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Abstract Within the scope of the study, the change
occurring in the vegetation cover was examined in
different temporal and spatial scales for in the exam-
ple of Kirka boron mining site. Two different satel-
lite images, namely Landsat and Sentinel, were uti-
lized while the competence of these two satellite
images were analyzed. Unsupervised classification
and vegetation indexes have been used from remote
sensing techniques. It was observed that the mining
area boundary could not be determined using veg-
etation indexes, whereas unsupervised classification
techniques showed that the miningral site occupies
1144.5 ha area. NDVI and NDRe analyses were con-
ducted to determine the vegetation change outside the
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mining area. It has been determined that the analyses
performed with the NDVI (normalized difference
vegetation index) and NDRe (normalized difference
red edge index) indexes show different results on
water surfaces, while they show similar results in rest
of the areas. In NDVI analysis, it has been determined
that the two satellite images gave similar results in
NDVI analyses, while having higher spatial resolu-
tion, sentinel satellite images were able to capture
more details.
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1 Introduction

Mining activities cause environmental, social, and eco-
nomic impacts both during and after the mines’ opera-
tions. Mining activities may have associated with nega-
tive impacts on ecosystems and environments such as
degradation of lands (Haryani et al., 2018; Qian et al.,
2014; Werner et al., 2019), contamination of soil or
water, deforestation, erosion and alteration of soil
profiles, climate change, and loss of ecosystem ser-
vices. They may also result in land-use and land cover
change that can be analyzed spatially with the aid of
remote sensing (RS) and geographical information sys-
tems (GIS) (Crowley & Cardille, 2020). RS refers to
the use of aerial or satellite imagery to study features
on Earth’s surface, and GIS is essentially a computer-
based system by which geographical data are managed,
analyzed, and manipulated, usually to produce 2-D
or 3-D visualizations, including maps (Werner et al.,
2019). RS and GIS could be used for examining land-
scape structure and function, and historical changes, as
well as simulating future changes in landscape (Crow-
ley & Cardille, 2020). To assess and reduce the nega-
tive changes, locations and spatial structure of vegeta-
tion caused by mining activity should be examined at
the landscape scale (Ma et al., 2018).

Mining activities cause vast amount of vegetation
destruction through land clearing, topsoil removal, or
exploitation itself. Mining activities take place on large-
scale areas and their negative impacts on the environ-
ment, on vegetation cover, and health continues after the
operations are complete (Latifovic et al., 2005). Destruc-
tion in vegetation tends to bring about changes in biodi-
versity, in climate, and in ecosystem services. Latifovic
et al. (2005) examined land cover change in Athabasca
oil sands region in Canada. LANDSATS and LAND-
SAT7 data were used to compare vegetation cover
between 1992 and 2001. The results showed that more
than 700 ha of vegetation cover was degraded in the first
phase of the study. In the second phase, NDVI data pro-
vided by NOAA-AVHRR satellites was used to calcu-
late Key Resources Indicator (KRI), then temperature
and global radiation were all taken into consideration
to detect changes for the time period between 1990 and
2002. It was presented that there was a light decrease in
greenness of the vegetation and increase in the air tem-
perature in close proximity to the mining area.

Waring et al. (2011) used MODIS Global Distur-
bance Index (MGDI) to detect disturbances in woody
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ecosystems and it was found quite efficient in terms of
monitoring large-scale ecosystem disturbances. How-
ever, it was not suitable for annual herbaceous ecosys-
tems in arid and semiarid areas. Because plants in these
ecosystems have shallow roots responding precipida-
tion fluctuations immediately and making it difficult to
analyze the cause of disturbance, either precipitation
anomalies or mining activities (Gitelson & Merzlyak,
1994; Ma et al., 2018). Ma et al. (2018) suggested a
vegetation disturbance index (VDI) to distinguish dis-
turbance by combining precipitation data and MODIS
Enhanced Vegetation Index (EVI) and used VID on the
Mongolian Plateau for the time period of 2000-2015.

Monitoring of mining sites through the years helps to
detect changes in vegetation cover. Even after the mining
activities cease and restoration process begins, assess-
ments of environmental changes would still give insights
into pattern of the degradation (Karan et al., 2016; Li
et al., 2016). This study aims to examine vegetation
cover in different temporal and spatial scales around
Kirka Boron Mine Site. In addition, the adequacy of
the satellite images obtained from different satellites
within the scope of the study was tried to be determined.
Though traditional methods for monitoring such as site
visits, collecting samples from the field, and testing in
laboratories could be quite costly, time-consuming, and
need more labor work, they could still be used especially
while analyzing large volume of geographic data, on
various scales. To clarify the effects of mining activities
on vegetation cover, site visits for collecting samples and
site visits could be conducted when needed.

Within the scope of the study, the change occurring
in the vegetation cover in the example of Kirka Boron
Mine Site was examined in different temporal and spa-
tial scales. In addition, the adequacy of the satellite
images obtained from different satellites within the
scope of the study was tried to be determined. In this
context, analyses were made for 10 years and 1-year
periods by using remote sensing technologies. Two dif-
ferent satellite images, Landsat and Sentinel, with 30-
and 10-m spatial resolutions, were used.

2 Material and Method
2.1 Study Area

The study area, boron works minins site, named
as Eti Mine Kirka Boron Management, is located
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4.5 km west of Kirka town of Seyitgazi Plain of Works, a state-owned mining company, is still in
Eskisehir province. The area is located on the West- charge of the mining activities in the area.

ern part of the Central Anatolia Region, Turkey

(Fig. 1). Turkey, indeed, is the biggest exporter in 2.2 Methodology

the world by possessing 72.3% of all boron reserves

(Yenmez, 2009). Within scope of this study, the change in vegetation
Eti Mine Kirka Boron Management is an enter- is detected in different temporal and spatial scales
prise that possesses world’s biggest borax deposit and around the Kirka Sodium Salt Site Management
constitutes an important part of Kirka-Sarikaya borax through NDVI and NDRe analyses using Landsat and
deposit reserves. Thus, it is a high value economic Sentinel imageries. ArcMap 10.7 Erdas Imagine 2014
asset not only for the region but also for the whole programs were used for all the processes.
country. NDVT analysis through Landsat satellite imagery
Kirka Boron Works was established in 1970 with showed the long-term impact of the area, whereas
the name of Kirka Sodium Salt Site Management Sentinel imageries demonstrate more recent impacts.
in Eskigehir-Kirka (Duran et al., 2020). The facility In addition, Landsat and Sentinel data for 2017-2020
started to serve under Etibank which was established period were evaluated to compare satellite images at
with the order of Atatiirk to process underground different scales (Fig. 2).
resources in Turkey. Besides Etibank, facility also First, the change in vegetation is analyzed with
served under Eti Holding A.S. and Eti Mine Works Landsat imagery. Although the mining operations
General Management (Duran et al., 2020). Eti Maden started in 1970, satellite images can be obtained from
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Fig. 1 Location map of the study area
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Fig. 2 Workflow
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Landsat 5 satellite since 1984. The change occurred
in 10-year periods from 1984 to 2014 and a remain-
ing 6-year period from 2014 to 2020 is examined.
The change occurred in 10-year periods from 1984
to 2014 and a remaining 6-year period from 2014 to
2020 is examined.

In order to determine the change in vegetation,
NDVI analyses were conducted through Landsat
satellite images with 30-m spatial resolution, and
image extraction technique was applied to NDVI
analysis in different time periods. NDVI is the ratio
of the difference between Near-Infrared Range
(NIR) and the red band (R) to their sums (Rouse
etal., 1974).

NDVI = (NIR — R)/(NIR + R) (1)

Image extraction technique is a process of extrac-
tion of overlapping pixel values of two images in
different time periods. Thus, the areas changing in a
negative and positive direction or unchanging areas
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can be detected in a specific time period. Within
the scope of this study, NDVI difference images
were obtained by extracting NDVI images obtained
from satellite images of 1984, 1994, 2004, 2014,
and 2020 years from each other. The areas with
positive and negative values which were obtained
from NDVI difference images may not always give
the real change, so a confidence interval must be
determined in order to reach the correct result in
the image obtained. Thresholding method which
is widely used to separate changed and unchanged
areas from each other was applied. Different inter-
vals were used for detecting threshold values in the
literature conducted. For example, Yuan and Elvidge
(1998) used 0.25, 0.50, and 1 standard deviation (o)
intervals in their work and they specified that 1 ¢
interval is the most appropriate interval for NDVI
change. Similarly, Morawits and his friends (Mora-
wits et al., 2006) used 1 ¢ interval as threshold value
and they got high accuracy for NDVI changings.
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Second, Sentinel is used to detect the changes in to determine mine site border using Sentinel satellite
vegetation, and compare them to the Landsat results. images that was obtained in 2020. With unsupervised
Sentinel satellite images have 10-m and 20-m spatial classification method, the study area was divided into 5
resolution, and unlike of Landsat satellite images, they classes by using red, green, blue, and NIR bands of Sen-
have red edge bands. However, Sentinel satellite images tinel satellite images with 10-m resolution.
are available for only recent years, covering a compara- The ore area, the clarifiers, and the transportation
bly shorter time period. NDVI analysis were conducted network between these areas in the mine site were
using sentinel satellite images for the years 2017, 2018, manually separated from the image classified in 5
2019, and 2020 and image differencing technique was classes using the true color composite (TCC) band
applied to determine the difference between years. combination that produced as auxiliary data. Erdas
Also, unsupervised classification method was used Imagine 2014 program was used for these processes.
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NDRe is a spectral index in which the red edge
band is used. Index is similar to NDVI but more
sensitive to maturation of crop than NDVI (Earth
Observing Systems, 2021).

NDRe = (R740 — R705)/(R740 + R705) )

NDRe analyses were conducted using Sentinel
satellite images for the years 2017, 2018, 2019, and
2020. NDRe difference images were obtained from
extracting of obtained NDRe images. In addition,
NDVI analysis of the Landsat satellite for the years
2017, 2018, 2019, and 2020 was made to compare the
competencies of Sentinel and Landsat satellites on
the subject.

3 Results

To determine the boundaries of the mine site, Sen-
tinel satellite image was reclassified in 5 classes
(Fig. 3a). Apart from the ore extraction area, there are
other uses such as management buildings, transporta-
tion network, and clarifiers in the site. Thus, the mine
site is not composed of a single class. For this rea-
son, the boundaries of the mine site were determined
by the TCC (Fig. 3b). As a result, it was found that
the mine site occupies 1144.5 ha area and 571.5 ha of
which is devoted to ore extraction (Fig. 3c).

The change in NDVI values on mine sites and
their environments were calculated using Landsat
satellite images. In this context, the changes in the
10-year periods from 1984 to 2014 and in the 6-year
period between 2014 and 2020 were examined
(Fig. 4). According to the NDVI analysis for the
10-year periods, it is seen that the changes occurred
not only in the mine site but also in the close vicin-
ity. While the surrounding of the mining area tends
to change positively, the period in which the signifi-
cant amount negative change is experienced within
the mining area is between 2004 and 2014.

Negative changes are observed in areas very
close to the mine site boundaries; these changes
cannot be separated from the site. For this reason,
the change between 1984 and 2020 has been exam-
ined, to distinguish boundaries of the mine site in a
more precise way (Fig. 5).

However, the boundary of the mine site is not
clearly separated from the NDVI change analysis
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Fig. 5 Change of NDVI values between 1984 and 2020
obtained using Landsat satellite images

conducted between 1984 and 2020, as demonstrated in
Fig. 5. There is a solar power plant outside the North-
West border of the mine site, where negative change is
observed between the installation area of this facility
and the boundary of the mine site. In addition, areas
with no changes and positive NDVI changes were
identified within the mine site. Therefore, the mine
site boundaries could not be determined by using the
NDVI method in the study area. It is concluded that
NDVI method, which is used to determine land degra-
dation, did not work efficiently within the scope of this
study, which can be explained by NDVI value changes
outside of the mine site and the low density of vegeta-
tion cover in the land use.

Sentinel satellite images with higher spatial resolution
than Landsat satellite images were used to investigate the
change of NDVI values in the study area. The changes in
NDVI analyses for the years 2017, 2018, 2019, and 2020
using sentinel satellite images are given in Fig. 6.

Therefore, Sentinel images examining the annual
changes from 2017 to 2020 are examined (Fig. 6),
and compared to the annual changes in the same
period conducted with Landsat images (Fig. 7). Simi-
lar results were obtained with the analyses of the two
satellite images. Nevertheless, more detailed results
were obtained with sentinel satellite images due to the
higher resolution. The differences detected in the anal-
yses are considered to be resulting from the images not
captured on the same days in the two satellites.
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Fig. 6 Change of NDVI values obtained using Sentinel satellite images

Apart from these, NDRe analyses were performed
using red edge bands on the Sentinel satellite (Fig. 8)
and these analyses were compared to NDVI results.

It has been determined that NDVI and NDRe
analyses differ on water surfaces, but the changes in
other areas overlap. NDVI and NDRe analyses are
91% overlapping in 2019-2020 period. The bands
used for NDVI analysis have a spatial resolution of
10 m, and the bands used in NDRe analysis have
20-m resolution. The differences in the areas other

@ Springer

than the water surfaces in the analysis are expected
to be resulting from the differences in resolution of
the two data.

Figure 9 shows the constantly undergoing posi-
tive NDVI and NDRe changes that produced from
the Sentinel and Landsat satellites. In the analyses,
it is seen that the positive changes occurring in all
the periods are concentrated in agricultural areas
and water surfaces. No positive change was detected
in areas with natural vegetation.
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Fig. 7 Change of NDVI values obtained using Landsat satellite images

4 Discussions

et al., 2018; Qian et al., 2014; Werner et al., 2019).
As a result, vegetation at and around the mine site

Vegetation is one of the important parts of the envi- can be significantly affected. Monitoring of min-
ronment. Apart from its physiological characteris- ing sites through the years helps to detect changes
tics, vegetation is important in many aspects such in vegetation cover. Within the scope of the study,
as animal communities in and around it, preventing the change occurring in the vegetation cover in the
erosion, soil formation, and preserving water. Min- example of Kirka Boron Mine Site was examined
ing activities can cause land degradation (Haryani in different temporal and spatial scales. In addition,

@ Springer
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the adequacy of the satellite images obtained from
different satellites within the scope of the study was
tried to be determined.

In this context, analyses were made for 10-year and
1-year periods by using remote sensing technologies.
Two different satellite images, Landsat and Sentinel,
with 30- and 10-m spatial resolutions, were used.

RS and GIS have been used in explorations, assess-
ing environmental impacts in mining sector (Winde
et al., 2019) besides land management, monitor-
ing changes, assessment, and policy making (Cetin,
2015a, b, c; Kaya, 2009, 2010; Kaya et al., 2016;
Malaviya et al., 2010). RS and GIS data are widely
used for detecting and modeling land cover and land

8276000 280000 284000 288000 292000 3 8276000 280000 284000 288000 292000 =]
o Ve R E=] o ST TS AR ZRT ¢ B
Elae A% g 81 o » g
%) . © %) : ! ©
< < < 3 <
o o o =}
S S = S
S S S S
S+ - © © A F©
10 | 0 e} Ire}
) ™ ) )
< < < <
o o o o
S S S S
S S S S
INE - INE -
0 0 0 0
) 1) ™ [ )
< < < <
o o =) o
S [ 8 =4 N’ N S
o -  ANDRe 2017-2018 - 00 - .ANDRe 2018-2019 ./ - 00
> Il Negative change > > /B Negative change's >
¥ ;[:l No change = ~ ["] No change 5 ~
[ Positve change \ [ Positve change ..
E Mine site border ‘D Mine site border i
S o e > 3 o2
276000 280000 284000 288000 292000 276000 280000 284000 288000 292000
(a) (b)
276000 280000 284000 288000 292000 o
8 T by —w ; ¥ o 8
3 _ ‘ﬁ! 3
[s2] i, - [32]
< s <
o
-
8 o 3
gl gy 2
< 4 R X <
.'I"‘ ‘: % »‘ %
- I ’?4 3 1 "
2 L S s
o \ S o
N ~ FON
3 & &> ®, g
< 2 . <
R
oh S
b % 5
sl ig
o0 4 ANDRe 2019-2020 I O
& _I Negative change &
~ ] ["] No change . a
[ Positve change -
m Mine site border !
- — < pal : -
276000 280000 284000 288000 292000
(c)

Fig. 8 Change of NDRe values obtained using Sentinel satellite images
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use change (Cetin, 2015a, b, c, 2016a, b, c; Cetin
et al., 2018, 2021b, 2022a, b; Orimoloye & Ololade,
2020; Busayo et al., 2019; Garai & Narayana, 2018;
Latifovic et al., 2005; Yildirim et al., 2020; Ortaka-
vak et al., 2020; Obodai et al., 2019; Kahangwa et al.,
2020), spatial planning (Busayo et al., 2019; Cetin,
2015a, b, c; Cetin et al.,, 2018), vegetation cover
(Fisher et al., 2021; Akanwa et al., 2017; Aksoy et al.,
2022a, b), climate change (Saintilan et al., 2021),
habitat diversity (Malaviya et al., 2010), land surface
thermal characteristics (Gungor et al.,, 2021; Wil-
lie et al., 2019; Adiguzel et al., 2022; Bozdogan Sert
et al., 2021; Zeren Cetin & Sevik, 2020; Zeren Cetin
et al., 2020; Kaya & Coskun, 2019; Kaya et al., 2018,
2009; Cetin, 2019, 2020a, b), forest fire risks (Kav-
lak et al., 2021), and water quality (Batbayar et al.,
2019); although in some cases, it is not possible to
assess impacts using RS and GIS data especially for
the studies related to chemical and biological changes
(Cesur et al., 2022; Cetin & Jawed, 2022; Orimoloye
& Ololade, 2020; Latifovic et al., 2005; Kaya, 2009,
2010; Kaya & Cogkun, 2019; Kaya et al., 2009, 2016,
2018; Sahin et al., 2022; Asikkutlu et al., 2021; Cicek
et al., 2022). RS and GIS can also be used in many
new areas such as ecological footprint (Bilge Ozturk
et al., 2022; Cetin et al., 2021a), and organic carbon
(Pekkan et al., 2021).

There has been recent research on land-use and
land cover change in mining areas using RS and GIS

to analyze mining impacts. For example, Orimoloye
and Ololade (2020) conducted a research to assess
the land use and land cover changes over time using
RS and GIS in a gold mining area in South Africa
using Landsat 5 data for 1984, 1994, and 2004 and
Landsat 8 data for 2014 and 2019. The results showed
that mining and other anthropogenic activities cause
changes in some areas in land cover and land use
(areas affected increased and decreased during the
study period). It was concluded that RS and GIS data
and analyses should be used to monitor changes over
time in mining areas but on-site timely monitoring
would help to accurately identify impacts.

Yenilmez et al. (2011) researched the impact of
coal mining in an abandoned coal mine site in Tur-
key using GIS with respect to topography and surface
runoff pathways. They created a DEM with ASTER
imagery, and detected the spatial concentrations of
pollutants in a previously active, now deserted mine
area. Khalil et al. (2014) conducted a GIS-based anal-
ysis to evaluate the pollution in an abandoned min-
ing site in Morocco. They utilized Quickbird satellite
imagery and used supervised classification for the
analysis of land cover, besides the discussion on geo-
chemical, hydrochemical, hydrological, geological,
and climate data. They concluded that GIS and RS
techniques are efficient in the assessment of the envi-
ronmental problems in previously active mine sites.

Akanwa et al. (2017) carried out a study focus-
ing on the impacts of mining activities on vegeta-
tion cover in 27 selected mining areas in Ebonyi
State. The study area falls within the rainforest and
savannah region of Nigeria (South-eastern part).
Researchers used 1-m spatial resolution Geo-Eye-1
satellite image from 2015. Results indicated that
mining activities caused over 400 ha green cover
loss as well as degradation in arable lands.

5 Conclusions

Two different methods have been used to determine
the mine site: unsupervised classification and veg-
etation index (NDVI). Although NDVI analysis is a
frequently used method in land cover changes, it has
not yielded accurate results within the scope of the
study. The working area is not covered with dense
vegetation. Therefore, mining activities did not cause
significant vegetation damage. For this reason, it is
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possible to say that NDVI analyses do not yield accu-
rate results in areas with no dense vegetation. On the
other hand, it was determined that the classification
made with the unsupervised classification technique
gave more accurate results within the scope of the
study. The use of the supervised classification tech-
nique in land cover classification provides more
detailed information than the unsupervised classifi-
cation. On the other hand, supervised classification
requires more intensive and more detailed study.
Within the scope of this study, unsupervised classifi-
cation enabled to get results faster.

The similar results were obtained for the NDVI
analysis using Sentinel and Landsat satellite images
between 2017 and 2020, except for the water sur-
faces. The differences observed other than water
surfaces can be resulting from the differences in
resolution and the fact that the satellite images do
not belong to the same date. It has been determined
that more details can be reached due to the higher
spatial resolution of Sentinel satellite images.

It was determined that the studies conducted with
NDVI and NDRe analyses show differences in water
surfaces but overlap in other areas. In addition, in
the analyses made using the Sentinel and Landsat
satellites, the area with periodic positive NDVI or
NDRe changes in the natural vegetation was not
detected.
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