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Introduction

Coal gangue is a hazardous industrial waste that is 
produced while mining coal. Dumping this waste in cone-
shaped heaps is a common disposal method that not only 

occupies a great deal of land resource, but also causes a 
considerable threat to the surrounding environment, for 
instance through surface subsidence, impoundment, and 
soil pollution [1]. As an alternative solution, foundation 
backfi lled with coal gangue can make the best use of a 
large amount of coal gangue, consequently reducing 
environmental pollution [2]. Furthermore, backfi ll 
engineering would help mining areas dispose of coal 
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Abstract

The landscape of a coal gangue backfi lling reclamation region in the Yang Quan First mine has expe-
rienced remarkable land backfi lling reclamation over the past few decades. Effective management strate-
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– The artifi cial reclamation project disturbed the landscape so that patching and ecological stability 
has changed. 

– The vegetation landscape patch indices all decreased during the study period, showing that the rec-
lamation had a greater impact on the vegetation. 

– The comprehensive index of ecological effects of landscape ecology was 0.3615, showing that the 
area’s landscape remained stable during the study period. 

– Backfi ll landscape stability is lowest, which indicates that landscape stability is mainly affected by 
human disturbance, while the infl uence of natural and semi natural landscapes is relatively low.
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gangue in order to improve the ecological environment 
and enhance land use [3, 4].

Currently for coal gangue backfi ll reclamation in 
China, the main methods are highly concentrated on 
agricultural land or construction [5]. Its negative effects 
become increasingly prominent and instead we have 
been focusing on ecological restoration and landscape 
construction [6]. Under the traditional ecological 
viewpoint, the stability of a state can be evaluated by 
three different stability properties: constancy, persistence, 
and resilience [7]. In recent decades, a large amount of 

ecological research has focused on the characterization and 
modeling of temporal and spatial patterns of land mosaics 
with a landscape perspective [8-9]. Landscape ecology 
deals with landscape pattern, function, and dynamics [10, 
11]. We will use several methods and tools that have been 
developed in recent decades to detect landscape dynamics 
and function and to explore the interaction between 
landscape pattern and ecological advances [12, 13]. These 
methods, such as landscape metrics and Markov chain 
models, are mainly used to characterize and monitor the 
dynamics of landscape patterns [14].

Fig. 1. Location of the study area a) map of China, b) map of Shan Xi Province, c) map of Yang Quan, and d) map of backfi ll reclamation 
area.
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Coal gangue backfi ll reclamation is a process that 
completely reshapes landforms using artifi cial engineering. 
It layers the coal gangue and covered soil in a low-lying 
area that’s been drained and dredged [15]. Landforms will 
give rise to transformation after backfi ll engineering is 
fi nished. Landform transformation, accordingly, will lead 
to landscape change, which is manifested as land cover 
transformation [16, 17]. For coal gangue fi lling reclaimed 
lands, it would be important to understand the magnitude 
and pattern of land-cover change. Furthermore, landscape 
stability is a proven index that is effective for revealing 
past changes [18].

This paper takes advantage of stability analysis of 
features derived from landscape pattern analysis using 
GIS procedures and RS images TM8 and OLI8 from 2000 
and 2014 integrated with landscape metrics analysis in 
order to show pattern dynamics and prove the approach to 
an eventual stable state after land reclamation.

Materials and Methods

Study Area

The study area (Fig. 1) was in the city of Yang 
Quan in Shan Xi Province. Over the past 50 years, the 
accumulation of the reclamation area was nearly 40 hm2. 

The total backfi ll reclamation area is about 33.07 hm2 and 
is southwest of the Yang Quan First mine. 

Image Data Processing

Thematic Mapper (TM) satellite images acquired 
in 2000 at a resolution of 30 m and Operational Land 
Imager (OLI) in 2014 at a resolution of 15 m, were used 
in this study. The remote sensing processing software 
used was ENVI 5.1 and GIS was IDIRISI 18.0 TerrSet. 
Land use and cover types were classifi ed into gangue, 
backfi ll, built-up, and vegetation. Researchers randomly 
collected 100 samples as training data, which were used 
in the maximum likelihood classifi cation to perform the 
classifi cation. For each sample the land cover patches 

were accurately delineated to obtain maximum precision 
in the classifi cation. The fi nal fi le was converted into a 
raster having the same resolution and extension of land 
cover maps. Classifi cation result of land use cover patches 
in 2000 and 2014 is shown in Fig. 2. Overall accuracy 
exceeded 90% in the two period’s image classifi cation, 
which fully met the analysis requirements.

Methods

Landscape Metrics Investigated

Essentially, landscape variables are shown in the 
number, size, area, and shape of a patch’s basic property. 
Detection of landscape variables between different periods 
were performed through cross matrices with the crosstab 
tool of GIS software IDRISI 18, and Fragstats 3.3 was also 
used for landscape pattern metrics analysis. In this study, 
fi ve landscape metrics were used [19]:
 – The number of patches per class (NP), which is a 

simple measurement of the extent of subdivision or 
fragmentation of each class into patches.

 – Area weighted mean shape index (AWMSI), which is 
a shape-based metric that measures the complexity of 
patch shape weighted by patch size.

 – Area weighted mean patch size (AWMPS), which is a 
measure of mean patch size with a lower weight given 
to the small patches in the landscape.

 – Largest patch index (LPI), which quantifi es at the class 
level the percentage of total landscape area comprised 
by the largest patch.

 – Mean proximity index (MPI), which estimates the 
isolation of patches for a certain class within a given 
search radius that was set as 100 m in this study .

Landscape Ecological Stability Analysis

Landscape stability assessment measures the risk of a 
certain area after a disturbance and analyzes the relationship 
between disturbance and stability and other relationships 
between the structure of ecological areas and stability 

Fig. 2. Land use patches classifi cation in 2000 and 2014.
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[20]. For regional landscape ecological safety, there is a 
close correspondence between ecological structure and 
disturbance intensity. Patch is the basic composition 
unit of the landscape pattern. In addition, it is the main 
object of landscape ecological change [21]. Therefore, this 
paper combines with different periods of remote sensing 
image patch changes to calculate disturbance propagation 
conditions and ecological effects on the stability index of 
the study area (depending on disturbance intensity).

Disturbance is a process in which landscape structure, 
function, and dynamics occur. Disturbance factor not only 
includes a variety of local natural factors, but also is an 
artifi cial factor for a small range of human activities [22]. 
Therefore, the landscape will generate disturbance patches 
and land use cover change is displayed in the remote 
sensing images after the disturbance.

The disturbance propagation condition index refl ect 
the status of regional ecological safety quantifi ed by the 
degree of disturbance infl uence. The set area consists 
of roughly the same area by n patches that can analyze 
randomly. The patch properties were divided into 
instability patch combination C1 (consist of d instability 
patches) and stable C2 (consisting of n-d stable patches). 
The proportion of instability patch combination C1 was p:

/p d n=                                  (1)

Disturbance propagation conditions index R is:

( )1 1 /R p m= − −                            (2)
…where m is disturbance capability correspondence with 
the instability patch and range is [1, 9].

Regional landscape ecological stability index P: 

( )0.89845/1/ 1 mP e−= −
                   (3)

A comparison was made between disturbance 
propagation conditions index and regional landscape 
ecological stability index. The regional ecology remains 
stable when the former index is lower than that of the 
regional ecological disturbance. On the contrary, when 
the disturbance propagation conditions index is higher 
than the regional ecological disturbance, the regional 
ecological becomes instable.

Regional ecology was provided with a high degree 
of spatial heterogeneity and manifested as interactive to 
patch. Regional ecological safety not only depended on the 
various types of patch, but also is controlled by the regional 
ecological structure [23], which includes: instability patch 
area ratio, dispersion coeffi cient, and uniformity and 
shape coeffi cient [24]. The regional ecological structure 
index was calculated respectively through the following 
formula:
1. Instability patch area ratio D

The co-effi ciency can be described by the percentage 
of instable patch to the ecological region’s total area. 
Regional ecology, which is related to the instability patch 

area, will become unstable, if the portion of instability 
patch area increases. The term instability patch area ratio 
in Eq. (4) can be expressed as follows:

0 /D S S=                                  (4)

…where D is the instability patch area ratio, S0 is the total 
area of instability patch, and S is the total area.
2. Instability patch dispersion N

This coeffi cient represents the distribution of the 
instability patch in the area. Dispersion coeffi cient is low, 
which refl ects instability patch separated from each other 
and disturbance spread scarcely, thus the regional ecology 
keeps stability and vice versa. The coeffi cient N in Eq. (5) 
can be presented by:

0

2
1 iS d

N
S Tπ

= − ∑
                        (5)

…where di is the minimum distance between patch, S0 is 
the total area of instability patch, S is the total area, and T 
is the number of instability patch.
3. Instability patch uniformity Q

Instability patch uniformity represents the patch 
area degree of uniformity. In general, the more uniform 
the distribution of the instability patch, the smaller 
the infl uence on the stability of regional ecology. The 
coeffi cient can be written in the following form:

( )2
1 i

max

S S
Q

S T
−

= ∑
                   (6)

…where Smax is the area of largest instability patch, Si 
is the area of instability patch I, S is the average area of 
instability patch, and T is the number of instability patch.
4. Instability patch uniformity shape coeffi cient Z

Shape co-effi ciency refers to the degree of instability 
patch contact with the substrate. The higher degree 
of instability patch contact with the substrate, the less 
stable the ecological region. It usually is represented by 
the average ratio of instability patch perimeter to equal 
the circles perimeter. On account of this the ratio is 
usually between 1~8. It was divided by eight to ensure 
that it is less than or equal to one so as to conveniently 
be compared with other coeffi cients. A greater value is 
explained by the instability patch having suffi cient contact 
with the substrate. Calculations were performed using the 
following equation:

1
8 2

i

i

PZ
T Sπ

= ∑
                        (7)

…where Pi is side-length of the instability patch i, Si is the 
area of instability patch i, and T is the number of instability 
patch.
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5. Comprehensive index of ecological effects H
A comprehensive index of ecological effects is 

obtained by added the four coeffi cients that have given 
weights as follows:

1 2 3 4H w D w N w Q w Z= + + +  (8)

…where w1, w2, w3, and w4 are weights of instability patch 
area ratio, dispersion, uniformity, and shape coeffi cient, 
respectively.

The comprehensive index of the ecological effects 
index refl ects the degree of interaction of various effect 
factors [25]. This index ranges from 0 to 1. A value 
closer to 1 illustrates that the regional landscape ecology 
has changed signifi cantly and the degree of ecosystem 
stability is low. A value closer to 0 illustrates that regional 
landscape ecology has changed insignifi cantly so that the 
ecosystem is stable.

Results

General Characteristics of Land Cover Change

Landscape stability includes the stability of landscape 
feature spatial patterns. Function was determined by 
pattern. Consequently, this would be an analyzed feature 
of landscape spatial pattern on the basis of comprehensive 
stability of the regional landscape [26].

To ensure the land use cover classifi cation data in 
consonance with spatial data of 2000 and 2014, classifi cation 
data was vectorized in IDRISI. Land use cover change was 
obtained with spatial analysis, which overlaid land use 
cover access data in 2000 and 2014 (Table 1).

Table 1 shows the quantifi cation change of various 
land use cover types. For land use cover area change, the 
coal gangue and vegetation were reduced by 3.44 hm2 and 
3.56 hm2, while backfi ll and built-up areas were increased 
by 5.3 hm2 and 1.7 hm2. Correspondingly, for land use 
cover patch change, coal gangue and vegetation were 
reduced by 60 and 52, while backfi ll and built-up were 
increased by 93 and 19.

Fig. 3 displays the changes of various types of land use 
spatial distribution. Coal gangue as the main landscape 
type in the study area was signifi cantly decreased during 

the study period. The vegetation patch both increased and 
decreased, but increased the condition signifi cantly more 
than decreased. This conversion indicated that backfi ll 
reclamation destroyed area vegetation; furthermore, 
vegetation patches increased as a result of the shelter-
forest that was planted. Backfi ll and construction patches 
increased signifi cantly and the backfi ll patch increase area 
was in accordance with the vegetation patch decrease area. 
It is noted that the mining area was still backfi lling the 
coal gangue as a result of the backfi ll reclamation area 
increasing considerably. Meanwhile, the mining area 
carried out construction on the land that emerged from 
transporting the coal gangue to backfi ll reclamation and 
demolished construction that was no longer suitable for 
use. As a result, increased patches of built-up areas were 
close to the decrease patches. As previously mentioned, the 
regional landscape was disturbed, giving rise to landscape 
patch type and the ecological stability that changed.

Landscape stability change is a combined effect that 
generates both natural processes and human activities. 
The general characteristics analysis of regional land 
use spatial change combined with the changing trend of 
different types of land use for reciprocal transformation 
that was helpful to understand the process and reason for 
landscape change. The transition probability matrix that 
can better refl ect the possibility of different land use patch 
reciprocal transformation is a commonly used method for 
analysis of land use patch dynamics [27]. It clearly shows 
a decrease in change rate (negative values) over almost all 
transitions (small exceptions are in bold characters) and 
an increased stability in each land cover class along the 
diagonal (positive values). Transition probability of four 
landscape patch types in the study area was obtained by 
dynamic monitoring and analysis in the entire time period 
with MARKOV analysis module in IDRISI (Table 2).

Table 2 shows transition probability. It can be easily 
observed that backfi ll was characterized by the highest 
transition probability of 80.59%, followed by built-up 
(79.79%), vegetation (7.88%), and gangue (0.01%). 
Conversely, vegetation was mainly changed into backfi ll 
(71.15%). Throughout the entire study period, vegetation 
and coal gangue conversion frequency were higher than 
the two landscape patch types converted to other land type 
patches. The transition probability matrix analysis was 
consistent with the general characteristics of land cover 
change.

Table 1. Quantifi cation change of various land use cover types of the study area in 2000 and 2014.

The land category
2000 2014 Quantifi cation change

Area (hm2) Patch Area (hm2) Patch Area (hm2) Patch

Gangue 11.23 117 7.79 31 -3.44 -60

Backfi ll 8.77 113 14.07 28 5.3 93

Built-up 6.96 111 8.66 24 1.7 19

Vegetation 7.13 51 3.57 18 -3.56 -52

Total 34.09 392 34.09 101 - -
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Landscape Patch Change Metrics Analysis

Landscape patch change metrics of the study area in 
the entire study period was calculated by Frastats. The 
landscape metrics changes are presented in Fig. 4. Gangue 
and vegetation area decreased and backfi ll and vegetation 
area increased within the study period (Fig. 4a). Reducing 
the number of patches for all of the landscape patch 
types demonstrated space fragmentation was reduced 
and landscape distribution tends to concentrate, which 
was attributed to the area of each landscape type increase 

(Fig. 4b). AWMSI and AWMPS are metrics that measure 
the complexity of patch shape weighted by the patch 
area [28]. In terms of AWMSI and AWMPS, gangue, 
backfi ll, and built-up patch increased, whereas vegetation 
decreased over the study period. As stated above, the 
shown complexity of gangue, backfi ll, and built-up 
patch declined. More sporadic patches emerged within 
the vegetation patch, which is reduced after disturbances 
that may result in vegetation patches that are more and 
more complex and irregular (Fig. 4c, Fig. 4d). The largest 
patch index was in order to characterize the landscape 
dominance. 

LPI approaches 0 when the largest patch of the 
corresponding patch type is increasingly small, while LPI 
is equal to 100 when the entire landscape consists of a 
single patch. As seen from Fig. 4e, gangue, backfi ll, and 
built-up had a considerable increase from 2000 to 2014, 
and on the contrary vegetation decreased, suggesting the 
effect of backfi ll reclamation, which leads to vegetation 
landscape dominance decreasing and fragmentation 
increasing signifi cantly. The MPI of gangue and backfi ll 
increased, whereas vegetation and built-up decreased 
(Fig. 4f). Patch dispersion and landscape fragmentation 

Fig. 3. Land use patches classifi cation in 2000 and 2014.

Table 2. Transition probability matrix of landscape patches in 
2000 and 2014.

Gangue Vegetation Backfi ll Built-up

Gangue 0.01 8.18 61.07 30.74

Vegetation 0.00 7.88 71.15 20.97

Backfi ll 0.00 0.77 80.59 18.64

Built-up 0.00 0.69 19.52 79.79
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of gangue and backfi ll declined closer promoted patches. 
Built-up MPI decreased due to temporary mining 
builds due to construction on the land that emerged by 
transporting the coal gangue to backfi ll reclamation in 
order to augment landscape fragmentation.

Landscape Ecological Stability Analysis

Landscape ecological stability index was calculated 
based on methods described previously (Table 3).

Backfi ll and vegetation landscape ecological stability 

Fig. 4. Metrics of landscape change in 2000 and 2014.

Table 3. Results of landscape ecological structure coeffi cient.

The land category Unstable patch area ratio Interference 
capability

Disturbance propagation 
condition index

Ecological stability 
index

Gangue 48.78% 4 12.81% 8.26%

Backfi ll 84.55% 8 1.93% 4.13%

Built-up 57.58% 5 8.48% 6.61%

Vegetation 73.24% 7 3.82% 4.72%

Regional landscape 66.47% 6 5.59% 5.51%
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index were greater than the disturbance propagation 
condition index of 1.79% and 3.82%. Anti-disturbance 
capability and quality of landscape ecology decreased, 
while simultaneously the landscape pattern tended to be 
unstable. With the backfi ll reclamation area enlarging, 
vegetation and environmental balance was affected, which 
gave arise to the quality of the ecological environment 
degradation. On the contrary, the gangue, built-up, and 
total regional landscape ecological stability indices were 
less than the disturbance propagation condition index. 
These landscapes keep stability within the study period.

Regional Landscape Ecological Impact Analysis

We quantitatively analyzed the degree of landscape 
ecology change in order to determine the weight of 
each coeffi cient. The weights of the ecological impact 
comprehensive index were determined by the sequence 
synthesis method and based on ecological impact 
coeffi cient score. The result of the comprehensive index 
of ecological effects is shown in Table 4.

The value of ecological impact comprehensive index 
was 0.3615, indicating that the regional landscape ecology 
remains stable in the study period.

Discussion and Conclusion

Many intermediate stages were included during 
the process of coal mining and reclamation so that the 
landscape in the reclamation area was in dynamic change. 
Different reclamation modes and land use landscapes 
that were formed by different reclamation periods led 
to the landscape metrics being diverse from each other. 
Consequently, regional landscape stability was different 
[29]. In line with previous studies, ecologists regard 
it as the defi nition of stability that the capability of the 
landscape ecology system to resist disturbances and the 
capability of the landscape ecology system to recover after 
disturbances [30, 31]. The capability of the coal mining 
reclamation area landscape ecology system to resist 
disturbances manifested the extent of landscape patches 
changed after reclamation engineering disturbance [32]. 

In our work we proposed a framework to investigate 
landscape stability in terms of land cover patches. From 
the obtained results (Table 1), it can be easily deduced 
that a strong simplifi cation of landscape pattern for the 
backfi lling reclamation area occurred in the considered 
period of time. From different types of landscape 
transformation viewpoints, indeed, the main feature is 

the backfi lling patch increasing while the vegetation 
patch decreases [33]. Area and patch of the backfi lling 
reclamation area changed signifi cantly, meaning that 
the refl ected landscape was disturbed by backfi lling 
reclamation engineering and landscape patch and 
ecological stability changed. But because of the structure 
of the backfi lling reclamation area landscape ecology 
system which was directly related to the local climate, 
the environment, soil texture, and other factors were very 
complex, while this paper did not consider coal mining in 
the soil and water pollution. To a certain extent, this would 
affect the accuracy of the evaluation.

The total number of patch number of all land use 
cover types declined in the study period and the entire 
mining landscape fragmentation was reduced (Fig. 4). 
The landscape pattern showed continuous, balanced peer 
technology and trends to the high connectivity change. 
It can be noted that the trend of development for the 
landscape pattern is continuous, equilibrium equivalence, 
high connectivity [34]. Each metric of gangue, backfi ll, and 
build-up is benefi cial to regional landscape stability. As far 
as gangue and backfi ll patch were concerned, all the metrics 
except the total number of patches decreased signifi cantly 
during the study period, which depicted landscape 
dominance of the two patches, which were signifi cant, and 
instead of reducing dispersion and fragmentation of the 
patch, proximity increased. In terms of built-up patch, in 
addition to MPI others metrics all increased as well as the 
entire vegetation patch metrics decreasing. Coal gangue 
backfi lling reclamation engineering played a positive 
role in processing coal gangue, reducing stockpiles, and 
promoting land use effi ciency. However, it damaged 
vegetation to a certain extent, which was its disadvantage 
in improving the ecological environment in the mining 
area.

Ecological impact comprehensive index was 0.3615 
(Table 4), indicating that the regional landscape ecology 
remains stable in the study period. Analysis of regional 
ecological comprehensive stability from the landscape 
transformation perspective after disturbance, backfi ll, 
gangue, and vegetation patches changed most signifi cantly. 
While from the view of the ecological stability index, 
backfi ll soil is lowest; conversely gangue is highest, 
illustrating that ecological stability of the landscape in 
backfi ll reclamation was mainly disturbed by artifi cial 
backfi ll engineering, but the impact of natural and semi-
natural was less.

In general, we argue that because of limited resources 
and the diffi culty of maintaining an optimal reference state 
for the gangue backfi ll reclamation area landscapes, one 

Table 4. Result of ecological impact comprehensive index.

Affecting coeffi cient Area ratio Dispersion coeffi cient Uniformity Shape coeffi cient

Value 0.5673 0.0878 0.2516 0.1089

Weight 0.5122 0.1106 0.1432 0.2310

Index of ecological impact 0.3615
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of the major challenges could be to identify management 
opportunities that maximize ecological functions as well 
as the landscape services while minimizing restrictions 
on human land use and costs. In other words, an effective 
and reliable management strategy for gangue backfi ll 
reclamation area landscapes should provide for a dynamic 
equilibrium between land use, restoration/conservation 
costs, environmental protection, and landscape capacity 
to provide goods and services. This equilibrium should 
be maintained over time through adaptive management, 
taking into account the spatial and temporal scale of 
natural processes as well as the shifting between human 
and ecological perspectives of the landscape. The 
development of a standardized analysis of landscape 
equilibrium is still to be realized due to data scarcity and 
spatial and time-variability of the processes driving the 
landscape evolution. 
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