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Original scientific paper
Evaluating the deterioration of ecological environment and vegetation of coalfields caused by China’s large-scale coal mining activities is important
because of the fragile ecological environment and low temperature in cold and arid areas. This study takes the open coal pits of Haizhou, Gulianhe, and
Huolinhe as examples and proposes a method for evaluating their ecological environment using Landsat time series images based on the Normalized
Difference Vegetation Index (NDVI) variations of open-pit coalfields in cold and arid zones. The average NDVI value of the mining area each month was
calculated using Landsat image data from 2000 to 2015. The vegetation cover area in the coalfields was extracted according to the NDVI threshold, and
the scatter plots of the annual maximum NDVI and vegetation cover area were drawn. We fitted the variation trend line of maximum NDVI value and
vegetation cover area to reduce the effect of meteorological factors on NDVI values. Results show that after the closure of open pit and reclamation of
dump area, the NDVI of open-pit coalfields and vegetation cover area have been increasing rapidly over the last decade, and the ecological environment of
these coalfields has obviously improved. The coal mining activities have led to the rapid decline of annual maximum NDVI and vegetation cover area of
the coalfields in permafrost zones, and the ecological environment of coalfields continues to deteriorate. Although the quarterly average NDVI remains
unchanged in non-permafrost mining coalfields under coal exploitation, the vegetation cover area in the coalfields decreases linearly, indicating that the
ecological environment of the coalfields tends to deteriorate. From an ecological environment protection perspective, the results of this study provide a
basis for decision making in constructing large-scale open pits in cold and arid zones.
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Pracenje ekoloSkog okruzenja rudnika s otvorenim jamskim oknom u hladnim podrucjima sjeveroistoéne Kine primjenom
Landsat serije slika snimljenih u razdoblju 2000-2015

Izvorni znanstveni ¢lanak
Procjena pogorSanja ekoloskog okruzenja i vegetacije rudnika u Kini zbog prekomjernog vadenja ugljena vazna je zbog osjetljivog ekoloskog okruzenja i
niske temperature u hladnim i su$nim podru¢jima. U ovom se istrazivanju kao primjeri uzimaju rudnici Haizhou, Gulianhe i Huolinhe s otvorenim
jamskim oknom te se predlaze metoda za procjenu njihovog ekoloskog okruzenja primjenom Landsat vremenske serije slika na temelju varijacija
Normalized Difference Vegetation Index-a (NDVI) rudnika s otvorenim jamskim oknom u hladnim i su$nim podru¢jima. Prosje¢na NDVI vrijednost
rudarskog podru¢ja izratunavala se svakog mjeseca primjenom podataka Landsat serije slika od 2000 do 2015. Podruéje nalazista ugljena pod
vegetacijom odredeno je u skladu s grani¢nim vrijednostima NDVI pa su tako izradeni grafikoni godi$njeg maksimalnog NDVI i podrucja pod
vegetacijom. Prilagodili smo liniju trenda varijacije maksimalne vrijednosti NDVI i podru¢ja pod vegetacijom kako bi se smanjio u¢inak meteoroloskih
¢imbenika na NDVI vrijednosti. Rezultati pokazuju da se poslije zatvaranja jame i ¢iS¢enja podru¢ja odlaganja, naglo, tijekom zadnjeg desetljeca, povecao
NDVI rudnika s otvorenim jamskim otvorom i podruc¢ja pod vegetacijom, a ekolosko okruzenje tih rudnika se o€ito pobolj$alo. Rudarske aktivnosti su
dovele do naglog opadanja godis$njeg maksimalnog NDVI i podru¢ja pod vegetacijom s trajno smrznutim slojem tla, a ekolosko okruzenje rudnika se
nastavlja pogorSavati. Premda ¢etverogodisnji prosje¢ni NDVI ostaje nepromijenjen u dijelovima nalaziSta ugljena koji se eksploatiraju, a nemaju trajno
smrznuti sloj tla, podrucje ugljenokopa pod vegetacijom se linearno smanjuje, ukazuju¢i na ¢injenicu da se ekolosko okruzenje ugljenokopa pogorsava. Sa
stajaliSta zastite ekoloSkog okruzenja, rezultati ovog istrazivanja ¢ine osnovu za donoSenje odluke o otvaranju velikih rudnika s otvorenim jamskim
oknom u hladnim i susnim podru¢jima.

Kljucne rijeci: ekolosko okruzenje; Landsat niz podataka; Normalized Difference Vegetation Index (NDVI)(indeks normalizirane razlike vegetacije);
ugljenokop,; vremenska serija

1 Introduction Generally, ecological evaluation methods of

coalfields involve selecting remote sensing images every

Environment monitoring and evaluation of coalfields
are particularly important because mining activities cause
a series of ecological and environmental problems, such
as forest degradation and groundwater lowering [1+6].
Satellite remote sensing is an effective tool for evaluating
the ecological environment of coalfields. The large areas
of the ecological environment can be monitored easily
using satellite-based sensors. Many scholars have used
remote sensing images to monitor and study the
ecological environment of open pits [1, 4+8]. In the past
20 years, ecological evaluation indexes, such as Simple
Ratio Index (SRI) and Normalized Difference Vegetation
Index (NDVI), have also been extensively used in
assessing the ecological environment of open pits. NDVI
is one of the most widely used indices because vegetation
is an indicator of the ecological environment. In this
study, NDVI is selected as the index for evaluating the
ecological environment of coalfields [8+10].

few years, comparing and analyzing the NDVI variations
of the coalfields using the selected images, and then
evaluating the ecological environment of the coalfields
according to NDVI variations. Although these methods
are suitable for most coalfields, the meteorological factors
in cold and arid zones greatly influence the NDVI of
different years; therefore, the above methods are
inapplicable to the ecological environment monitoring of
open pits in cold and arid zones. The annual average
temperature and precipitation are relatively lower in cold
and arid zones than in warm and humid areas, and the
temperature and the precipitation of different years vary
greatly. The influence of meteorological factors on NDVI
variations should not be disregarded. Figuring out how to
effectively monitor the ecological environment of
coalfields in cold and arid zones is urgent.
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2 State of the art

Most of the studies have confirmed the importance of
NDVI in coalfield monitoring and vegetation health
assessment [11+15]. Sonwalkar et al. [16] used MODIS
(MODerate-resolution Image Spectroradiometer) NDVI
products to analyze the variations of acid mine drainage.
Erener [1] analyzed the vegetation cover and health status
of the reclaimed area of Seyitomer mine using NDVI, SRI,
and reduced simple ratio. Townsend et al. [17] examined
the land use changes of central Appalachian Mountain
region in the eastern United States using decision trees
and Landsat time series data. Zhang et al. [18] based their
research on HyMap and Hyperion image data used in
Vegetation Inferiority Index and adopted Water
Absorption Disrelated Index and NDVI; they also
investigated and evaluated the effect of mining activities
on the environment. Vasileiou et al. [9] analyzed the
ecological environment changes of coalfields using NDVI
after the mine is closed. Zawadzki et al. [19] analyzed the
effect of mining activities on the ecological environment
of Lignite Mine depression cone using Landsat
TM/ETM+ data and explored the relationship between
surface temperature and NDVI. Tian et al. [20] evaluated
the trend of NDVI variations of the coalfields in Loess
Plateau using the blended data of Landsat and MODIS.
Lei et al. [3, 21] investigated the NDVI variations in the
mining and non-mining area using MODIS NDVI
products and Landsat TM images of 2000, 2002, and
2005. The results showed that the NDVI of coalfields
(e.g., Bulianta) exhibited different degrees of decline.

Although NDVT is widely used in the environmental
monitoring of coalfields, this index is affected by both
climate change and mining activities. If only the NDVI
values of two images are used to analyze vegetation
health and ecological environment, then eliminating the
influence of meteorological factors is infeasible. If the
time series image is used to analyze the changes of
vegetation health and cover area in the coalfields, then the
effect of meteorological factors on the analysis results of
NDVI variations is minimized. Many scholars also used
time series images to conduct studies on the

environmental monitoring and assessment of coalfields.
Liu et al. [22] analyzed the changes of vegetation cover
area using image data from 1990 to 2015. Lei et al. [3]
used MODIS NDVI time series images to analyze the
environmental changes of Shendong coalfields caused by
underground mining. Although the methods of evaluating
ecological environment has been proposed based on
NDVI variations, the influence of meteorological factors
on NDVI variations is neglected especially in cold zones.
Therefore, we study and analyze the influence of mining
activities on the ecological environment using time series
images and trend line of NDVI variations under different
climatic types in cold areas of Northeast China.

The sections of the paper are arranged as follows. In
the third section, the research scope, data, and method are
introduced. In the fourth section, the vegetation cover area
of coalfields and NDVI variations are analyzed. The
correlation between NDVI variations and meteorological
factors is analyzed and the determination coefficients of
NDVI, temperature, and precipitation are determined. In
this section, the results indicating that the NDVI
variations of coalfields are mainly affected by mining
activity are also discussed. In the fifth section, the
conclusion is presented.

3 Methodology
3.1 Study area

Northeast China is one of the areas where open pits
with longest mining history and largest mining scale in
China are located. Haizhou open pit was the first large-
scale, mechanization-based open-pit coalfield after new
China was founded; it was closed in 2005. After the
production is suspended, Haizhou open pit was rebuilt
and converted into a national mine park. Huolinhe is one
of China’s five largest open-pit coalfields, and Gulianhe
coalfield is the only open-pit coalfield located in the
permafrost zones of China. In this study, we regarded
Gulianhe, Huolinhe, and Haizhou open pits in Northeast
China as the study zones. Fig. 1 illustrates the spatial
location and geomorphological features of each coalfield.
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Figure 1 a) Ecological environment, Normalized Difference Vegetation Index (NDVI), Coalfield, Time series, Landsat data set; b) Gulianhe open pit
coalfield; ¢) Huolinhe open pit coalfield

Haizhou open pit is of northern temperate semi-
humid and semi-arid climate. The annual average

temperature of the coalfield is between 6,4 °C and 9,3 °C,
and the average annual precipitation is 534,6 mm. The
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vegetation in the coalfields belongs to the flora limbic
system of North China, where xeric plants and shrubs
communities are distributed, and their vegetation cover
areas are between 10 + 50 % and 30 + 50 %, respectively.
Gulianhe is a unique coalfield in the permafrost stratum
on the northern most end of China. The Gulianhe open-pit
coalfield typically experiences cold temperate continental
monsoon climate, with an annual average temperature of
-2 °C in 1999 + 2015 and average annual precipitation of
458.1mm. The main plant in the coalfields is larch Larix.
For the Huolinhe open pit, the annual average temperature
of 2000 + 2015 is 6,94 °C, and the average annual

precipitation of coalfields from 2001 to 2015 is 374,8 mm.

The coalfield is mainly covered by non-zonal meadow
and salt meadow vegetation.

3.2 Data source

In this study, we researched and analyzed the spatial
variation characteristics of NDVI of coalfields using the
data from three resource satellites of Landsat 5, 7, and 8.
The NDVI of coalfields was extracted through bands of
B3 and B4 of Landsat 5 and 7, B4 and B5 of Landsat 8.
For the Haizhou, Gulianhe, and Huolinhe coalfields, we
selected 177, 155, and 163 Landsat images from 1996 to
2015, 1999 to 2015, and 2000 to 2015, respectively.

Meteorological factors are important factors
affecting the NDVI variations; temperature and
precipitation factors are closely related to NDVI. We used
the monthly mean temperature and cumulative

precipitation data of Haizhou, Gulianhe, and Huolinhe
coalfields to analyze the correlation between NDVI
variations and meteorological factors. Meteorological data
were obtained from the meteorological sites located in
each coalfield.

3.3 Calculation of NDVI of coalfields

NDVI is the vegetation index obtained through
combined operation between red and near-infrared
spectral channels based on the manifestation
characteristics of plants toward different wave bands.
Plant leaf tissue can strongly absorb red light and reflect
near-infrared light. The higher the vegetation coverage,
the smaller the red reflectance; the higher the reflectance
of near-infrared light, the higher the NDVI. NDVI can
characterize the growth state of vegetation. The
mathematical expression of NVDI is

NDVI:M (1)
NIR + red

where NIR represents a near-infrared spectral
characteristic and red represents the red band spectral
characteristics, with the ratio within the range of [-1, 1].
To obtain accurate NDVI values, the original image
requires preprocessing, which mainly includes image
registration, cutting mosaic, atmospheric correction, and
image enhancement. Fig. 2 illustrates the specific process.
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Figure 2 Image preprocessing

The changes of vegetation cover area in the
coalfields and NDVI mean value can reflect the variation
tendency of the ecological environment of the coalfields.
The NDVI of each pixel is calculated using red and near-
infrared bands of Landsat images, and the NDVI outliers
are filtered out. To calculate the NDVI variations of
coalfields, supervised classification and NDVI threshold
methods should be used to filter the non-vegetation cover
area (e.g., water bodies, roads, buildings, and pits) in the
coalfields. Then, we calculated the NDVI value of
vegetation cover area according to Formula 1. We also
generated the statistics of average NDVI of the vegetation
cover area in the coalfields and depicted the NDVI
distribution in the coalfields. Based on the NDVI annual
maximum value, the quarterly average value and

vegetation cover area of more than 10 years in the
coalfields, we drew the corresponding scatter plots. By
adapting the NDVI and vegetation cover area fitting line,
we obtained accurate ecological changes in the coalfields.

4 Result analysis and discussion
4.1 Variation tendency of NDVI in Haizhou coalfield

Tab. 1 lists the monthly average NDVI of vegetation
coverage area in Haizhou coalfield from 1996 to 2005.
After the closure of Haizhou open-pit coalfield in 2005,
the annual average and maximum value of NDVI of the
coalfield have obviously improved. The annual averages
of NDVI values and the maximum NDVI value average
of Haizhou coalfield from1996 + 2005 are 0,240 and
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0,458, respectively; the annual averages of NDVI values
and the maximum NDVI value average of Haizhou
coalfield from 2006 -+ 2015 are 0,313 and 0,580,
respectively. The results improved by 30,4 % and 26,6 %,
respectively. To reduce the influence of different
meteorological factors among different years on NDVI,
we drew the scatter plot of the maximum NDVI from
1996 + 2015, adjusting the fitting line of the annual
maximum value of NDVI, with a slope of 0,0116 (Fig. 3).

Fig. 3 shows that the maximum value of NDVI in
Haizhou coalfield rapidly increased from 1996 to 2015,
the trend of NDVI growth became more remarkable
especially after the closure in 2005. The diagram of
variation tendency of the vegetation coverage area in the
coalfield is shown in Fig. 4, and the slope of the fitted line
is 0,282. In Fig. 4, as the NDVI of the coalfield increased,
the vegetation coverage area showed a rapid growth trend.

Table 1 Monthly mean NDVI values of vegetation cover area in Haizhou coalfield

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1996 / 0,217 0,136 / 0,169 0,195 0,325 0,507 0,329 / / 0,218
1997 0,141 0,174 0,161 0,147 0,132 0,300 0,380 / / 0,285 0,202 0,192
1998 0,219 0,130 0,184 / 0,155 / 0,325 0,345 0,399 0,214 / 0,212
1999 0,248 0,142 / 0,169 0,204 0,247 0,359 0,534 0,380 0,296 0,195 0,138
2000 0,068 0,106 0,188 0,126 0,214 0,261 / 0,429 0,184 0,374 0,174 0,172
2001 / 0,108 0,167 0,153 0,122 0,292 / 0,481 0,385 0,254 0,201 0,126
2002 0,225 0,199 / 0,186 0,245 0,405 0,355 0,454 0,428 0,228 0,188 0,081
2003 / 0,199 0,135 0,151 / 0,381 / / / 0,276 / /
2004 / 0,187 0,163 / 0,187 0,119 / 0,499 0,226 0,279 0,145 /
2005 / 0,178 0,164 0,156 0,184 / 0,521 0,351 0,392 0,354 0,156 0,108
2006 / 0,056 / 0,031 / 0,349 0,484 0,295 0,449 0,348 0,229 0,162
2007 0,141 0,097 0,055 0,099 / 0,147 0,444 0,544 0,507 0,419 / /
2008 / 0,175 0,141 0,134 0,246 0,292 0,180 0,534 0,374 0,147 0,194 /
2009 / 0,084 0,214 0,182 0,208 0,512 0,582 0,452 0,379 0,216
2010 / / / / / 0,445 0,466 0,640 0,518 0,394 / /
2011 0,210 0,209 0,230 / / 0,365 / / / 0,381 0,322 0,205
2012 / / 0,094 / 0,333 / / 0,604 0,559 0,362 0,200 /
2013 / / 0,187 0,150 0,334 0,453 0,737 0,653 0,424 0,226 0,333 0,178
2014 / 0,172 0,198 0,101 0,095 / 0,693 0,625 0,432 0,356 0,217 /
2015 0,308 0,032 0,025 0,036 0,065 0,603 / 0,562 / 0,096 / /
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Figure 3 Trend of annual maximum NDVI in Haizhou coalfield
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Figure 5 Average seasonal NDVI trends in Haizhou coalfield

To analyze the NDVI variations of the coalfield in
different quarters, we first calculated the average of

NDVI for each quarter and plotted the variation of the
quarterly average NDVI of the Haizhou coalfield from
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1996 to 2015 (Fig. 5). Between 1996 and 2015, the
average NDVI of the Haizhou open pit in the first quarter
was between 0,12 and 0,22, and the slope of the fitted line
was 0,00124; the average NDVT in the second quarter was
between 0,33 and 0,55, and the slope of the fitted line was
0,00824; the average NDVI in the third quarter was
between 0,23 and 0,38, and the slope of the fitted line was
0,00524; the average NDVI in the fourth quarter was
between 0,11 and 0,23, and the slope of the fitted line was
—0,00031.The averages of the second and the third
quarters show an increasing tendency, indicating that
vegetation growth of the Haizhou coalfield was
improving in the second and third quarters annually from
1996 + 2015; the improving trend of NDVI in the second
quarter is obviously higher than that in the third quarter.
The temperatures in the second and third quarters are
relatively high, and the tendency of vegetation growth has
obviously improved. To display the spatial distribution
and change of vegetation health, we plotted the spatial
distribution of NDVI using the August data in 1997,
2006, and 2015 (Fig. 6). The pit of Haizhou coalfield is

located on the north side of the mine, and the dump areas
in the coalfield are mainly distributed on the east and
south of the pit. These areas are the non-vegetation cover
areas (Fig. 6a). The vegetation in the central part of the
coalfield is dominated by trees, and the southern part is
dominated by shrubs, forming the spatial distribution
characteristics of high NDVI value in the central part of
the coalfield and low NDVI value in other parts of the
area. With the closure of Haizhou open pit and the
implementation of ecological environment restoration, the
non-vegetation cover area in the coalfield gradually
decreases. From the spatial distribution diagram (Fig. 6¢)
of NDVI in August 2015, the main non-vegetation cover
areas are mainly distributed in the pit and surrounding
areas; other areas of the coalfield are vegetation cover
areas. Compared to the distribution diagram of NDVI in
1997 and 2006, the NDVI values of coalfield in 2015 are
higher, indicating that the vegetation in the central and
southern areas of the coalfield was growing, and the
ecological environment of the coalfield had recovered.
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Figure 6 Spatial distribution of NDVI of Haizhou open-pit coalfield
Table 2 Monthly mean NDVI values of vegetation cover area in Gulianhe coalfield

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1999 / 0,033 / 0,307 0,434 0,577 0,769 0,652 0,435 0,073 0,072 /
2000 0,036 0,030 0,022 / 0,323 0,451 0,762 0,758 0,540 / 0,060 0,073
2001 / / 0,033 0,214 0,294 0,676 0,821 0,760 0,421 0,280 0,260 0,212
2002 0,062 0,048 0,096 / 0,306 0,606 0,605 0,795 0,610 0,391 0,423 0,195
2003 0,150 / 0,199 0,253 / 0,350 0,570 0,745 0,580 0,265 0,087 0,064
2004 0,037 0,043 / / 0,265 0,650 / 0,755 / 0,343 0,177 0,127
2005 0,100 / 0,087 0,137 0,347 0,586 0,724 0,691 0,510 0,251 0,084 /
2006 / 0,035 / 0,180 / 0,390 0,724 0,760 0,708 0,348 / /
2007 / 0,056 0,082 0,158 / 0,616 0,586 0,688 0,210 0,343 / /
2008 0,165 0,112 0,168 / 0,117 0,647 0,622 0,740 0,501 0,347 0,089 /
2009 / 0,080 0,052 / 0,375 0,644 0,716 0,670 / 0,388 0,125 /
2010 / 0,064 0,077 0,176 0,275 0,538 0,506 0,683 0,512 0,038 / /
2011 / 0,060 0,069 0,237 0,274 0,639 0,671 0,679 0,391 0,164 / /
2012 / / 0,235 0,230 0,263 0,493 / 0,763 0,428 / 0,153 /
2013 / 0,065 0,097 / 0,247 0,650 / 0,676 0,406 0,186 0,130 0,194
2014 / / 0,164 0,243 0,333 0,606 0,657 0,667 0,441 / 0,034 0,129
2015 0,064 / 0,056 0,177 0,304 0,450 0,635 0,697 0,425 0,368 0,082 0,079

4.2 Variation Tendency of NDVI in Gulianhe Coalfield

Tab. 2 lists the monthly mean NDVI values of the
vegetation cover area in Gulianhe coalfield. The annual
maximum NDVI values of the Gulianhe coalfield vary

between 0,667 and 0,821. To mitigate the effect of
meteorological factors on the annual maximum NDVI
values, we outlined the scatter plot of maximum NDVI
values from 1999 to 2015, and we depicted the fitting line
of NDVI maximum values of Gulianhe coalfield varying
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with time (Fig. 7), with the slope of the fitting line of —
0,00677. Fig. 7 illustrates that the NDVI maximum value
of Gulianhe open pit decreases. The scatter plot of
vegetation cover area in the coalfield is shown in Fig. 8,
and the fitting line of vegetation cover area of coalfield is
illustrated, with the slope of the fitting line of —0,77405.
Fig. 8 shows that the vegetation cover area in the coalfield
decreases linearly.

The variation tendency of the quarterly averages of
NDVI of Gulianhe coalfield is shown in Fig. 9. The
NDVI average of the Gulianhe coalfield in the first
quarter varies between 0,15 and —0,21; the NDVI value in
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Figure 7 Trend of annual maximum NDVI in Gulianhe coalfield
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the second quarter varies between 0,55 and 0,80, with the
slope of fitting line of —0,00338; the NDVI value in the
third quarter varies between 0,20 and 0,40, with the slope
of fitting line of —0,00291; the NDVI value in the fourth
quarter varies between 0,06 and 0,14, with the NDVI
value basically remained unchanged. The fitting lines of
NDVI in the second and the third quarters assumed a
downward trend, indicating that from 1999 to 2015, with
the exploitation of coal resources, the vegetation health
decreased. The vegetation health was significantly
affected by mining activities.
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Figure 8 Trend of vegetation coverage in Gulianhe coalfield
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Figure 9 Average seasonal NDVI trends in Gulianhe coalfield

To further demonstrate the spatial distribution and
change of vegetation growth, we plotted the spatial
distribution of NDVI of Gulianhe coalfield using the
August data in 1999, 2005, 2010, and 2014 (Fig. 10). In
Fig. 10a, the Gulianhe exploitation area is located in the
middle of the coalfield and near the eastern part of the
coalfield. With the continuous expansion of the
exploitation area, the pit and the dump areas are also
continuously expanding. The vegetation cover area and
the NDVI in the coalfield decrease rapidly. Considering
that Gulianhe is in permafrost zones, the damaged
vegetation area is difficult to restore. In the spatial
distribution diagram (Fig. 10d) of NDVI of the Gulianhe
coalfield in August 2014, the vegetation cover area is
mainly distributed in the north and the northeast sides of
the coalfield, and the NDVI value of the adjacent area
decreases obviously.

4.3 Variation Tendency of NDVI in Huolinhe Coalfield

Tab. 3 presents the monthly mean NDVI values of the
vegetation coverage area in Huolinhe coalfield. The
annual maximum NDVI values of the Huolinhe coalfield
vary between 0,397 and 0,562. For an enhanced analysis
of the variation of annual maximum NDVI values of the
coalfield, we drew the scatter plot of the maximum NDVI
from 2000 + 2015 by adjusting the fitting line of the
annual maximum value of NDVI, with a slope of 0,00488
(Fig. 11). Fig. 11 shows that the monthly mean NDVI
values of the Huolinhe coalfield exhibit a stable trend
with slight increase. The diagram of variation tendency of
the vegetation cover area in Huolinhe coalfield is shown
in Fig. 12, and the slope of the fitted line is —0,65984. The
vegetation cover area in the coalfield decreases linearly.

The diagram of the variation tendency of quarter
averages of NDVI of Huolinhe coalfield is shown in Fig.
13. The monthly NDVI average of the Huolinhe coalfield
in the first quarter varies between 0,08 and —0,19, with the
slope of fitting line of 0,0042; the NDVI value in the

134

Technical Gazette 24, 1(2017), 129-139



Wenbin Sun i dr.

Pracenje ekoloSkog okruzenja rudnika s otvorenim jamskim oknom u hladnim podrudjima sjeveroistocne Kine primjenom Landsat serije slika ...

second quarter varies between 0,31 and 0,45, with the
slope of fitting line of 0,00629; the NDVI value in the
third quarter varies between 0,21 and 0,33, with the slope
of fitting line of 0,00774; the NDVI value in the fourth

quarter varies between 0,02 and 0,09, with the slope of
fitting line of 0,00353. In Fig. 13, the NDVI of the four
quarters exhibit a slight upward trend, and the amplitude
and trend of the second and third quarters are obvious.
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Figure 10 Spatial distribution of NDVI of Gulianhe open-pit coalfield
Table 3 Monthly mean NDVI values of vegetation cover area in Huolinhe coalfield
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2000 / / / 0,094 0,136 / / 0,503 / 0,148 0,030 0,020
2001 / / 0,010 0,051 0,128 0,188 0,222 0,485 0,189 0,132 0,131 0,106
2002 0,150 0,026 0,111 0,184 0,153 0,178 0,311 / 0,398 0,050 / /
2003 / 0,094 0,087 0,178 0,285 0,271 / 0,485 0,089 0,244 0,228 0,011
2004 | 0,014 / 0,050 0,146 0,201 0,225 0,449 / 0,422 0,240 0,223 0,040
2005 0,008 0,010 / 0,078 0,136 0,240 0,477 0,545 0,482 0,232 0,124 0,035
2006 0,012 0,009 0,021 0,091 0,132 0,224 0,355 0,547 0,368 0,087 0,124 /
2007 0,008 0,006 0,070 0,107 0,104 0,264 / 0,397 0,335 0,265 0,149 0,048
2008 / 0,043 0,047 0,188 0,208 0,016 / 0,559 0,420 0,202 0,062 0,032
2009 0,037 0,055 0,068 0,080 0,158 0,098 0,406 0,431 0,147 0,224 0,179 0,048
2010 0,022 0,052 0,031 0,110 0,250 0,323 0,349 0,433 / 0,294 0,221 0,055
2011 0,008 0,025 / 0,143 0,211 0,331 0,388 0,554 0,151 0,240 0,078 0,074
2012 0,029 0,074 / 0,160 0,195 0,329 0,439 0,562 0,521 0,259 0,113 /
2013 / / 0,105 0,161 0,128 / 0,545 0,558 / 0,292 0,270 0,193
2014 0,013 0,042 0,190 0,180 0,313 / 0,470 0,558 0,440 0,266 0,268 0,085
2015 0,045 0,053 0,073 0,138 0,219 0,275 0,410 0,558 0,454 0,308 0,006 0,012

We plotted the spatial distribution of NDVI using the
August data in 2001, 2006, 2008, and 2015 (Fig. 14). The
exploitation area of Huolinhe coalfield is mainly located
in the eastern part of the coalfield, and the direction of the
pit is from southwest to the northeast; the dump areas of
coalfield are mainly located in the northern (toward the
east) and the southern part of the coalfield. Therefore, in

the spatial distribution diagram of NDVI, large areas of
the non-vegetation cover area appear in the eastern part of
the coalfield as shown in Figs. 14a and 14b. With the
continuous expansion of the central exploitation area, the
vegetation cover area in the coalfield is reduced (Figs. 14c
and 14d). As the exploitation area moves southward, the
dump areas on the north side of the coalfield are

Tehnicki viesnik 24, 1(2017), 129-139

135



Monitoring the ecological environment of open-pit coalfields in cold zone of Northeast China using Landsat time series images of 2000-2015

Wenbin Sun et al.

reclaimed. In Fig. 14d, the vegetation cover area has
obviously increased. Water bodies exist in the northwest
corner of the coalfield. Given that the soil moisture
contents of this area are relatively high, the vegetation
health is relatively good, and the corresponding NDVI

values are high. The western terrain of coalfield is hilly

land with thin earth; this area is dominated by shrubs, and
NDVI is low. The east dump areas at the north side of the
coalfield (toward east) also feature lush vegetation after
restoration; thus, the NDVI value in this area is high
based on the spatial distribution diagram in August 2015.
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4.4 Analysis on correlation between NDVI variations and
meteorological factors

In addition to coal mining activities, meteorological
factors affect NDVI variations. Meteorological conditions
also determine the difficulty of reclamation in the
exploitation area. Therefore, we also analyzed the
correlations between NDVI variations and air temperature
and precipitation.

To analyze the correlation between monthly NDVI
and air temperature, we drew the scatter plot using

,q
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o

monthly mean NDVI and air temperature (Fig. 15). The
correlation between NDVI and air temperature in every
coalfield is extremely strong. Gulianhe has the highest
latitude and the lowest temperature, and its vegetation
growth has the greatest susceptibility to the temperature.
Haizhou has the lowest latitude and the relatively high
mean temperature, and its vegetation growth has the
lowest susceptibility to the temperature. The temperature
exerts a moderate effect on Huolinhe coalfield.
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Figure 15 Scatter plots of the correlation between NDVI and temperature

Precipitation is also one of the climatic factors
affecting vegetation growth. To analyze the correlation
between precipitation and NDVI, we use the monthly
mean NDVI and precipitation to mark the scatter plots;
the results are shown in Fig. 16. A significant correlation
is observed between monthly mean NDVI and
precipitation. In Gulianhe coalfield, NDVI exhibits the
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o

greatest correlation with precipitation, with the
determination coefficient of 0,467. The NDVIs of
Haizhou and Huolinhe coalfields show a relatively
weaker correlation with precipitation, with the
determination  coefficients of 0,271 and 0,275,
respectively. Compared with temperature, the NDVI of
each coalfield is less affected by precipitation.
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Figure 16 Scatter plots of the correlation between NDVI and precipitation

4.5 Discussion

The NDVIs of Haizhou, Gulianhe, and Huolinhe
coalfields show different variation tendencies. The NDVI
of Haizhou coalfield displays increasing tendency,
whereas that of Gulianhe coalfield displays declining
tendency; NDVI of Huolinhe coalfield shows a tendency
of stability with a slight increase. Haizhou coalfield is
rebuilt and converted into a national mine park after
closing in 2005, and its dump areas are restored and
reclaimed. These factors assist in improving the
ecological environment of Haizhou coalfield. In addition,
compared with other coalfields, Haizhou is located in the
southernmost areas; thus, the reclamation of coalfield can
be achieved easily. The exploitation activities in Gulianhe
coalfield have damaged large areas of surface vegetation
coverage, lowering the surface water content. By contrast,
the Gulianhe coalfield belongs to permafrost zones, and
restoring and improving the bare soil in the coalfield is
difficult, and the dump areas that are abandoned after

exploitation cannot be restored instantly. These factors
cause an obvious reduction in the vegetation cover area
and the mean NDVI value. With the expansion of mining
area, the vegetation cover area of Huolinhe coalfield
displays a decreasing trend. Huolinhe coalfield is
characterized by high degree of modernization, and
concerns are being attached to the timely restoration of
coalfield environment, and thus the abandoned dump
areas had been afforested and reclaimed. The vegetation
health of Huolinhe coalfield is basically stable.

5 Conclusion

To analyze the influence of coal exploitation on the
ecological environment of coalfields in cold and arid
regions, we used Landsat time series images to extract the
monthly NDVIs of Haizhou, Gulianhe, and Huolinhe
coalfields and analyzed the changes and tendencies of the
ecological environment of the three coalfields based on
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the NDVI variations. The main conclusions are as
follows:

(1) The coalfields in permafrost zones (e.g. Gulianhe
coalfield) exhibit a declining tendency in the annual
maximum NDVI, quarterly average NDVI, and vegetation
cover area. This result indicates that the coalfields in
permafrost zones in the past 15 years have been suffering
from ecological environment deterioration.

(2) Although the annual maximum and quarterly
average NDVI of the coalfields under exploitation in
nonpermafrost zones (e.g. Huolinhe coalfield) have been
rather stable in the past 15 years, the vegetation area in
the coalfields has been declining linearly. This result
shows that coal exploitation leads to ecological
environment deterioration.

(3) The NDVI and vegetation cover area have
improved after the coalfield (e.g. Haizhou coalfield) has
been closed, indicating that the ecological environment of
coalfield has greatly enhanced because of the reclamation
of the coalfield.

(4) Compared with precipitation, temperature exerts
a greater effect on the ecological status of the vegetation
in cold coalfields; the higher the latitude, the lower the
temperature, and the greater the destructive effect of
exploitation activities on the ecological environment of
the coalfields. Therefore, from an ecological point of
view, reducing the construction of open-pit coalfield in
cold zones and lessening the output of coalfields are
crucial.

We analyzed and evaluated the extent to which coal
exploitation damages the ecological environment in
Northeast China. This analysis provided the decision-
making basis for the construction of large-scale open-pit
coalfield in the north side of China in the future.
However, we only selected image data of the past 15
years and analyzed the changes of ecological environment
in coalfields. Considering that we did not compare or
analyze the conditions of local vegetation growth before
and after coal exploitation, we cannot accurately explain
the influence on the ecological conditions of vegetation in
the coalfields before and after coal exploitation activities.
In future research, increasing the time span of the study
and analyzing the changes of the vegetation before and
after exploitation in different stages are necessary to
objectively and accurately examine and evaluate the
effects of the exploitation activities on the ecological
environment of the coalfields.
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