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[bookmark: _Toc93843627]1. Literature reviews of RECC in mining areas
An extensive literature review of existing ecological carrying capacity indicator systems was conducted through an Internet search. These literatures were considered to be scientifically sound and representative in the discipline. The analysis was also done from the perspective of publication year, number of citations, research direction, document type, country/region of literature origin and article overview. The selection of recommended indexes from these representative studies was justified as candidate indexes. The availability of indexed data was also considered by referencing these indexes to statistical data sources.
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   Fig. S1. Total Publications by Year       Fig. S2. Sum of Times Cited by Year
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Fig. S3. Analysis of research direction
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Fig. S4. Document type

[image: 图表, 直方图

描述已自动生成]
Fig. S5. Country/region of literature source
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[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Table. S1. A review of ecological carrying capacity in mining areas
	References
	Type
	Title
	Brief description of content

	1
	Article
	The effects of land subsidence and rehabilitation on soil hydraulic properties in a mining area in the Loess Plateau of China
	To analyze the effects of land subsidence and rehabilitation on soil hydraulic properties, an underground coalmine in the Loess Plateau of China was selected to conduct a field plot experiment.

	2
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Article
	Drought severity-duration-frequency curves: a foundation for risk assessment and planning tool for ecosystem establishment in post-mining landscapes
	In the context of mined land rehabilitation quantifying the severity-duration-frequency (SDF) of droughts is crucial for successful ecosystem rehabilitation to overcome challenges of early vegetation establishment and long-term ecosystem resilience.

	3
	Review
	Ecological Potential of Plants for Phytoremediation and Ecorestoration of Fly Ash Deposits and Mine Wastes
	This review presents a current knowledge in phytomanagement of fly ash deposits, mine waste-rock and tailings.

	4
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Article
	Assessing the development of rehabilitated grasslands on post-mined landforms in north west Queensland, Australia
	Annual vegetation monitoring was carried out at two restoration sites and selected reference areas in the coal mine area.

	5
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Article
	Restoration of rare earth mining areas: organic amendments and phytoremediation
	In this study, experiments involving dry grass landfilling, chicken manure broadcasting, and plant cultivation were carried out to reclaim a rare earth mine area located in Heping County, Guangdong Province, China.

	6
	Article
	Mining Communities from a Resilience Perspective: Managing Disturbance and Vulnerability in Itabira, Brazil
	this study describes the various components of the Itabira social-ecological system revealing the challenges brought about by mining's dominance.

	7
	Article
	Response of ecological storage and conservation to land use transformation: A case study of a mining town in China
	Taking Cishan Town, a mining town in China, as a case study, this paper estimates the "past-present-future" ecological storage impacted by the process, result and possibility of land use transformation.

	8
	Article
	Long-term data suggest jarrah-forest establishment at restored mine sites is resistant to climate variability
	We built a structural equation model to discriminate the relative effects of climate, restoration practice, and their interactive effects on three response variables including species richness of the restored plant assemblages.

	9
	Article
	Ecological resilience assessment of an arid coal mining area using index of entropy and linear weighted analysis: A case study of Shendong Coalfield, China
	In this paper, Shendong coal field, one of the high-strength coal mining areas in western China is used as a research area. An O-U (Overground-Underground) analysis framework and model was established to quantitatively assess the degree of mining impact on the eco-system and its resilience.

	10
	Article
	Assessment and analysis of noise levels in and around lb river coalfield, Orissa, India
	A study was carried out to assess the noise level in different opencast projects in and around Belpahar and Brajarajnagar areas of lb river coalfield.

	11
	Article
	Assessment of Landscape Ecological Health: A Case Study of a Mining City in a Semi-Arid Steppe
	The purpose of this study was to construct a LEH assessment index system and evaluate the LEH of a mining city located in a semi-arid steppe.

	12
	Article
	A quantitative assessment of vulnerability using social-economic-natural compound ecosystem framework in coal mining cities
	In this study, based on the analysis of the social-economic-natural compound ecosystem (SENCE), we constructed a vulnerability evaluation indicator system (28 indicators) for coal mining cities.

	13
	Article
	Zoning and management of phreatic water resource conservation impacted by underground coal mining: A case study in arid and semiarid areas
	phreatic water resource management methods are proposed based on water resource utilization, coal mining methods, and water-resistant layer reconstruction.

	14
	Article
	Resource recovery as a sustainable perspective for the remediation of mining wastes: rehabilitation of the CMC mining waste site in Northern Cyprus
	This paper highlights resource recovery and stabilization as the novel approach adopted in the rehabilitation strategy of the abandoned copper mine site (CMC mine) located in Northern Cyprus.

	15
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Review
	Ecological methods and indicators for recovering and monitoring ecosystems after mining: A global literature review
	There was a significant increase of articles along time approaching the use of geotechnologies and arbuscular fungi.

	16
	Article
	Regime shift and redevelopment of a mining area's socio-ecological system under resilience thinking: a case study in Shanxi Province, China
	Adopting the perspective of resilience thinking, this study investigated the historical dynamics of a post-mining area in Shanxi Province and considered its future development.

	17
	Article
	Prairie Grass Establishment on Calcareous Reclaimed Mine Soil

	The establishment of 15 prairie grasses as monocultures in mine reclaimed soils in southeastern Ohio was evaluated in May 2005 and May 2006.

	18
	Article; Early Access
	Restoration of mine degraded land for sustainable environmental development
	Selective plantation and application of various soil amendments along with the topsoil potentially enhance the recovery of mine degraded lands.

	19
	Article
	Application of an evaluation method of resource and environment carrying capacity in the adjustment of industrial structure in Tibet
	This study develops a conceptual framework for resource and environment carrying capacity estimation to support the co-development planning of industries, population and resources & environment.

	20
	Article
	Quantitative Evaluation of the Eco-Environment in a Coalfield Based on Multi-Temporal Remote Sensing Imagery: A Case Study of Yuxian, China
	Quantitative Evaluation of the Eco-Environment in a Coalfield Based on Multi-Temporal Remote Sensing Imagery: A Case Study of Yuxian, China

	21
	Article
	Analyzing Ecological Functions in Coal Mining Cities Based on RS and GIS
	This paper chooses Qitaihe City as a typical study area to expatiate the ecological function of mining cities from two aspects of landscape ecology and ecological carrying capacity.

	22
	Article
	Increasing green infrastructure-based ecological resilience in urban systems: A perspective from locating ecological and disturbance sources in a resource-based city
	This paper combines source-sink landscape theory, on the basis of considering ecological processes, and builds a framework of factors that affect the ecological resilience of resource-based cities.

	23
	Article
	Composition and diversity of prokaryotes at an iron ore post-mining site revealed the natural resilience 10 years after mining exploitation
	Prokaryotes play crucial roles in the rehabilitation process to restore the ecological integrity of disturbed areas.

	24
	Proceedings Paper
	Environment Carrying Capacity Evaluation of Coal Mining in Shanxi Province
	This paper established a comprehensive evaluation model for environmental impact of coal mining through three aspects of ecological stability, resource and environment carrying capacity, coal mining pressure with analytic hierarchy process (AHP).

	25
	Article
	Determining the scale of coal mining in an ecologically fragile mining area under the constraint of water resources carrying capacity
	In view of the lack of water resources in arid and semi-arid areas, this paper studies the scale of coal mining in arid and semi-arid areas under the constraint of the water resources carrying capacity (WRCC) with the aim of realizing the conservation mining of ecological environment.

	26
	Article
	Resilience Perception of a Mining Town in Eastern Amazonia: A Case Study of Canaa Dos Carajas, Brazil
	This paper analyzes, in the context of mining, the perception of the resilience of Canaa dos Carajas population in Para State, Brazilian Amazon.

	27
	Article
	Estimation of the Restored Forest Spatial Structure in Semi-Arid Mine Dumps Using Worldview-2 Imagery
	The purpose of this study was to assess the feasibility of estimating the SSPs of restored forest in semi-arid mine dumps using Worldview-2 imagery.

	28
	Article
	Ecological vulnerability assessment and spatial pattern optimization of resource-based cities: A case study of Huaibei City, China
	We used Huaibei City, one of the representative coal resource-based cities, as a case study for measuring ecological vulnerability.

	29
	Proceedings Paper
	Sustainability for Management and Protection Tin Mining Environment
	During the exploitation is done are not beyond the limits of resources support neighborhood then natural resources can be used sustainably in accordance carrying capacity, i.e. the ability of natural resources to support the life of all beings in the ecosystem on an ongoing basis.

	30
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proceedings Paper
	Choice and Application of Governance Mode of Mining Subsidence Areas in Cities
	Taking Tangshan City as an example, this paper analyzes the feasibility of the global ecological management model through the analysis of the ecosystem carrying capacity before management, and evaluates its management effect from different angles.

	31
	Proceedings Paper
	Measurement on Environmental Carrying Capacity of Coal Industry: Shaanxi as an Example
	On the basis of the predecessors study about environmental carrying capacity, this paper builds an environmental pressure-supportive relationship model, quantizes the Shaanxi coal industrial environmental stress and supportive capacities by the method of principal component analysis, and measures out the environmental carrying capacity.


Table. S2. Evaluation index system of the RECC.
	[bookmark: _Hlk70100878]System
	Criteria layer
	Indicators (units)
	System
	Criteria layer
	Indicators (units) 

	Support
	Climate Conditions
	S1-1
	Frost free period (days)
	Pressure
	Ecological damage loss
	P1-1
	Loss of ecological value volume of organic matter due to rare earth mining Ten thousand yuan）

	
	
	S1-2
	Annual average relative humidity (%)
	
	
	P1-2
	Rare earth mining leads to the loss of value quantity of released O2 and fixed CO2 (Ten thousand yuan)

	
	
	S1-3
	Annual average temperature (℃)
	
	
	P1-3
	Rare earth mining leads to the loss of water conservation value amount (Ten thousand yuan)

	
	Resource Endowment
	S2-1
	Total annual precipitation (mm)
	
	
	P1-4
	Rare earth mining leads to the loss of soil conservation value amount (Ten thousand yuan)

	
	
	S2-2
	Arable land to regional area (%)
	
	
	
	

	
	
	S2-3
	Forest-grassland coverage (%)
	
	Environmental pollution loss
	P2-1
	Rare earth smelting water pollution treatment cost accounting (Ten thousand yuan)

	
	
	S2-4
	Rare earth resources reserves (million tons)
	
	
	P2-2
	Rare earth smelting air pollution treatment cost accounting (Ten thousand yuan)

	
	
	S2-5
	Rare earth resources reserves (million tons)
	
	
	P2-3
	Rare earth smelting solid waste pollution treatment cost accounting (Ten thousand yuan)

	
	
	S2-6
	Water resources per capita (m3)
	
	
	P2-4
	The radioactivity (nGy/h) 

	
	Environmental Governance
	S3-1
	Comprehensive utilization rate of industrial solid waste (%)
	
	
	
	

	
	
	S3-2
	Urban sewage treatment rate (%)
	
	Social pressure
	P3-1
	Urban registered unemployment rate (%)

	
	
	S3-3
	Harmless treatment rate of domestic waste (%)
	
	
	P3-2
	Share of secondary industry in GDP (%)

	
	
	S3-4
	Environmental pollution control investment to GDP ratio (%)
	
	
	P3-3
	Urban per capita daily domestic water consumption (L)

	
	Economic Development
	S4-1
	Foreign exchange earnings from tourism (USD million)
	
	
	P3-4
	Natural population growth rate (%)

	
	
	S4-2
	GDP per capita (RMB)
	
	
	P3-5
	Energy consumption of 10,000 Yuan GDP (t standard coal)

	
	
	S4-3
	Number of Rare Earth Related Employees (Number)
	
	
	P3-6
	Annual mining volume (million tons)





The indicators affecting ecological carrying capacity can be divided into two main types: basic indicators and characteristic indicators of ecological carrying capacity. Among them, the basic indicators are mainly some common factors that affect the ecological carrying capacity. In this study, by collecting the indicators used by previous people to evaluate the ecological carrying capacity, we find the common indicators among them and take them as the basic indicators of the ecological carrying capacity of the research area; the characteristic indicators are mainly selected to represent some special indicators for the different research areas, such as this paper studies the rare earth mining area, so the comprehensive utilization rate of industrial solid waste, radioactivity and so on are selected. In addition, because there are more indicators affecting ecological carrying capacity and the indicator system is huge, it will take a lot of time and energy to collect data and calculate ecological carrying capacity, and the influence of such indicators on the comprehensive score of ecological carrying capacity is not obvious in the final calculation, so in the actual study, the principle of "cut-off" is adopted, that is, the influence of the indicator on Therefore, the "cut-off" principle is adopted in the actual study, that is, such indicators with less than 1% impact on ecological carrying capacity can be disregarded. However, it should be noted that, because different regions have their special characteristics, when using this principle to select indicators, it is necessary to combine the characteristics of the study area, so as to avoid deleting some important indicators by mistake, which makes the results unreliable. For example, the indicator of "radioactivity" has little impact on the ecological carrying capacity of general areas, but it is very important for rare earth mining areas, so it cannot be deleted. Finally, it should be noted that for indicators that are difficult to collect, similar indicators with higher relevance can be selected instead, which saves manpower and material resources and does not have a large impact on the final results. For example, some relative indicators (per capita water use rate, which is related to the total amount of water resources, population size, time of use, etc.) are not easy to collect, and can be replaced by their corresponding absolute indicators (per capita water use), or replaced by similar indicators that are correspondingly easy to collect. At the same time, it is necessary to avoid indicators with high correlation in the indicator system (e.g. average annual and average monthly precipitation), which not only increase the workload, but also interfere with the later analysis.
It should be mentioned that since Bayan Obo is located in Inner Mongolia Autonomous Region and the area of grassland is large in Inner Mongolia Autonomous Region, it has been the basis for Mongolian nomadic people to flourish, while the forest coverage in other study areas is large and the area of grassland is insignificant, therefore, the "area of grassland in the region" and "forest-grassland coverage" are combined as one of the basic indicators. Forest coverage" is combined into "forest and grassland coverage" as one of the basic indicators; as rare earth smelting produces a lot of pollution, the pollution in rare earth mining areas is more serious, and it is obviously incomplete to consider only the three waste emissions without considering the level of pollution control, so "the ratio of investment in environmental pollution control to GDP" will be included. environmental pollution control investment to GDP ratio" as one of the characteristic indicators; since monazite is one of the carrier minerals of rare earth elements, and monazite is rich in thorium, this radioactive element will have a great impact on ecology, environment and society, so "radioactivity" is one of the characteristic indicators.
As a subsystem of nature, the ecosystem contains many elements that provide available resources and ecological services for human production and life, and absorbs pollution and waste generated by human activities; although social development exerts various pressures on the ecosystem, it can also strengthen the ecosystem carrier through, increasing green areas, protecting water sources and other environmental treatments, and reducing the ecological load through sewage treatment, solid waste comprehensive utilization and increased environmental pollution control to reduce the ecological load. In addition, the improvement of environmental management and technological progress also contributes to the reduction of ecological and environmental loads.
[bookmark: _Toc93843628]2. Introduction of ecological carrying capacity
[bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Carrying capacity was originally described as the maximum individuals that a habit can support in a region32.Carrying capacity is determined based on the relationship between a “carrier” or support object, and a “bearing object” The carrying capacity is defined as the carrier's ability to support the “bearing object”33.Hadwen and Palmer34 considered carrying capacity as the number of lives that can be supported without damaging the ecological environment and emphasized that the ecological environment should not be damaged for the mission of sustainable development. In 1970s, Holling35 proposed the concept of ECC, which is the ability of ecosystem to resist external interference and maintain the relative stability of original ecological structure. In line with economic and social development, researchers gradually focus on the impacts of human activities on the ecological environment. Arrow et al.36 discussed the relationship between human activities and ECC. Chapman and Byron37 noted that overloading of ECC has become a common issue across the world. There still other definitions on the term ECC. For example, Sun et al.38 defined ECC as the capability to support the coordinated and sustainable urbanization. Ma et al.39 considered ECC as a holistic framework evaluating environment, living beings and their interactions. Whilst various definitions on ECC are presented, in essence, ECC refers to the capacity of sustainable development sup-ported by the various ecological resources.
A comprehensive research theory and method is widely used by many scholars to promote the development of ecological carrying capacity model. Carrying capacity research is mostly carried out by regional nature, and due to the differences of various regions, most of them first analyze the type of carrying capacity, determine the indicators affecting the carrying capacity of resources, establish the evaluation index system, determine the index weights, and then complete the evaluation through various evaluation methods 40-42；In the evaluation process, the researcher determines the results of the study in two ways: the first process assumes that resource, environmental, economic, social and other criteria are additive through the positive and negative characteristics of the indicators 43, 44；Another process is to construct a pressure-state-response as a system layer 40, 45。
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Models are usually involved in the calculation of carrying capacity, for example, the severe shrinkage of the Aral Sea and the coordination of water resources in upstream and downstream areas have been evaluated by combining remote sensing (RS) data and geographic information system (GIS) technology 46；The dynamic evolution of ecological footprint and ecological carrying capacity in Jiangsu Province was studied based on ecological footprint theory 47，The impact of human activities on natural systems is assessed to provide guidance for more efficient and rational allocation of resources. System Dynamics Model 48 It is possible to quantitatively analyze the intrinsic relationships between the structure and function of various complex systems, and to quantitatively analyze various characteristics, making it suitable for objective, long-term studies of dynamic trends. TOPSIS model has the advantages of horizontal and vertical comparative analysis and simple calculation, 49 evaluated the weights of each index and county RECC in Chongqing City using TOPSIS model. The results showed that the environmental index had the largest weight, followed by the resource index and the socioeconomic index. 40 constructs a support index and pressure index to calculate the level of support resources and the level of environmental pressure that human activities induce in 36 municipalities, provincial capitals and sub-provincial cities in China from 2010 to 2016; in addition, this paper analyzes the factors affecting RECC；In recent years, research on carrying capacity has led humans to recognize that environmental disturbances caused by human activities illustrate the fragility and variability of environmental systems in terms of their stability, integrity and ability to withstand external disturbances 50，It can easily lead to qualitative or mutational changes in the structure and function of environmental systems. These findings have facilitated the application of mutation sequence models in the study of carrying capacity 51。Table S1 summarizes the main research methods and advantages and disadvantages of regional ecological carrying capacity

Table. S3. Summary of research on regional RECC.
	Research method
	Reference
	Research process
	Research limitations

	three-dimensional evaluation model
	43, 52
	Based on the study of the relationship between environmental quality, ecological quality and social economy, a three-dimensional evaluation model of the carrying capacity of regional ecological environment for social and economic development is established. The three-dimensional cube model is divided into eight panels, representing different levels of socio-economic development and the comprehensive condition of ecological environment quality.
	A single quantitative value can only reflect the changes in the strength of the carrying capacity of the resources and environment, and cannot determine whether the pressure of human social activities on the resources and environment has exceeded the carrying capacity of the resources and environment.

	[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]System dynamics method
	48, 53, 54
	Determine the target system and each subsystem; model the system, determine the functional relationships between variables, and simulate the system model.
	The selection of parameter indicators is difficult. The relative determinism of the simulation model lags behind the dynamic characteristics of the system, and the calculation process is huge.

	Entropy method
	9, 55, 56
	Objectively determine the weights based on the raw data of the indicators; establish the indicator system.
	The importance of the indicators themselves is ignored, and sometimes the determined indicator weights can be far from the expected results, while the entropy value method cannot reduce the number of dimensions of evaluation indicators.

	Ecological footprint method
	57-59
	We quantify land area, calculate supply and demand, and compare supply and demand by supply and demand to forecast its development trend.
	There are no specific and feasible criteria for the selection and quantification of indicators to divide the RECC of different regions.

	Comprehensive evaluation method
	60-62
	A multi-level index system was constructed, and the weights were determined by principal component analysis with linear weighting.
	Quantitative studies of RECC only cannot determine whether the assessed RECC is overloaded.

	TOPSIS method
	63-65
	Construct the index system, define certain measures in the target space, and calculate the degree to which the target approaches or deviates from the positive or negative ideal solution; evaluate the evaluation results.
	Based on subjective and comprehensive evaluation criteria, the classification criteria lack explanatory and persuasive power.



[bookmark: _Toc93843629]3. Studies on rare earth elements
[bookmark: OLE_LINK38][bookmark: OLE_LINK42][bookmark: OLE_LINK30][bookmark: OLE_LINK50][bookmark: OLE_LINK49]Intensive rare earth mining and production activities have had a significant impact on the environment and health in China66. Mining activities release dust containing rare earth elements, other toxic metals and chemicals into the air and surrounding water bodies, affecting local soil, wildlife, and vegetation in addition to humans67-70. More REE mining will mean more environmental degradation and human health hazards, and waste disposals may be exposed to weathering conditions and have the potential to contaminate air, soil and water if proper monitoring and protection measures are not taken71. Research on rare earth elements has focused on ecological risk, bioaccumulation, bioremediation, biotoxicity, environmental pollution and quantification of environmental costs, as shown in Table 1. Currently there is still a gap in the horizontal comparative evaluation of RECC of rare earth mining areas. The establishment of a comprehensive resource and environment evaluation index system applicable to rare earth mining areas is beneficial to the integrated development of rare earth resource-based areas through horizontal comparative evaluation.

[bookmark: OLE_LINK162][bookmark: OLE_LINK161][bookmark: OLE_LINK159][bookmark: OLE_LINK160]Table. S4. The main types of research in the direction of rare earth ecology and environment
	Research Direction
	References

	Ecological risks
	66, 70-73

	Bioaccumulation
	74, 75

	Bioremediation
	76-79

	Biotoxicity
	80, 81

	Environmental pollution and protection
	69, 82-84

	Quantification of environmental costs
	73

	Recovery of rare earth elements
	85

	Life Cycle Inventory of Rare Earth Products
	86

	The quality control of rare earth element determinations in environmental matrices
	87, 88





[bookmark: _Toc93843630]4. Research method
4.1 Construction of standardized evaluation matrix
Suppose there are m evaluation indicators and n evaluation objects, then the value of indicator j in object i is taken as Aij, then the decision matrix of all objects can be expressed as:
	S=
	(1)



Since the values of selected indicators in ecological carrying capacity are not uniform in magnitude, in order to solve the problem of uniformity in the magnitude of model parameters, so that the interval of values after eliminating the magnitude with the original data is limited between 0 and 1, it is necessary to standardize the data of different units for further comparative analysis and comprehensive calculation on the same scale. In this paper, the normalization process is carried out using the polar difference standardization method.
	
	(2)



Then, the normalized decision matrix can be obtained as:
	R=
	(3)



4.2 Defining the weighting values for RECC indicators
A reasonable assignment of weights plays a crucial role in the scientific rationality of evaluation results, and a reasonable assignment method should assign weights to decision indicators based on both the intrinsic laws between indicator data and expert experience. In this study, a comprehensive subjective and objective assignment method is used to solve this problem. Since AHP is the most common and dominant method in the subjective assignment method. In the objective assignment method, the entropy method is the most frequently used, objective and stable assignment method, so the integrated assignment method uses a combination of these two methods.
(1) AHP
The analytic hierarchy process (AHP) was formally introduced by American operations research scientists89. It was a systematic and hierarchical analysis method combining qualitative and quantitative. The comprehensive evaluation system established in this paper has a hierarchical structure and was well suited to be analyzed by hierarchical analysis.
The judgment matrix was defined as the relative importance of the relevant elements in the hierarchy assuming that the elements in level A are related to the elements in level B. In constructing the matrix, the expert evaluates the importance of factors at the same level based on a 9-point scale (Table 4) for these factors and forms a judgment matrix.
Table S5 Definitions of 9-point scale grades.
	Value
	Definition

	1
	Factors i and j have the same degree of importance

	3
	The importance of factor i is slightly higher than that of factor j

	5
	The importance of factor i is significantly higher than that of factor j

	7
	The importance of factor i is much higher than that of factor j

	9
	The importance of factor i is extremely higher than that of factor j

	2, 4, 6, 8
	Median value between the two adjacent values



Based on the above judgment matrix, the eigenvectors and eigenroots of the matrix are calculated. The maximum eigenvector , of the judgment matrix, where the components are the weights of the elements in the target layer. The judgment matrix needs to satisfy the consistency judgment condition (Eq. (4)).
	
	(4)


where  is the maximum characteristic root and RI is the average random consistency index; the RI values are shown below (Table 5).
Table S6 RI values.
	n
	1
	2
	3
	4
	5
	6
	7
	8
	

	RI
	0
	0
	0.58
	0.90
	1.12
	1.24
	1.32
	1.41
	



n was the judgment matrix order, when CR < 0.1, the consistency of the judgment matrix was acceptable; otherwise, it was otherwise to reconstruct the pairwise judgment matrix until a satisfactory consistency was achieved.
(2) The entropy method
[bookmark: OLE_LINK24][bookmark: OLE_LINK26]The objective weighting method determines the weights of indicators based on their intrinsic information, which can eliminate artificial interference and make the results more factual. The entropy method was to determine the weight of the index based on the amount of information, which is one of the objective fixed weighting methods90. Then, the information entropy of the jth index can be expressed by Eq. (5).
	
	(5)


Here, n was the number of evaluation levels andsatisfied .When , .Then, the entropy weight of the jth evaluation factor can be expressed as in Eq. (6).
	
	(6)


The weights of evaluation indexes obtained by AHP and entropy weight method were ,, and the combination weights obtained by using fuzzy comprehensive evaluation method were:
	
	(7)



[bookmark: _Toc93843631]5. Accounting for ecological damage losses in rare earth mining.
The technical route of ecological damage accounting for rare earth mining is shown in Fig. S6, which mainly includes the definition of ecological damage scope and the accounting of ecological damage in terms of physical and value losses. Firstly, we collect the basic data, and then use the relevant methods to define the ecological damage range, which includes both direct damage range and indirect damage range. Considering the topography, vegetation type, soil type, distance from the mining area and other factors, the spatial analysis function was used to select an area similar to the mining habitat and not disturbed by mining as the base reference area, and the physical quantities of the direct and indirect damage areas and the base reference area were estimated according to the determined ecological damage assessment index. Since the vegetation in the direct damage area of rare earth mining is destroyed, the physical loss of the direct damage area of rare earth mining is determined by the physical amount of the reference area, i.e., the physical amount per unit area of a vegetation type in the reference area multiplied by the area of the vegetation type destroyed by the mining area. The physical loss of the indirect damage range of rare earth mining is determined by the physical quantity of the reference area and the physical quantity of the indirect damage range, that is, the difference between the physical quantity of the reference area and the physical quantity of the indirect damage range is aggregated and determined, and then the physical quantity of ecological damage is estimated, and finally the physical quantity of ecological damage is multiplied by the unit value to obtain the value of economic loss of ecological damage of rare earth mining.

[image: 文本

描述已自动生成] Fig. S6. The technical route of accounting for ecological damage loss of rare earth mining

[bookmark: _Toc93843632]6. Environmental pollution control cost accounting.
The technical route of environmental pollution treatment cost accounting is shown in Fig. S7, environmental pollutant production and emission accounting using pollution source census data and pollution source census dynamic update data, reference to the "pollution source census production and emission coefficient manual", approved the northern light rare earth and southern medium and heavy rare earth smelting unit REO production and emission coefficients, combined with the amount of REO smelting in different provinces in the last decade, calculate the amount of rare earth smelting in rare earth mining areas resulting in the production and emission of pollutants. emissions.
Environmental pollution treatment cost accounting using pollution source census data, pollution source census dynamic update data, and environmental statistics database, select key typical enterprises, reference to China's "regulations on the collection and use of sewage charges", respectively, calculate the pollution treatment unit pollutant costs of different rare earth products in the treatment and refining process of light rare earths in the north and medium and heavy rare earths in the south, combined with the amount of pollutants generated in the smelting of rare earths in different mining areas, using the pollution The environmental pollution control cost of rare earth smelting in key mining areas is calculated by the cost of control method.

[image: 图示

描述已自动生成] Fig. S7. Technical route of environmental pollution treatment cost accounting mining

[bookmark: _Toc93843633]7. Weights of the thirty evaluation factors.
Table. S7. Multi-person AHP method results statistics table.
	System
	Criteria layer
	Indicators (units)
	Jing-Jing Bai
	Yao-Ting Duan
	Zhao-Chuo Feng
	Xu-Hua Li
	Zhan-Bao Liang
	Xue-feng Liu
	Hao Pang
	Zhen-Bo Sun
	Jin Wang
	Xiao-Yan Wu
	Zi-Yang Xu
	Xin Xu
	Qian Zhang

	Support
	Climate Conditions
	S1-1
	0.1508 
	0.0285 
	0.1591 
	0.0534 
	0.2079 
	0.3642 
	0.3017 
	0.0361 
	0.1067 
	0.0417 
	0.0940 
	0.0709 
	0.0451 

	
	
	S1-2
	0.0856 
	0.2018 
	0.0802 
	0.0261 
	0.1597 
	0.0656 
	0.1895 
	0.0470 
	0.0419 
	0.2744 
	0.0402 
	0.0684 
	0.0778 

	
	
	S1-3
	0.1097 
	0.0730 
	0.1129 
	0.0304 
	0.2999 
	0.1397 
	0.0552 
	0.1602 
	0.0965 
	0.2211 
	0.2188 
	0.0932 
	0.3567 

	
	
	S2-1
	0.1097 
	0.0235 
	0.2245 
	0.0128 
	0.0643 
	0.1171 
	0.1006 
	0.0699 
	0.2023 
	0.0506 
	0.0931 
	0.1859 
	0.1397 

	
	
	S2-2
	0.0560 
	0.0686 
	0.0480 
	0.2137 
	0.0213 
	0.0166 
	0.1187 
	0.0725 
	0.1364 
	0.0213 
	0.0982 
	0.0754 
	0.0478 

	
	Resource Endowment
	S2-3
	0.0770 
	0.0759 
	0.1413 
	0.2846 
	0.0337 
	0.0501 
	0.0897 
	0.2874 
	0.0513 
	0.0788 
	0.0300 
	0.1064 
	0.0245 

	
	
	S2-4
	0.0437 
	0.0281 
	0.0343 
	0.0854 
	0.0319 
	0.0378 
	0.0264 
	0.0474 
	0.1498 
	0.0334 
	0.0215 
	0.0535 
	0.0607 

	
	
	S2-5
	0.2790 
	0.3930 
	0.0673 
	0.1121 
	0.0912 
	0.0089 
	0.0335 
	0.0885 
	0.0539 
	0.0158 
	0.2963 
	0.2250 
	0.1401 

	
	
	S2-6
	0.0267 
	0.0552 
	0.0096 
	0.0242 
	0.0139 
	0.0438 
	0.0082 
	0.0635 
	0.0323 
	0.0889 
	0.0132 
	0.0387 
	0.0098 

	
	Environmental Governance
	S3-1
	0.0101 
	0.0146 
	0.0175 
	0.0515 
	0.0172 
	0.0185 
	0.0165 
	0.0307 
	0.0117 
	0.0506 
	0.0106 
	0.0193 
	0.0058 

	
	
	S3-2
	0.0073 
	0.0189 
	0.0386 
	0.0163 
	0.0113 
	0.0310 
	0.0085 
	0.0468 
	0.0238 
	0.0573 
	0.0431 
	0.0202 
	0.0336 

	
	
	S3-3
	0.0037 
	0.0074 
	0.0195 
	0.0459 
	0.0342 
	0.0168 
	0.0105 
	0.0118 
	0.0500 
	0.0266 
	0.0089 
	0.0132 
	0.0368 

	
	
	S3-4
	0.0214 
	0.0054 
	0.0189 
	0.0253 
	0.0059 
	0.0781 
	0.0206 
	0.0204 
	0.0317 
	0.0191 
	0.0221 
	0.0101 
	0.0075 

	
	Economic Development
	S4-1
	0.0186 
	0.0065 
	0.0287 
	0.0178 
	0.0077 
	0.0119 
	0.0210 
	0.0174 
	0.0117 
	0.0208 
	0.0101 
	0.0191 
	0.0147 

	
	
	S4-2
	0.0307 
	0.0398 
	0.0320 
	0.0899 
	0.1117 
	0.2645 
	0.0325 
	0.0106 
	0.0231 
	0.0446 
	0.0612 
	0.0677 
	0.0208 

	
	
	S4-3
	0.0307 
	0.0627 
	0.0502 
	0.0223 
	0.1016 
	0.0359 
	0.0196 
	0.0154 
	0.0386 
	0.1351 
	0.2178 
	0.2827 
	0.0614 

	Pressure
	Social pressure
	P1-1
	0.0307 
	0.0991 
	0.1183 
	0.0529 
	0.3674 
	0.0840 
	0.0827 
	0.0437 
	0.0668 
	0.4098 
	0.1612 
	0.0801 
	0.0251 

	
	
	P1-2
	0.0198 
	0.0059 
	0.0514 
	0.0372 
	0.0468 
	0.0167 
	0.0813 
	0.0209 
	0.0308 
	0.0948 
	0.0094 
	0.1106 
	0.0867 

	
	
	P1-3
	0.0375 
	0.0061 
	0.0756 
	0.0634 
	0.0189 
	0.0036 
	0.0299 
	0.0132 
	0.0273 
	0.0223 
	0.0159 
	0.0396 
	0.0747 

	
	
	P1-4
	0.0672 
	0.0071 
	0.0944 
	0.0160 
	0.0299 
	0.0071 
	0.0434 
	0.0337 
	0.0538 
	0.0866 
	0.0238 
	0.0691 
	0.0250 

	
	
	P2-1
	0.0489 
	0.0174 
	0.1195 
	0.0208 
	0.0092 
	0.0038 
	0.0280 
	0.0094 
	0.0204 
	0.0087 
	0.0120 
	0.0214 
	0.0550 

	
	
	P2-2
	0.0267 
	0.0370 
	0.0339 
	0.0540 
	0.0068 
	0.0178 
	0.0763 
	0.0247 
	0.0181 
	0.0509 
	0.0102 
	0.0111 
	0.0333 

	
	
	P2-3
	0.0971 
	0.0254 
	0.0814 
	0.0258 
	0.0172 
	0.0083 
	0.1295 
	0.0454 
	0.0594 
	0.0138 
	0.0379 
	0.0381 
	0.0375 

	
	Social pressure
	P2-4
	0.0878 
	0.2753 
	0.0542 
	0.0140 
	0.0511 
	0.0285 
	0.0133 
	0.0517 
	0.0805 
	0.0085 
	0.0288 
	0.0651 
	0.0600 

	
	
	P3-1
	0.0447 
	0.0669 
	0.1042 
	0.0124 
	0.0895 
	0.1280 
	0.0239 
	0.1130 
	0.0805 
	0.0253 
	0.1209 
	0.0289 
	0.0372 

	
	
	P3-2
	0.0537 
	0.0670 
	0.0317 
	0.0232 
	0.0222 
	0.2026 
	0.0106 
	0.1223 
	0.0805 
	0.0333 
	0.0575 
	0.0411 
	0.1482 

	
	
	P3-3
	0.1552 
	0.2119 
	0.0709 
	0.0312 
	0.0653 
	0.0787 
	0.0408 
	0.2332 
	0.2332 
	0.0042 
	0.0653 
	0.0689 
	0.1035 

	
	
	P3-4
	0.0479 
	0.0047 
	0.0323 
	0.1215 
	0.0238 
	0.0707 
	0.2189 
	0.1046 
	0.0469 
	0.0418 
	0.0214 
	0.0266 
	0.1064 

	
	
	P3-5
	0.0608 
	0.0573 
	0.0393 
	0.2344 
	0.0315 
	0.0099 
	0.1262 
	0.1284 
	0.1152 
	0.0065 
	0.1171 
	0.0370 
	0.0847 

	
	
	P3-6
	0.1605 
	0.0166 
	0.0114 
	0.1810 
	0.0069 
	0.0395 
	0.0438 
	0.0296 
	0.0248 
	0.0137 
	0.0388 
	0.0126 
	0.0413 



Table. S8. Weights of the thirty evaluation factors.
	System
	Criteria layer
	Indicators (units)
	Weight calculated by the AHP method
	Weight calculated by the entropy weighting method
	weight

	Support
	Climate Conditions
	S1-1
	0.0604
	0.0321
	0.0513

	
	
	S1-2
	0.0792
	0.0166
	0.0530

	
	
	S1-3
	0.0437
	0.0245
	0.0391

	
	
	S2-1
	0.1213
	0.0320
	0.0817

	
	
	S2-2
	0.0295
	0.0413
	0.0405

	
	Resource Endowment
	S2-3
	0.0394
	0.0507
	0.0501

	
	
	S2-4
	0.0254
	0.1501
	0.0928

	
	
	S2-5
	0.0274
	0.1241
	0.0808

	
	
	S2-6
	0.0440
	0.0593
	0.0567

	
	Environmental Governance
	S3-1
	0.0596
	0.0070
	0.0383

	
	
	S3-2
	0.0639
	0.0112
	0.0426

	
	
	S3-3
	0.0653
	0.0125
	0.0440

	
	
	S3-4
	0.1014
	0.0999
	0.1057

	
	Economic Development
	S4-1
	0.0633
	0.0487
	0.0611

	
	
	S4-2
	0.0772
	0.0676
	0.0775

	
	
	S4-3
	0.0443
	0.1154
	0.0849

	Pressure
	Social pressure
	P1-1
	0.1254
	0.1036
	0.1173

	
	
	P1-2
	0.1022
	0.0426
	0.0752

	
	
	P1-3
	0.1490
	0.1172
	0.1359

	
	
	P1-4
	0.1049
	0.0916
	0.1010

	
	
	P2-1
	0.0742
	0.0761
	0.0779

	
	
	P2-2
	0.1000
	0.1509
	0.1283

	
	
	P2-3
	0.0480
	0.1228
	0.0882

	
	Social pressure
	P2-4
	0.1365
	0.0532
	0.0976

	
	
	P3-1
	0.0306
	0.0137
	0.0249

	
	
	P3-2
	0.0188
	0.0156
	0.0200

	
	
	P3-3
	0.0251
	0.0138
	0.0223

	
	
	P3-4
	0.0196
	0.0365
	0.0308

	
	
	P3-5
	0.0197
	0.0420
	0.0336

	
	
	P3-6
	0.0135
	0.0750
	0.0470
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8. Primary data of RECC of typical rare earth mining areas in China

Table. S9. Bayan Obo RECC data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0007 
	0.0000 
	0.0012 
	0.0014 
	0.0016 
	0.0019 
	0.0021 
	0.0023 

	
	
	S1-2
	0.0087 
	0.0116 
	0.0073 
	0.0058 
	0.0102 
	0.0087 
	0.0087 
	0.0000 

	
	
	S1-3
	0.0011 
	0.0018 
	0.0024 
	0.0018 
	0.0026 
	0.0026 
	0.0022 
	0.0000 

	
	
	S2-1
	0.0032 
	0.0061 
	0.0000 
	0.0053 
	0.0004 
	0.0064 
	0.0012 
	0.0083 

	
	
	S2-2
	0.0181 
	0.0181 
	0.0181 
	0.0182 
	0.0182 
	0.0182 
	0.0181 
	0.0181 

	
	Resource Endowment
	S2-3
	0.0449 
	0.0451 
	0.0417 
	0.0414 
	0.0420 
	0.0397 
	0.0407 
	0.0423 

	
	
	S2-4
	0.0870 
	0.0871 
	0.0871 
	0.0873 
	0.0874 
	0.0875 
	0.0876 
	0.0877 

	
	
	S2-5
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	S2-6
	0.0017 
	0.0018 
	0.0017 
	0.0018 
	0.0009 
	0.0014 
	0.0011 
	0.0009 

	
	Environmental Governance
	S3-1
	0.0260 
	0.0251 
	0.0220 
	0.0202 
	0.0333 
	0.0304 
	0.0218 
	0.0216 

	
	
	S3-2
	0.0360 
	0.0360 
	0.0343 
	0.0324 
	0.0326 
	0.0299 
	0.0298 
	0.0297 

	
	
	S3-3
	0.0389 
	0.0387 
	0.0371 
	0.0368 
	0.0358 
	0.0347 
	0.0334 
	0.0362 

	
	
	S3-4
	0.0132 
	0.0084 
	0.0071 
	0.0233 
	0.0260 
	0.0118 
	0.0145 
	0.0084 

	
	Economic Development
	S4-1
	0.0084 
	0.0077 
	0.0063 
	0.0045 
	0.0031 
	0.0019 
	0.0010 
	0.0000 

	
	
	S4-2
	0.0510 
	0.0724 
	0.0654 
	0.0621 
	0.0601 
	0.0587 
	0.0558 
	0.0567 

	
	
	S4-3
	0.0799 
	0.0745 
	0.0788 
	0.0769 
	0.0777 
	0.0781 
	0.0780 
	0.0781 

	Pressure
	Social pressure
	P1-1
	0.0115 
	0.0114 
	0.0115 
	0.0114 
	0.1145 
	0.0115 
	0.0114 
	0.0050 

	
	
	P1-2
	0.0724 
	0.0723 
	0.0723 
	0.0722 
	0.0722 
	0.0722 
	0.0722 
	0.0361 

	
	
	P1-3
	0.0090 
	0.0079 
	0.0090 
	0.0085 
	0.0086 
	0.0078 
	0.0084 
	0.0042 

	
	
	P1-4
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0009 
	0.0005 

	
	
	P2-1
	0.0751 
	0.0746 
	0.0698 
	0.0729 
	0.0736 
	0.0747 
	0.0627 
	0.0314 

	
	
	P2-2
	0.1255 
	0.1142 
	0.1189 
	0.1237 
	0.1220 
	0.1253 
	0.1053 
	0.0526 

	
	
	P2-3
	0.0105 
	0.0099 
	0.0084 
	0.0084 
	0.0081 
	0.0102 
	0.0086 
	0.0043 

	
	Social pressure
	P2-4
	0.0948 
	0.0947 
	0.0945 
	0.0947 
	0.0948 
	0.0948 
	0.0948 
	0.0948 

	
	
	P3-1
	0.0216 
	0.0199 
	0.0212 
	0.0214 
	0.0213 
	0.0212 
	0.0212 
	0.0212 

	
	
	P3-2
	0.0151 
	0.0172 
	0.0166 
	0.0167 
	0.0171 
	0.0169 
	0.0171 
	0.0172 

	
	
	P3-3
	0.0178 
	0.0180 
	0.0182 
	0.0167 
	0.0155 
	0.0173 
	0.0141 
	0.0167 

	
	
	P3-4
	0.0023 
	0.0023 
	0.0023 
	0.0023 
	0.0023 
	0.0050 
	0.0041 
	0.0035 

	
	
	P3-5
	0.0233 
	0.0243 
	0.0253 
	0.0278 
	0.0292 
	0.0297 
	0.0300 
	0.0308 

	
	
	P3-6
	0.0443 
	0.0443 
	0.0443 
	0.0443 
	0.0443 
	0.0443 
	0.0372 
	0.0186 







Table. S10. Weishan RECC data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0143 
	0.0143 
	0.0143 
	0.0143 
	0.0143 
	0.0143 
	0.0143 
	0.0143 

	
	
	S1-2
	0.0203 
	0.0229 
	0.0235 
	0.0276 
	0.0269 
	0.0266 
	0.0264 
	0.0241 

	
	
	S1-3
	0.0182 
	0.0180 
	0.0180 
	0.0176 
	0.0167 
	0.0174 
	0.0167 
	0.0156 

	
	
	S2-1
	0.0132 
	0.0225 
	0.0200 
	0.0216 
	0.0172 
	0.0140 
	0.0165 
	0.0123 

	
	
	S2-2
	0.0354 
	0.0354 
	0.0233 
	0.0233 
	0.0233 
	0.0231 
	0.0231 
	0.0231 

	
	Resource Endowment
	S2-3
	0.0022 
	0.0022 
	0.0022 
	0.0022 
	0.0022 
	0.0021 
	0.0021 
	0.0021 

	
	
	S2-4
	0.0256 
	0.0256 
	0.0256 
	0.0256 
	0.0256 
	0.0256 
	0.0256 
	0.0256 

	
	
	S2-5
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	S2-6
	0.0000 
	0.0000 
	0.0035 
	0.0000 
	0.0035 
	0.0035 
	0.0036 
	0.0036 

	
	Environmental Governance
	S3-1
	0.0218 
	0.0214 
	0.0220 
	0.0202 
	0.0333 
	0.0304 
	0.0218 
	0.0216 

	
	
	S3-2
	0.0370 
	0.0366 
	0.0364 
	0.0361 
	0.0367 
	0.0350 
	0.0343 
	0.0340 

	
	
	S3-3
	0.0379 
	0.0375 
	0.0371 
	0.0368 
	0.0358 
	0.0347 
	0.0334 
	0.0362 

	
	
	S3-4
	0.0186 
	0.0223 
	0.0193 
	0.0226 
	0.0191 
	0.0186 
	0.0223 
	0.0206 

	
	Economic Development
	S4-1
	0.0410 
	0.0364 
	0.0307 
	0.0273 
	0.0237 
	0.0194 
	0.0169 
	0.0149 

	
	
	S4-2
	0.0217 
	0.0299 
	0.0200 
	0.0183 
	0.0166 
	0.0153 
	0.0135 
	0.0116 

	
	
	S4-3
	0.0038 
	0.0038 
	0.0038 
	0.0038 
	0.0038 
	0.0038 
	0.0038 
	0.0038 

	Pressure
	Social pressure
	P1-1
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0002 
	0.0000 

	
	
	P1-2
	0.0031 
	0.0031 
	0.0031 
	0.0031 
	0.0031 
	0.0031 
	0.0018 
	0.0000 

	
	
	P1-3
	0.0024 
	0.0024 
	0.0024 
	0.0024 
	0.0024 
	0.0024 
	0.0014 
	0.0000 

	
	
	P1-4
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0000 
	0.0000 

	
	
	P2-1
	0.0044 
	0.0044 
	0.0044 
	0.0044 
	0.0044 
	0.0044 
	0.0025 
	0.0000 

	
	
	P2-2
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0004 
	0.0002 
	0.0000 

	
	
	P2-3
	0.0089 
	0.0089 
	0.0089 
	0.0089 
	0.0089 
	0.0089 
	0.0051 
	0.0000 

	
	Social pressure
	P2-4
	0.0059 
	0.0059 
	0.0059 
	0.0059 
	0.0059 
	0.0059 
	0.0059 
	0.0059 

	
	
	P3-1
	0.0123 
	0.0123 
	0.0123 
	0.0123 
	0.0123 
	0.0123 
	0.0123 
	0.0133 

	
	
	P3-2
	0.0024 
	0.0046 
	0.0060 
	0.0061 
	0.0068 
	0.0074 
	0.0077 
	0.0086 

	
	
	P3-3
	0.0155 
	0.0175 
	0.0195 
	0.0195 
	0.0191 
	0.0193 
	0.0185 
	0.0173 

	
	
	P3-4
	0.0024 
	0.0000 
	0.0028 
	0.0037 
	0.0040 
	0.0044 
	0.0035 
	0.0037 

	
	
	P3-5
	0.0005 
	0.0005 
	0.0000 
	0.0007 
	0.0015 
	0.0016 
	0.0025 
	0.0033 

	
	
	P3-6
	0.0019 
	0.0019 
	0.0019 
	0.0019 
	0.0019 
	0.0019 
	0.0011 
	0.0000 



Table. S11. Longnan RECC data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions

	S1-1
	0.0373 
	0.0385 
	0.0396 
	0.0352 
	0.0324 
	0.0296 
	0.0267 
	0.0239 

	
	
	S1-2
	0.0406 
	0.0421 
	0.0406 
	0.0421 
	0.0436 
	0.0377 
	0.0348 
	0.0436 

	
	
	S1-3
	0.0253 
	0.0248 
	0.0257 
	0.0253 
	0.0248 
	0.0255 
	0.0242 
	0.0240 

	
	
	S2-1
	0.0675 
	0.0645 
	0.0593 
	0.0681 
	0.0738 
	0.0597 
	0.0464 
	0.0767 

	
	
	S2-2
	0.0146 
	0.0148 
	0.0146 
	0.0148 
	0.0146 
	0.0145 
	0.0143 
	0.0145 

	
	Resource Endowment
	S2-3
	0.0031 
	0.0024 
	0.0022 
	0.0014 
	0.0010 
	0.0005 
	0.0003 
	0.0000 

	
	
	S2-4
	0.0053 
	0.0053 
	0.0053 
	0.0054 
	0.0054 
	0.0034 
	0.0034 
	0.0054 

	
	
	S2-5
	0.0757 
	0.0757 
	0.0757 
	0.0757 
	0.0757 
	0.0757 
	0.0757 
	0.0757 

	
	
	S2-6
	0.0174 
	0.0184 
	0.0170 
	0.0189 
	0.0207 
	0.0171 
	0.0150 
	0.0230 

	
	Environmental Governance
	S3-1
	0.0212 
	0.0191 
	0.0166 
	0.0173 
	0.0261 
	0.0258 
	0.0254 
	0.0248 

	
	
	S3-2
	0.0369 
	0.0364 
	0.0357 
	0.0324 
	0.0312 
	0.0290 
	0.0286 
	0.0293 

	
	
	S3-3
	0.0389 
	0.0373 
	0.0367 
	0.0343 
	0.0294 
	0.0276 
	0.0240 
	0.0289 

	
	
	S3-4
	0.0138 
	0.0125 
	0.0179 
	0.0152 
	0.0125 
	0.0111 
	0.0003 
	0.0003 

	
	Economic Development
	S4-1
	0.0464 
	0.0456 
	0.0317 
	0.0225 
	0.0121 
	0.0117 
	0.0108 
	0.0077 

	
	
	S4-2
	0.0163 
	0.0179 
	0.0136 
	0.0119 
	0.0102 
	0.0091 
	0.0077 
	0.0060 

	
	
	S4-3
	0.0451 
	0.0451 
	0.0451 
	0.0451 
	0.0451 
	0.0451 
	0.0451 
	0.0451 

	Pressure
	Social pressure
	P1-1
	0.0072 
	0.0072 
	0.0072 
	0.0072 
	0.0064 
	0.0072 
	0.0072 
	0.0036 

	
	
	P1-2
	0.0524 
	0.0524 
	0.0524 
	0.0524 
	0.0464 
	0.0524 
	0.0524 
	0.0262 

	
	
	P1-3
	0.1331 
	0.1331 
	0.1331 
	0.1331 
	0.1178 
	0.1331 
	0.1331 
	0.0666 

	
	
	P1-4
	0.0983 
	0.0983 
	0.0983 
	0.0983 
	0.0869 
	0.0983 
	0.0983 
	0.0491 

	
	
	P2-1
	0.0085 
	0.0085 
	0.0085 
	0.0085 
	0.0075 
	0.0085 
	0.0085 
	0.0043 

	
	
	P2-2
	0.0010 
	0.0010 
	0.0010 
	0.0010 
	0.0009 
	0.0010 
	0.0010 
	0.0005 

	
	
	P2-3
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0000 

	
	Social pressure
	P2-4
	0.0598 
	0.0598 
	0.0598 
	0.0598 
	0.0598 
	0.0598 
	0.0598 
	0.0598 

	
	
	P3-1
	0.0158 
	0.0158 
	0.0158 
	0.0159 
	0.0159 
	0.0151 
	0.0141 
	0.0123 

	
	
	P3-2
	0.0085 
	0.0085 
	0.0092 
	0.0092 
	0.0096 
	0.0103 
	0.0103 
	0.0097 

	
	
	P3-3
	0.0042 
	0.0041 
	0.0040 
	0.0037 
	0.0035 
	0.0033 
	0.0031 
	0.0029 

	
	
	P3-4
	0.0036 
	0.0040 
	0.0041 
	0.0040 
	0.0039 
	0.0039 
	0.0039 
	0.0040 

	
	
	P3-5
	0.0028 
	0.0020 
	0.0025 
	0.0030 
	0.0040 
	0.0044 
	0.0048 
	0.0052 

	
	
	P3-6
	0.0067 
	0.0067 
	0.0067 
	0.0067 
	0.0059 
	0.0067 
	0.0067 
	0.0033 



Table. S12. Mianning RECC data.
	System
	Criteria layer
	Indicators (units) 
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions

	S1-1
	0.0319 
	0.0347 
	0.0368 
	0.0352 
	0.0364 
	0.0352 
	0.0357 
	0.0338 

	
	
	S1-2
	0.0465 
	0.0421 
	0.0436 
	0.0450 
	0.0421 
	0.0450 
	0.0392 
	0.0465 

	
	
	S1-3
	0.0240 
	0.0226 
	0.0242 
	0.0218 
	0.0222 
	0.0200 
	0.0226 
	0.0191 

	
	
	S2-1
	0.0481 
	0.0511 
	0.0297 
	0.0531 
	0.0457 
	0.0526 
	0.0555 
	0.0593 

	
	
	S2-2
	0.0093 
	0.0093 
	0.0093 
	0.0093 
	0.0094 
	0.0036 
	0.0020 
	0.0036 

	
	Resource Endowment
	S2-3
	0.0306 
	0.0276 
	0.0258 
	0.0252 
	0.0251 
	0.0241 
	0.0231 
	0.0215 

	
	
	S2-4
	0.0037 
	0.0037 
	0.0038 
	0.0030 
	0.0039 
	0.0039 
	0.0040 
	0.0040 

	
	
	S2-5
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	S2-6
	0.0364 
	0.0355 
	0.0347 
	0.0358 
	0.0369 
	0.0359 
	0.0368 
	0.0517 

	
	Environmental Governance
	S3-1
	0.0196 
	0.0189 
	0.0175 
	0.0172 
	0.0200 
	0.0192 
	0.0184 
	0.0206 

	
	
	S3-2
	0.0249 
	0.0235 
	0.0226 
	0.0194 
	0.0317 
	0.0299 
	0.0286 
	0.0289 

	
	
	S3-3
	0.0300 
	0.0289 
	0.0276 
	0.0232 
	0.0364 
	0.0364 
	0.0355 
	0.0339 

	
	
	S3-4
	0.0599 
	0.0938 
	0.1006 
	0.0959 
	0.0803 
	0.0674 
	0.0593 
	0.0498 

	
	Economic Development
	S4-1
	0.0280 
	0.0214 
	0.0158 
	0.0139 
	0.0113 
	0.0060 
	0.0047 
	0.0040 

	
	
	S4-2
	0.0090 
	0.0076 
	0.0070 
	0.0064 
	0.0057 
	0.0048 
	0.0038 
	0.0024 

	
	
	S4-3
	0.0055 
	0.0055 
	0.0055 
	0.0055 
	0.0055 
	0.0055 
	0.0055 
	0.0055 

	Pressure
	Social pressure
	P1-1
	0.0040 
	0.0040 
	0.0040 
	0.0040 
	0.0040 
	0.0040 
	0.0039 
	0.0000 

	
	
	P1-2
	0.0293 
	0.0293 
	0.0293 
	0.0293 
	0.0293 
	0.0293 
	0.0286 
	0.0000 

	
	
	P1-3
	0.0106 
	0.0106 
	0.0106 
	0.0106 
	0.0106 
	0.0106 
	0.0103 
	0.0000 

	
	
	P1-4
	0.0167 
	0.0167 
	0.0167 
	0.0167 
	0.0167 
	0.0167 
	0.0163 
	0.0000 

	
	Social pressure
	
	0.0422 
	0.0422 
	0.0422 
	0.0422 
	0.0422 
	0.0422 
	0.0412 
	0.0000 

	
	
	P2-1
	0.0034 
	0.0034 
	0.0034 
	0.0034 
	0.0034 
	0.0034 
	0.0033 
	0.0000 

	
	
	P2-2
	0.0854 
	0.0854 
	0.0854 
	0.0854 
	0.0854 
	0.0854 
	0.0834 
	0.0000 

	
	
	P2-3
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	Social pressure
	P2-4
	0.0215 
	0.0199 
	0.0203 
	0.0197 
	0.0222 
	0.0215 
	0.0215 
	0.0215 

	
	
	
	0.0045 
	0.0084 
	0.0084 
	0.0096 
	0.0090 
	0.0096 
	0.0095 
	0.0086 

	
	
	P3-1
	0.0127 
	0.0132 
	0.0125 
	0.0133 
	0.0126 
	0.0134 
	0.0119 
	0.0121 

	
	
	P3-2
	0.0047 
	0.0045 
	0.0065 
	0.0064 
	0.0206 
	0.0206 
	0.0281 
	0.0275 

	
	
	P3-3
	0.0056 
	0.0058 
	0.0053 
	0.0059 
	0.0062 
	0.0067 
	0.0075 
	0.0069 



Table. S13. Pingyuan RECC data.
	System
	Criteria layer
	Indicators (units) 
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions

	S1-1
	0.0436 
	0.0415 
	0.0427 
	0.0411 
	0.0434 
	0.0408 
	0.0380 
	0.0418 

	
	
	S1-2
	0.0409 
	0.0412 
	0.0421 
	0.0406 
	0.0392 
	0.0436 
	0.0377 
	0.0421 

	
	
	S1-3
	0.0290 
	0.0297 
	0.0341 
	0.0334 
	0.0316 
	0.0325 
	0.0321 
	0.0314 

	
	
	S2-1
	0.0571 
	0.0549 
	0.0586 
	0.0339 
	0.0470 
	0.0339 
	0.0374 
	0.0578 

	
	
	S2-2
	0.0190 
	0.0190 
	0.0190 
	0.0190 
	0.0190 
	0.0190 
	0.0190 
	0.0190 

	
	Resource Endowment
	S2-3
	0.0370 
	0.0370 
	0.0367 
	0.0367 
	0.0366 
	0.0366 
	0.0365 
	0.0365 

	
	
	S2-4
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 

	
	
	S2-5
	0.0258 
	0.0258 
	0.0258 
	0.0258 
	0.0258 
	0.0258 
	0.0258 
	0.0258 

	
	
	S2-6
	0.0100 
	0.0100 
	0.0100 
	0.0098 
	0.0095 
	0.0097 
	0.0102 
	0.0096 

	
	Environmental Governance
	S3-1
	0.0196 
	0.0189 
	0.0175 
	0.0172 
	0.0200 
	0.0192 
	0.0184 
	0.0206 

	
	
	S3-2
	0.0375 
	0.0369 
	0.0366 
	0.0353 
	0.0330 
	0.0307 
	0.0264 
	0.0208 

	
	
	S3-3
	0.0389 
	0.0389 
	0.0389 
	0.0389 
	0.0389 
	0.0389 
	0.0389 
	0.0389 

	
	
	S3-4
	0.0050 
	0.0037 
	0.0023 
	0.0030 
	0.0023 
	0.0030 
	0.0023 
	0.0030 

	
	Economic Development
	S4-1
	0.0515 
	0.0498 
	0.0466 
	0.0394 
	0.0327 
	0.0236 
	0.0187 
	0.0113 

	
	
	S4-2
	0.0048 
	0.0042 
	0.0038 
	0.0035 
	0.0025 
	0.0016 
	0.0006 
	0.0000 

	
	
	S4-3
	0.0048 
	0.0048 
	0.0048 
	0.0048 
	0.0048 
	0.0048 
	0.0048 
	0.0048 

	Pressure
	Social pressure
	P1-1
	0.0041 
	0.0041 
	0.0041 
	0.0041 
	0.0041 
	0.0041 
	0.0041 
	0.0022 

	
	
	P1-2
	0.0295 
	0.0295 
	0.0295 
	0.0295 
	0.0295 
	0.0295 
	0.0295 
	0.0161 

	
	
	P1-3
	0.0007 
	0.0007 
	0.0007 
	0.0007 
	0.0007 
	0.0007 
	0.0007 
	0.0004 

	
	
	P1-4
	0.0227 
	0.0227 
	0.0227 
	0.0227 
	0.0227 
	0.0227 
	0.0227 
	0.0124 

	
	Social pressure
	
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0011 
	0.0006 

	
	
	P2-1
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 

	
	
	P2-2
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	P2-3
	0.0433 
	0.0433 
	0.0433 
	0.0433 
	0.0433 
	0.0433 
	0.0433 
	0.0433 

	
	Social pressure
	P2-4
	0.0000 
	0.0031 
	0.0041 
	0.0041 
	0.0045 
	0.0054 
	0.0064 
	0.0078 

	
	
	
	0.0000 
	0.0003 
	0.0010 
	0.0032 
	0.0028 
	0.0044 
	0.0047 
	0.0058 

	
	
	P3-1
	0.0086 
	0.0050 
	0.0045 
	0.0046 
	0.0081 
	0.0036 
	0.0099 
	0.0109 

	
	
	P3-2
	0.0037 
	0.0036 
	0.0039 
	0.0039 
	0.0037 
	0.0037 
	0.0036 
	0.0036 

	
	
	P3-3
	0.0043 
	0.0040 
	0.0037 
	0.0038 
	0.0041 
	0.0045 
	0.0049 
	0.0071 



Table. S14. Chongzuo RECC data.
	System
	Criteria layer
	Indicators (units) 
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions

	S1-1
	0.0462 
	0.0462 
	0.0462 
	0.0450 
	0.0455 
	0.0457 
	0.0460 
	0.0453 

	
	
	S1-2
	0.0472 
	0.0469 
	0.0479 
	0.0465 
	0.0436 
	0.0392 
	0.0465 
	0.0450 

	
	
	S1-3
	0.0327 
	0.0323 
	0.0324 
	0.0332 
	0.0327 
	0.0327 
	0.0330 
	0.0325 

	
	
	S2-1
	0.0464 
	0.0444 
	0.0477 
	0.0391 
	0.0431 
	0.0486 
	0.0464 
	0.0408 

	
	
	S2-2
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	Resource Endowment
	S2-3
	0.0247 
	0.0246 
	0.0245 
	0.0243 
	0.0243 
	0.0243 
	0.0241 
	0.0238 

	
	
	S2-4
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	S2-5
	0.0493 
	0.0493 
	0.0493 
	0.0215 
	0.0376 
	0.0188 
	0.0254 
	0.0334 

	
	
	S2-6
	0.0254 
	0.0254 
	0.0254 
	0.0187 
	0.0236 
	0.0298 
	0.0268 
	0.0267 

	
	Environmental Governance
	S3-1
	0.0214 
	0.0223 
	0.0215 
	0.0181 
	0.0162 
	0.0167 
	0.0061 
	0.0000 

	
	
	S3-2
	0.0325 
	0.0356 
	0.0350 
	0.0000 
	0.0034 
	0.0042 
	0.0096 
	0.0098 

	
	
	S3-3
	0.0388 
	0.0389 
	0.0389 
	0.0047 
	0.0038 
	0.0000 
	0.0034 
	0.0056 

	
	
	S3-4
	0.0003 
	0.0000 
	0.0009 
	0.0016 
	0.0030 
	0.0016 
	0.0023 
	0.0009 

	
	Economic Development
	S4-1
	0.0560 
	0.0508 
	0.0185 
	0.0078 
	0.0057 
	0.0053 
	0.0048 
	0.0037 

	
	
	S4-2
	0.0259 
	0.0246 
	0.0206 
	0.0156 
	0.0136 
	0.0129 
	0.0113 
	0.0099 

	
	
	S4-3
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	Pressure
	Social pressure
	P1-1
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	P1-2
	0.0002 
	0.0002 
	0.0002 
	0.0002 
	0.0002 
	0.0001 
	0.0002 
	0.0002 

	
	
	P1-3
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0002 

	
	
	P1-4
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 

	
	Social pressure
	
	0.0005 
	0.0005 
	0.0005 
	0.0005 
	0.0005 
	0.0003 
	0.0005 
	0.0006 

	
	
	P2-1
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0001 
	0.0000 
	0.0001 
	0.0001 

	
	
	P2-2
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	
	
	P2-3
	0.0039 
	0.0039 
	0.0039 
	0.0039 
	0.0039 
	0.0039 
	0.0039 
	0.0039 

	
	Social pressure
	P2-4
	0.0035 
	0.0056 
	0.0035 
	0.0121 
	0.0085 
	0.0075 
	0.0022 
	0.0082 

	
	
	
	0.0065 
	0.0067 
	0.0068 
	0.0055 
	0.0041 
	0.0050 
	0.0049 
	0.0043 

	
	
	P3-1
	0.0101 
	0.0086 
	0.0094 
	0.0101 
	0.0000 
	0.0091 
	0.0089 
	0.0085 

	
	
	P3-2
	0.0024 
	0.0025 
	0.0025 
	0.0025 
	0.0026 
	0.0025 
	0.0025 
	0.0026 

	
	
	P3-3
	0.0051 
	0.0056 
	0.0058 
	0.0064 
	0.0067 
	0.0077 
	0.0080 
	0.0084 
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Table. S15. Bayan Obo obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions

	S1-1
	0.0870 
	0.0906 
	0.0850 
	0.0858 
	0.0903 
	0.0874 
	0.0843 
	0.0822 

	
	
	S1-2
	0.0761 
	0.0731 
	0.0775 
	0.0812 
	0.0769 
	0.0773 
	0.0749 
	0.0896 

	
	
	S1-3
	0.0654 
	0.0660 
	0.0623 
	0.0643 
	0.0644 
	0.0620 
	0.0609 
	0.0644 

	
	
	S2-1
	0.1352 
	0.1338 
	0.1387 
	0.1315 
	0.1528 
	0.1385 
	0.1442 
	0.1268 

	
	
	S2-2
	0.0384 
	0.0395 
	0.0379 
	0.0384 
	0.0364 
	0.0339 
	0.0332 
	0.0339 

	
	Resource Endowment
	S2-3
	0.0089 
	0.0089 
	0.0143 
	0.0150 
	0.0085 
	0.0107 
	0.0083 
	0.0073 

	
	
	S2-4
	0.0099 
	0.0100 
	0.0096 
	0.0095 
	0.0032 
	0.0004 
	0.0002 
	0.0023 

	
	
	S2-5
	0.1390 
	0.1428 
	0.1370 
	0.1391 
	0.1518 
	0.1493 
	0.1447 
	0.1402 

	
	
	S2-6
	0.0947 
	0.0972 
	0.0933 
	0.0946 
	0.1025 
	0.0992 
	0.0967 
	0.0948 

	
	Environmental Governance
	S3-1
	0.0211 
	0.0234 
	0.0277 
	0.0312 
	0.0025 
	0.0056 
	0.0219 
	0.0235 

	
	
	S3-2
	0.0113 
	0.0116 
	0.0141 
	0.0176 
	0.0122 
	0.0151 
	0.0149 
	0.0166 

	
	
	S3-3
	0.0087 
	0.0094 
	0.0117 
	0.0124 
	0.0088 
	0.0083 
	0.0105 
	0.0074 

	
	
	S3-4
	0.1592 
	0.1719 
	0.1673 
	0.1418 
	0.1495 
	0.1751 
	0.1646 
	0.1703 

	
	Economic Development
	S4-1
	0.0906 
	0.0944 
	0.0929 
	0.0974 
	0.1068 
	0.1067 
	0.1052 
	0.1043 

	
	
	S4-2
	0.0456 
	0.0089 
	0.0205 
	0.0264 
	0.0266 
	0.0271 
	0.0318 
	0.0309 

	
	
	S4-3
	0.0087 
	0.0185 
	0.0104 
	0.0138 
	0.0069 
	0.0035 
	0.0036 
	0.0056 



Table. S16. Weishan obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0537 
	0.0551 
	0.0528 
	0.0526 
	0.0518 
	0.0502 
	0.0495 
	0.0491 

	
	
	S1-2
	0.0474 
	0.0447 
	0.0420 
	0.0361 
	0.0348 
	0.0336 
	0.0333 
	0.0371 

	
	
	S1-3
	0.0303 
	0.0314 
	0.0301 
	0.0307 
	0.0291 
	0.0263 
	0.0269 
	0.0292 

	
	
	S2-1
	0.0994 
	0.0883 
	0.0882 
	0.0856 
	0.0948 
	0.0987 
	0.0934 
	0.0971 

	
	
	S2-2
	0.0073 
	0.0075 
	0.0245 
	0.0244 
	0.0208 
	0.0194 
	0.0191 
	0.0201 

	
	Resource Endowment
	S2-3
	0.0696 
	0.0714 
	0.0684 
	0.0682 
	0.0689 
	0.0676 
	0.0666 
	0.0654 

	
	
	S2-4
	0.0976 
	0.1001 
	0.0960 
	0.0956 
	0.0990 
	0.0978 
	0.0964 
	0.0938 

	
	
	S2-5
	0.1173 
	0.1203 
	0.1154 
	0.1150 
	0.1202 
	0.1192 
	0.1175 
	0.1139 

	
	
	S2-6
	0.0823 
	0.0845 
	0.0760 
	0.0807 
	0.0771 
	0.0758 
	0.0746 
	0.0730 

	
	Environmental Governance
	S3-1
	0.0240 
	0.0252 
	0.0233 
	0.0258 
	0.0020 
	0.0045 
	0.0178 
	0.0191 

	
	
	S3-2
	0.0081 
	0.0090 
	0.0088 
	0.0092 
	0.0033 
	0.0041 
	0.0050 
	0.0071 

	
	
	S3-3
	0.0089 
	0.0097 
	0.0099 
	0.0103 
	0.0069 
	0.0066 
	0.0085 
	0.0060 

	
	
	S3-4
	0.1263 
	0.1243 
	0.1234 
	0.1182 
	0.1292 
	0.1290 
	0.1215 
	0.1202 

	
	Economic Development
	S4-1
	0.0292 
	0.0368 
	0.0434 
	0.0481 
	0.0524 
	0.0576 
	0.0607 
	0.0627 

	
	
	S4-2
	0.0810 
	0.0708 
	0.0820 
	0.0842 
	0.0891 
	0.0898 
	0.0913 
	0.0918 

	
	
	S4-3
	0.1177 
	0.1208 
	0.1158 
	0.1154 
	0.1206 
	0.1197 
	0.1179 
	0.1144 



Table. S17. Longnan obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0283 
	0.0256 
	0.0222 
	0.0301 
	0.0314 
	0.0336 
	0.0363 
	0.0461 

	
	
	S1-2
	0.0249 
	0.0217 
	0.0236 
	0.0203 
	0.0117 
	0.0205 
	0.0244 
	0.0110 

	
	
	S1-3
	0.0280 
	0.0286 
	0.0257 
	0.0259 
	0.0218 
	0.0173 
	0.0184 
	0.0223 

	
	
	S2-1
	0.0288 
	0.0345 
	0.0430 
	0.0255 
	0.0086 
	0.0342 
	0.0564 
	0.0025 

	
	
	S2-2
	0.0522 
	0.0514 
	0.0494 
	0.0480 
	0.0458 
	0.0422 
	0.0393 
	0.0435 

	
	Resource Endowment
	S2-3
	0.0951 
	0.0955 
	0.0918 
	0.0911 
	0.0944 
	0.0898 
	0.0835 
	0.0908 

	
	
	S2-4
	0.1769 
	0.1751 
	0.1674 
	0.1636 
	0.1739 
	0.1701 
	0.1572 
	0.1637 

	
	
	S2-5
	0.0102 
	0.0101 
	0.0097 
	0.0095 
	0.0026 
	0.0000 
	0.0000 
	0.0025 

	
	
	S2-6
	0.0795 
	0.0766 
	0.0759 
	0.0708 
	0.0669 
	0.0697 
	0.0684 
	0.0586 

	
	Environmental Governance
	S3-1
	0.0347 
	0.0384 
	0.0416 
	0.0393 
	0.0176 
	0.0150 
	0.0146 
	0.0190 

	
	
	S3-2
	0.0115 
	0.0125 
	0.0131 
	0.0191 
	0.0157 
	0.0173 
	0.0168 
	0.0187 

	
	
	S3-3
	0.0102 
	0.0135 
	0.0139 
	0.0181 
	0.0224 
	0.0229 
	0.0279 
	0.0222 

	
	
	S3-4
	0.1858 
	0.1866 
	0.1680 
	0.1693 
	0.1860 
	0.1804 
	0.1871 
	0.1990 

	
	Economic Development
	S4-1
	0.0296 
	0.0311 
	0.0562 
	0.0722 
	0.0940 
	0.0894 
	0.0843 
	0.0972 

	
	
	S4-2
	0.1237 
	0.1192 
	0.1222 
	0.1226 
	0.1320 
	0.1276 
	0.1207 
	0.1325 

	
	
	S4-3
	0.0805 
	0.0797 
	0.0762 
	0.0745 
	0.0749 
	0.0700 
	0.0648 
	0.0705 



Table. S18. Mianning obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0327 
	0.0289 
	0.0242 
	0.0272 
	0.0211 
	0.0208 
	0.0194 
	0.0247 

	
	
	S1-2
	0.0110 
	0.0189 
	0.0158 
	0.0135 
	0.0134 
	0.0055 
	0.0160 
	0.0049 

	
	
	S1-3
	0.0256 
	0.0287 
	0.0251 
	0.0294 
	0.0249 
	0.0266 
	0.0210 
	0.0292 

	
	
	S2-1
	0.0567 
	0.0534 
	0.0874 
	0.0485 
	0.0612 
	0.0455 
	0.0389 
	0.0336 

	
	
	S2-2
	0.0525 
	0.0543 
	0.0523 
	0.0528 
	0.0518 
	0.0600 
	0.0613 
	0.0597 

	
	Resource Endowment
	S2-3
	0.0330 
	0.0393 
	0.0409 
	0.0422 
	0.0402 
	0.0396 
	0.0404 
	0.0448 

	
	
	S2-4
	0.1504 
	0.1553 
	0.1495 
	0.1521 
	0.1616 
	0.1583 
	0.1538 
	0.1531 

	
	
	S2-5
	0.1363 
	0.1408 
	0.1356 
	0.1369 
	0.1461 
	0.1430 
	0.1390 
	0.1388 

	
	
	S2-6
	0.0342 
	0.0370 
	0.0369 
	0.0354 
	0.0303 
	0.0297 
	0.0274 
	0.0023 

	
	Environmental Governance
	S3-1
	0.0315 
	0.0338 
	0.0349 
	0.0358 
	0.0276 
	0.0265 
	0.0273 
	0.0250 

	
	
	S3-2
	0.0299 
	0.0332 
	0.0335 
	0.0393 
	0.0135 
	0.0145 
	0.0164 
	0.0179 

	
	
	S3-3
	0.0237 
	0.0262 
	0.0276 
	0.0352 
	0.0072 
	0.0048 
	0.0064 
	0.0114 

	
	
	S3-4
	0.0772 
	0.0206 
	0.0085 
	0.0166 
	0.0410 
	0.0627 
	0.0759 
	0.0939 

	
	Economic Development
	S4-1
	0.0558 
	0.0692 
	0.0760 
	0.0799 
	0.0874 
	0.0944 
	0.0943 
	0.0960 

	
	
	S4-2
	0.1155 
	0.1218 
	0.1184 
	0.1205 
	0.1290 
	0.1277 
	0.1259 
	0.1284 

	
	
	S4-3
	0.1341 
	0.1385 
	0.1334 
	0.1347 
	0.1436 
	0.1405 
	0.1366 
	0.1364 



Table. S19. Pingyuan obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0133 
	0.0167 
	0.0148 
	0.0165 
	0.0074 
	0.0097 
	0.0143 
	0.0099 

	
	
	S1-2
	0.0209 
	0.0201 
	0.0187 
	0.0199 
	0.0180 
	0.0078 
	0.0178 
	0.0123 

	
	
	S1-3
	0.0176 
	0.0162 
	0.0087 
	0.0093 
	0.0067 
	0.0028 
	0.0035 
	0.0068 

	
	
	S2-1
	0.0428 
	0.0461 
	0.0398 
	0.0775 
	0.0559 
	0.0771 
	0.0686 
	0.0350 

	
	
	S2-2
	0.0373 
	0.0368 
	0.0370 
	0.0348 
	0.0320 
	0.0296 
	0.0287 
	0.0307 

	
	Resource Endowment
	S2-3
	0.0227 
	0.0224 
	0.0232 
	0.0218 
	0.0177 
	0.0153 
	0.0151 
	0.0172 

	
	
	S2-4
	0.1611 
	0.1588 
	0.1597 
	0.1501 
	0.1608 
	0.1578 
	0.1531 
	0.1543 

	
	
	S2-5
	0.0957 
	0.0943 
	0.0948 
	0.0891 
	0.0927 
	0.0900 
	0.0873 
	0.0890 

	
	
	S2-6
	0.0813 
	0.0801 
	0.0806 
	0.0760 
	0.0786 
	0.0756 
	0.0726 
	0.0753 

	
	Environmental Governance
	S3-1
	0.0325 
	0.0332 
	0.0358 
	0.0342 
	0.0263 
	0.0252 
	0.0260 
	0.0241 

	
	
	S3-2
	0.0088 
	0.0098 
	0.0103 
	0.0118 
	0.0104 
	0.0123 
	0.0195 
	0.0313 

	
	
	S3-3
	0.0088 
	0.0087 
	0.0087 
	0.0082 
	0.0023 
	0.0000 
	0.0000 
	0.0022 

	
	
	S3-4
	0.1750 
	0.1747 
	0.1781 
	0.1663 
	0.1801 
	0.1758 
	0.1718 
	0.1717 

	
	Economic Development
	S4-1
	0.0167 
	0.0194 
	0.0249 
	0.0351 
	0.0444 
	0.0584 
	0.0652 
	0.0798 

	
	
	S4-2
	0.1263 
	0.1255 
	0.1269 
	0.1198 
	0.1287 
	0.1274 
	0.1254 
	0.1279 

	
	
	S4-3
	0.1393 
	0.1373 
	0.1380 
	0.1297 
	0.1381 
	0.1352 
	0.1312 
	0.1325 



Table. S20. Chongzuo obstacle degree analysis data.
	System
	Criteria layer
	Indicators (units)
	2019
	2018
	2017
	2016
	2015
	2014
	2013
	2012

	Support
	Climate Conditions
	S1-1
	0.0091 
	0.0090 
	0.0085 
	0.0086 
	0.0031 
	0.0007 
	0.0004 
	0.0033 

	
	
	S1-2
	0.0104 
	0.0109 
	0.0085 
	0.0090 
	0.0087 
	0.0136 
	0.0023 
	0.0063 

	
	
	S1-3
	0.0115 
	0.0122 
	0.0114 
	0.0082 
	0.0040 
	0.0021 
	0.0017 
	0.0042 

	
	
	S2-1
	0.0638 
	0.0668 
	0.0576 
	0.0589 
	0.0542 
	0.0439 
	0.0478 
	0.0562 

	
	
	S2-2
	0.0731 
	0.0724 
	0.0684 
	0.0559 
	0.0570 
	0.0554 
	0.0559 
	0.0554 

	
	Resource Endowment
	S2-3
	0.0459 
	0.0457 
	0.0434 
	0.0356 
	0.0342 
	0.0325 
	0.0332 
	0.0340 

	
	
	S2-4
	0.1677 
	0.1661 
	0.1569 
	0.1282 
	0.1384 
	0.1372 
	0.1385 
	0.1344 

	
	
	S2-5
	0.0570 
	0.0564 
	0.0533 
	0.0819 
	0.0613 
	0.0890 
	0.0794 
	0.0658 

	
	
	S2-6
	0.0566 
	0.0561 
	0.0530 
	0.0525 
	0.0456 
	0.0342 
	0.0392 
	0.0396 

	
	Environmental Governance
	S3-1
	0.0306 
	0.0286 
	0.0284 
	0.0280 
	0.0285 
	0.0259 
	0.0429 
	0.0522 

	
	
	S3-2
	0.0183 
	0.0126 
	0.0129 
	0.0589 
	0.0550 
	0.0522 
	0.0441 
	0.0439 

	
	
	S3-3
	0.0094 
	0.0090 
	0.0085 
	0.0543 
	0.0566 
	0.0609 
	0.0561 
	0.0522 

	
	
	S3-4
	0.1905 
	0.1892 
	0.1771 
	0.1438 
	0.1538 
	0.1549 
	0.1552 
	0.1525 

	
	Economic Development
	S4-1
	0.0091 
	0.0184 
	0.0721 
	0.0736 
	0.0801 
	0.0793 
	0.0808 
	0.0810 

	
	
	S4-2
	0.0932 
	0.0946 
	0.0961 
	0.0854 
	0.0934 
	0.0932 
	0.0965 
	0.0963 

	
	
	S4-3
	0.1535 
	0.1520 
	0.1436 
	0.1173 
	0.1261 
	0.1249 
	0.1261 
	0.1226 



[bookmark: _Toc93843636]10. Mine RECC Index in 2012-2019.
Table. S21. Mine RECC Index in 2012-2019.
	county
	years
	Pressure index
	Support index
	RECC index
	county
	years
	Pressure index
	Support index
	RECC index

	Bayan Obo
	2019
	0.5253
	0.4188
	1.2543
	Mianning
	2019
	0.2596 
	0.4073 
	0.6373 

	
	2018
	0.5139
	0.4343
	1.1833
	
	2018
	0.2622 
	0.4264 
	0.6149 

	
	2017
	0.5151
	0.4105
	1.2547
	
	2017
	0.2632 
	0.4044 
	0.6510 

	
	2016
	0.5239
	0.4191
	1.2500
	
	2016
	0.2651 
	0.4099 
	0.6468 

	
	2015
	0.6262
	0.4926
	1.2711
	
	2015
	0.2816 
	0.4731 
	0.5952 

	
	2014
	0.5335
	0.4927
	1.0827
	
	2014
	0.2828 
	0.4704 
	0.6011 

	
	2013
	0.4895
	0.4767
	1.0268
	
	2013
	0.2844 
	0.4553 
	0.6246 

	
	2012
	0.3382
	0.4510
	0.7498
	
	2012
	0.2821 
	0.4451 
	0.6338 

	Weishan
	2019
	0.0993
	0.3112
	0.3191
	Pingyuan
	2019
	0.1545 
	0.4247 
	0.3637 

	
	2018
	0.1011
	0.3287
	0.3077
	
	2018
	0.1540 
	0.4162 
	0.3699 

	
	2017
	0.1069
	0.2997
	0.3566
	
	2017
	0.1552 
	0.4195 
	0.3699 

	
	2016
	0.1084
	0.2973
	0.3647
	
	2016
	0.1577 
	0.3823 
	0.4124 

	
	2015
	0.1099
	0.3593
	0.3059
	
	2015
	0.1606 
	0.4471 
	0.3591 

	
	2014
	0.1113
	0.3648
	0.3052
	
	2014
	0.1577 
	0.4446 
	0.3546 

	
	2013
	0.1016
	0.3553
	0.2859
	
	2013
	0.1653 
	0.4278 
	0.3864 

	
	2012
	0.0910
	0.3241
	0.2808
	
	2012
	0.1439 
	0.4241 
	0.3393 

	Longnan
	2019
	0.4281
	0.5056
	0.8467
	Chongzuo
	2019
	0.0384 
	0.4468 
	0.0860 

	
	2018
	0.4276
	0.5004
	0.8545
	
	2018
	0.0398 
	0.4414 
	0.0902 

	
	2017
	0.4290
	0.4776
	0.8983
	
	2017
	0.0388 
	0.4087 
	0.0949 

	
	2016
	0.4290
	0.4657
	0.9212
	
	2016
	0.0472 
	0.2763 
	0.1709 

	
	2015
	0.3944
	0.5193
	0.7595
	
	2015
	0.0324 
	0.3568 
	0.0908 

	
	2014
	0.4297
	0.5040
	0.8526
	
	2014
	0.0416 
	0.3608 
	0.1154 

	
	2013
	0.4287
	0.4636
	0.9248
	
	2013
	0.0368 
	0.3665 
	0.1003 

	
	2012
	0.2729
	0.4894
	0.5575
	
	2012
	0.0424 
	0.3381 
	0.1253 
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