C3
	T5
	Moderate
	Sustainable mining requires systemic governance transitions

	8
	Bouaziz et al. 2022
	Europe
	Modeling
	Hydrological
	None
	Streamflow
	C3
	T4
	High
	Dynamic modeling improves prediction under climate variability

	9
	Brabant et al. 2025
	Global
	Review/Synthesis

	Synthesis
	Mining
	Biodiversity
	C3
	T1
	High
	Mining significantly threatens freshwater biodiversity globally

	10
	Capon et al. 2013
	Global
	Review
	Literature
	Indirect
	Riparian resilience
	C3
	T4
	High
	Riparian zones are climate-sensitive and critical for adaptation

	11
	Chausson et al. 2020
	Global
	Review/Synthesis

	Synthesis
	Indirect
	Ecosystem services
	C3
	T6
	High
	Nature-based solutions enhance climate resilience

	12
	CBD 2022
	Global
	Policy
	Framework
	Indirect
	Biodiversity
	C3
	T5
	High
	Global biodiversity frameworks emphasize restoration and conservation

	13
	Connelly et al. 2025
	Global
	Qualitative
	Social analysis
	Mining
	Indirect
	C5
	T5
	Moderate
	Mining creates long-term socio-ecological inequalities

	14
	Cooper et al. 2013
	Mediterranean
	Review
	Literature
	Indirect
	Stream ecology
	C3
	T2
	High
	Hydrological alteration degrades stream ecosystems

	15
	Dulias 2016
	Poland
	Case study
	Field
	Coal
	Landscape
	C5
	T1
	Moderate
	Coal mining causes persistent landscape degradation

	16
	Gasparotto & Martinello 2021

	Global
	Review
	Literature
	Coal
	Indirect
	C3
	T1
	High
	Coal impacts environmental and human systems significantly

	17
	Giam et al. 2018
	USA
	Empirical
	Field + policy
	Coal
	Biodiversity
	C5
	T1
	High
	Coal mining reduces aquatic biodiversity despite regulation

	18
	Habel & Ulrich 2021
	Kenya
	Field
	Empirical
	Indirect
	Riparian
	C3
	T2
	Moderate
	Riparian ecosystems show reduced resilience under climate stress

	19
	Hasii & Gasii 2024
	Global
	Review
	Literature
	Coal
	Water
	C3
	T3
	Moderate
	Coal mining degrades water resources and availability

	20
	IUCN 2020
	Global
	Framework
	Guidelines
	Indirect
	Ecosystem services
	C3
	T6
	High
	NbS frameworks support ecosystem restoration

	21
	Kabisch et al. 2016
	Global
	Review
	Literature
	Indirect
	Urban ecosystems
	C3
	T6
	High
	Nature-based solutions provide multiple co-benefits

	22
	Kinnoumè et al. 2024
	Benin
	Empirical
	Field
	None
	Biodiversity
	C3
	T2
	High
	Riparian biodiversity declines under environmental stress

	23
	Koehnken et al. 2020
	Global
	Review
	Literature
	Sand mining
	Morphology
	C4
	T1
	High
	Sand mining alters river morphology and ecosystems

	24
	Kondolf et al. 2016
	Global
	Conceptual
	Geomorphology
	None
	Geomorphology
	C4
	T2
	High
	Geomorphic processes shape river responses to disturbance

	25
	Kumar et al. 2025
	India
	Spatial
	RS + GIS
	Coal
	Land
	C3
	T1
	High
	Opencast mining drives rapid land degradation

	26
	Leigh et al. 2015
	Australia
	Empirical
	Long-term
	None
	Ecosystem
	C1
	T4
	High
	Extreme climate events alter river ecosystems

	27
	Lemes de Oliveira et al. 2025

	Global South
	Applied
	Participatory
	None
	Runoff
	C2
	T6
	Moderate-High
	NbS improve hydrological resilience

	28
	Li et al. 2023
	Global
	Policy
	Analysis
	Indirect
	Biodiversity
	C3
	T5
	High
	Policy gaps hinder biodiversity protection

	29
	Rohde et al. 2021
	USA
	Empirical
	Field + model
	Indirect
	Vegetation
	C1
	T2
	High
	Groundwater changes disrupt riparian ecosystems

	30
	Mackey et al. 2008
	Australia
	Review
	Literature
	Indirect
	Habitat
	C3
	T4
	Moderate-High
	Climate change threatens habitat stability

	31
	Mahala 2017
	Tropical
	Empirical
	Field
	Indirect
	Soil
	C2
	T1
	Moderate
	Soil degradation reduces ecosystem productivity

	32
	Mishra et al. 2022
	India
	Spatial
	RS + carbon
	Coal
	Biomass
	C3
	T1
	High
	Mining reduces biomass and carbon storage

	33
	Mishra et al. 2008
	India
	Empirical
	Water sampling
	Coal
	Water
	C5
	T3
	High
	Macrophytes reduce heavy metal contamination

	34
	Nadolny et al. 2025
	Brazil
	Empirical
	Field
	Mining
	Biodiversity
	C5
	T1
	Moderate-High
	Mining reduces biodiversity in tropical systems

	35
	Nakade & Dhadse 2024
	Global
	Review
	Literature
	Mining
	Biodiversity
	C3
	T1
	Moderate
	Mining impacts freshwater biodiversity

	36
	Nyandwi & Ndikubwimana 2024
	Africa
	Review
	Literature
	Indirect
	Wetlands
	C1
	T2
	Moderate
	Climate change degrades wetland ecosystems

	37
	Özgenç 2024
	Global
	Review
	Literature
	Indirect
	Ecosystem services
	C3
	T2
	High
	Ecosystem services decline under environmental stress

	38
	Padhiary & Kumar 2024
	Global
	Review
	Literature
	Mining
	Soil water
	C3
	T1
	Moderate
	Mining degrades soil and water systems

	39
	Princelyn et al. 2025

	India
	Spatial
	LULC
	Coal
	Ecosystem services
	C3
	T1
	High
	Mining reduces ecosystem services over time

	40
	Punia & Bharti 2023
	India
	Soil study
	Field
	Mining
	Soil carbon
	C3
	T1
	Moderate-High
	Mining reduces soil carbon stocks

	41
	Reich & Lake 2015
	Australia
	Conceptual
	Case synthesis
	None
	Restoration
	C2
	T4
	High
	Climate extremes affect restoration success

	42
	Saini et al. 2015
	India
	Case study
	Field
	Coal
	Land water
	C5
	T1
	Moderate
	Coal mining causes fires and land degradation

	43
	Sedibe et al. 2017
	South Africa
	Empirical
	Lab + field
	Mining
	Water
	C5
	T3
	High
	Mine effluents increase heavy metal pollution

	44
	Srivastava & Jha 2025
	Global
	Review
	Literature
	Coal
	Water biodiversity
	C3
	T3
	High
	Mitigation strategies can reduce mining impacts

	45
	Stieger & McKenzie 2024
	Global
	Spatial
	GIS
	None
	Riparian
	C4
	T6
	Moderate-High
	Spatial tools support riparian restoration planning

	46
	Wantzen & Mol 2013

	Tropical (global focus)

	Review

	Literature

	Mining + agriculture

	Sedimentation

	C2

	T2

	High

	Erosion-driven sediment loads degrade tropical stream habitats and biodiversity


	47
	Tutova et al. 2025
	Europe (Ukraine)

	Empirical
	Field
	Indirect

	Macrophytes
	C4
	T2
	Moderate
	Macrophytes indicate ecological condition changes

	48
	Xu et al. 2025
	China
	Spatial
	Time-series RS
	Coal
	Vegetation
	C3
	T6
	High
	Vegetation recovery post-mining is partial

	49
	Zhou et al. 2013
	China
	Remote sensing
	DInSAR
	Coal
	Subsidence
	C5
	T1
	High
	Coal fires cause land subsidence and ecosystem damage

	50
	Zhao et al. 2019
	China
	Empirical
	Field + model
	None
	Runoff
	C2
	T2
	Moderate-High
	Vegetation regulates runoff and erosion



Legend (Table S2): Climate stressors—C1: drought/low-flow; C2: floods/extreme rainfall; C3: long-term climate change/temperature/variability; C4: hydrological alteration/flow-regime change; C5: non-climatic or indirect/unspecified climate linkage. Themes—T1: landscape change & habitat fragmentation; T2: biodiversity/ecosystem-function impacts; T3: pollution/AMD and water-quality impacts; T4: climate–hydrology interactions; T5: governance/policy/evidence-synthesis methods; T6: restoration/mitigation (incl. NbS). WoE: High / Moderate / Moderate–High (semi-quantitative confidence category used for synthesis).

Table S3. Protocol and methodological references (not part of the included-studies list in Table S2).
· Richardson, W. S., Wilson, M. C., Nishikawa, J., & Hayward, R. S. (1995). The well-built clinical question: a key to evidence-based decisions. (PICO framework)
· Page, M. J., et al. (2021). PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. (PRISMA guidance)
· Pullin, A. S., & Stewart, G. B. (2006). Guidelines for systematic review in conservation and environmental management. (Systematic review guidance)
· Bilotta, G. S., Milner, A. M., & Boyd, I. L. (2014). Quality assessment tools for evidence from environmental science. (Quality appraisal)
· Suter II, G. W., & Cormier, S. M. (2011). Why and how to combine evidence in environmental assessments: weighing evidence and building cases. (Weight-of-evidence)

