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ANALYSIS OF LAND DEGRADATION AND VEGETATION IN THE
ZHEZKAZGAN COPPER ORE REGION ACCORDING TO THE
SATELLITE IMAGES LANDSAT

This article encompasses the vital role of Remote Sensing and Geographic Information System in assess-
ing the change of vegetation cover in Dzhezkazgan, Central Kazakhstan. The study site is well-known for
copper mining operations which serves as one of the major source of livelihood among residents situated in
the area. However, this manifestation implies with land degradation which is detrimental to vegetation. This
research aims to assess quantitatively the ability of Normalized Difference Vegetation Index (NDVI) to extract
meaningful vegetation abundance information by acquiring satellite images (i.e. Landsat Thematic Mapper
™ Enhanced Thematic Mapper Plus (ETM +), and Operational Land Imager (OLI)). The NDVI for land cover
changes in a copper mining area were analyzed for the five different years — 1976, 1986, 1996, 2006 and
2015. The LANDSAT MSS imagery for 1976 and Landsat Surface Reflectance imagery for the years 1986
and 2015 were used for the study. NDVI differencing is used to come up with land/vegetation cover change
detection analysis. The results showed a significant decrease in vegetation due to an increase in the area of
mining areas. This study will greatly assist the local executive body, as well as mining organizations, in taking
appropriate measures to ensure sustainable development of the region and the environment.

Key words: Vegetation cover change, time series analysis, NDVI, Landsat, copper mining area.
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«)Ke3KasFaH» MbIC KEH OPHbIHAAFbI XKEPAiH, )KdHE 6CIMAIK )KaMbIAFbICbI AerpeAalMsiCbiH
LANDSAT rapbiluTbik, cypeTtepi 60/bIHLLA TaAAQY

bya Makaaa >KeskasraH, OpTaablk, KasakcTaHHbIH xep 6eaepi MeH 6CIMAIK >KaMbIAFbICbIHbIH, ©3-
repyiH 6ararayaa KalbIKTbIKTaH 30HATAY MeH reorpadmsAbIK, aknapaTTbiK, xyeHiH (TAXK) maHbI3-
Abl POAIH KaMTUABL. 3epTTey anmarbl MbIC KEH OPbIHAAPbIHbIH XXYMbICbIMEH >KaKCbl TaHbIAFAH >KoHe
OyA arMmMakTarbl TYPFbIHAAPAbIH, ©MIp CYPYiHiH Herisri ke3i 60AbIN TabblAaAbl. AereHmeH, GyA Kepi-
HIC ©CIMAIKTEpre 31siH KEeATIPETIH JKEPAIH AerpasaumacbiH GiAAipeAl. 3epTTey MakcaTbl XXEPAIH CryT-
HUKTIK GerHEeAepiH aAy apKblAbl ©CIMAIKTED CaHbIHbIH MaHbI3AbIAbIFbI TYPAAbl akMnapaTThbl (MblCaAbl,
Landsat Thematic Mapper ™, Enhanced Tematic Mapper Plus (ETM +) >oaHe Operational Land Imager
(OLI)) any ywin HopmanaarraH Aiibipmaiibiablk, Ocimaiktep MHaekcinib (NDVI) kabiAeTiH aHbikTayFa
GarblTTaAFaH. MbIC BHAIPY aliMarblHAAFbI Xep KabaTbiHbiH e3repyiHe apHaaraH NDVI 6ec Typai ke-
3eHAe — 1976, 1986, 1996, 2006 >xoHe 2015 xbiapapra 3epTTeAiHAl. 3epTTeyre 1976 >biabl LAND-
SAT MSS yariaepi >xoHe 1986 >xoHe 2015 >kbianpaapra apHaAraH Landsat Surface Reflectance cypetrepi
naaanaHbiaabl. NDVI-aeri aiblpMalUbIAbIKTAp AQHALLIAQTHIK, / ©CIMAIK >KaMbIAFbICBIHBIH, ©3repicTepiH
aHbIKTayFa TaAAQy >Kacay VLUiH KOAAQHbIAAQAbL. HaTuxxeAep Tay-KeH yYaCcKeAepiHiH, ayAaHblH YAFAATY
ecebiHEeH OCIMAIKTEPAIH alTapAbiKTail TOMEHAEYIH KepceTTi. bya 3epTTey >kepriAikTi atkapyuibl
OpraHfa, COHAAM-aK, Tay-KeH 6HEepKacibi yMbIMAapblHA OHIPAIH >K8HE KopluaraH opTaHbl TYPaKTbl
AAMbITYAbI KAMTaMaChi3 €Ty YLLiH TUICTi WapaAapAbl KAaObIAAQYAQ YAKEH KOMEK KOPCETEAI.

Tyt ce3aep: 6CIMAIK >KaMbIAFbICbIHbIH ©3repyi, yakbITTbl cepusiAbl Taaaay, NDVI, Landsat, MbIC KeH OpHbl.
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AHaAu3 Aerpapaumu 3eMeAb M pacTUTEAbHOCTH B JKe3Ka3raHCKOM MeAHOPYAHOM paiioHe
Mo AQHHbIM KOCMH4YeCKMX CHUMKOB LANDSAT

CraTbst OXBaTbIBAET >KM3HEHHO BaXKHYIO POAb CUCTEMbI AUCTAHLIMOHHOIO 30HAMPOBAHMS U reorpacm-
Yyeckor MH(OPMaLMM B OLIEHKE M3MEeHEeHWs pacTUTeAbHOro nokposa B XKeskasraHe, LleHTpaabHOM
KasaxcraHe. YuacTok MCcCAeAOBaHUS XOPOLLO M3BECTEH AAS OMepaLmii No A0ObIYE MEAM, KOTOPbINA CAY>KUT
OAHUM M3 OCHOBHbIX MCTOUHMKOB CPEACTB K CYLLECTBOBAHMIO CPEAM KMUTEAEl, PACMOAOXKEHHBIX B 3TOM
paioHe. ITO MCCAEAOBAHME HALEAEHO Ha KOAMYECTBEHHYIO OLEHKY CrnocobHocTM HopmaAnsoBaHHOMO
PasHocTtHoro MHaekca PactuteabHocti (NDVI) n3saekaTb 3HaUMMYt0 MH(OOPMaLMIO O YMCAEHHOCTM PacTu-
TEAbHOCTU MyTEM NMPUOOPETEHMS CMYTHUKOBbIX M306paskeHni (1. e. Landsat Thematic Mapper ™, Enhanced
Thematic Mapper Plus (ETM +) 1 Operational Land Imager (OLI)). NDVI aast M3MeHeHMs 3eMEAbHOrO MOK-
poBa B parioHe A0ObIUM MeAM ObIA MPOaHAAM3MPOBAH B TEUYEHMEe MSTU pasHbix AeT — 1976, 1986, 1996,
2006 1 2015 rr. O6pasubl LANDSAT MSS aast 1976 roaa 1 nsobpaskenms Landsat Surface Reflectance 3a
1986 11 2015 roabl ObIAM UCMIOAb30BaHbI AAS aHAAM3A AMHAMMKW CBOMCTB PaCTUTEABHOIO MoKpoBa. Pasan-
umst B NDVI MCMOAb3YIOTCS AASL OTIPEAEAEHMSI aHaAM3a OOHAPY>KEeHUs M3MEHeHWIn AaHAwadTa / pactu-
TEAbHOro MOKpoBa. Pe3yAbTaThl Mokas3aAn 3HaUMTEAbHOE YMeHbLUEHWE PAaCTUTEABHOCTHM 3a CYET yBeAnye-
HUS MAOLLAAM TOPHOAOOBIBAIOLLMX PAOHOB. AAQHHOE MCCAEAOBAHME OKaXKET GOAbLLIYIO MOMOLLb MECTHOMY
MCMOAHUTEABHOMY OpraHy, a Tak)ke rOpHbIM OPraHM3aLMaIM AAS MPUHSTUS HAAAEXKALLIMX MEPOTPUSTUIA B
LeAsix obecrieveHusl yCTOMUMBOrO Pa3BUTHS PEMVOHA U OKPY>KAIOLLIEN CPEADI.

KAloueBblie cAOBa: M3MeHeHMe paCTUTEAbHOI O MOKPOBA, aHaAM3 BpemeHHbIx psiaos, NDVI, Landsat,
06AaCTb AOOBIUM MeAU.

Introduction explored deposits of copper. The main volumes of
balance reserves are concentrated in the Central
Study area Kazakhstan (Dzhezkazgan). Dzhezkazgan deposit

Copper production has a leading position in
the non-ferrous metallurgy in Kazakhstan. Its
proven reserves are estimated at 6% of the World
or 37 million tons. According to this index the
Kazakhstan occupies the 4th - position after Chile,
Indonesia and the United States. On the territory
of the Republic of Kazakhstan more than 90

is located in the southwestern part of Central
Kazakhstan (Figure 1) and consists of an open
pit mine (North), six underground mines (Jomart,
Stepnoy, Annensky, and East, South and West),
two copper concentrators and one small zinc-lead
concentrator, a smelter, a refinery and a wire rod
plant.

Figure 1 — Location of Dzhezkazgan copper mining area, Central Kazakhstan

46 Xabapuibl. Teorpadus cepusicer. Nel (48) 2018



Ormanova G.G. et al.

Operation of mining companies in Dzhezkazgan
copper mining causes intensive groundwater
depletion under the influence of the powerful mine
drainage effect. This, in turn, affects depletion
of vegetation species composition, deterioration
of soil cover, leads to increased wind and water
erosion. Changes in environment components
are directly manifested by direct deterioration of
terrain and activation of natural and anthropogenic
processes, including development of gravitational
and erosional processes on slopes of quarries and
various dumps. Furthermore, indirect impact is also
observed of mining on the nature and intensity of
the terrain-forming processes through changes in
structural components of geosystems (through air
pollution, pollution and increasing aggressiveness

of surface, ground and underground water, changing
soil structure and transformation of the species
composition of vegetation). Since the territory of
Dzhezkazgan located in the area of surface water
deficit, the drinking and household needs are satisfied
primarily by groundwater. As a result, begin to
dominate the fast descent of significant parts of the
upper part of the lithosphere due to the gravitational
compression fracture systems and then in terrestrial
masses (Baymyrzayev, 2000). These phenomena are
frequent in Dzhezkazgan copper mining area (see
Figure 2). They are especially dangerous for the
communities located near or above the underground
mining workings.

To understand the causal effect of disturbance on
flora, a time series on land cover change is needed.

Figure 2 — Anthropogenically disturbance of terrestrial surface in the native fields of Dzhezkazgan copper mining area

Recent studies have shown that biodiversity
of terrestrial ecosystem is expected to be mainly
affected by land use changes within the next 100
years (Sala et al., 2000).The change in land cover
as a result of anthropogenic activities has played
a major role in global environmental change and
hence has become a hot spot for researchers (Liu et
al., 2002). It is the process of identifying variations
in an object or phenomenon by observing it at
different times (Singh, 1989). The detailed process
involves superimposing maps of more than one
time period over each other to find the change
(Jessica et al., 2001). Remote sensing technology
in tandem with a variety of GIS applications can
be an effective tool for monitoring mine activities
(Lamb, 2000). The Normalized Difference
Vegetation Index (NDVI) was developed in the
late 1960s and has proven to be a useful indicator
for measuring photosynthetic activity in vegetation
(Vicente et al, 2004). The NDVI is one of the most
important and commonly used vegetation indexes,
defined as equation NDVI = (NIR — RED) / (NIR

ISSN 1563-0234

+ RED), where RED is the reflectance in the red
channel and NIR is the reflectance in the near-
infrared channel. The RED and NIR band contains
more than 90% of vegetation information (Baret et
al, 1989).

Materials and methodology of researches

The process of utilizing Landsat data for to
investigate the environment and land cover change
of Dzhezkazgan copper mining area followed
a multi-phase approach. Prior to beginning the
analysis, satellite images and GIS data pertaining
to the study area were obtained, and preprocessing
operations were completed. The first phase of
analysis consisted of identifying areas of change
using the supervised classification. The second
phase included the calculation of NDVI and creating
different images to identify areas of decreasing. The
methodologies adopted in the research to reach the
results are as shown in the Figure 3. These phases
are explained more thoroughly in the following
sections.
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Data acquisition and source

Prior to analysis, it was necessary to locate suitable
satellite imagery and other GIS data for the study area.
Five Landsat scenes were selected and downloaded
from the USGS Landsat archive. The images acquired
were captured in June, July, and August of 1976, 1986,

1996, 2006 and 2015 years (Table 1, Figure 4). Images
from summer period were chosen so that the area
could be studied while vegetation growth was at its
peak, maximizing differences between vegetated and
non-vegetated areas. The images selected were free of
cloud cover across the study area.

Literature
review

l Formulation of Research aim and Research objectives ‘

‘ Data collection ‘

‘ Image processing (AOI) ‘

‘ NDVI (Landsat time series) |

| 1976 NDVI map

t 1986 NDVI map \J

1996 NDVI map J

{ 2006 NDVI map J

\ 2015 NDVI map [

11

Zonal statistics ‘

J

J Results and Conclusions [

Figure 3 — Flowchart of the Research process

Table 1 — Acquired Landsat data characteristics

Ne Date acquired Landsat Scene Identifier Sensor type Resolution (m)
1 05.06.1976 LM21690271976157 Landsat 2 MSS 79

2 31.05.1986 LT51570271986152 Landsat 5 TM 30

3 30.07.1996 LT51570271996212 Landsat 5 TM 30

4 20.08.2006 LT51560272006232 Landsat 5 TM 30

5 04.08.2015 LC81570272015216 Landsat 8 OLI 30

Pre-processing

Because the spatial extent of the two Landsat
images is far greater than the study area and the aerial
photography available for geometric registration,
the images were first subset to a smaller area using
a bounding rectangle around the study area. Layer
Stacking is a method used to combine multiple

layers of data into a single dataset. This method
builds a multi-band file from georeferenced images
of similar pixel sizes, and projections, where each
band represents a time slice. The Layer Stacked
data were subset to include only the study region to
decrease file size and increase processing efficiency
in later analysis (Figure 5).
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Subset
——
Landsat 8 OLI Dataset
Path157, Row 027
Landsat 8 OLI Dataset
Subset at Dzhezkazgan coppermining
area
1976 1986 1996 2006 2015
Landsat 2 Landsat 5 Landsat 5 Landsat 5 Landsat 8
MSS ™ ™ ™ OLI

Natural
color

False
color

Coordinate System: WGS84 UTM zone 42N; Projection: Transverse Mercator

Figure 4 — Composite images of Dzhezkazgan copper mining area in 1976, 1986, 1996, 2006, and 2015
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Landsat 8 OLI Dataset
Path157, Row 027

Landsat 8 OLI Dataset
Subset at Dzhezkazgan coppermining
area

Figure 5 — Subsetting Landsat 8 OLI data product; example from August, 2015Dataset

All data products were processed using ERDAS
IMAGINE, ArcGIS, QGIS, a geospatial imagery
analysis software. Data extraction tools for this
study include Normalized Difference Vegetation
Index (NDVI) transformation.

Georeferencing the images

Data were obtained using the United States
Geological Survey (USGS) Global Visualization
Viewer (http://earthexplorer.usgs.gov/). All of the
images acquired had already been georeferenced by
the USGS, with a Standard Terrain Correction that
provides better geometric accuracy. The collected
data were projected on a Universal Transverse
Mercator (UTM) geographic coordinate system,
using the World Geodetic System (WGS) from
1984, zone 42N.

The software applies radiometric calibration
and atmospheric correction algorithms to Level-1
Landsat data products. What this means for users of
Landsat data, is that you can access data that has
been pre-processed to top-of-atmosphere (TOA)
reflectance, surface reflectance, or (in the case of
thermal bands) brightness temperature. The data
products also include masks for clouds, cloud
shadows, adjacent clouds, land, and water. Users
can also order several spectral index products for
their Landsat scenes.

Limitations

The Landsat Multispectral Scanner (MSS)
imagery of the 1976 year with four spectral
bands has a poor spatial resolution of 79 meters

in comparison to the Landsat TM and Landsat
OLI images of the years 1986, 1996, 2006, 2015
which have a spatial resolution 30 meters. Landsat
Thematic Mapper (TM) images consist of seven
spectral bands with a spatial resolution of 30 meters
for Bands 1 to 5 and 7. Spatial resolution for Band 6
(thermal infrared) is 120 meters, but is resampled to
30 meter pixels. Landsat 8 Operational Land Imager
(OLI) images consist of nine spectral bands with a
spatial resolution of 30 meters for Bands 1 to 7 and
9. Hence the accuracy of Landsat MSS image of the
1976 year is low in comparison to the other years.

Change Detection Methodologies

The objective of this methodology is to detect
all changes of land cover for multi-temporal images
using different filtering scenarios utilizing ERDAS
environment. For detecting, assessing, and mapping
the land cover changes of the study area during the
period from 1976 to 2015, the Landsat imagery
dataset was used. Change detection involves the use
of multi-temporal image data sets to discriminate
the changes between the dates of imaging. There are
many techniques adopted in this research, in order to
monitor the progress of vegetated regions and each
type of changes was quantified to zonal statistics
using ArcGIS techniques.

NDVI calculation and ndvi maps

NDVI or Normalized Differential Vegetation
Index was calculated for all the five images and
subsequent NDVI maps were created with NDVI
values ranging from -1 to +1. The NDVI calculations
for five different sensors are as shown in Table 2.
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The Normalized Difference Vegetation Index
is calculated as the difference between the red and
infrared bands divided by the sum of the red and
infrared bands. Landsat data, this is simply: Band 3
(Red) — Band 4 (IR) / Band 3 (Red) + Band 4 (IR).
The NDVI images for five different sensors are as
shown in Figure 6. Generally, healthy vegetation

Table 2 — NDVI Calculation

will absorb most of the visible light that falls on
it, and reflects a large portion of the near-infrared
light. Unhealthy or sparse vegetation reflects more
visible light and less near-infrared light. Bare soils
on the other hand reflect moderately in both the
red and infrared portion of the electromagnetic
spectrum.

Years Image type NDVI Function NDVI Range
1976 Landsat 2 MSS (Band3-Band2) / (Band3+Band2) -0.022-0.110
1986 Landsat 5 TM (Band4-Band3) / (Band4+Band3) 0.070-0.349
1996 Landsat 5 TM (Band4-Band3) / (Band4+Band3) 0.029-0.443
2006 Landsat 5 TM (Band4-Band3) / (Band4+Band3) 0.062-0.401
2015 Landsat 8 OLI (Band5-Band4) / (Band5+Band4) 0.041-0.507

The Normalized Difference Vegetation Index
is calculated as the difference between the red and
infrared bands divided by the sum of the red and
infrared bands. Landsat data, this is simply: Band 3
(Red) — Band 4 (IR) / Band 3 (Red) + Band 4 (IR).
The NDVI images for five different sensors are as
shown in Figure 6. Generally, healthy vegetation
will absorb most of the visible light that falls on
it, and reflects a large portion of the near-infrared
light. Unhealthy or sparse vegetation reflects more
visible light and less near-infrared light. Bare soils
on the other hand reflect moderately in both the
red and infrared portion of the electromagnetic
spectrum.

Calculations of NDVI for a given pixel always
result in a number that ranges from minus one
(-1) to plus one (+1); however, no green leaves
gives a value close to zero. A zero means no
vegetation and close to +1 (0.8 - 0.9) indicates
the highest possible density of green leaves. Very
low values of NDVI (0.1 and below) correspond
to barren areas of rock, sand or snow. Moderate
values represent shrub and grassland (0.2 to 0.3),
while high values indicate temperate and tropical
rainforests (0.6 to 0.8).

Results and discussion

This study was based on copper mining area in
Central Kazakhstan. This region provides nearly
half of the copper mined in the Kazakhstan and

ISSN 1563-0234

will likely see an increase in mining over the next
40 years. The government agencies responsible for
monitoring mining and reclamation in the region are
stressed by increased workloads from copper mining
and other mineral extraction activities. Utilizing
Landsat satellite images through the U.S.G.S.
archive makes it possible to monitor surface mining
and environment, and to characterize land cover
changes as a result of mining.

The purpose of this study was to investigate
and evaluate how remote sensing techniques can
be utilized as a tool for land cover change and
environment of copper mining area. In addition, this
study sought to characterize the effects of increased
copper production on the area.

Five Landsat images were acquired from
three anniversary dates for analysis. These
images were analyzed to detect disturbance
caused by mining, identify reclamation sites,
and to detect land cover change over the 40 years
horizon. Indicators were employed that could be
measured over time to monitor disturbance from
surface mining. Investigation the disturbance
of ground surface can help assess the risk of
adverse environmental effects from mining. The
results indicate that remote sensing is a useful
tool for monitoring disturbance from surface
mining activities, and for assessing the relative
vegetative health of reclamation sites, as well as
land cover changes.
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2015

Figure 6 — NDVI variation computed using Landsat image for five different years

NDVI Analysis

The NDVI maps of the study area produced
clear and complete footprints of each mine
within the area (Figures 7 to 11). Active mine
areas were strongly associated with low NDVI
values compared to the rest of the landscape.
Mining areas are clearly in evidence in the NDVI
images in Figures 26-30. In this figure, low NDVI
values correspond to the lighter tone and indicate
areas were vegetation has been disturbed or
removed. A comparison of the dates illustrates the
intensification in mining activities between 1976
and 2015, and a shift in mining locations as they
slowly progressed.

Areas with the highest NDVI values include
reclaimed, or revegetated areas, and riparian zones
near the tailings, settlements and streams in the
study area.

The southern, northern portion of the NDVI
images from 1976 and 1986 in Figures 26, 27
contains much higher NDVI values than the 1996
or 2006, 2015 images. This is presumably due to

differences in the precipitation patterns between
the five years. The summers of 1996, 2006 and
2015 seems to have been much drier than 1976
and 1986. Difference images generated by
subtracting the NDVI image from one year with
that of another year were very useful for this task.
New mining areas occur to the north and west of
existing mine sites. Reclaimed areas fall directly
behind the new mining sites, as reclamation tends
to follow mining activities closely. The trend
of mining extending to the north and west is
enhanced in this image, as many newly disturbed
areas appear in areas near the mines, signified
by decreases in NDVI value. This is further
proven by the presence of areas in the southern
and eastern portions of the mine areas that show
increases in NDVI values, signifying revegetation
or reclamation. These changes are very drastic as
the image shows large tracts of land that have been
disturbed. Large areas that were once undisturbed
by the relatively small amount of mining that
was occurring in the study area in 2015, are now
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dominated by extensive surface mines that are
several miles long in some places. Given the great
increase in copper production between dates, this
would be expected. Conversely, areas where mines
were located in 1996 are now greatly improved, as
most of these areas were likely reclaimed during
the 10-year period. A great amount of information
can be drawn from NDVI analysis and change
detection. Land cover mapping allows the analyst
to confirm these findings and to assess the effects
of increased mining on the landscape of the

study area. Overall, the pattern reveals expanded
disturbance in the study area and a trend of new
mining occurring to the west and the north of
existing mines.

Descriptive statistics were obtained to examine
NDVI change by-pixel for each benchmark period
in the AOI Table 4 provides a summary of statistics
for the Reference AOI, while Figures 31-34
provide a graphical visualization and a quantitative
representation of the interquartile range of NDVI,
respectively.

Table 4 — Summary NDVI Statistics of AOI in 1976, 1986, 1996, 2006 and 2015

Years NDVI min value NDVI max value NDVI mean value NDVI StdD
1976 -0,313 0,503 0,037 0,037
1986 -0,464 0,775 0.179 0,085
1996 -0,67 0,828 0,153 0,126
2006 -0,654 0,811 0,156 0,112
2015 -1,147 0,88 0,202 0,155

The exact dates and corresponding summary
statistics of the NDVI min, max, mean, StdD
averages of AOI during the growing season from
1976 to 2015 can be found in Table 4, Figures 12-15.

Analysis suggests that surface mining in AOI
was responsible for the decrease of vegetation
productivity from 1976 to 2015. The maximum
NDVI during the growing season ranged from
0,503 in 1976 to 0,88 in 2015. The exact dates and
corresponding summary statistics of the maximum
mean NDVI of the AOI during the growing season
from 1976 to 2015 can be found in Table 3. The
exact dates and corresponding summary statistics of
the NDVI min, mean, StdD averages of AOI during
the growing season from 1976 to 2015 can be found
in Table 4.

Land cover change Analysis

Remote sensing and GIS are important tools
for studying land use patterns and their dynamics
(Prakash and Gupta, 1998). Change detection using
satellite data can allow for timely and consistent
estimates of changes in land use and land cover
over large areas. The nature of the changes being
investigated can vary considerably, from relatively
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short term events such as snow cover, flooding
and forest fires, to longer trends like suburban
development, deforestation, glacial retreat or
wetland loss (Shank, 2009). NDVI vegetation change
maps of Dzhezkazgan copper mining area for all the
five years were created using the above supervised
classification scheme by using the following steps:

Demarcation of all the areas belonging to each
class.

Allocating suitable colors to each class.

Calculating areas of class.

1976, 1986, 1996, 2006 and 2015 in study areas
land cover change statistics were calculated using
ArcGIS software (Figure 16).

Land cover classification produced very
clear results for copper mining area. The results
of land cover mapping illustrate increased sur-
face disturbance across the study area caused
by increased mining from 1976 to 2015. Direct
comparison of land cover maps produced from
two different image dates was useful for visually
assessing change, however determining exactly
where that change occurred and exactly which
land cover types had been converted proved to
be more difficult.
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Figure 7 — NDVI change detection map  Figure 8 - NDVI change detection map  Figure 9 — NDVI change detection map
of copper mining area (1976) of copper mining area (1986) of copper mining area (1996)

NDVI change detection map of Dzhezkazgan copper mining area
(2015)
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Figure 10 — NDVI change detection map of copper Figure 11 — NDVI change detection map of copper
mining area (2006) mining area (2015)
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Figure 14 — NDVI mean value of AOI using in 1976, 1986, 1996, 2006 and 2015
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Figure 16 — Changes in different land cover categories

Conclusions

The Dzhezkazgan is a major source of the cop-
per consumed in the Kazakhstan, and copper pro-
duction is expected to increase during the next 40
years. The result of the work signified that there was
a rapid change of land/vegetation cover during the
period from 1976 to 2015. Therefore, it concludes
that increase of mining activities will cause damage
to vegetation. NDVI is indispensable in determin-
ing vegetation abundance information because it
accounts for variations in shadow due to sun eleva-
tion angle and is least influenced by topography. The
analysis of multiple time-series satellite images may
allow a non-stop monitoring of mining activity over

the areas under scrutiny. Furthermore, it has a po-
tential of predicting future trends in land/vegetation
cover dynamics over the studied regions.

Landsat images were acquired from 1976, 1986,
1996, 2006 and 2015 for analysis. The Normalized
Difference Vegetation Index was used to map ac-
tive mining and reclamation areas, and NDVI dif-
ference images were created to assess the growth
of mining operations over the 10-year time span.
Results from this study suggest that vegetation
reclamation has not restored surface-mined lands
to equal or greater productivity to the natural veg-
etation cover on Dzhezkazgan copper mining area
in Central Kazakhstan. Because surface mining in
Dzhezkazgan is wide-spread, the lack of proper
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vegetation reclamation can have vast impacts on  for assessing land cover change, landscape struc-
ecosystem function. ture etc. or a research type project whenever the

The approach used in this study provides a  spatial data, attribute data and materials used are
low-priced image processing analysis. It is reliable  available.
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