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Abstract: A study on biological productivity derived from a long 
time series of the multidimensional Normalized Difference 
Vegetation Index (NDVI) in the mining-disturbed areas can help 
to understand the process of vegetation succession in the 
disturbed (non-natural) environment. It can also help with 
decision making about natural restoration and rehabilitation of 
ground vegetation in the ecologically fragile areas that are mined 
intensively, like the North-western regions of China. Using 
datasets of long temporal series of NDVI3g, derived from Global 
Inventory Modelling and Mapping Studies (GIMMS), (1982–
2012), combined with temperature, precipitation and coal output 
information, the spatial and temporal relationship between the 
resource extraction and the ecological changes, as well as, its 
response to the climate change was researched. Data sets from 
the ShenDong Coalfield were used as a case study.  
The results demonstrate that: 1) Taking the global change as a 
background in years from 1982 to 2012, the vegetation-growing 
season was extending. The NDVI in the study area appears to 
increase with the rate of 27%. 2) The impact analysis of mining 
intensity shows that the GIMMS of NDVI3g increases at a 
certain stages of mining development. The growth rate of the 
annual NDVI data, in the study areas, is higher before 
development and at the initial construction stage of the mine. At 
the later stages of mining development, the growth rate 
decreases significantly. The greater the intensity of mining, the 
growth of NDVI is smaller. The study indicates weak 
relationship between the decreasing NDVI and the mining 
intensity. 3) Climate change analysis indicates that the GIMMS 
of NDVI3g over 31 years is affected by the interaction of 
temperature and precipitation. The growth period and the 
extension of the growth season are closely related to the increase 
of temperature. 

I. INTRODUCTION 
Northwest China is rich in coal resources. It is the main 

base of energy supply for the country in future. However, 
most of the region is the arid or semi-arid area, with low 
vegetation coverage and fragile ecological environment. The 
high intensity mining can lead to land desertification, causing 
the ecological environment to worsen. In order to monitor the 
trend of mining and ecology in real time, remotely sensed 
data is selected to monitor the spatial and temporal change of 
environment in mining area. 

As the connection of the soil, atmosphere, water, and other 
ecological environment factors, vegetation has obvious inter 
annual and seasonal change characteristics. Its temporal and 
spatial change can reflect the trend of land use and climate 
change in a certain extent (Myneni R B et al., 1997; Tucker et 

al., 2001; Chen et al., 2001; Piao et al., 2003; Li et al., 2010; 
Shi et al., 2011; Brown et al., 2012). The Normalized 
Difference Vegetation Index (NDVI), as an important 
indicator of land cover change. It can be used for 
quantitative and qualitative assessment of vegetation 
coverage and its growth vigour (Wu et al., 2009). 
Continuous long time series of NDVI data is the basis and 
premise for long term monitoring of land surface 
characteristics (Du, J., et al., 2014). In recent years, the 
research results of vegetation growth status and its dynamic 
changes in natural ecological areas have been obtained (de 
Jong et al., 2011; Eastman et al., 2013; Zhang et al, 2013; 
Zhu et al, 2013). However, the research on vegetation 
ecological change in mining area is relatively small (Wu et 
al., 2009; Lei, 2009; Bian et al., 2009; Ma et al., 2011; Zhai 
et al., 2012).  

Dynamic monitoring of temporal and spatial changes of 
vegetation cover and research of the relationship between 
vegetation, climate and human activities, have important 
practical significance to reveal the evolution of regional 
environmental condition (Chen et al., 2004). This research 
focuses at the ShenDong Coalfield.  GIMMS NDVI3g 
dataset and meteorological data are used to reveal the 
spatial-temporal relationship between resource extraction 
and ecological vegetation change, and its response 
characteristics to mining intensity and climate change, using 
correlation analysis applied to time series of data.  

This paper consists of 5 parts. Section 1 is a brief 
introduction to the background and related studies. The case 
study area and data are introduced in Section 2. The 
methodologies are introduced in Section 3, and results are 
discussed in Section 4. Finally, conclusions are given in 
Section 5. 

II. STUDY AREA AND DATA 

A. Study area  
The ShenDong Coalfield is located between the Shenmu 

and Fugu counties of Shaanxi Province (SaXP) and the Ejin 
Horo and Junggar counties of Inner Mongolia. It has the 
geographical position of 110°05′–118°14′ E, 39°17′–39°26′ 
N, as shown in Figure 1. The coalfield is situated in the 
middle area of Ordos settlement tectonic basin, the north of 
the coalfield is situated in the Mu Us desert, and the south of 
the coalfield is situated in the Loess Plateau. The surface of 
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the coalfield undergoes serious soil erosion, with bedrock 
exposed in some areas. Owing to the multiple representative 
characteristics of the physical geography of the coalfield, its 
geomorphology is defined as a transition zone called “dry 
grassland and wind erosion desertification grassland” (Zhang 
et al., 2012), its climatology is defined as “semiarid and arid 
transition zone” (Li et al., 2012). The area is temperate semi-
arid continental monsoon climate. There is long and cold 
winter, short and cool summer, with large temperature 
difference and drought. Therefore, there are some 
characteristics of low vegetation coverage, and short 
vegetation growing season in the area.  

 

 
Fig.1 – The study area. 

 

B. NDVI3g, meteorological and vector Data 
The third generation product, NDVI3g data are released by 

NASA GIMMS �Global Inventor Modelling and Mapping 
Studies�. In this paper, 744 NDVI3g data are collected from 
the NDVI3g dataset for the ShenDong Coalfield. The 
processing flow of the selected datasets are as follow: firstly, 
processing is conducted by the methods of projection 
transformation, radiometric calibration, coarse geometric 
correction, removal of bad lines and cloud, MVC (Maximum 
Value Composites), and calculating the NDVI. Then, the 
maximum value of half-month compositing is regarded as the 
final result, which the temporal resolution is 15 days, and the 
spatial resolution is 8 km.  

In addition to remotely sensed data, the China 
Meteorological Data Sharing Service System provided the 
meteorological data. The meteorological data of 86 weather 
stations, located in Inner Mongolia Autonomous Region 
(IMAR), Shanxi Province (SXP), and SaXP, from 1982 to 
2012 were interpolated in this study to obtain the 
meteorological data of the ShenDong Coalfield, such as 
temperature, precipitation, and so on (See Fig.2). 

The vector data comes from the 1:400,000 national, 
provincial, and county administrative region maps. ArcGIS 
was used for data transformation, extraction and for creation 
of the vector data coverage in the ShenDong Coalfield. 

 
Fig.2 The distribution of 86 weather stations in Inner Mongolia 
Autonomous Region, Shanxi Province and Shaanxi Province 

III. METHOD 

A. NDVI data synthesis 
There are some common synthesis methods for NDVI 

data, such as accumulative processing, average processing, 
and maximum processing. In this study, the precipitation, 
temperature, crop growth period, and other conditions are 
used in the synthesis method. To highlight vegetation 
coverage for harsh natural conditions and low rate of 
vegetation in the arid and semiarid mining areas, the MVC 
is used to eliminate the effects of cloud, fog, and other 
natural conditions on NDVI values (Ma et al., 2009; Li, Z, et 
al., 2007; Stow D, et al., 2004; Hope A, et al., 2003), and to 
obtain 372 monthly NDVI data, 124 quarterly NDVI data, 
31 annual NDVI data and the rate of NDVI in the ShenDong 
Coalfield. 

B. Meteorological data interpolation 
The meteorological data, over period 1982 – 2012, from 

86 weather stations located in Inner Mongolia Autonomous 
Region (IMAR), Shanxi Province (SXP), and Shaanxi 
Province (SaXP), China, are interpolated at the spatial 
resolution of 8km×8km by using the inverse distance 
weighted method. The meteorological information of 
temperature, precipitation, etc. is also obtained for the study 
area. 

C. Trend analysis 

1)  Vegetation Coverage Rate 
The vegetation coverage rate formula based on the annual 

NDVI is as follows (Fang, J., et al., 2003): 

   (1) 
 

Where  are respectively the average 
NDVI, the maximum NDVI, and the minimum NDVI. 

2)  Greenness Rate of Change 
A regression analysis model can be used to describe the 

uncertain relationship between variables (Zhang, Z., et al., 
2008). The unary linear regression analysis can be used to 
simulate the change trend of each grid (Ma, M., et al., 2006). 
Stow and others used monadic linear regression method to 
simulate the green degree of Vegetation Change Rate 
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(Greenness Rate of Change, GRC) (Douglas A., et al., 2004). 
The GRC is defined as a period of seasonal synthetic 
Normalized Difference Vegetation Index (Seasonally 
Integrated Normalized Difference Vegetation Index, SINDVI) 
inter-annual variation of the minimum power of the slope of 
the linear regression equation (Douglas A., et al., 2004). The 
essence of this method is least square fitting, the slope 
computation formula for (Stow D, et al., 2003): 

    (2) 
Where xi is independent variable, yi is dependent variable, 

and , . 
 
 

3)  Pearson correlation coefficient 
Pearson’s product distance correlation coefficient can be 

used to analysis the correlation of two subjects, which is a 
dimensionless index that ranges between −1.0 and 1.0. It 
reflects the degree of linear correlation between two datasets. 
Pearson’s correlation coefficient (r) is calculated as follows: 

 

   (3)

 

Where, x, y are the samples, and x and y are the averages of 
the samples. 

IV. RESULTS  

A. Time series analysis 

1)  Monthly NDVI analysis 
The dynamic change curves of monthly mean NDVI over 

31 years in the ShenDong Coalfield can be obtained by 
calculating the average of the monthly NDVI values from 
January to December. (See Figure 3) We can find that the 
monthly NDVI curves correspond with the Gauss normal 
distribution. The NDVI within a year presents a single peak 
change trend, the vegetation growth peak in August, which 
has the characteristics of a cycle for years. All of these 
support local agriculture with one crop annually and its 
phenology (Yan, H., et al., 2005). 

 

Fig.3 Monthly variability trend of NDVI in the ShenDong Coalfield over 
31 years 

2)  Quarterly NDVI analysis 
The change curves of average quarterly NDVI can be 

obtained by calculating the average of the four quarterly 
NDVI values every year and linear regression for 31 years in 
the ShenDong Coalfield. Figure 4 shows that vegetation 
growth has distinct quarterly characteristics, and is affected 
significantly by quarterly change. In the first quarter (from 
January to March), the quarterly NDVI value declines at a 
rate of 0.0011 every year. In the second quarter (from April 
to June), the quarterly NDVI value slight rises at a rate of 
0.0005 every year. Meanwhile, the rising rate of NDVI is 
0.0004 in the fourth quarter (from October to December). In 
the third quarter (from July to September), the rate of NDVI 
is 0.0024 every year. It is the most significant increasing 
trend showing the vigorous vegetation growth in the third 
quarter. However, due to the different division method, the 
result is not consistent with Piao’s research. Piao considers 
that the most significant increasing trend is in the spring 
(from March to May) (Piao, S., et al., 2003). Furthermore, 
the first quarterly NDVI value is the lowest due to 
significant snow cover on the ground for long time and the 
NDVI value can’t reflect the real condition of the surface 
coverage (Fang, J.,et al., 2003; Yang, Y., et al., 2006). 
 

 
Fig.4 Quarterly variability curve of NDVI in the ShenDong Coalfield over 
31 years 
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3)  Annual NDVI analysis 
In this part, the annual NDVI change trend is analysed by 

linear regression during 31 years. The Figure 5a shows that 
the slope of NDVI change is 0.0031. The increasing NDVI 
values indicate the vegetation coverage has positive trend. 
The classification standard of NDVI change trend is used to 
estimate the vegetation coverage status (Li, Z., et al., 2005) 
(Table 1). Compared with the standard, we think vegetation 
coverage change trend is slightly improved. This result is 
consistent with Yao’s (Yao, X., et al., 2012). 

Vegetation coverage rate is obtained by the Formula 1. The 
Figure 5b shows the vegetation coverage rate change trend 
curve. Linear regression analysis shows that vegetation 
coverage declines at a rate of 0.0021. This is due to the 
influence of mining on vegetation coverage. 

 
 

 

TABLE 1: GRADATION FOR NDVI VARIABILITY TREND 

Slope	of	linear	regression	
curve	

Change	degree	

<-0.0090	 Serious	degradation	
-0.0090~	-0.0046	 Moderate	degradation	
-0.0045~	-0.0010	 Slight	degradation	
-0.0009~	0.0009	 Essentially	constant	
0.0010~	0.0045	 Slight	improvement	
0.0046~	0.0090	 Moderate	improvement	
>0.0090	 Obviously	improvement	

 

 

Fig. 5 Trend of NDVI (a) and coverage (b) in the ShenDong Coalfield over 
31 years 

 

4)  Spatial variation analysis 
In this part, the NDVI data, covering the ShenDong 

Coalfield with 52 pixels of spatial resolution 8x8 km, is used 
for spatial variation analysis. The trend map of spatial change 
is obtained by linear regression based on pixel contrast 
(Figure 6). One pixel essentially represents no change and is 
located north of mining. 43 pixels with slight improvement 
accounts for 82.7%. 8 pixels with moderate improvement are 
located over the border of Shanxi and Shaanxi. Thereby, 

vegetation coverage condition has good development trend, 
and much of the mining area has a slight improvement. 

 

 
Fig.6 The spatial distribution variability trend of NDVI over 31 years in the 
ShenDong Coalfield 

 

B. Mining intensity correlation analysis 
The ShenDong Coalfield has experienced four stages of 

development from 1981 to present (see Table 2). The 31-
year NDVI trends also exhibits certain segmentation 
characteristics by piecewise linear regression analysis, as 
follows: 1981–1984 (Stage I), 1985–1988 (Stage II), 1989–
1994 (Stage III), 1995–1998 (Stage IV), 1999–2007 (Stage 
V) and 2008-2012 (Stage VI). The NDVI values in 2001 and 
2011 are unusual, not included in the regression analysis. 
Fig. 7 and Table 3 show the change rate of each stage, which 
is highly consistent with the development of the ShenDong 
Coalfield. 
 

TABLE 2: THE DEVELOPMENT OF THE SHENDONG COALFIELD 

Development	period	 Development	history	
1982-1985	 Undeveloped	stage	

1986-1988	 Construction	of	the	early	stage	

1989-1998	 High	efficient	exploration	stage	

1999-2009	 Stage	of	development	by	leaps	and	bounds	

2009-	 Scientific	development	stage	

 

TABLE 3: THE SLOPES OF PIECEWISE LINEAR REGRESSION 

Period	 1982-
1984	

1985-
1988	

1989-
1994	

1995-
1998	

1999-
2007	

2008-
2012	

Slope	 0.016	 0.019	 0.007	 0.012	 0.001	 0.009	

 
 

 
Fig.7 Piecewise linear regression analysis based on each development stage 
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(Stage I and II). Corresponding to the high efficient 
exploration stage, the growth rate decreased obviously (Stage 
III and IV). In Stage V, there is severe drought in the 
ShenDong Coalfield, as well as, the mining intensity is 
increasing. As a result the growth rate of NDVI is seriously 
decreased. In Stage VI, the mining area enters into a scientific 
development stage, and the growth rate of NDVI is obviously 
increasing, while the NDVI value continues high. Therefore, 
Stages I and II are natural evolution stages. Stages IV, V and 
VI are the mining affected stages. Stage III is transitional 
stage. Piecewise linear regression analysis shows that the 
maximum synthesis of NDVI data and mining intensity have 
a certain correlation. 

C. Climate response analysis 
Figure 8 shows the correlation between NDVI, temperature 

and precipitation in the ShenDong Coalfield over 31 years, 
which can be obtained by analysis the annual NDVI value, 
annual average temperature, and annual precipitation. 
Pearson’s correlation coefficients of the annual average 
temperature with the precipitation, NDVI with the 
temperature, and NDVI with the precipitation are respectively 
-0.1725, 0.3363, and 0.3352. Data show that the annual 
temperature and the annual precipitation are negatively 
correlated. When the temperature rises slowly, the 
precipitation assumes the declining trend of fluctuations. 
Otherwise, the correlation coefficient between NDVI and 
temperature is higher than that between NDVI and 
precipitation, which shows that the influence of temperature 
on vegetation is greater than that of precipitation. This has 
some similarities with previous studies (Li, B., et al., 2000; 
Luo, L., et al., 2011). 

 Fig.8 Correlation of curves representing NDVI, temperature and 
precipitation in the ShenDong Coalfield 

V. CONCLUSIONS AND DISCUSSION  
This research allows to draw the following conclusions:  
Spatial and temporal analyses show that the global change 

extended the vegetation-growing season in the ShenDong 
Coalfield over the period from 1982 to 2012. The NDVI 
change has the increasing trend, which corresponds to the 
global change of vegetation index for North China and Inner 
Mongolia. 

Analysis shows that the GIMMS NDVI3g, over 31 years in 
the ShenDong Coalfield, increased at a certain stages of mine 
development. The growth rate of the annual NDVI, in the 
study areas, was higher in the undeveloped stage and the 
initial construction stage of the mine. At the later stage of 

development, the growth rate significantly decreased. The 
greater the intensity of mining is, the smaller the NDVI 
growth rate. It indicates weak relationship between the 
decreasing growth rate of NDVI and mining intensity.  

Climate change analysis indicates that the GIMMS 
NDVI3g, over 31 years in the study area, is affected by the 
interaction of temperature and precipitation. The advance of 
the growth period and the extension of the growth season are 
closely related to the increase of temperature. 
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