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Abstract: The ecosystem service value is an important concept
and an index that reflects the quality of the regional ecological
environment status and the measurement of the total ecological
benefits. In this study, based on the characteristics of land use
and the types of ecosystem in the studied area, the ecological
indicators including the net primary productivity of the
vegetation and the vegetation cover were selected. Landsat TM
remote  sensing  image, ground-based  observation,
meteorological data and statistical data etc. were applied to
establish the remote sensing-based assessment criteria and
assessment model for quantitative estimation of the ecosystem
service value. The established assessment criteria and model
were applied to conduct the quantitative calculation on the
value of the single ecosystem service and the ecosystem service
value per unit area. The results indicated that during the
decade of 2000-2010, with the inter-conversion of different
types of land use, the total value of the ecological service in the
studied area displayed a gradually decreasing trend. Among
which, the values of ecological service of the cultivation land,
wetland and the total ecological service were reduced by 11.92,
11.75 and 5.74%, respectively, while the values of ecological
services of forestland, waters and intertidal zone were
increased to certain extent. However, these increased values
did not change the continuously decreasing trend of the total
value of ecosystem service in the studied area. Based on these
assessments, the spatially and temporally changing patterns of
the values of ecosystem service in the studied area were
analysed to reveal their intrinsic relationship between the land
use and the changes in values of ecosystem service.

I. INTRODUCTION

Despite the rapid development of petroleum, natural gas
and other new energy sources, coal is still one of the
important energy sources, at present and in the near future,
in the world. During the coal mining process, coal mining
has unavoidably caused destruction and subsidence on the
ground surface, damages to soil, vegetation and water
bodies as well as changes in the survival of organisms and
environment. For China, United States of American and
other coal-enriching countries and regions, to gain timely
the understanding of the quantity of the damaged land,
damaged time, damaged degree and the dynamic changes in
the coal mining areas, it is the important task for the land
management agencies to implement the entire supervision
and management of land (Sun et al. 2015).

A large number of studies have been conducted on
acquirement of information about the damaged land in both
China and other countries. Many methods for the
acquirement of information about the damaged land have
been proposed, such as the extraction method from the
existing data, image interpretation, GIS spatial analysis,
field measurement on site, expert consultation, and
survey/questioning method, have been widely applied in the
survey of the damaged land. However, each of these
methods has advantages and limitations. The extraction
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method from the existing data is extraction of the content
and information from the survey of damaged land based on
the existing data (Li et al., 2013). While this method is rapid
and simple, it can be applied only in those regions where the
data has been accumulated but can’t cover the whole content
and information obtained from survey. Image interpretation
method is particularly suitable to be applied in the grassland
and desert regions and also more suitably applied in the
recognition of the subsided puddle regions. Its drawback is
the high cost and is limited by the spatial resolution and the
wavelength spectrum resolution of the image. It is also
affected by technical conditions, man-made factors, and the
characteristics of underlying earth surface etc. The
recognition accuracies vary largely and the wrong
interpretation can even occur. Geographic information
system (GIS) spatial analysis method is just an assisted
method and can’t be applied independently. Its application
must be based on the survey data obtained with other
methods. If the data is complete, this method can be used to
gain the information about the use status of the damaged
land, allocation of landownership, and areas etc. within the
entire region. However, it has a relatively high demand on
the high degree of regional land information and the
personnel’s technical proficiency (Ni et al. 2011). Expert
experience consultation and survey/questioning method are
usually applied in sociological studies. During the early
stage of survey, application of expert’s experience
consultation and the local knowledge of the local people can
be helpful to gain the sketch information about the damaged
land and its operation is easier but the data is somehow
subjective. Thus, it can be used only as the essential assisted
mean in the early stage but is not suitable for independent
application (Ni et al. 2016). The survey on site and
measurement method is widely applied and the data
obtained is objective and accurate but they have the
limitations of time-consumption and the requirement of
larger manpower and material resources (Liu et al. 2015).

In summary, currently, the methods for acquirement of
information about the damaged land are mainly the
traditional technologies, which are not effectively integrated
with new technologies. The efficiency of information
acquirement is lower and the technological studies are
mainly focused on a single technology. The complete
technological system is lacking. Few studies have been
conducted on the effective fusion and integrations of
information acquirement.

In this study, we conducted further studies on the
methods for acquirement of information about damaged land
in coal mining areas. We studied the multiple sources,
multiple scales technological system for acquirement of
information about the damaged land through integration of
Continuously Operating Reference Station-Real Time
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Kinematic (CORS-RTK) in combination with electronic
tachometer field acquisition, vector data, thematic data,
remote sensing imaging data fusion extraction, aiming to
provide the methodological support for rapid and accurate
acquirement of information about the damaged land in coal
mining areas.

II. TYPES OF DAMAGED LAND IN COAL MINING REGIONS AND
THE SURVEY CONTENTS

A. Types of damaged land in coal mining regions

The damaged lands refer to the types of land whose
physicochemical properties were changed and the landscape
and ecological system on the ground surface have been
damaged, which were resulted from the phenomenon such
as land subsidence, digging damage, covered damage, and
pollution caused by the activities of coal mining, coal
digging and man-made factors, and thus the normal land use
was affected. The damaged lands include the digging
damaged land, subsided land, covered land and polluted
land etc. (Zhang et al. 2015).

Digging damaged lands refer to those lands whose
original functions have been partially or completely lost
resulting from the direct damages on the original ground
surface morphology, soil structure, and organisms on ground
surface caused by production-related activities such as open
cut of coal mining, digging sands, and collecting earth.

Subsided lands refer to those lands whose ground
surfaces were sunk, deformed and subsided due to the
relocation and deform of the surrounding rock caused by
underground coal mining.

The covered lands refer to those lands whose original
land functions were lost due to the pile up of stripping
materials, barren rock, slag, fly ash, surface soil, and
construction materials formed by production and
construction of coal mining industries.

The polluted lands refer to those lands whose original
land functions have been partially or completely lost due to
the deterioration of original physicochemical properties of
soil caused by the pollutants released during the production
and construction processes of coal mining industries (Zhang
etal. 2014).

B. The contents for survey of the damaged lands

(1) Digging damaged land

Survey on the open coal mining field and gravel/soil-
taken field included platform width, edge slope height, and
water logging area, the maximal water logging depth,
vegetation growth status, whether or not the damage was
continuing and the types of damage. Survey on the buried
services included the damaged length and width, and the
vegetation growth status;

(2) The survey on Subsided lands included the maximal
depth of the subsided land, the slope, water logging area, the
maximal water digging depth, diameter of the subsided hole,
the depth of the subsided hole, land use status, the width and
the length of the gaps, and the horizontal distribution of
gaps;

(3) The survey on covered lands included the types of the
piled up materials, height of the piled up materials, platform
width, the edge slope height, vegetation growth status,
whether or not the damage was continuing and the damage

types;

(4) Survey of polluted lands included the contents of
heavy metals such as chromium, cadmium, lead, copper,
zinc, mercury and arsenic etc.

III. STUDIES ON THE TECHNICAL SYSTEM FOR ACQUIREMENT
OF THE INFORMATION ABOUT THE DAMAGED LAND IN
COAL MINING REGIONS

A. Technologies for acquirement of the spatial information
about the land damage based on CORS-RTK and
electronic tachometer field acquisition

Before the emergence of CORS-RTK, personnel all used
the GPS technology of Real Time Kinematic (RTK). RTK is
the abbreviated form of real time dynamic positioning of
GPS. It is a technology, which combines GPS with data
transfer technology. It is a technology that can carry out
real-time calculation and data treatment and the give high
precision positioning information within 1-2 seconds. CORS
technology is a precision error-correcting model established
by GPS Continuing Operation Reference Station (CORS),
which consists of one or multiple base stations distributed
on the ground surface (Wei et al. 2011) and
comprehensively utilizes the observational data collected
from various stations. This technology can perform the real-
time transmission of RTCM differential corrections to
modify the precision of the user’s observational values and
achieve the service of high precision navigation positioning
for mobile users in a larger scale. Compared with the
traditional measurement methods, CORS-RTK possessed
the following characteristics: it is all-weather, does not need
inter-visibility, provides rapid positioning, has high
precision, does not accumulate errors, and is of easy
operation, high efficiency and low cost. However, CORS-
RTK also has its own limitations such as multiple rout
effects, electromagnetic interference, and restriction on the
field of view of the receiver by high and huge buildings and
trees. Thus, it can’t completely replace -electronic
theodolites. The cooperation of these two pieces of
equipment can rapidly accomplish the measurement of the
coordinates of the detail point and finish the task of
collection.

Based on the analysis mentioned above, in this study, we
proposed to use the cooperation and combination of CORS-
RTK and electronic tachometer as the method to acquire the
information about the damaged land. Firstly, we set up the
base stations on the existing GPS sites. Then, we directly
used RTK to collect the coordinates of the characteristic
points of the spatial factors in the open clearance region. For
the shelter and non-clearance region, we firstly used RTK to
measure some mapping control points in its surrounding
area and then set up electronic theodolites on these mapping
control points and collected the coordinates of these
characteristic points of these sheltered factors. After having
finished the collection of the characteristic points, the
collected coordinates were down loaded to the computer,
officially edited, treated, and generated into the
corresponding village and township factors, and expressed
as symbols and output according to the figure-drawing
requirement.

B. The technologies for acquisition of information about
damaged land based on the combination of multiple
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sources and multiple scales of vector data, thematic data
and remote sensing images.

The information about the damaged land in coal mining
regions had varied formats (e.g. vector data and raster data)
and multiple forms (i.e. map of mining subsidence,
topographic map and remote sensing images). When they
are applied in combination, it is inconvenient (Akira et al.,
2015). In this study, through combining GIS technology, we
studied the key technologies including integration of
coordinate translation and image registration of multiple
sources of land damage data, the technology of semantic
translation and integration of multiple sources of land
damage data, the judgment of the information about the
damaged land and up-grading technology, and established
an information conversion model for damaged land and the
technology system of information fusion.

1) Technology of Coordinate conversion and image
registration based on multiple sources of land damage data.

The images of damaged land in coal mining regions from
different sources had different coordinate reference systems.
For instance, the WGS84 coordinate system was used in
CORS-RTK data; Beijing 54 and Sian 80 coordinate
systems were used in the existing image data; Gaussian
coordinate system, locally independent coordinates and
image coordinate system were used in image data. In order
to make them consistent and superimposed for carrying out
information updating, we must conduct the coordinate
conversion or image registration of the spatial data under
different coordinates so that these data can be united in the
same coordinate system.

There are many models for the conversion from one
coordinate system to another coordinate system. The
workloads for using different conversion models to carry out
coordinate conversion are different and the precisions of the
results obtained are also different. Currently, the commonly
used models included the inter-spatial and inter-coordinate
seven-parameter model; strict functional analytical model
between space rectangular coordinates and earth coordinates
strict functional analytical model, positive and negative
Gaussian projection operator between earth coordinates and
plane coordinate system, and four-parameter model among
plane coordinate system, etc. Among them, all the
conversion parameters for the 7-parameter model and four-
parameter model are the unknown parameters. When
coordinate conversion was conducted, the coordinates of
several common points (characteristic points) within two
different and already known coordinate systems were
substituted into the conversion model. The conversion
parameters between two coordinate systems were reversed
with adjustment method. The obtained conversion
parameters were then re-substituted into the model and
coordinate conversion of the other part of characteristic
points was conducted (Kefyalew et al., 2016).

2) Semantic translation of multiple-sources of land
damage data and integration technology.

Compared with the common difference in data formatting
and the difference in coordinate system, shield or digestion
of the semantic differences in multiple-sources of the spatial
data is more difficult; its unfavourable influence on the
integration results is stronger. Because of this situation, we
conducted studies with the major focus on the technology of
integrating multi-sources of vector spatial data under
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environment of semantic differences (abbreviation of
semantic integration)(Vincent et al., 2013) based on the
systematic analysis and the expound of various differences
among multiple sources of spatial data and the digestion
strategy.

First, we designed the data bank of the integration results
according to the mapping requirement and used this bank to
store the integrated results. Then, we conducted a formatting
match between the data sources and the data bank of results
to formulate the mapping rulers, which guided data
extraction and format conversion. Later, according to the
format-mapping ruler, the key information was extracted
from the data sources and then loaded to the result data bank
after being treated with corresponding conversion. Finally,
we checked whether or not the complex and redundant
elements were present in the integrated results, cleaned and
combined the redundant elements.

3) Judgment of the information about the damaged land
and up-dating technology

For achieving the rapid acquirement of the information
about the damaged land, the judgment of the information
about the damaged land and up-date of technology based on
remote sensing technology can be utilized. According to
different types of damaged lands, we ensured that the
remote sensing image data sources could be used to extract
the information about the damaged land based on the
analysis of the image resolution and the mapping scale
relation and studied the judgment of the information about
damaged land based on remote sensing image and
technology up-dating and acquired the information about
areas and distribution of digging damaged land, subsided
land, and covered land.

a. Geometric correction of remote sensing data

Remote sensing geometric distortion refers to the
difference between the coordinate of image elements in
coordinate system of the image and the coordinate in the
reference system such as the coordinate system of the map.
The process of eliminating this difference is known as
geometric correction.

b. Image Enhancement

When the remote sensing images that have not been
treated with enhancement treatment, are directly interpreted
or classified, their results are usually not satisfactory. The
brightness layers are fewer and mean value of brightness is
lower, and the outline and edges are not clearly recognized.
When the image data is analysed, the image data must be
processed, i.e. enhance treatment of the images according to
the analytical purpose, so that the analysers can easily and
precisely recognize the image contents. The typical image
enhancement includes grey level transformation, colour
combination and HIS transformation.

In this study, in order to address the drawbacks of using
the home-made CBERS-02 HR 2.36, i.e. too much noise and
smaller range of effective grey level, we improved the
adaptive-piecewise linear  stretching algorithm-based
enhancement method.

The results indicated that the adaptive-piecewise linear
stretching algorithm-based enhancement method could
effectively inhibit the too bright and too dark image
elements, stretch the effective range of grey level and
highlight the key information in the image, which was
beneficial to image interpretation.

c. Image inlaid
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Image inlaid refers to the combination of multiple
spatially adjacent images with the geological reference
values into one image or one group of images. While all the
inlaid images can be different types of projection or
different sizes of image elements, they must have the same
number of wave bands. When image stitching was
conducted, there must be one reference image, which served
as the base for output and stitching of images and
determined the contrast match of the inlaid images, the map
projection of the output images, the size of image elements
and the types of data. When image inlaid was implemented,
the images had to be selected and the implement scheme
needed to be drafted. The quality of each view of satellite
image involved in image inlaid should be as good as
possible (without cloud or partial cloud) and the imaging
time of various images should be as close as possible so that
the labour force and the difficulty of the subsequent colour
adjustment could be reduced.

d. Judgment and up-dating of the information about land
damage

The data was correspondingly enlarged and checked
screen by screen to find out the information about the spatial
changes in coal mining regions from the images. According
to the information about the spatial changes, we conducted a
field survey and established a data bank of object spectral
characteristics. According to this data bank, we applied the
computer-aided automatic classification in combination with
artificial visual interpretation to extract the information
about the spatial changes in coal mining regions and then
updated the original map of the damaged land in coal
mining regions. Finally, we checked whether or not there
existed the contradiction among the elements in the original
map after being updated, and made corresponding treatment.

C. Studies on the inversion method based on soil
physicochemical properties reflected in the hyper-
spectral remote sensing

During the information survey on information about
damaged land, we needed to conduct the measurement of
soil physicochemical properties such as the contents of
organic maters, water, nitrogen, phosphorus and potassium.
The traditional soil analysis needs to conduct field sampling
and the complicated chemical analyses; there exist the
drawbacks such as time and labour consumption. The
emergence of hyper-spectral remote sensing can resolve the
problems occurring in the routine remote sensing and can
also be applied in the studies on the changes in micro-
difference in various parameters of soil (e.g. the content of
organic matters and water content etc.) and make the
quantitative inversion of the status of soil quality, possible.

In this study, we systematically studied the characteristics
of hyper-spectral remote sensing and the inversion
technology and determined the implement of workflow and
the related methods, which could provide references for the
similar researches.

The carbon-containing organic substances in the various
forms and various states present in soil are collectively
called soil organic matters, including various degraded
substances from the residues of plants and animals and
microorganisms in soil and synthetic products at various
synthetic stages. Soil organic matters are not only the
important components of soil but also the important
indicators during the soil development process, which
impose important influences on the physicochemical

properties of soil. The inversion technical flow of the hyper-
spectral remote sensing of soil organic matters mainly
included collection and treatment of soil samples,
spectrometric measurement of soil samples, analysis of soil
organic matters, data treatment and analyses (spectrometric
analysis and noise removal, spectrometric transform and
establishment and testing of prediction model).

1) Collection and treatment of soil samples

Soil samples in different growth stages of crops were
collected. After being dried naturally, the soil samples were
stressed and ground with wood cane to remove the sands
and plant residues, passed through 20 mu sieves and mixed
evenly, which were used for subsequent spectrometric
analysis and chemical analysis.

2) Spectrometric analysis of soil samples

The geographic spectrometer ASD FieldSpec Pro (China)
was used to measure the data of spectral reflectance of soil
samples. The operation procedures were conducted in the
laboratory with surrounding darkness. Angle of the direction
of the light source and perpendicular direction was 30° and
the distance of probes from the surface of soil sample was
15 cm. An appropriate amount of treated soil sample was
put into a dish and slightly stressed with glass cane to make
the surface as smooth as possible. Each sample was rotated
three times and each angle was scanned 12 times, for a total
of 36 times. The mean value was calculated.

3) Analysis of soil organic matters

After being measured with spectrometers, the contents of
organic matters in soil samples were analysed with titanium
trichloride potassium dichromat in combination with
external heating.

4) Treatment and analysis of data

a. Smoothness of the spectrum curves

Because of the difference in the energy response in
different wave ranges of the spectrometer, there existed high
frequency noise in the collected spectrum curves and the
appearance of many small glitches. Thus, the spectrum
curves needed to be treated. In this study, we used 9 point
weighted moving average method to conduct the smooth
removal of the noise. According to the distance of each
point from the centre, each point was given different weight,
the closer to the centre, the higher the weight was.

b. Mathematic treatment of the spectrometric data

In order to find out the sensitive spectrometric indicators
reflecting the soil organic matters, in addition to direct
analysis of the spectral reflectance, we also conducted
mathematical transforms of spectral reflectance reciprocal,
spectral reflectance logarithm, first order differential of
spectral reflectance, and first order differential of spectral
reflectance logarithm. After being transformed with
reciprocal and logarithm, the spectral difference of the
spectral reflectance in the range of visible light could be
enhanced and the influences of the multiplicative factors
caused by the changes in light conditions could be reduced.
After being transformed with first order differential of
spectral reflectance, the overlapped and mixed spectrums
could be separated and more easily recognized and the
differences in spectral characteristics among soil samples
were enlarged.

c. Establishment and test of prediction model
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Based on the coefficients of the correlations of the
spectral reflectance and the characteristic range of wave
length with the contents of the organic matters in soil
samples, the characteristic range of wave length between the
contents of soil organic matters and spectral index could be
analysed. By applying the prediction model for the content
of total nitrogen in soils, which was established based on
partial least squares (PLS), Back Propagation Neural
networK (BPNK) and the characteristic spectral indexes, a
high spectral prediction model for the content of soil organic
matters was established. The established model was tested
and analysed from two aspects, i.e. the stability and the
comparisons between the predicted value and actual
measured values. The stability of the model was tested with
the coefficient of determination (R2), the larger the R2, the
more stable the model was and the higher the reliability. The
comparison between the predicted value and the actual
measured values was evaluated with root mean square error
(RMSE). RMSE reflects the maximal effect of the sample
data and the sensitivity of the predicted values. The smaller
the RMSE, the more precise the predicted result was.

5) Hyper-spectral inversion
phosphorus and potassium in soil

technique of nitrogen,

Soil nitrogen, phosphorus and potassium are the essential
requirements for the growth and development of plants.
Their abundances and deficiency directly affect the growth
and the formation of the yield and quality of crops. The
hyper-spectral inversion technique flowchart of soil
nitrogen, phosphorus and potassium was similar to that of
soil organic matters, it mainly included the collection and
treatment of soil samples, the spectral measurement of soil
samples, measurement and analyses of the contents of soil
nitrogen, phosphorus and potassium, data treatment and
analysis including the smoothness of the spectral curves, the
mathematical treatment of spectral data, and establishment
and test of the prediction model. The main distinguishing
factor was the difference in the experimental analytical
methods used in measurements of the contents of soil
nitrogen, phosphorus and potassium as compared to those
used for the measurement of the contents of soil organic
matters.

6) Hyper-spectral inversion technique for measurement of
soil water content

The inversion of soil water content was conducted
through establishment of various related indexes. The
measurement procedures were as follows: The collected soil
samples were dried by wind and the invaded resides rather
than soils, including plant residues and other impurities such
as rock grains and bricks, were removed and appropriately
find ground, passed through 20 mu sieves, mixed evenly and
put into a container for subsequent use. Several soil samples
containing similar contents of organic matters were used as
the studied samples. Each soil sample was equally divided,
and each sample was put into a metal box with small radius.
Different amounts of water were consecutively injected into
the soil sample at the fixed intervals. After being settled for
2 hours, when the free water on the soil surface was
disappeared, spectral measurement of the soil sample was
conducted and the soil reflectance spectral curves, at
different water contents, were obtained. The corresponding
water contents in soil samples were obtained by the method

of oven drying in doors. The subsequent treatment was
similar to that of hyper-spectral inversion of organic matters.

D. Integration of technologies for acquirement of
information about land damage

In this study, we used CORS-RTK in combination with
electronic theodolite field co-operation collection, vector
dada, thematic data, remote sensing data fusion extraction as
one system with multiple sources and multiple scales
technical system for acquirement of information about the
quantitative status and infrastructure status. We used the
integration of ground investigation techniques and the
hyper-spectral remote sensing technology to acquire the
information about the status of the quality of the damaged
land. Finally, we conducted integration of the technologies
mentioned above and the information obtained to form a
technical system for acquirement of the information fusion
about the damaged land with multiple sources and multiple
scales and the data bank of the information about damaged
land.

IV. CASE OF THE APPLICATION OF TECHNICAL SYSTEM FOR
ACQUIREMENT OF INFORMATION ABOUT LAND DAMAGE
IN COAL MINING REGIONS

A. An overview of the studied area

Changcun coal mining of Yima Coal Mining Group of
Henan province is located in the west section of Changcun
Load, Yima City, Henan province. The mining area was
13.63 km2 and is one of the key mining fields of Yima Coal
mining group. The designed annual production capacity was
1.8 million tons.

B. Application Analysis

In September 2014, the technical system developed in
this study for acquirement of the information about land
damage in coal mining regions was applied to acquire the
information about the damaged land in Changchun coal
mining. Firstly, we applied the existing data extraction
method to acquire the basic information about the damaged
land, such as the types of damaged land and the approximate
range, so that we had the studied targets. Then, we applied
the image fusion and the treatment method developed in this
study to achieve the recognition of the subsided region and
to increase the precision of recognition. We applied CORS-
RTK in combination with technology of electronic
theodolite field-acquirement of the spatial information about
the land damage to further measure the detailed information
about the damaged land. The precision and speed of data
acquirement were increased. According to the survey on the
pollution information about the polluted land, we applied the
soil physicochemical properties hyper-spectral remote
sensing-based inversion method developed in this study,
which greatly shortened the time for soil sample analysis
and greatly increased the working efficiency. Finally, by
using data fusion acquirement technical system based on
vector data, vector data, thematic data, remote sensing
images with multiple sources and multiple scales, we treated
and analysed the data obtained with various methods
mentioned above and united the coordinate systems of
various sets of data, data formatting and semantic
information, which was convenient for data application. The
final application indicated that this new technical system
developed in this study could reduce the workload of field
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survey by more than 25% and could significantly reduce the
work cost and obviously increased the information-
acquirement efficiency.

V. CONCLUSIONS

To address the problems, such as low efficiency of
information acquirement and the lack of a complete
technical system, existing in the traditional methods
currently applied for acquirement of the information about
damage land, in this study, we developed a new technical
system that integrated CORS-RTK and electronic theodolite
field acquisition, vector data, thematic data and the remote
sensing image data fusion extraction as one system with
multiple sources and multiple scales for acquirement of
information about the damaged land. Its application
indicated that this technical system greatly reduced the
workload for field survey and the work cost, and obviously
increased the working efficiency and thus, can provide the
methodological support for rapid and precision acquirement
of the information about the damaged land in coal mining
areas.
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