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’Faculty of Natural and Technical Sciences, ,, Goce Delcev‘* University, Stip, R. N. Macedonia
*kaplangorde(@gmail.com

Abstract

Lately, remote sensing has been an effective tool for monitoring the Earth and environmental changes. Landsat
with its legacy is providing available data for time-based research. The aim of this paper is to estimate the time of the
self-healing progress of an abandoned mine area using Landsat satellite images. In this study, five Landsat satellite im-
ages were used. As a study area, the abandoned Damjan mine in the southeastern part of the Republic of N. Macedonia
has been chosen. Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI)
values were used to classify Landsat images into barren land, bared soil, mixture of vegetation, vegetation, and water
bodies. The NDVI values lower than zero are considered to be the area affected by the mine. The healing of the mine
has been established using the annual growth rate analysis. It was found that the area has been healing approximately
10 % every year and a prediction was made for the study area till the year 2030.

Key words: Mine, remote sensing, environment, Landsat, annual growth rate

INTRODUCTION

Since the beginning of civilization, mankind has been mining to meet needs or to make tools and
weapons. “Lion Cave” is the oldest known mine, which was found in archaeological excavations in Swazi-
land, in Africa. By the radio-carbon dating method a date of about 41 000 BC was obtained for this hema-
tite mine. However, this is the extreme range of carbon dating, the mine may be older than this date. It is
thought that these ores were mined until at least 23 000 BC. At Lion Cave it is estimated that at least 1200
tons of soft hematite ore had been removed in ancient times [1]. Ancient mine fields found also in Hungary
are thought to be mines of an identical era, where Neanderthals may have mined flint for weapons and tools
[2].

Mining is one of the essential business activities of welfare society. The purpose of mining is to pro-
vide raw materials that are needed by the industry, for national and economic development. On the other
hand, during and after mining operations, land degradation, gas emissions, hazardous waste, dust, and noise
inevitably occur. Industrialization and demand for raw materials are constantly increasing due to rapid
population growth, consequently, the destruction is widespread.

On one hand, mining is strengthening the economy and it supports national development for people
welfare. On the other hand, mining causes big impact on and devastation of the ecological environment,
which is ignored most of the time. After mining operations, especially with the open-pit method, topogra-
phy, geological structure, relief, water regime, climate and landscape become unbalanced and the vegeta-
tion is completely vanished around the work area. Environmental impacts of mining operations can be
divided into two categories. Direct impacts: mine buildings, plants, infrastructure, and waste disposal sites
directly destroy the soil and vegetation in the area they are located. Indirect impacts: water quality, climate,
soil structure, human and animal health were badly affected around the mining sites, abandoned mines,
waste disposal sites and ore dressing plants.

Mining operations can be summarized as temporary land use depending on the mine life. Human-
induced changes in land use alter the biogeochemical system which affects the physical climate system.
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Effective management and monitoring of soil resources require spatial data at various scale in order to
incorporate land use patterns, geomorphology, topography, hydrologic and vegetation parameters. In min-
ing areas, large amounts of land have been occupied and destroyed through mining subsidence, excavation
damage, and pollution [3]. In the process of removing the desired mineral material, vegetation is unavoid-
ably destroyed. The recovering of the damaged area can be very slow if the mine is being abandoned and
no action has been taken for closing the mining area.

Remote sensing may be the only feasible means of providing such spatially distributed at multiple
scales and on a consistent and timely based data [4]. With the development of the remote sensing technol-
ogy, Landsat images have become a real treasure for monitoring the changes on the Earth caused by natural
or human-induced changes. Remote sensing technology and data have been used in a number of studies
connected with mining and even more about environmental consequences connected with mines activities
[5-8]. With remote sensing data the relationship between the NDVI and temperature fluctuation in post-
mining sites have been investigated [9].

In this paper, five Landsat satellite images were used in order to determine land healing of an aban-
doned mine within a period of 29 years, using NDVI, NDW]I, statistical predictions and GIS tools. The aim
of this paper is to determine the approximate time that the nature/land cover needs to self-heal the damages
that have been made due to mining extraction using remote sensed images from Landsat.

MATERIAL AND METHODS

The methods include Normalized Difference Vegetation Index (NDVI) analysis, Normalized Differ-
ence Water Index (NDWI) [10] analysis, growth rate analysis and predictions. For all five Landsat satellite
images NDVI analyses were made. The NDVI analyses were made using the NDVI equation:

R—R (1)

where IR stands for the Infra-red band and R stands for the visible red band.

The comparison between the two different sensors, Landsat 5 and Landsat 8 was not a problem since
the difference of the vegetation indices comparison has shown that there are subtle differences between both
sensors [11].

Values for NDVI range from 1.0 to -1.0. Higher values indicate higher concentration of green vegeta-
tion. Lower values indicate non-vegetated features, such as water, barren land, ice, snow, or clouds [12].
The NDVI values were classified into four land-cover types, for values smaller than 0 it was considered to
be barren land or water area, values between 0 and 0.2 correspond to barren soil, from 0.2 to 0.5 to mixture
of soil and vegetation, and values above 0.5 correspond to fully vegetated area [13].

The areas with values lower than 0 were considered to be the mine areas (barren land) since the images
were clean from cloud, snow or ice in the study area.

After the NDVI classification, reclassification was made, and the area of each class has been calcu-
lated according to the resolution of the satellite images. NDWI analyses were made for distinguishing bar-
ren land from water area.

Water features have positive values, while soil and terrestrial vegetation features have negative values,
owing to their typically higher reflectance of NIR (near infrared) than green light [10].
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(1) Paleogene, Neogene,
and Quaternary sedimentary rocks;
(2) Pyroclastic rocks;

(3) Andesite and latite;

(4) Quaternary flysch;

(5) Carbonate rocks;

(6) Carbonate slate;

(7) Granite;

(8) Serpentinite;

(9) Muscovite schist,

(10) Gneiss;

(11) Pb-Zn vein mineralization;

(12) Iron skarn mineralization;

(13) Eu-Auporphyry mineralization.

Figure 1. A) Map of the Republic of N. Macedonia [14]; B) Geological map of the
Buchim—Damjan—Borov Dol ore district. [15]; C) Base map of the Study area.

Similar to the NDVI principles, the NDWI is calculated as follows [10]:
Green — NIR

NDWI =

Green + NIR

@)

where Green stands for visible green band and NIR stands for near infrared band.
For the NDVI values lower than 0, a growth rate analysis was made using the following equation [16]:

GrowthRate = [(

1
Final Value )E 1|« 100
ilibosndhuntuadin RN B9
Starting Value

€)

where the Final Value is the last known value, the Starting Value is the first known value, and n is the

number of periods, in this case, number of years.

Equation 3 is used for calculating the annualized average rate of growth between two given years, as-
suming that growth takes place at an exponentially compounded rate [17]. A negative value indicates that

the zone of a particular category is shrinking.

In this paper as a starting value the values from 1986 and the final values from 2015 were taken. In that
case, n has been taken to be 29 years. As an accuracy assessment, the Growth Rate of all possible periods
was made, and it was compared with the one used for the analysis. Finally, a prediction of the mine area for

2030 year was made.

-71 -
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Data

Landsat 5, launched on 1 March 1984, was successfully collecting remotely sensed data from the
Earth until 2011, and it is the longest-living satellite. Its data are valuable and are being used for all kind of
research. Landsat 8 has been launched on 11 February 2013, and it is still active. The data from the Landsat
archive can be downloaded for free from the USGS web page.

In this paper, four Landsat 5, and one Landsat 8 satellite images were used. To avoid misleading
results, the images were picked from the same season respectively and they are clear of clouds (Table 1).

Study area

The Damjan mine is located in the southeastern part of the Republic of N. Macedonia near the city
Radovis, in the central part of the mine area Buchim-Damjan-Borov ravine (Figure 1-A). The mine is a
deposit of iron ore with established reserves of approximately 6.5 million tons of ore with 35 % iron [18].
The geology of the study area has been defined as Paleogene, Neogene, and quaternary sedimentary rocks
(Figure 1-B) [15]. The study area includes the mine and its surrounding environment, a total covering of
5.4 km? (Figure 1-C).

RESULTS AND DISCUSSION

The results from the NDVI analysis have shown a decrease in the barren land area that is considered
to be the mine. Using different Growth Rate periods, the result for the average percentage value has been
shown to be -10.83 % (Table 2), while using the starting and final values from 1986 and 2015 respectively,
the decrease has been shown to be -10.56 %. The NDVI results from all years, 1986, 1990, 2003, 2009 and
2015 have been represented in Figure 3. The predicted values for the mine area in 2030 are showing that
the mine area will be 832 m?, which shows us that there will be still consequences to the nature from the
abandoned mine. The results from the NDWI analyses helped us separate the results from the NDVI results,
barren land from water bodies, lower than 0. The results are shown in Table 1.

The results are showing the change from barren land to bared soil the NDVI values of which are higher
than zero, which indicates the presence of vegetation. The values higher than 0.2 NDVI values and lower
than 0.5 indicate a higher presence of vegetation together with bared soil, while NDVI values higher than
0.5 represent fully vegetated soils. The details for the change of the NDVI values are shown in Table 1 and
Figure 2.

Table 1. Used satellite images, NDVI and NDWI results in square meters

NDVI NDVI NDVI NDWI
Satellite Date <0/(m?) 0-0.2/(m?) 0.2-0.5/(m?) 1</(m?)
Landsat5 | 24.08.1986 113024 3313637 1819784 7009
Landsat5 | 02.07.1990 76225 3060426 1966103 2628
Landsat5 | 22.07.2003 20151 1926675 2896584 14018
Landsat5 | 22.07.2009 8761 570380 3719299 6133
Landsat8 | 07.07.2015 4440 517283 4315652 1776

Table 2. Growth Rate periods
Period | 86-90 | 90-03 | 03-09 | 09-15 [ 86-03 [ 86-09 [ 86-15 | 90-09 [ 90-15 [ 03-15 | Mean
?;f:ﬁ;)h 93 | 97 | -129 | -107 | 96 | -120 | -105 | -10.7 | -10.7 | -11.8 | -10.8%
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Legend

I Barren land

[ Bared soil

[ ] Mixture mixture of vegetation
[ vegetation

Figure 2. NDVI reclassified maps A) Landsat 5 on 24.08.1986; B) Landsat 5 on 02.07.1990; C) Landsat 5 on
22.07.2003; D) Landsat 5 on 22.07.2009; E) Landsat 8 on 07.07.2015

In Figure 3 a chart is presented with the actual values of the NDVI results lower then 0, supposed to
represent the barren lands in the study area, or the mine. The equation of the trend line is presented in Figure
4 and the result of the squared R is 0.997.

= -0.112x
NDVI Values lower than zero (m?) y RS,E: 3?3‘!9%1

140000

113025
120000 |

3
]
8

80000
60000

NDVI < 0 (m?)

40000
20000

1985 1990 1995 2000 2005 2010 2015
Year

Figure 3. Actual NDVI values lower than zero indicating barren lands
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The annual growth rate results for the NDVI values in range 0.2 - 0.5 are showing that the mixture
vegetation area has a growth of 3 % per year. The exponential correlation of the growth of the mixture of
vegetation area related to the years is 0.995, while the correlation between the decline of the bare land re-
lated to the years is 0.956 (Table 1).

Using the results and available data, a prediction for the mine self-healing was made. According to the
prediction, the mine area in 2030 will be 832 m? (Figure 4).

Predicted Values e 2E£z13119‘0 "
140000

113025
120000 -

5]
8
8

80000
60000
40000
20000

0
1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Year

NDVI < 0 (m2?)

Figure 4. Predicted values for the mine self-healing until 2030

CONCLUSION

One of the most serious environmental concerns at abandoned mines is open-pit mine faces. Public
health and safety hazards at abandoned mine sites can include accessible mine openings, hazardous mine
wastes, abandoned infrastructure, and ground surface instability [19]. Thus, closing of open-pit mines is
important both for the environment and for the public health. Awareness of the damage caused by the aban-
doned mine pits should be on a higher level. Although some improvements have been made over the last
few years with some regulation, there are still abandoned open pits all over the world.

This paper is a small example of the damage that one not very large abandoned open-pit mine can do to
the environment. One of the most used remote sensing vegetation indices, NDVI, can indicate not only the
vegetation health, but also the condition of the land. Values smaller than zero are generally areas that can-
not grow vegetation, such as human activities, rocks, or barren lands. Low NDVI values indicate bare land.

The good correlation between the increase of the NDVI values and the years are an indicator that the
used methodology can be used for analyzing abandoned mine pits and their healing progress. The results
showed that the abandoned mines healing process is very slow and that the damage is almost undoable.
Even though the land is slowly regenerating, still the open-pit will remain to exist for years.

REFERENCES

1. S.N.T. Commission, Cultural Resources-Malolotja Archaeology, Lion Cavern, Retrieved August 27
(2007).

2. Morton G. (1996) Mining and Religion in Ancient Man, Available: http://www?2.asa3.org/archive/
asa/199610/0067.html

3. Bian Z.F., Lu Q.Q. (2013) Ecological effects analysis of land use change in coal mining area based on
ecosystem service valuing: a case study in Jiawang. Environmental Earth Sciences, 68, 1619-1630.
https://doi.org/10.1007/s12665-012-1855-0.

4. Ustin S. (2004) Manual of Remote Sensing: Remote sensing for natural resource management and
environmental monitoring. Wiley Hoboken, NJ, USA.

5. Charou E., Stefouli M., Dimitrakopoulos D., Vasiliou E., Mavrantza O.D. (2010) Using Remote
Sensing to Assess Impact of Mining Activities on Land and Water Resources. Mine Water and the
Environment, 29, 45-52. https://doi.org/10.1007/s10230-010-0098-0.

- 74 -



SELF-HEALING TIME ESTIMATION OF
ABANDONED MINE AREAS USING REMOTE SENSING

10.

11.

12.

13.

14.
15.

16.
17.
18.
19.

Koruyan K., Deliormanli A.H., Karaca Z., Momayez M., Lu H., Yalcin E., (2012) Remote sensing in
management of mining land and proximate habitat. Journal of the Southern African Institute of Mining
and Metallurgy, 112, 667-672.

Demirel N., Diizgiin S., Emil M.K. (2011) Landuse change detection in a surface coal mine area using
multi-temporal high-resolution satellite images. International Journal of Mining, Reclamation and
Environment, 25, 342-349. https://doi.org/10.1080/17480930.2011.608889.

Cutaia L., Massacci P., Roselli I. (2004) Analysis of Landsat 5 TM images for monitoring the state of
restoration of abandoned quarries. International Journal of Surface Mining, 18, 122-134. https://doi.or
2/10.1080/13895260412331295385.

Bujalsky L., Jirka V., Zemek F., Frouz J. (2017) Relationships between the normalised difference
vegetation index and temperature fluctuations in post-mining sites. International Journal of Mining,
Reclamation and Environment, 32 (4), 254-263. https://doi.org/10.1080/17480930.2017.1278659.
McFeeters S.K. (1996) The use of the Normalized Difference Water Index (NDWI) in the delineation
of open water features. International journal of remote sensing, 17 (7), 1425-1432. https://doi.
org/10.1080/01431169608948714.

Li P, Jiang L.G., Feng Z.M. (2014) Cross-Comparison of Vegetation Indices Derived from Landsat-7
Enhanced Thematic Mapper Plus (ETM plus) and Landsat-8 Operational Land Imager (OLI) Sensors.
Remote Sensing 6 (1), pp. 310-329. https://doi.org/10.3390/rs6010310.

Sabins F.F. (1997) Remote Sensing: Principles and Interpretation. Waveland Pr Inc, 3rd edition, pp.
754-754.

Sobrino J.A., Raissouni N. (2000) Toward remote sensing methods for land cover dynamic monitoring;:
application to Morocco. International Journal of Remote Sensing 21 (2), 353-366. https://doi.
org/10.1080/014311600210876.

B.E.G.S.-f.S.a. NordNordWest.

Serafimovski T., Stefanova V., Volkov A.V. (2010) Dwarf copper-gold porphyry deposits of the
Buchim-Damjan-Borov Dol ore district, Republic of Macedonia (FYROM). Geology of Ore Deposits,
52 (3), 179-195. https://doi.org/10.1134/S1075701510030013.

http://www.bea.gov/

http://www.gartner.com/.

Serafimovski T. (1978) Metallogenic characteristics of Fe-deposits Damjan.

N.O.A.M. Initiative, National Orphaned/Abandoned Mines Initiative 2002-2008 Performance Report,
2009.

_75-



Gordana Kaplan, Hakan Uygucgil, Vancho Adjiski

BPEMEHCKA ITPOIIEHKA HA 3APACHYBAIETO HA HAITYIITEHU PYJAPCKHU
OBJACTH CO KOPUCTEILE HA JAJIEYUNHCKO HABJbY/lYBAIBE

Iopnana Kannan', Xakan Yjryurnia', Banuo Apucku®
Muctutyt 3a 3emja u Beenena, Texanuku yauBep3uTeT Bo Eckumexup, Eckumexup, Typija
2PakynTeT 3a MPUPOJHU M TEXHUYKU HayKH, YHUBEp3uUTeT ,,lote demues®, Il Tum
*KonTakr aBrop: kaplangorde(@gmail.com

Pesume

Bo nocienanTe HEKOIKY TOAMHH, TAICINHCKOTO HaOJbyIyBamke cTaHa e(hUKacHa anaTKa 3a clie/ici-e Ha 3emjara
1 TIPOMEHUTE KO Ce jaByBaaT BO XXKMBOTHATa cpeanHa. Landsat mporpamara, co cBojata orpomMHa 0a3a Ha TOAATOIN
00e30emyBa ToCcTaTHI HHPOPMAITIH 33 HCTPaKyBama 0a3upaHu Ha BpeMeHCKH KapakTep. LlenTa Ha oBOj Tpyx e 1a ce
TIPOIIEHH BPEMETO Ha 3apacHYBAmE CO BETETAllMja HA HAITYIITEHH PYIapCKH 00IaCTH CO KOPUCTEHE Ha JaJCIHMHCKO
HaOJbyIyBamke KOPHCTEjKH CATENMUTCKH CHUMKH of Landsat mporpamara. Bo oBaa crymmja ©ea KOpHCTEHH IeT
caTrelIuTCKA CHUMKHU Ha Landsat onm pasnmmuen BpeMeHCkH neprof. Kako crymuja Ha cirydaj € u30paH HAIyIITCHHOT
pyznuuK JaMjaH BO jyroncTo9HHOT Aen Ha Pemmybnuka C. Makenonuja. Bpennocture Ha Hopmanmmsupanara Pa3nnka
Ha BereraruBumor Munekc (anr. NDVI) nu Hopmammsupanara Pasnuka Ha Bomenmor Uunekc (anr. NDWI) Oea
KOPHUCTEHH 3a Kiacudunupame Ha pororpaduunte on Landsat carenntoT Bo o6macTu AepUHUPAHU KaKo ITyCcTa 3eMja,
pasroiieHa IoYBa, MEIIaBHHA O] BETeTalllja, BereTaija 1 Bogau oonactu. Bpegrocture Ha NDVI monncku ox Hyna
ce cMmeTaar 3a 00JIacTH KoM ce 3adaTeHH o pabOTeHETO Ha MOBPIIMHCKUOT PYIHHK. 3apacHyBamk-eTO CO BEreTallyja
Ha TOBPIINHATA Ofl PYAHUKOT € yTBPJACHO CO ITOMOII Ha aHaJK3a 3a TOIUIIHA CTalka Ha pacT Koja ce 0a3upa Ha
CaTeIUTCKATE CHUMKH. Bo cTymujara e yTBpAeHO /eka obracTa 3apacHyBa co BEereTalrja Koja iMa MpuOIKHA CTarTKa
Ha pacT ox okoiry 10 % 3a cexoja roAMHa M MCTO TaKa € HAlpPaBEeHO M MPEIBUAYBABE 332 U3MIENOT HA pyrapckara
obnacrt ce o 2030 roanna.

Kayunu 360poBu: Pyonuk, dareuuncko Hab.wydyearse, dcugomua cpeduna, Landsat, 2o0uwna cmanka va pacm
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