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Abstract: The multi-temporal image analysis is one of the most convenient and useful ways to determine how specific attributes of a 
particular area have changed between two or more regular intervals, comparing aerial photographs or satellite images of the study area 
taken at different times. This study examined the impact of the expansion of degraded areas through the mineral production and 
subsequent changes in natural vegetation after leaving the area over a period of 26 years in a region affected by copper mining over a 
century generating environmental, social and economic impacts atCamaquã Mines, southern Brazil, using geographic information 
system (GIS) and remote sensing (RS) techniques. A series of Landsat images were classified by normalized difference vegetation 
index (NDVI) to produce three land cover maps of the region. From comparisons between these maps and areas with no vegetation 
cover, it was possible to quantify the variation that occurs in the landscape, identifying the evolution of changes in natural vegetation 
area. It has been observed that between 1985 and 1996 the degraded area has increased 8%, however, in 2011 (the last year analyzed), 
there was greater vegetation cover than in the first reporting period, resulting in vegetation recovery of 26% when compared to 1985. 
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1. Introduction  

After the advent of the first remote sensing satellite 

(Landsat 1), in 1972, the preparation of accurate reports 

about the use and land use, changes in vegetation cover, 

environmental monitoring, natural resource 

management and urban development have become 

relatively simple, enabling the making of numerous 

studies combining field research and satellite data in 

many areas, such as urban and agricultural areas. In the 

case of inaccessible areas, the only method of 

obtaining data for the application of geographic 

information system (GIS) and remote sensing (RS) 
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techniques in the observation of periodic changes on 

the surface of the Earth [1]. 

Although this technology has been available for 

many years, the use of remote sensing for monitoring 

of mining activities has rarely been applied, although, 

according to K. Koruyan et al. (2012) [2], this tool has 

been proven valuable in the management and planning 

of some aspects in the operation of mining projects. 

Change detection in remote sensing is described by 

Singh (1989) [3] as “the process of identifying 

differences in the state of an objector phenomenon by 

observing it at different times”, determining how 

specific attributes of a particular area changed between 

woor more regular intervals, comparing aerial 

photographs or satellite images of the area taken at 

different times. In general, the detection of changes in 

the characteristics of the earth’s surface, according to 
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mine in isolation from other structures, this analysis is 

the vectorization of the area marked as degraded from 

NDVI. This corresponds to the color composition of 

the year 2011 (RGB 542), in which are represented in 

yellow the degradation boundaries of the year 1996 and 

in black the boundaries of the year 1985. 

7. Conclusions 

A quick literature review shows that remote sensing 

methods can be used to classify the types of land use in 

apractical, economic, repetitive and large areas. 

Although change detection techniques have been 

widely used in multidisciplinary scientific studies to 

monitor and evaluate the impacts of natural processes 

and human activity on the environment, few studies 

using these tools have been conducted to evaluate 

changes in areas affected by mining activity. 

In this paper, the authors presented an estimate of the 

expansion of the degraded area and the changes in 

vegetation associated with mining activity through 

multi-temporal analysis of the years 1985, 1996 and 

2011, applying the NDVI index. 

It was observed that the area without vegetation 

cover increased between 1985 and 1996 and that there 

was a great expansion of vegetation after the closure of 

operations and abandonment of the area in 1996, 

advancing over 26% of the area characterized as 

degraded, and in 2011 the area with greater vegetation 

covers the first analyzed date. Total of an area is about 

113 ha. It should be noted that this data is from the area 

affected by mining as a whole, including the 

construction of the mining town (urban sprawl), 

tailings dam and open pit. By only analyzing the 

influence of the open pit region, visually it is possible 

to notice a big vegetable recoating. 

The depletion of mineral resources has been a 

common event throughout world history, but neglect 

and impoverishment of these regions is not an 

inevitable consequence. The use of remote sensing and 

geographic information system have an increasing role 

in the management of mining areas. Together, they 

provide information and statistical data for the 

evaluation of habitat diversity and changing land cover 

while the mine is in operation, which may be used to 

formulate policies and guidelines for the management 

post-mining and in planning the closure of the mine, 

environmental reclamation, monitoring, 

characterization of the landscape and socioeconomic 

alternatives for rehabilitation of the area in the 

production system. In this study area, the municipality 

was adopted in 2012 ecotourism as an alternative to use 

the area. 

As future work, we suggest (1) the classification of 

different types of vegetation occupying the area, for 

example: dense vegetation, grassland, scrub, native 

vegetation and exotic vegetation, etc; (2) 

multi-temporal analysis in stream subbasin João Dias, 

in order to identify changes in drought conditions and 

contamination of sedimentation, as it received the solid 

waste and liquid effluents from the treatment of copper 

ore since the nineteenth century until the construction 

of the tailings dam at the end of 1970; (3) identification 

of the variation in average vegetation index only in the 

mine pit area and (4) inclusion of images from different 

periods in the analysis. 
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