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Variances in the natural-environmental and artificial factors of the mining industry and of mining 
production were analyzed to achieve scientifically the ecological restoration of the Lu’an mining land 
system. The eco-environmental pressure of the evaluation index system was established. Each unit of 
land system was exposed to a different eco-environmental pressure, which resulted in differences in 
land eco-function performance. The land system can be categorized into the productive, protective, 
consumptive, and mixed land types based on eco-environmental performance. The Lu’an mining area 
was divided into four regions, namely, the uncultivated land consumptive zone (23.33 km

2
, 4.09%), the 

wetland and mining subsidence protective zone (109.23 km
2
, 19.16%), the flatland productive zone 

(373.89 km
2
, 65.57%), and the artificial mixed zone (63.76 km

2
, 11.18%), and a total of eleven eco-

function types. The regions’ area ratios were 6.50, 19.16, 8.77, and 65.57%, respectively. Productive and 
consumptive land was oversized, whereas mixed and protective land was very small, indicating an 
undesirable land use system. Based on the analysis, an integrated model involving 19 models (e.g, 
shrub and grassland rehabilitation, steep slope protection, ecological village building model, etc.) was 
proposed for the development of the local eco-environment based on the eco-function type of mining 
land. 
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INTRODUCTION 
 
Human activities have significantly affected most 
ecosystems of the earth (Vejre et al., 2010; Anand et al., 
2010). Substantial alterations in the terrestrial biosphere 
have occurred because of the rapid expansion of the 
human population, unabated economic development, and 
associated processes such as deforestation, 
environmental pollution, and contamination (Parrota and 
Knowles, 2001; Bradshaw, 1997). The expansion of 
industrialization entails massive energy generation for 
which huge quantities of coal need to be extracted 
through mining, causing extensive landscape  destruction 

(Wang et al., 2009; Demirel et al., 2011). In China, the 
estimated wasteland produced by mining activities alone 
is ca. 20,000 ha annually. This value is expected to 
exceed 33,000 ha in the near future (Miao and Marrs, 
2000). Therefore, the restoration of mined land should be 
given priority in the exploitation of minerals; mining 
causes the destruction of natural ecosystems through the 
removal of soil and vegetation and their burial beneath 
waste disposal sites (Pammenter and Berjak, 2000). In 
practice, the restoration of mined land can largely be 
considered as ecosystem  reconstruction.   However,  the
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lack of post-restoration monitoring and research has 
meant few opportunities to improve the theory and 
practice of ecological restoration in mining (Cook and 
Johnson, 2002). Further, mine area land reclamation and 
ecological restoration research spans numerous fields, 
such as mining, geology, geography, land use, 
environment, landscape, ecosystem, agriculture and 
forestry, biology, soil science, and social economy, 
among others, so the amount of information involved is 
huge (Fellet et al., 2011; Zhan and Sun, 2011; Chang et 
al., 2009). Therefore, the proposal of a scientific and 
integrated model of restoration for mining areas involves 
great challenges. The Lu’an mining area is located in the 
middle of the Shanxi province. Mining areas consist of 
different land use units, which are the result of long-term 
mining and other human activities that disturb the local 
environment. Each unit is exposed to different forms of 
ecological pressure and shows differences in ecological 
performance (Nichols et al., 2008; Liu and Ma, 2011). 
Land eco-function appraisal, which is based on the 
ecological performance of land units, is used for optimal 
land use selection, ecological design, and pre-
management.  

Both natural factors (topography, soil, vegetation, 
hydrology, and other elements of nature) and artificial 
factors (resource consumption, environmental pollution, 
and scale of production) are duly considered in the 
development of appraisal indices (Marchini et al., 2008; 
Jorgensen and Svirezhev, 2004; Yu and Bi, 2011). In this 
paper, the land system of the Lu’an mining area is 
categorized into four types according to the ecological 
function performance of the unit: productive type, 
protective type, consumptive type, and mixed type (Li et 
al., 2002; Zhang et al., 1999). An integrated model of 
restoration is correspondingly proposed to release the 
restoration and development of the local eco-
environment. 
 
 
MATERIALS AND METHODS 

 
Study area description  
 
The Lu’an mining area (35° 50′ N5 ′ N–36° 33′ N, 11 112°32′E–113° 
16′ E, 900 m to 1,100 m altitude) is located west of Mt. Taihang 
across five counties: Changzhi, Xiangyuan, Tunliu, Lucheng, and 
Zhangzi of Shanxi Province in China (Figure 1). The topography 
from north and west to south and east shows a changing trend for 
hilly to valley plain. Its climate is temperate and semi-humid, with a 
mean annual temperature of 10.4ºC, annual precipitation of 583.9 
mm, and annual evaporation of 1731.84 mm. The soils of the 
mining land are mainly loess soil, brown soil, drab soil, and meadow 
soil. The vegetation is of the warm temperate deciduous broad-
leaved forest zone, the coverage of which is only 8% (Wang and 
Ma, 2009). About six large coal mines (e.g, Wangzhuang, Sima, 
Wuyang, etc.) are operational in the area. Some measures such as  
the use of coal gangue and fly ash-filled ditch, coal gangue 
rehabilitation, and land reclamation after mining have been 

undertaken by local mining companies in recent years. However, 
the entire land system of the mining area remains under heavy eco-
environmental pressure, which is the cause of long-term  and  over- 
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explored coal mining, pollution, and soil erosion (Wang et al., 2007).  
 
 
Appraisal index system 

 
The eco-environmental pressure of the mining land system 
comprises mining and related activities of industries, which are 
responsible for the degradation of land and the environment. It 
comprises multi-causal and multi-dimensional factors (Fan et al., 
2007). Based on variations in the natural environment, mining 
activities, and related industries production (topography, water and 
heat distribution, soil, residential and mining settlements, gangue 
and solid waste, etc.), the eco-environmental pressure in the Lu’an 

mine land is divided into four categories: natural resources 
pressure, A1; resource consumption pressure, A2; environmental 
pollution pressure, A3; and production scale pressure, A4 (Table 1). 

 
 
Data analysis 

 
ArcGIS 9.3 and Erdas 8.4 tools were used for the data analysis and 
eco-function division. The methods used in this study were overlap, 

buffering, and statistical analysis. Satellite images, topography and 
land use data, water resources bulletin, and a statistical yearbook 
were also employed.  

 
 
Calculation of eco-environmental pressure 

 
Weights of factors 

 
In the calculation of the eco-environmental pressure in the Lu’an 
mining system, the weights of factors were assigned using AHP 
method combined with advice from experts. 

 
 
Calculation of factors 

 
All factor values were determined using standardized processing 

(Formulas 1 and 2): 
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Where, Ei is the index value of factor B, whereas in i year, Xi is the 
value of factor B in i year. Xmin is the minimum value of factor B in 
five years, whereas Xmax is the maximum value of factor B in five 
years. Formula 1 is for positive factors, whereas Formula 2 is for 
negative factors. 

For the point pressures of production scale A4, its effects on land 
units show a certain declining trend (exponential decline or linear 
decline) as the distance increases. In this paper, the index values 
were calculated with an exponential decline (Formulas 3 and 4):  

 

r

ii Mf  1

 (r=dc/d)                (3) 

 
Where, fi is the value of point pressure i’s effect on the land unit, Mi 
is the production scale pressure index i, dc is the distance between 
the center of the point pressure to the land unit for evaluation, and d  
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Table 1. Eco-environmental pressure in the Lu’an mining area. 
 

Overall goal  Criteria Criteria weights Sub-criteria Sub-criteria weights 

Total environmental 
pressure in the land 
system of the Luan 
mining area (P) 

 

Natural 
environmental 
pressure (A1) 

0.25 

Precipitation/A11 0.11 

Average annual temperature/A12 0.08 

Soil erosion module/A13 0.09 

Terrain index/A14 0.17 

N, P, K of soil/A15 0.21 

Natural vegetation coverage/A16 0.15 

Total water resources of the 
mining area/A17 

0.19 

     

 
Resource 
consumption 
pressure (A2) 

0.2 

Total water consumption/A21 0.30 

Fresh water consumption/A22 0.15 

Total fuel coal consumption/A23 0.35 

Total fuel oil consumption/A24 0.20 

     

 
Environmental 
pollution 
pressure (A3) 

0.35 

Water pollution index/A31 0.23 

Soil pollution index/A32 0.21 

Air pollution index/A33 0.24 

Surface subsidence index/A34 0.32 

     

 

Production 
scale   
pressure (A4) 

0.2 

Annual GDP output of 
mining/A41 

0.31 

Annual output capacity of 
coal/A42 

0.30 

Total population of mining 
settlements/A43 

0.20 

Total amount of gangue and solid 
waste/A44 

0.19 

 

 
 

is the influencing radius of the production scale pressure index i. A 
land unit is affected by several point pressures, which is calculated 
using Formula 4: 
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Where, F is the total value of the effect of point pressures on the 
land unit, n is the number of point pressures, and fi is the value of 
the effect of point pressures i on the land unit. 

 
 

RESULTS AND DISCUSSION 
 

Eco-function type division based on eco-
environmental pressure 
 

Each land unit showed a different eco-function in its 
exterior, such as output energy and minerals, 
environmental protection, consumed biological matters, 
and a mixture of different functions caused by different 
types of eco-environmental pressure (Zhang et al., 1999). 
Hence, the eco-function type division of the mining area 
can be based on its eco-environmental pressure. 

Resources consumption pressure (A2), environmental 
pollution pressure (A3), and production scale pressure 
(A4) were combined under artificial production pressure 
(B1). The land system can be categorized into four 
groups: productive type, protective type, consumptive 
type, and mixed type (Table 2).  

The productive and mixed land system was 
substantially affected by artificial disturbance and not so 
much by natural environmental pressure. However, in the 
protective and consumptive land system, natural 
environmental pressure was the main restrictive factor. 

 
 

Eco-function of the Lu’an mining land system 

 
The Lu’an mining land system was divided into four 
ecological zones and eleven eco-function types (Figure 
1B). The areas of the uncultivated land consumptive zone  
and wetland and mining subsidence zone were 23.33 

 

and 109.23 km
2
, which accounted for 4.09 and 19.16% of 

the total mining land, respectively. Those of the flatland 
productive zone and artificial mixed zone were 373.89 
km

2
  and  63.76   km

2
,   which   comprised   65.57%   and
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Table 2. Environmental pressure and division of the ecological function zone in the Lu’an mining area. 
 

Pressure index 
Productive land 

system 
Protective land 

system 
Consumptive 
land system 

Mixed land 

system 

Natural environmental pressure (A1) <0.4 0.6 to 0.8 >0.8 0.4 to 0.6 

Artificial pressure (B1) 0.4 to 0.6 0.2 to 0.4 <0.2 or >0.8 0.6 to 0.8 
 

Artificial pressure B1＝ (Resources consumption pressure A2 × 0.2 + Environmental pollution pressure A3 × 0.35 ) Production 

scale pressure A4 × 0.2)/0.75°. 
 

 
 

 

                                                     

 

(A) 

 

(B) 

 

(C) 

 
 
Figure 1. Location of the study region. (a), (b), and (c) represent China, Shanxi province, and the Lu’an mining area, 

respectively.  
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11.18% of the total mining land, respectively. The entire 
mining area was over-exploited with large tracks of 
productive and artificial mixed land, indicating that land 
use in the Lu’an mining area was undesirable. Therefore, 
more eco-environmental restoration strategies should be 
launched for further environmental protection of the area. 
 
 
Ecological restoration models of the Lu’an mining 
land system 
 
An integrated land system restoration model should fully 
take into account the existing mining activities in the area 
and its environmental features, especially eco-function 
performance. Under the framework of four ecological 
zones and eleven eco-function types, nineteen models 
(e.g, steep slope protection model, protected agriculture 
model, ecological village building model, etc.) were 
integrated for the ecological restoration of the Lu’an 
mining land system (Figure 1C).  
 
 
Uncultivated land consumptive zone 
 
The region comprised uncultivated land consumptive type 
(17.51 km

2
) and steep slope protective type (5.82 km

2
). 

The site conditions were harsh, dominated by natural 
environmental pressure. The restoration methods were 
mainly focused on rational rehabilitation and protection of 
existing vegetation. Four models (shrub and grassland 
rehabilitation model; steep slope protection model; 
optimization model of shrub, grass, and terraces; and soil 
and water conservation model) were used for the 
rehabilitation and protection of the local environment. 
Small-scale afforestation, slurry spray technology, and 
drought- and barren-resistant plant selection were 
adopted in the models (Fan and Liu, 2006). Vegetation 
restoration should involve a bidding strategy, change the 
use rights to uncultivated land, and mobilize various 
elements of the society for eco-environmental 
reconstruction. Investment systems may shift from 
national and collective investment to diversify patterns, 
states, collectives, individuals, and companies. 
 
 
Wetland and mining subsidence protective zone  
 
Three eco-function types can be found in the ecological 
zone: mining wasteland consumptive type, mining 
subsidence protective type, and wetland protective type. 
A series of economic and eco-environmental social 
issues, such as heavy pollution, soil erosion, and coal 
gangue caused by mining activities, was concentrated in 
this ecological zone. Six models (e.g, wetland landscape 
reconstruction, plant purification model, gangue 
comprehensive utilization patterns, etc.) were mainly 
related  to  wasteland,  mining  subsidence,  and  gangue  

 
 
 
 
comprehensive treatment. Full use of water was provided 
in mining subsidence, reconstruction of an artificial lake, 
and wetland landscape for tourism. Meanwhile, the coal  
gangue filling technique and vegetation rehabilitation can 
reduce the environmental effects of gangue, and 
subsidence plots can be controlled well. 
 
 
Comprehensive utilization and development of 
artificial mixed and flatland productive zones 
 
The region is the core of the productive zone, which has 
flat topography, convenient transportation, and abundant 
natural resources. It is a very complex land system 
interacting with long-term mining and agriculture activities 
(He et al., 1996). Eco-environmental construction should 
focus on the cycles of the mining industry and the 
development of the local eco-economy. Hence, artificial 
mixed and flatland productive zones were viewed 
holistically for ecological restoration. The region has two 
ecological zones and six eco-function types. Artificial 
pressure dominated the region. Nine models (e.g, 
protected agriculture model, ecological village building 
model, and ecological tourism model, etc.) were 
proposed for sustainable development. Ensuring the 
smooth material and energy flow of the different eco-
functions of land units is important as mining itself is a 
multi-dimensional, complex eco- economic system that 
involves resources, the environment, economy, and 
society. The optimization of ecological restoration 
strategies was focused on the achievement of a 
productive layout and eco-economic benefits. 
 
 
Conclusions 
 
An evaluation index system of the eco-environmental 
pressure in the Lu’an mining area was established in this 
paper. According to eco-environmental pressure and eco-
function performance, the mining land unit can be 
grouped into four types: productive, protective, 
consumptive, and mixed type. The Lu’an mining area was 
divided into eleven eco-function types. The overall land 
use was considered undesirable with overexploited 
natural resources. Nineteen models of ecological 
restoration (e.g, steep slope protection model, protected 
agriculture model, ecological village building model, etc) 
were integrated in the Lu’an mining land system for the 
sustainable development of the local economy, society, 
and eco-environment. The results offer a valuable 
reference for the ecological restoration of other mining 
areas in China. 
 
 
ACKNOWLEDGEMENTS  
 
This  work  was  financially  supported  by   the   Strategic 



 
 
 
 
Technology Project of CAS (XDA05060300), the Basic 
Research Program Funded Youth of Northwest A and F 
University (QN2009080) and Projects to Dr. Xue Sha  
from West Light Foundation of CAS (2009). The authors 
thank the Ansai Research Station of Soil and Water 
Conservation of the Chinese Academy of Sciences for 
conducting laboratory analysis of soil samples and for 
providing fieldwork support. Thanks are given to two 
anonymous reviewers and editors of the journal for their 
valuable comments, suggestions, and revisions of this 
manuscript. 
 
 
REFERENCES 
 
Anand MO, Krishnaswamy J, Kumar A, Bali A (2010). Sustaining 

biodiversity conservation in human-modified landscapes in the 
Western Ghats: Remnant forests matter. Biol. Conserv. 
143(10):2363-2374. 

Bradshaw A (1997). Restoration of mine lands–using natural processes. 

Ecol. Eng. 8:255-269. 
Chang JS, Yoon IH, Kim KW (2009). Heavy metal and arsenic 

accumulating fern species as potential ecological indicators in As-

contaminated abandoned mines. Ecol. Indic. 9(6):1275-1279. 
Cook JA, Johnson MS (2002). Ecological restoration of land with 

particular reference to the mining of metals and industrial minerals: A 

review of theory and practice. Environ. Rev. 10:41-71. 
Demirel N, Emil MK, Duzgun HS (2011). Surface coal mine area 

monitoring using multi-temporal high-resolution satellite imagery. Int. 

J. Coal. Geol. 86(1):3-11. 
Fan LX, Liu HP, Liu YC (2007). Environmental pressure analysis of 

urban green space system in resource type city: A case study of 

Jiaozuo, Henan Province. J Northeast. Forest. Univ. [In Chin.]. 
35(9):75-79. 

Fan LX, Liu YC (2006). Division of afforestation site type in the 

watershed of Wangjiagou West Shanxi through GIS. Fron. Forest. 
China, 1(4):419-425. 

Fellet G, Marchiol L, Vedove GD, Peressotti A (2011). Application of 

biochar on mine tailings: Effects and perspectives for land 
reclamation. Chemosphere, 83(9):1262-1267. 

He SJ, Guo HC, Wei CY  (1996). Land restoration in coal mining fields 

in China. Acta. Geog. Sin. 9(3):23-32. 
Jorgensen SE, Svirezhev YM (2004). Application of exergy as 

ecological indicator and goal function in ecological modelling Towards 

a Thermodynamic. Theory. Ecol. Syst. pp. 325-349. 
Li QY, Zheng M, Wang YS (2002). Influences of mineral resource 

exploitation on environmental quality in China. China. Min. Mag.  [In 

Chin.]. 11(2):47-51. 
Liu CH, Ma XX (2011). Analysis to driving forces of land use change in 

Lu'an mining area. Transactions of Nonferrous Metals Society of 

China, 21:s727-s732. 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 

Xu et al.          2165 
 
 
 

Marchini A, Munari C, Mistri M (2008).Functions and ecological status of 
eight Italian lagoons examined using biological traits analysis (BTA). 
Mar. Pollut. Bull. 56(6):1076-1085. 

Miao Z, Marrs R (2000). Ecological restoration and land reclamation in 
open-cast mines in Shanxi Province, China. J. Environ. Manage. 
59:205–215. 

Nichols E, Spector S, Louzada J, Larsen T, Amezquita S, Favila ME 
(2008). Ecological functions and ecosystem services provided by 
Scarabaeinae dung beetles. Biol Conserv. 141(6):1461-1474. 

Pammenter NW, Berjak P (2000). Evolutionary and ecological aspects 
of recalcitrant seed biology. Seed Sci. Res. 10:301-306. 

Parrota JA, Knowles OH (2001). Restoring tropical forests on lands 

mined for bauxite: Examples from the Brazilian Amazon. Ecol. Eng. 
17:219-239. 

Vejre H, Jensen FS, Thorsen BJ (2010). Demonstrating the importance 

of intangible ecosystem services from peri-urban landscapes. Ecol. 
Complex. 7(3):338-348. 

Wang R, Ma SC (2009). The recovery mode of soil ecology in mining 

subsidence area- A case study of Luan mine area. J. Henan. Agric. 
Sci. [In Chin.].10:61-63. 

Wang XF, Wang YJ, Du PJ (2007). Preliminary study on landscape-

scale land quality quantitative assessment in Luan mining area. J. 
Soil. Water. Conserv. [In Chin.]. 21(1):197-220.     

Wang YJ, Zhang DC, Lian DJ, Li YF, Wang XF (2009). Environment 

cumulative effects of coal exploitation and its assessment. Procedia 
Earth Planet Sci. 1(1):1072-1080.  

Yu ZY, Bi H (2011). The key problems and future direction of ecosystem 

services research. Energ Procedia 5:64-68. 
Zhan J, Sun QY (2011). Diversity of free-living nitrogen-fixing 

microorganisms in wastelands of copper mine tailings during the 

process of natural ecological restoration. J. Environ. Sci. 23(3):476-
487. 

Zhang AG, Zhang SL, Qin ZD (1999). The land ecology designing 

method and its use to desertification control in Northwestern region of 
Shanxi, China. J. Desert. Res. [In Chin.]. 19(1):46-50.     

 


