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Abstract The mountainous abandoned mine land is often distributed in the form of fragmented patches. Therefore, it can
greatly promote the reuse value of abandoned mine land and relieve the pressure of land demand to realize the rational
reuse of abandoned mine land based on the future land use structure and spatial layout of mountainous area. In this paper,
optimization of the spatial structure of mountainous abandoned mine land reuse is realized through the system dynamics
model and CLUE-S model. Mentougou district, Beijing, China is selected as the research area. System dynamics model
with feedback functions is constructed to simulate land use structure from 2011 to 2025, which is taken as the quantitative
constraint on spatial structure optimization. CLUE-S model with neighborhood analysis function is applied to simulate
future land use spatial structure. The simulation result layer is superimposed with the abandoned mine land distribution
layer and the optimized spatial structure of abandoned mine land reuse then is determined, checked by reuse suitability
evaluation. The result shows that abandoned mine land can be fully optimized as other land use types according to demand,
and the reuse directions are water conservancy facilities land, urban land, rural residential land, tourism land, garden land,
woodland and grassland. The trend of abandoned mine land reuse tend to be consistent with land use types of neighboring
patches. This study can provide theoretical reference for the practices of mountainous abandoned mine land reuse.

Keywords Mountainous abandoned mine land - Reuse - System dynamics model - CLUE-S model - Spatial structure
optimization

1 Introduction

Although mineral exploitation has brought tremendous
momentum for economic and social development, various
forms of abandoned mine land are generated in the
meantime (Cheng and Skousen 2017; Li 2006). In 2016,
China’s annual non-oil gas mineral production reached
7.601 billion t, and the estimated related newly damaged
land was more than 4200 hm?. The global output of raw
coal alone reached 7.46 billion t, and the estimated newly
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damaged land related to raw coal mining reached more
than 4300 hm? (National Bureau of Statistics 2017; Liang
2018). Therefore, a lot of practice activities have been
carried out on the reuse of abandoned mine land at home
and abroad. Seattle Gasworks Park in the United States,
Lake Park in Britain and Kotbuss, Open-pit Mine in Ger-
many are precedents for the reuse of abandoned mine land
(Holden 1999; McHarg 2006; Weilacher 1999). Tangshan
Nanhu Park, Fushun West Open-pit Mine Forest Park and
Hubei Huangshi National Park in China are also successful
cases (Shi 2013; Li et al. 2013).

However, the existing practices mostly focused on
abandoned mine land distributed contiguously, but rarely
involve the reuse of scattered patches of abandoned mine
land in mountainous area. Land resources in mountainous
areas are scarce. Therefore, it can greatly promote the reuse
value of abandoned mine land and relieve the pressure of
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land demand in mountainous area to a certain extent by
integrating the reuse of fragmented abandoned mine land
into land use planning, combined with the future land use
structure and spatial layout of mountainous region.
Scholars at home and abroad mostly use models to study
future land use structure and spatial distribution. Trend
extrapolation method, Markov model and system dynamics
model are commonly used models for land use structure
prediction (Mishra and Rai 2016; Naboureh et al. 2017; Wu
et al. 2017; Zhai et al. 2018; Zhao et al. 2016). Trend
extrapolation method is a kind of extrapolation prediction
that realized by finding a suitable function to reflect the
trend of change according to the rising or falling trend of
the predicted object with no situation of sudden change
(Huang and Zhao 2011). Markov model uses the transition
probability matrix between different states to predict the
state of event occurrence and its development trend, but its
prediction error for long-term event is large (Li 2012;
Nobre Neto et al. 2018). System dynamics model considers
that the object is composed of many subsystems, and there
are dynamic interactions among subsystems and the
structure, function and behavior of each element, thus
making the whole system to be a feedback system which is
suitable for simulating the behavior characteristics of non-
linearity, multi-variable, multi-loop and complex time-
varying (Wang 2009). Optimization and allocation models
of land spatial layout include cellular automata (CA)
model, Dinamica EGO model and CLUE-S model (Gidey
et al. 2017; Jahanishakib et al. 2018; Mehdi et al. 2018; Qi
et al. 2018; Olmedo et al. 2018). CA model has charac-
teristics of strong self-organizing, and it simulates complex
spatial structure by simple local raster transformation
according to model rules. It has natural advantages in
human social system modeling (Al-sharif and Pradhan
2014; Gharbia et al. 2016; Mao et al. 2013). Dinamica
EGO model estimates transformation probability based on
Bayesian principle, and simulates land use spatiotemporal
dynamic change based on CA model principle (Olmedo
et al. 2018; Gao and Yi 2012). CLUE-S model dynamically
simulates the spatial distribution of land use types in the
future according to the competition relationship which
results from quantifying the driving factors and the land
use type of each pixel and its neighborhood (Liu et al.
2014; Mehdi et al. 2018; Waiyasusri et al. 2016). In gen-
eral, land use structure prediction models can predict the
quantity change, but it is difficult to reflect the spatial
change. The spatial layout optimization models have strong
ability for spatial prediction, but weak ability to explain the
time change of land use structure. Therefore, it can effec-
tively predict the spatial and temporal dynamic changes of
land use by integrating the advantages of land use structure
prediction model and spatial layout optimization model,
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and giving full play to the characteristics of various
models.

The spatio-temporal dynamic change of land use is the
driving result of many factors such as climate, environ-
ment, social economy and population policies (Song et al.
2018), and its evolution process is characterized by non-
asymptotic and complex feedback. Therefore, the system
dynamics model with nonlinear, multi-variable, multi-loop
and complex time-varying feedback system can be selected
to simulate the changing trend of medium or long term land
use structure (Grossler et al. 2018; Tian et al. 2016; Wang
2009; Wu et al. 2017). Meanwhile, abandoned mine land in
mountain areas has the characteristics of scattered distri-
bution, and its reuse is more susceptible to land use types
of adjacent patches, so the CLUE-S model with the func-
tion of neighborhood analysis should be selected to simu-
late and optimize the spatial layout of land use in the future
(Gao and Yi 2012; Liu et al. 2014; Mehdi et al. 2018,;
Waiyasusri et al. 2016; Wu et al. 2015; Zhou et al. 2016).
Taking Mentougou District of Beijing, China as the study
area which is mainly consisted of mountainous areas and
has a great quantity of idle abandoned mine land, this paper
simulates the change of land use structure and spatial dis-
tribution by coupling the system dynamics model and
CLUE-S model to determine the reuse direction and spatial
layout of abandoned mine land, checked by the results of
reuse suitability evaluation. The aim is to provide theo-
retical support and reference for the reuse of abandoned
mine land in mountain areas.

2 General situation of study area and data sources

Mentougou District is located at the southwest of Beijing,
the capital of China(115°25 — 116°10'E, 39°48’ —
40°10'N), at the junction of the North China Plain and
Inner Mongolia Plateau, and up to 98.5% of the territory is
mountain. By the end of 2015, it had a total area of 1,
448.84 km” with a permanent resident population of about
308,000, and it was consisted of four streets and nine
towns. As shown in Fig. 1, the whole altitude inclines from
northwest to southeast.

Mineral resources in Mentougou District are mainly
coal, followed by limestone, shale ore, basalt ore, slate and
iron ore. Abandoned mine land formed by mineral
exploitation is usually divided into three -categories:
abandoned occupied land, abandoned subsided land and
abandoned excavated land. By 2014, there was 603.79 hm?
of abandoned mine land in Mentougou District, which was
distributed widely and scattered (see Fig. 1). Among them,
the area occupied by coal gangue is 11241 hm?
accounting for 18.6% of the total area; the area occupied by
rock and slag is 124.05 hmz, accounting for 20.5%; the area
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Fig. 1 Geographical position and distribution of abandoned mine land of Mentougou District

occupied by abandoned houses is 107.51 hm?, accounting
for 17.8%; the area of abandoned excavated land is 245.71
hmz, accounting for 40.7%, and abandoned subsided land
is 14.11 hm?, accounting for 2.3%.

The main data involved in this paper include economic,
social and land use data of Mentougou District from 2006
to 2020. The land use data were provided by the land
department of Mentougou District, which mainly include
the land use status data of Mentougou District in 2006,
2010 and 2015, the land use change data from 2006 to
2010, and the land-use planning data of Mentougou District
and each town from 2006 to 2020. The statistical data are
mainly derived from the Statistical Yearbook of Men-
tougou District, Beijing, which is used for quantitative
analysis of social, economic, demographic and meteoro-
logical factors. The distribution and status data of aban-
doned mine land being occupied, subsided and excavated
in the research area were determined based on remote
sensing images and field survey. The data of reuse suit-
ability evaluation of abandoned mine land were derived
from the research project of public welfare industry of the
Ministry of Land and Resources of China, which was done
in Mentougou by the authors.

3 Methodology

System dynamics model and CLUE-S model are integrated
to optimize the spatial structure of abandoned mine land
reuse. The quantitative land use structure is predicted by
system dynamics model according to regional land policy,
land dynamic change characteristics and socio-economic
factors, and the prediction results are taken as the con-
straints of spatial structure optimization. Abandoned mine
land and other independent industrial and mining land are
involved in the optimization process of the whole region by
CLUE-S model. The spatial layout of abandoned mine land
is then determined, checked by the reuse suitability
evaluation.

3.1 Establishment and verification of system
dynamics model

Based on land use classification system and the research
purpose, land use of Mentougou is divided into four cate-
gories: independent industrial and mining land, other
construction land, unused land and agricultural land. Other
construction land includes traffic land, water conservancy
facilities land, tourism land, other special land, urban land
and rural residential land, and agricultural land is divided
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into grassland, garden land, woodland, cultivated land and
other agricultural land. Other special land mentioned above
mainly refers to the land for military facilities, embassies
and consulates, religious activities, prisons and detention
houses, funerals, etc., and other agricultural land is the land
for field threshold and facilities.

Since the reform and opening-up, China’s regional land
use change has been mainly driven by economic factors
and population factors (Gu et al. 2017; Lu 2012). There-
fore, the land use system can be divided into economic
subsystem, population subsystem and land subsystem.
According to the research purpose, this study took the
supply—demand relationship of land use of Mentougou as
the main line to select the main elements involved in the
land use system and explore the mutual relationship of
conversion and restriction among various land types and
each subsystem. The causal relationships between the main
elements are shown as follows: construction land occupies
agricultural land; unused land is developed for construction
land and agricultural land; the increase of total population
promotes the expansion of the demand for construction
land and agricultural land; urbanization leads to the
expansion of construction land demand and promotion of
unused land development; the growth of GDP, on the one
hand, leads to the expansion of construction land demand
and the promotion of unused land development, on the
other hand, promotes the growth of fixed assets investment.
Figure 2 shows the causal feedback relationship between
subsystems and the main factors of the model. When
polarity is positive (+), it means that the changes of cause
and result are in the same directions. When polarity is
negative (—), it means that the changes of cause and result
are in the opposite directions.

The causal feedback diagram of the system dynamics
model can only briefly describe the logical relationship
among subsystems and main factors of the land use system,
but cannot quantitatively describe the mutual relationship
of conversion and restriction among elements. Therefore, it
is necessary to further describe the development and
changes of the system with the help of software and
mathematical language based on the above causal feedback
relationships, the analysis of the impact of social, economic
and land policies on the function and structure of the land
use system (Chen et al. 2017; Yang et al. 2006). In this
paper, sixty-six variables including 19 state variables, 18
rate variables, 26 auxiliary variables, 2 regulatory variables
and 1 constant were selected to build the system dynamic
model of land use system in Mentougou District through
Vensim PLE software, as shown in Fig. 3. The simulation
period is from 2011 to 2025 in which 2011-2016 is the test
and evaluation stage, and the simulation step is 1 year.

Accurate parameters are preconditions for the model to
simulate reality. Methods of determining model parameters
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involved in this paper include land use type, temporary
population, permanent population and GDP in 2010
determined by the collected land use status map and sta-
tistical yearbook; the growth rate of temporary population,
permanent population and GDP calculated by trend
extrapolation; land use and population policy determined
according to historical data, relevant literature and expert
experience; fixed-asset investment rate, per capita con-
struction land and other parameters determined by multiple
linear regression analysis, correlation analysis and logistic
blocking growth model simulation. The final parameters
are determined by repeated debugging according to the
behavior characteristics of relevant parameters.

The fitting degree calculated by simulation data and
historical data is adopted to test the model. The calculation
formula is shown as follows:

X —x

E=——"x 100% (1)

where ¢ is the fitting degree between historical data x and
predicted data x'.

The results of test stage show that the simulation value
of system dynamic model constructed in this paper fits well
with the historical value (Table 1). The errors of most
predicted values are less than 1%, and the maximum error
is less than 2%, which means the relative error between
model simulation value and historical value is within a
reasonable range, and the model is reliable for real-world
simulation (Xiong et al. 2018; Xu and Coors 2012).

In addition, the key parameters of the model, such as
resident population, GDP, urbanization level, rural resi-
dential land, urban land, garden land and independent
industrial and mining land, are selected to simulate the
behavior of the system. The change value of each param-
eter in 2014 (decreased or increased by 5%) is selected to
run on the model, and sensitivity analysis is based on
Formula 2 (Zhang et al. 2012):

|/ (k — Ak) — (k)] /J (k)|

P= |AK /K] @

where P is the degree of sensitivity; k is a parameter; Ak is
the change amount of parameter k; J is the objective
function value of parameter k.

When the variation of parameter is 5%, the analysis
results show that the maximum sensitivity degree is 0.55,
while the minimum is 0.0013, and the average value is no
more than 0.11. The influence of the changes of various
key parameters on the system is uneven, so it can be
considered that the simulation of land use system dynamic
model in Mentougou District is appropriate and effective
(Chen et al. 2008).
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Fig. 2 Cause-and-effect feedback diagram of system dynamic model of land use system in Mentougou

3.2 The construction of CLUE-S model

CLUE-S model constructs empirical quantitative relation-
ship based on the regional historical land use data and
driving factor data, iteratively calculates the distribution
probability of each land use type in each spatial pixel, and
finally uses the system theory method to carry out the
spatial distribution of land use types according to the
probability of each raster pixel (Anputhas et al. 2016; Liu
et al. 2014; Mohammady et al. 2018; Waiyasusri et al.
2016; Wei 2018; Zhang 2013; Zheng et al. 2012). After
investigation and analysis, it was found that the diameter of
the smallest patch on the map of abandoned mine land in
Mentougou was 16.25 m, and raster data of 15 m resolu-
tion could be used to construct CLUE-S model for simu-
lation of land use pattern in 2025.

Driving force analysis is the theoretical basis and
important tool to explain the formation and evolution of
land use status. Regression analysis is usually used to
analyze the statistical relationship between various land use
types and driving factors (Li et al. 2012; Liu et al. 2014;
Moulds et al. 2015; Zheng et al. 2012; Zhong 2011). In a
short period, the driving capacity of natural factors on land
use change is limited, but there will be obvious cumulative

effect in a long time scale. However, the impact of social
and economic activities plays a leading role in the large-
scale changes of land use which happened in a short term.
According to the actual situation of the research area and
the comprehensiveness, accuracy, availability and quan-
tifiable description of driving factors, this paper selected 10
driving factors from the aspects of natural conditions and
social economy: topographic factors (slope and altitude);
distance factors (the closest distances from main road,
town, village and water area to the abandoned mine land),
the main roads includes railways, national roads, provincial
roads, county roads and township roads, and the distance
factor adopts Euclidean distance; socio-economic factors
(urbanization level, population density and regional per
capita GDP calculated by dividing township administrative
regions into units); soil factor (soil fertility grade). ROC
curve is usually used to evaluate and test the effect of
driving force explanatory ability (Liu et al. 2014;
Mohammady et al. 2018; Zhai et al. 2018). The larger the
ROC value is, the better the regression analysis result is
and the higher the accuracy is. After calculation, the ROC
values of all land types in this paper are greater than 0.7,
indicating that the 10 selected driving factors have good
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Fig. 3 Flow diagram of system dynamic model of land use system in Mentougou District

Table 1 Simulation errors of test stage (unit: hm?)

Year Agricultural land Construction land Unused land

Simulation Actual Errors Simulation Actual Errors Simulation Actual Errors

values values (%) values values (%) values values (%)
2011 9232 9240 — 0.09 128379.2 128184.8 0.15 7451.5 7361.1 1.23
2012 9273.8 9370.7 — 1.03 128356.8 127979.4 0.29 74324 7485.9 —0.04
2013 9338.8 9459.8 - 1.27 128310.8 127902.7 0.24 74134 7323.5 1.23
2014 9380 9400.5 - 0.22 128288.3 128028.9 0.2 7394.7 7356.7 0.52
2015 94329 9415.7 0.18 128253.5 128016.4 0.19 7376.5 7354 0.31
2016 9493.5 9541.7 —0.51 128210.3 127994.6 0.25 7358.7 7349.7 0.12

explanatory abilities for the land use pattern of Mentougou
District.

Abandoned mine lands in Mentougou area distribute in
small patches, while the neighborhood analysis function of
CLUE-S model can fully consider the relationship between
the reuse types of abandoned mine lands and land use types

@ Springer

of adjacent patches. Neighborhood analysis takes full
account of the self-aggregation of various land types and
the mutual aggregation or exclusion characteristics of dif-
ferent land use types, which greatly improves the simula-
tion accuracy. It mainly includes neighborhood enrichment
factor calculation and neighborhood interaction factor
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calculation (Duan et al. 2006; Pan et al. 2010). The formula
for calculating neighborhood enrichment factor is as shown
in Formula 3.

Ng.a i/ndi
Fl e et} 3 3
1k7d Nk/N ( )

where F;; 4 is the neighborhood enrichment factor; i is the
pixel position; k is the land use type; d is the neighborhood
radius;

ny 4. 18 the number of pixels of land use type k within the
radius d of pixel i; n,; is the total number of pixels i within
the radius d; Ny is the pixel number of land use type k in the
research area; N is the total pixel number in the research
area. F;, 4 reflects the neighborhood enrichment degree of
land use type k within neighborhood d in pixel i. If F;; 4 is

less than 1, it indicates that this neighborhood enrichment
degree is less than that of the study area; if F;; 4 is equal to
1, it indicates that this neighborhood enrichment degree is
equal to that of the study area; if F;; 4 is greater than 1, it
indicates that this neighborhood enrichment degree is
greater than that of the study area, and land use type k tend
to be enriched in this neighborhood.

Neighborhood interaction factor describes the mutual
aggregation or exclusion characteristics between different
land types. If there is no aggregation or exclusion, the
neighborhood interaction factor is equal to 1; if two kinds
of land type are mutually exclusive, the neighborhood
interaction factor is less than 1; if two kinds of land type
are aggregated, the neighborhood interaction factor is
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greater than 1. The formula for calculating neighborhood
interaction factor is Formula 4.

Fiaea= NLZ Fika (4)
ljer

where F; 4 is the neighborhood interaction factor; [ is the
central land use type; k is the land use type of the neigh-
borhood; i is the pixel position; d is the neighborhood
radius; N, is the total pixel number of the central land use
type in research area; ) .., Fixq is the sum of the neigh-
borhood enrichment degree value of the land use type
k within the radius d of the central land use type /.

4 Results and analyses

4.1 Time characteristics of land use structure
in Mentougou District based on system
dynamics model

Taking the land use status data in 2010 as the basic period
data, the predicted land use structure of Mentougou District
is shown in Table 2 with the step value is 1 a. Combined
with Fig. 4, it can be seen that land use structure in Men-
tougou District is still dominated by agricultural land from
2011 to 2025, but gradually adjusted: independent indus-
trial and mining land decreased from 1646.3 to 211.1 hm?
year by year because of the gradual closure of a series of
mining enterprises such as Mentougou Coal Mine and
Wangping Coal Mine in the study area from the end of
1990s, the gradual renovation of abandoned mine land, and
the transformation of industrial and mining land to other
industrial land by reclamation and reuse, which are in
response to the depletion of mineral resources and the
“ecological conservation development zone” plan pro-
posed by Beijing (Cheng et al. 2014; Fan and Sun 2018; Li

et al. 2017; Wang et al. 2007). The number of other con-
struction land increased gradually and the growth rate was
slowing down. Except for other special land, the number of
each type of land increased gradually (Xie et al. 2017). The
slowdown of the growth rate of other construction land was
mainly due to the most stringent land management policy
put forward by Beijing after the rapid development of
urbanization from 1994 to 2005. The General Land-use
Planning in Mentougou District, Beijing (2006-2020)
proposed that by 2020, newly added construction land
should not exceed 15533 hm? and the total scale should be
limited to 10900 hm”. With the decreasing of arable land
and woodland, and the increasing of garden land and
grassland, agricultural land decreased slowly in general.
The internal change of agricultural land is mainly due to
the adjustment of regional agricultural industrial structure.
The General Land-use Planning in Mentougou District,
Beijing (2006-2020) proposed that the development of
orchard land should be based on the featured agricultural
products such as Beijing white pear, rose and dried fruit in
Mentougou district (Li et al. 2010; Ren et al. 2018).
Through various ecological projects, slope farmland can be
returned to forest and grass, and forest and grass can be
cultivated in mining area. Through intensive land use
measures and ecological projects measures, independent
industrial and mining land will be reduced, the growth of
construction land and reduction of agriculture land will be
effectively controlled, and the quality of local ecological
environment will be further improved.

4.2 Spatial optimization results and analysis
4.2.1 CLUE-S model test
In order to control the simulation accuracy of CLUE-S

model, historical data is usually used to verify the model
(Mehdi et al. 2018; Sun et al. 2016; Xu et al. 2015;

Legend o 0 5 10 20 Km
Woodland Grassland Rural residential land ~ Garden land
Water conservancy facilities land ™ Urban land Traffic land B Other agricultural Land
Tourism land ®mm Unused land  Other special Land ™ Cultivated land M ndependent industrial and mining land

Fig. 6 Land use status of Mentougou District in 2010 (¢) and simulated optimization results in 2025 (d)
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Fig. 7 The spatial structure optimization results of abandoned mine land reuse in Mentougou District
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Fig. 8 Statistical chart of spatial structure optimization results of
abandoned mine land reuse in Mentougou District

Yaghobi et al. 2017). In this paper, the raster map of land

use status in 2010 was taken as the basic period data, and
the simulated land use data in 2015 (Fig. 5b) was verified

@ Springer

by comparison with the real land use status data in 2015
(Fig. 5a).

Kappa coefficient is usually used to evaluate the simu-
lation accuracy of CLUE-S model (Jiang et al. 2015; Ren
et al. 2018; Sun et al. 2016).After calculation, the Kappa
coefficient between the land use simulation result obtained
by CLUE-S model and the real land use status data in 2015
of Mentougou District is 0.89 (> 0.81), indicating the
simulation result is well. Therefore, the use of CLUE-S
model and the parameter setting in this paper are reason-
able and reliable for simulating land use of Mentougou
District in the future.

4.2.2 Spatial optimization result of land use

Taking the land use status data in 2010 as the initial state,
the land use pattern of Mentougou District in 2025 was
simulated and optimized, as shown in Fig. 6d, and the
spatial pattern was compared with that of Mentougou
District in 2010 (Fig. 6¢).

In a relatively short period of time, the regional land use
system is relatively stable (Xu et al. 2014). In future,
forestland and grassland will still be the main land types in
this area, and most of the urban construction land will be
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concentrated in the southeastern plain area, while rural
settlements and towns will be scattered in low mountain
areas. As the main driving force of regional land use
change, policy and economy will promote the adjustment
of land use structure and spatial pattern. By 2025, the
transformation of independent industrial and mining land
into forest land, grassland, water conservancy facility land
and urban land and so on can promote the enhancement of
regional water conservation capacity, improve the ecolog-
ical environment, enhance the ecological barrier value and
water conservation function of Mentougou District to the
western part of Beijing, only leaving some sporadic patches
of independent industrial and mining land. A large area of
high-quality arable land will be reduced, and the reduced
arable lands are mostly distributed near rural settlements
and towns in plain areas. It suggests that the red line of
regional cultivated land should be established, and the
long-term effective system of regional cultivated land
protection should be formulated, while the degree of
intensive utilization of construction land required to be
improved, and the idle land should be reclaimed.

4.3 Optimization results of spatial structure
of abandoned mine land reuse

The optimization results of abandoned mine land reuse are
obtained through the overlay analysis of abandoned mine
land map and land use simulation map in 2025. The results
are checked and revised according to the reuse suitability
evaluation results. The final result is shown in Fig. 7. In
order to analyze the optimization results intuitively, the
statistical analysis tool of GIS is used and the result is
shown in Fig. 8.

The optimization result shows that the spatial distribu-
tion of land use types in Mentougou District is more cen-
tralized and compact, and the spatial agglomeration degree
of the same land use type is higher, meanwhile the sporadic
patches of the abandoned mine land are easier to change
into land use types of adjacent patches. By 2025, all the
abandoned mine lands in Mentougou District can be reused
as other land types according to land demands. About 52%
of the abandoned mine lands can be reused as construction
lands, and about 48% can be reused as agricultural lands.
Among them, about 36.9 hm? of abandoned mine lands are
reused as rural residential lands, and 83.5 hm? of them are
reused as urban land, while 10.5 hm? of them are reused as
tourism lands. Most of these abandoned mine land are
located at towns, rural settlements, tourism attractions or
their neighborhoods. About 182.9 hm? of abandoned mine
lands are reused as water conservancy facilities lands, and
most of them are connected with other forms of indepen-
dent industrial and mining lands, which is more conducive
to improving water conservation capacity in Mentougou

District. About 20 hm? of abandoned mine lands are close
to water area and have a certain distance away from towns
and rural settlements, and they are reused as garden lands.
The abandoned mine lands far from rural settlements are
mostly used as grasslands and woodlands, of which the
grassland is 109.4 hm? and the woodland is 160.5 hm?.

5 Discussion

Most of the abandoned mine land distributed in large scale
is usually directly reused as agricultural land or landscape
land, and the technology has been gradually improved and
matured (Holden 1999; McHarg 2006; Weilacher 1999; Shi
2013; Li et al. 2013; Li 2006; Thavamani et al. 2017).
While there are numerous small mines widely distributed
in China and small mining enterprises located in moun-
tainous areas often produce fragmentary patches of aban-
doned mine land. Fragmented abandoned mine land is
often left idle for the second time if it is directly reused as
agricultural land or landscape land through restoration
technology (Li 2006; Li et al. 2018). The data of Men-
tougou District from 2006 to 2010 obtained by remote
sensing images and field investigation showed that
although the number of abandoned mine land decreased
during this period, some of the reused abandoned mine land
was re-idled due to unreasonable reuse. Abandoned mine
land that has been left unused for the second time is less
integrated with regional planning, and less consideration is
given to land use types in neighboring areas. As a result,
the phenomena of complex land use boundary, fragmen-
tation of ecological landscape and unnecessary waste of
land resources have not been improved, which hinders the
flow of regional material and energy (Mekki et al. 2018),
and it is also difficult to achieve effective management.
Some scholars try to use different methods to determine
the reuse types of abandoned mine land (Gao and Bai 2018;
Liu et al. 2016; Cheng et al. 2013) in order to realize
rational use of land resources. However, most of the the-
oretical judgments focus on the reuse suitability evaluation
under current conditions, ignoring how to achieve sus-
tainable reuse under the dynamic evolution of land system.
Abandoned mine land usually has multiple reuse suitabil-
ity, for example, the same plot of land is suitable not only
for agricultural land, but also for construction land, forest
land, grass land etc. With the rapid development of social
economy, the process of land use change intensifies,
therefore, we should determine the most suitable reuse type
of abandoned mine land from the overall and dynamic
perspective. Compared with existing studies, this study
simulated future land use situation based on social and
economic development with the help of simulation model
on spatial and temporal scale, and determined the reuse
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type of fragmented abandoned mine land according to
future situation and the demand of the whole region,
checked by reuse suitability evaluation. Abandoned mine
land patches in mountainous area are scattered and small.
Therefore, neighborhood analysis is fully taken into
account when using CLUE-S model to allocate land use
types spatially, thus avoiding the reuse of abandoned mine
land as a fragmentary type. In this paper, the reuse type of
abandoned mine land tends to be consistent with land use
types in adjacent patches. This spatial feature is more in
line with the geographical rule that the neighborhood of the
same land use type is characterized by aggregation, which
may be a process of imitating and learning from each other.
Beijing has a typical north temperate semi-humid conti-
nental monsoon climate, but as a mega-city, it seriously
lacks in water resources (Zhang and Lv 2018). The envi-
ronment of Mentougou District was deteriorated and water
resources were lost seriously because of mineral exploita-
tion in the early stage. As an ecological conservation area
in Western Beijing, the abandoned mine land adjacent to
the independent industrial and mining land type is reused
for water conservancy facilities, which is in line with the
demand to restore water conservation function (Bai et al.
2011). The result can also be confirmed by Wang Shuang’s
simulation results of land use under the restriction of water
resources in Beijing in 2020 (Wang et al. 2006).
Although it is of typical significance to select the system
dynamics model and CLUE-S model based on the char-
acteristics of the research object, further research is still
needed. For example, CLUE-S model can simulate and
predict the spatial pattern evolution of regional land use,
but due to various constraints, the suitability of reusing
abandoned mine land cannot be considered in all respects.
Although the simulation results are tested and modified by
the reuse suitability evaluation results, it may be more
responsive to the requirements if the model can be further
improved or modified by taking the evaluation results as
the input parameters. In addition, there is still room for
further research on the reuse of abandoned mine land.
Similar to Mentougou, cities or districts with mining
industry as the leading industry have a large number of
abandoned mine land. On the other hand, due to the decline
or exhaustion of mineral resources, these cities or districts
urgently need industrial transformation to achieve sus-
tainable development, and all the construction projects of
industrial transformation need the support of land resour-
ces. It is undoubtedly a realistic way to ensure the future
development of these cities or districts to reuse the wide-
spread abandoned mine land optimally, tap the potential of
land use and expand space for various construction pro-
jects. This article still fails to integrate the reuse of aban-
doned mine land with the industrial transformation of these
cities or districts. How to make the reuse of abandoned
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mine land better serve the industrial transformation is the
future research direction.

6 Conclusion

Due to the scattered nature of abandoned mountainous
mine land, this paper combines CLUE-S model with sys-
tem dynamics model to realize optimization of the spatial
structure of the mountainous abandoned mine land reuse,
making full use of the neighborhood analysis function of
CLUE-S model and complex feedback function of system
dynamics model. Case study of Mentougou District shows
that the future land use pattern is still dominated by
woodland and grassland, but the land use structure and
spatial pattern are gradually adjusted. For example, the
independent industrial and mining land is gradually trans-
formed into other land types, and the area of other con-
struction land types increase, while that of woodland and
arable land reduce, and that of grassland and garden land
increase. All the abandoned mine land can be reused as
other land types according to land demand by 2025.
Among them, areas reused as water conservancy facilities
land, urban land, rural residential land and tourist land are
182.9 hm?, 83.5 hm?, 36.9 hm? and 10.5 hm?, respectively.
Areas reused as grassland, woodland and garden land are
109.4 hmz, 160.5 hm? and 20 hm2, respectively. Because of
the neighborhood effect of land use and the fragmented
patches of abandoned mine land, the reuse types of
mountainous abandoned mine land tend to be consistent
with land use types of adjacent patches.
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