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Abstract
The municipality of Nechí (Antioquia, Colombia) has a long mining history associated with the extraction of 
gold. This paper evaluates the evolution of land cover changes caused by this mining activity over 24 years. 
The spatial analysis was based on the Normalized Difference Vegetation Index (NDVI) of three LANDSAT 
images (1986, 1996 and 2010). The difference in NDVI values between 1986 and 2010 were used to determine 
the actual state of vegetation, the direction of change (improvement, stability or deterioration), and the area 
associated with each soil cover. Polygons for different types of coverage (forest, pasture, bare soil, and water 
bodies) were extracted from each satellite image to quantify the changes and develop land cover maps for each 
year. Results show that almost 124.8 km² of forest have been lost during the analyzed period. By contrast, water 
bodies gained an area of 66.3 km². Both results may be related to the type of gold exploitation in the region.

Keywords: GIS; Landsat; Mining; NDVI; Soil cover.

Resumen
El municipio de Nechí (Antioquia, Colombia) es una zona influenciada por la minería aurífera desde épocas 
prehispánicas. En este artículo se evalúa la evolución de los cambios de cobertura del suelo producidos por 
la minería aurífera durante 24 años. El análisis espacial de cada imagen fue basado, principalmente, en el 
cálculo del Índice de Vegetación de Diferencias Normalizada (NDVI) de tres imágenes LANDSAT de los años 
1986, 1996 y 2010. Adicionalmente, se calculó la Diferencia de NDVI entre los dos años extremos, con el fin 
de analizar el estado actual de la vegetación; la dirección de su cambio, es decir, si hubo mejoría, estabilidad 
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o deterioro, y cuantificar la extensión asociada con cada cubierta del suelo. Se extrajeron polígonos para los 
diferentes tipos de coberturas de cada imagen satelital (bosques, pastos, suelo desnudo y cuerpos de agua), para 
cuantificar los cambios y elaborar los mapas de cobertura del suelo para cada año. Los resultados muestran que 
casi 124,8 km² de bosque se han perdido en el período analizado; por el contrario, los cuerpos de agua ganaron 
un área de 66,3 km²; ambos resultados pueden estar relacionados principalmente con el tipo de explotación del 
oro en la región.

Palabras clave: Cobertura del suelo; Minería; NDVI; Landsat; SIG.

Resumo
O município de Nechí (Antioquia, Colômbia) é uma região influenciada pela mineração aurífera desde épocas 
pré-hispânicas. Neste artigo avalia-se a evolução das mudanças de cobertura do solo produzidas pela mineração 
aurífera durante 24 anos. A análise espacial de cada imagem foi baseada, principalmente, no cálculo do Índice 
de Vegetação de Diferenças Normalizado (NDVI) de três imagens LANDSAT dos anos 1986, 1996 e 2010. 
Adicionalmente, calculou-se a Diferença de NDVI entre os dois anos extremos, com o fim de analisar o estado 
atual da vegetação, a direção de sua mudança, ou seja, se houve melhoria, estabilidade ou deterioro, e quantificar 
a extensão associada com cada camada do solo. Extraíram-se polígonos para os diferentes tipos de coberturas 
de cada imagem de satélite (bosques, pastos, solo desnudo e corpos de água), para quantificar as mudanças e 
elaborar os mapas de cobertura do solo para cada ano. Os resultados mostram que quase 124,8 km² de bosque 
têm se perdido no período analisado; pelo contrário, os corpos de água ganharam uma área de 66,3 km²; ambos os 
resultados podem estar relacionados principalmente com o tipo de exploração de ouro na região.

Palavras chave: Cobertura do solo; Mineração; NDVI; Landsat; SIG.
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I. Introduction

Land use is linked to different human activities, 
which in turn are conditioned by a combination of 
biophysical and socioeconomic factors that modify 
ecological processes and biodiversity patterns 
in the terrestrial ecosystem [1]. Among these 
activities, mining generates important changes and 
alterations of the landscape, especially in places 
with long periods of intervention [2, 3]. Nowadays, 
environmental studies focus on soil cover changes 
and land use, as well as on their relation with loss of 
habitat and biodiversity, environmental services, and 
the productive capacity of ecosystems [4].

Colombia has experienced, in the last decade, a 
significant growth in both the volume and value 
of production of primary goods, particularly in the 
mining sector, affecting positively its Gross Domestic 
Product-GDP [5]. Since the eighties, the Bajo Cauca 
region has been the center of gold production in 
Antioquia [6]. This region is one of the oldest in 
the department with a relatively recent colonization. 
National and international mining companies arrived 
in the late nineteenth century to exploit the gold mines, 
modifying the villages and occupying the territory 
with technological innovations for mining operations 
[7]. Nechí, one of the municipalities in this region, has 
been influenced by mining, especially gold, leading 
to permanent gold extraction, and conditioning the 
local economy toward this sector that intensifies or 
diminishes in response to international gold prices. 
Mining is considered the main cause of changes 
in the dynamics of landscapes and degradation of 
vegetation cover in this municipality [7].

Remote sensing has been intensively used in 
environmental studies to estimate and classify land 
and vegetation covers from satellite imagery [8-9]. 
The information captured by a satellite allows the 
identification of the spatial diversity of land uses 
[10]. An analysis of land-use changes is fundamental 
to understand social, economic and environmental 
problems, and can be quickly implemented using 
cartography. Moreover, the temporal analysis of 
land changes, with the support of GIS and historical 
documents, is a fundamental tool for monitoring 
landscape diversity and investigating changes in 

vegetation [11]. Nowadays, the open access to 
LANDSAT datasets has facilitated the analysis of 
forest changes at the global scale [12].

In Colombia, there is a special interest in the 
assessment and quantification of soil cover changes 
due to anthropogenic processes that impact the 
environment directly and indirectly [13]. In 2002, 
IGAC-CORPOICA interpreted satellite images to 
determine the current use and conflicts of use in 
the country. Similarly, in 2010 IDEAM determined 
soil covers and current uses at a scale of 1:100.000, 
using CORINE Land Cover methodology, approved 
for Colombia [13]. Nevertheless, in Colombia the 
studies aimed at determining variations in both soil 
cover types and land uses are still scarce.

This study evaluates and quantifies changes in soil 
cover in the municipality of Nechí through the 
analysis and processing of three LANDSAT images 
from 1986, 1996 and 2010. These changes are 
related to political, social, and economic conditions 
experienced in Colombia during the studied period, 
which conditioned the mining activities.

II. Materials and Methods

A. Study area

The municipality of Nechí has an area of 935.135 
km², and is located in Antioquia’s northwest corner 
in the Bajo Cauca region, limiting to the north with 
both Córdoba and Bolívar departments, to the east 
with the municipality of El Bagre, and to the west 
and south with the municipality of Caucasia (Fig. 
1). The main network is formed by the watersheds 
of the rivers Cauca and Nechí, characterized by 
their high flows and considerable length. The most 
notable geological process in this area is the lateral 
erosion by scouring, which affects the margin of 
the rivers mentioned above in some reaches. Nechí 
has a low, undulating topography between 30 and 
600 m.a.s.l., a tropical climate with temperatures 
between 28 and 30 °C, and an average annual rainfall 
between 2000 and 4000 mm. Additionally, Nechí has 
great biodiversity and natural resources, which are 
threatened by an accelerated deterioration mainly 
due to human activities [7].
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Fig. 1. Geographical location of Nechí.

The main economic activities in Nechí are mining, 
followed by farming, fishing, agriculture, forestry, 
and the trade of goods. The participation by economic 
activities in the Bajo Cauca region, mainly Nechi, 
El Bagre and Zegovia, to the Departmental GPD 
is mining with 36.3 %, and agriculture, farming, 
forestry, and fishing with 1.5 % [35]. Mining 
activities, particularly of gold and silver alluvium, 
are carried out without the adoption of clean 
development practices, which negatively impacts the 
environment [7].

B. Metallurgy and exploitation of alluvial gold

The alluvial gold in Nechí is extracted from the stream 
shores and riverbeds using dredges, bulldozers, 
hydraulic monitors, and wells or “apiques” [14-
15]. In the benefit stage, the extracted material is 
deposited in gutters where mercury is added. Leakage 
of some of the mercury generates losses of pure gold, 
and produces pollution and sedimentation in soil and 
water [16].

The lack of knowledge about the geological 
characteristics of the deposits in the exploitation, 
along with the improperly planned operation produce 
a considerable loss of mineral, as well as serious 
impacts on the environment, mainly in soil cover and 
water bodies [15]. Soil deterioration starts right after 
defining the interest sites through brief prospection, 
when forests are cleared, and the machinery, 

especially dredges and bulldozers, remove topsoil 
and sterile covering layers of economic importance. 
These materials are removed without control in large 
areas, without techniques to properly dispose them, 
and eventually become sediment loads into rivers 
and nearby effluents [15].

The impacts on soil and vegetation include 
deforestation by destruction and loss of 
healthy vegetation, soil contamination by fuel 
mismanagement, changes in the landscape, and 
soil losses by disposition of sterile equipment in 
the vicinity of the extraction sites and gutters [17]. 
Although measures such as reforestation programs 
have been carried out to remediate the impacts on 
the ecosystems in the municipality of Nechí, these 
measures have not been sufficient, and the current 
situation shows a loss of forests and an increase in 
eroded soils.

C. Landsat satellite images

The primary information used in this research comes 
from three Landsat 7 ETM+ images of the study 
area. These images cover a period of 24 years (1986, 
1996 and 2010), and are available at the Glovis 
website of the United States Geological Survey 
USGS. Each Landsat image is composed of seven 
bands, representing portions of the spectral range. 
The Landsat satellite has a cycle of 16 days, which 
means that Colombia is covered 22 times a year on 
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average. The three images were chosen based on 
their quality, that is, with a mean percentage of cloud 
cover of zero, and with a time span that allows the 
analysis of land cover changes that may be related to 
historical, political, social, and economic conditions 
in Colombia.

D. Landsat imagery processing

The methodology used in this study is shown in 
Figure 2. The images were processed in ArcGIS10.1, 
using Arc Map, Arc Toolbox, and Arc Catalog 
modules. Initially, bands were combined to extract 
and emphasize the information contained on each 
satellite raster image, based on spectral responses 
of the Earth’s surface objects. A visual analysis 
was performed combining three information bands 
of each satellite image (e.g., 4-3-2, 5-4-3, 3-2-
1, and others) to form false and true color images 
with the Red Green Blue-RGB channels [18]. 
The color combinations are used to discriminate 
aspects represented by the image, such as geology, 
land use, urban morphology, surface water, eroded 
areas, vigorous vegetation, and transition zones, 

among others [19]. These combinations allowed the 
identification of soil cover types in the study area.

Subsequently, the Normalized Difference Vegetation 
Index (NDVI) was calculated on each image, in 
order to examine the density and intensity of green 
vegetation growth using the spectral reflectivity of 
solar radiation. This index uses the contrast of two 
bands of a satellite image: band 3 or visible red band, 
and band 4 or near infrared band. Healthy vegetation 
absorbs most of the visible light, and reflects a large 
part of the near infrared light. In contrast, unhealthy 
or sparse vegetation reflects more visible light and 
less near-infrared light [20]. The NDVI is calculated 
by Equation (1) [20]:

	 (1)

where R and IR represent bands 3 and 4, respectively. 
The NDVI is provided as a raster image with each 
pixel varying between -1 and +1. Values near zero 
indicate lack of green vegetation, values equal to zero 
mean absence of vegetation, and values close to one 
indicate the strongest vigorous vegetation density.

Fig. 2. Methodology used in the analysis of change in soil cover in Nechí.

We calculated the NDVI differences between 1986 
and 2010 to determine vegetation changes in the 
study area, and considered the change to be an 
improvement if vegetation was stronger or greener, 
or a depletion if vegetation was less vigorous or dry. 
The difference between NDVIs was calculated by 
Equation (2) [21]:

	 (2)

where  and  correspond to the 
NDVI from 1986 and 2010, respectively. The raster 
was classified and organized into classes to describe 
the changes in vegetation. The values of each class 
were defined based on the spectral response of the 
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different types of vegetation due to chlorophyll 
content. A conventional way of representing the 
differences in vegetation with the limits of spectral 
response was implemented in order to show the 
change in vegetation [21-22].

After considering different band combinations, we 
identified four soil cover types: Forest, Pasture, Bare 
Soil, and Water Bodies (surface). We extracted these 
soil cover types as vector images from the difference 
of NDVIs, and used them to quantify the hectares and 
analyze soil cover maps and directions of vegetation 
changes in the 1986, 1996 and 2010 images.

E. Historical analysis

We reviewed the literature on the main historical 
facts related to the social and political economic 
conditions in Colombia during the period of study, 
1986-2010, associated with the periods of the “gold 
rush”, when the international price of this commodity 
rose, and whole type of mining exploitation become 
profitable.

III. Results and discussion

The reclassified total area for the municipality 
of Nechí was calculated in 899, 898 and 897.8 
km² in 1986, 1996 and 2010, respectively. These 
differences in the area are attributed to processing, 
since the Landsat images miss a small portion of the 
municipality’s surface. Similarly, these values also 
differ from the territorial extension of Nechí. After 
analyzing Landsat images based on the NDVI, a 
vector representation of the spatial component of the 
information contained in this index was performed. 
Vector format consists of three elements: points, lines 
and polygons. Polygons were extracted to quantify 
land cover changes over the three images. Similarly, 
historical events associated with political, social, and 
economic conditions experienced in Colombia at 
each period were presented.

A. Colombia’s socioeconomic and political 
conditions

During the 1980s, Latin America experienced the 
crisis of “the lost decade”, characterized by declines 

in per capita GDP, growing inequality in income 
distribution, and increased poverty levels, among 
others. Despite the crisis, Colombia performed better 
than other countries due to a prudent management 
of external debt in previous years, in addition to 
good macroeconomic management [23]. Between 
the mid-80s and mid-90s, the country adopted 
reforms toward an open trade liberalization of 
the economy to international markets, despite the 
limitations in existing infrastructure. The economic 
growth at the time was based mostly on primary 
goods from agriculture, manufacturing, and largely 
the exploitation of oil, coal and ferronickel. From 
then on, mining continued growing. In Nechí, 
gold exploitation increased between 1985 and 
1990, becoming the main economic base of the 
municipality [7]. A period of recovery in 1986 was 
driven by a phase of higher growth in mining exports 
in Colombian history.

Subsequently, the growth of the mining sector was 
starred in the Colombian economy. During the 
second half of the 1990s, the mining sector grew at an 
average annual rate of 4.8 %, becoming fundamental 
for the Colombian economy, contributing to the 
production of goods, services, and exports, as well as 
generating tax revenues at national and local levels. 
Even though mining has a small contribution to GDP, 
it maintained a positive trend since the 1980s. The 
mining GDP, including hydrocarbons, grew from 1.5 
% in 1980 to 4.8 % in 1999, with a positive rate of 
incremental growth [24].

Between 2009 and 2010, Colombia underwent 
changes in its economy due to the global economic 
crisis. The good performance of various economic 
sectors in the country allowed a fast economy 
recovery. The most outstanding sector was the mining 
industry, which had a significant growth of 11.1 %, 
based on the increased production of oil, natural gas, 
and minerals, such as gold, coal, silver, and nickel 
[25-26], as a response to increasing international 
ore prices. Figure 3 shows the mining titles in the 
department of Antioquia, and the relationship of 
some of the largest gold mining projects in 2010 [27].
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Fig. 3. Map of gold mining titles and megaprojects of mining companies in Antioquia, Colombia. Adapted from [27].

B. Soil coverage and NDVI analysis

Table 1 summarizes the areas corresponding to the 
four types of coverage obtained after the spatial 
analysis of NDVI from each studied year. An 

atmospheric correction was carried out due to the 
presence of clouds in some parts of the images from 
1996 and 2010. This correction consists in subtracting 
the cloudy areas from the total amount of the other 
types of coverage. Figures 4, 5 and 6 show the land 
cover maps of 1986, 1996 and 2010, respectively.

Table 1
Areas of coverage in 1986, 1996 and 2010

Type of 
Coverage

1986 1996 2010
Total 
area 

(km²)

Area 
percentage (%)

Total area 
(km²)

Area percentage 
(%)

Total 
area 

(km²)

Area percentage 
(%)

Forest 571 63.5 403.9 45 446.2 49.7
Pasture 194.5 21.6 129.9 14.5 327.6 36.5

Bare soil 101.5 11.3 308.2 34.3 70.8 7.9
Water bodies 32 3.6 56 6.2 53.2 5.9

Total 899 100 898 100 897.8 100
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Fig. 4. Soil coverages extracted from the NDVI in 1986.

Fig. 5. Soil coverages extracted from the NDVI in 1996.
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Fig. 6. Soil coverages extracted from the NDVI in 2010.

C. NDVI differences between 1986 and 2010

We classified the changes in vegetation cover over 24 
years in the studied area based on the land cover maps 

of 1986 and 2010 under three categories proposed 
by [21] (Fig. 4 and 6): deteriorated condition of soil 
cover, maintained condition, and improved condition. 
Table 2 summarizes the areas where these categories 
were identified.

Table 2
Areas of vegetation states between 1986 and 2010

Vegetation state Total area (km2) Area percentage (%)
Deterioration 246 29.8
Maintained 431 52.1

Improvement 150 18.1
Total 827* 100

*The total does not consider the areas occupied by 
water bodies on 1986 and 2010.

According to the vegetation changes observed in 
Nechí during the studied period, 431 km² (51.2 %) 

of vegetation cover remained stable without any 
disturbance or affectation, whereas 246 km² (29.8 %) 
deteriorated with vegetation losing vigor, and only 
150 km² (18.1 %) of vegetation improved (Fig. 7).
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Fig. 7. Direction of vegetation change from NDVI differences between 1986 and 2010.

D. Analysis of soil cover changes

Soil cover maps show that the east side of Nechí 
has preserved the forest cover, since this part is 
within the area of jurisdiction of the Serranía de San 
Lucas, a forest reserve that has been recommended 
for protection due to high levels of endemism [28-
29]. According to Figure 7, most of this area has 
remained unaltered, and even a small extension 
has improved. In contrast, deterioration is observed 
in the area surrounding the Nechí River due to the 
development of alluvial mining in the Complejo 
Cenagoso El Sapo [7]. Marked changes in land cover 
are perceived at southwestern Nechí, characterized 
by a sudden increase of bare soil and pastures 
between 1986 and 1996. A significant increase in 
pastures is also noticeable by 2010. Most areas 
considered deteriorated are also located in this part of 
the municipality (Fig. 7). An increase in water bodies 
occurs in areas bordering the Nechí River, a zone 
with permanent presence of alluvial gold mining.

Over the 24-year period, there have been significant 
changes in land cover (Table 3). Forests lost nearly 
22 % of coverage, while pasture advanced by 68 %. 
Surprisingly, the amount of bare soil resulted from 

erosion processes, loss of vegetation cover, and 
possibly gold mining was reduced by 30 %. According 
to the results, it is possible to establish a relationship 
between livestock and the effects of mining in Nechí. 
The increase in livestock exploitation in Nechí 
has become an important factor, not only for the 
economy of the municipality but also for the Bajo 
Cauca region; this growth can be associated with 
the increased pasture cover observed from imagery 
analysis, since this type of soil cover has an average 
load capacity of 1.3 animals per hectare, fostering 
the production, commercialization, and distribution 
of bovine products in areas where native pastures 
predominate [7]. In the case of water bodies, there 
was an increase of 66 %, which may be related to 
the type of exploitation of gold, which consists of 
dredging of the ground by hydraulic monitors and 
the flow toward a gravity separation structure or pits 
made on land to remove metals. Furthermore, in the 
amalgamation process, mercury is added directly 
to the excavation pit, and the gold is recovered by 
the movement and transportation of the load. Water 
quality is affected by discharges of toxic substances, 
such as cyanide and heavy metals (copper, silver, 
nickel, lead, and zinc, among others), which are 
accumulated and then deposited in bottom sediments 
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[16]. In the Bajo Cauca region, reforestation projects 
have been developed over the studied period. As 
a result, they may have influenced an apparent 
recovery of the vegetation [30]. The abandonment 
of old gold mining quarries may also explain part of 
this recovery. Moreover, it is necessary to consider 
the climatic conditions during the studied years; “El 
Niño” and “La Niña” conditions occurred over the 

24 years of study, with “La Niña” influencing the 
weather in 1996 and 2010 with conditions of weak 
and moderate intensity, respectively [31]. This is a 
cool phase characterized by strong rain in the region. 
Therefore, the climate may have influenced the 
presence of ponds and flooded areas in the soil cover 
changes.

Table 3
Evolution of land coverages in the municipality of Nechí between 1986 and 2010
Type of coverage Area in 1986 (km²) Area in 2010 (km²) Area change (km²) % Loss or Gain

Forest 571.0 446.2 -124.8 -21.9
Pastures 194.5 327.6 133.1 68.4
Bare soil 101.5 70.8 -30.7 -30.2

Water bodies 32.0 53.2 21.2 66.3
Total area 899.00 897.8

An average annual production of more than 10,000 
kg of gold was registered in Antioquia between 2007 
and 2011, which represents approximately 49.96 % 
of the average annual national production. For 2011, 
the production percentage of alluvial and “filon” 
gold in Antioquia was 73 % and 27 %, respectively 
[16]. Table 4 shows the amounts of gold produced 
by different departments between 2002 and 2010. 

Gold mining activities lead the mining sector in 
Antioquia, with their participation threefold in the 
department’s economy increasing from 0.5 % of 
the departmental GDP in 2000 to 1.4 % by the end 
of 2012. Furthermore, this growth is also reflected 
in the national economy, since gold production in 
Antioquia increased from 0.07 % of nation’s GDP in 
2000 to 0.18 % in 2012 [32].

Table 4
Annual gold production (kg) by Colombian administrative departments (2002-2010)

Year Antioquia Bolívar Caldas Cauca Chocó Córdoba
2002 10,998.19 1,869.41 795.65 390.68 605.89 5,485.86
2003 27,071.63 6,874.91 1,099.21 446.27 1,204.04 8,211.74
2004 22,878.73 2,949.13 1,331.26 361.16 851.17 7,226.60
2005 22,376.18 4,194.28 2,013.33 349.86 1,882.35 3,720.74
2006 10,724.24 991.13 1,416.57 281.4 1,192.29 462.02
2007 11,414.18 417.27 1,120.85 350.69 1,589.95 14.26
2008 25,995.60 2,389.82 1,080.28 621.54 3,340.44 82.02
2009 28,027.85 3,431.14 1,217.53 2,316.77 10,847.19 454.79
2010 18,898.47 5,763.72 1,200.49 1,036.72 24,529.71 638.22

Source: adapted from [16]

In 2011, the gold production in Antioquia increased 
in 258 kg compared to the previous year; the total 
gold production of the department was 19,156 kg, 
which came from the municipalities of Taraza (4,812 
kg), El Bagre (2,997 kg), Cañasgordas (1,771 kg), 

Nechí (1,619 kg), Remedios (1,329 kg), Zaragoza 
(1,143 kg), Segovia (1,409 kg), Caucasia (1,232 kg), 
and Angostura (1,214 kg) [33].

Table 5 shows the volume of annual gold production 
in kg in Nechí and Antioquia between 2001 and 
2010. An increase in gold extraction is observed in 
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2004, 2009 and 2010. Figure 8 shows the gold annual 
production in Nechí, and the percentage contribution 
of production in Nechí to the total production of the 

department of Antioquia. In 2010, Nechí made the 
greatest gold contribution to the total gold production 
in Antioquia, with 12 %.

Table 5
Gold annual production in Nechí and Antioquia

Year Nechí (kg) Antioquia (kg)
2001 3.85 10021.99
2002 4.93 10998.19
2003 4.48 27071.63
2004 1698.18 22878.73
2005 516.24 22376.18
2006 3.02 10724.24
2007 160.64 11414.18
2008 642.61 25995.6
2009 1780.88 28027.85
2010 2314.83 18898.47

Source: adapted from [34]

Fig. 8. Annual gold production in Nechí and its contribution to the total production of Antioquia. Adapted from [34].

Several studies [11, 35-40] have confirmed the 
usefulness of classifying and extracting features 
from remote sensing products related to soil cover. 
The spatial and temporal information contained on 
NDVI about vegetation growth represent helpful 
complementary data for land cover classification. 
Furthermore, the process of land use and soil cover 

change in mining regions can be evaluated and 
quantified by the use of remote sensing information 
in a time series trend analysis. Finally, historical 
baselines of forest cover based on management and 
planning territory studies are needed to analyze the 
changes and to assess the effectiveness of land-use 
policies.
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IV. Conclusive remarks

Colombia’s mining potential is characterized by 
the presence of geological conditions that favor 
the location of highly valued mineral deposits. 
Historically, the Bajo Cauca region has represented 
a strategic point for mining activities. Gold mining 
in particular plays a crucial role in Nechí’s economy. 
Nevertheless, the inappropriate use of mining 
extraction techniques has generated negative impacts 
on biotic components, mainly affecting vegetation, 
water, and soil. The environmental degradation 
suffered by the soil cover in Nechí can be observed 
over time, partly due to development of mining in 
the area. Other economic activities widely exercised 
in the region, such as livestock and mining, coupled 
with the lack of control and weak law enforcement, 
greatly impact soil covers.

Land cover changes are related to socioeconomic 
conditions prevalent in each studied year. Since 2000, 
mining has had a remarkable participation in the 
Colombian economy. Statistics show the continuous 
growth of exploitation and production of gold and 
other metals. Antioquia is one of the departments in 
which further exploitation of gold has been carried 
out, being gold the main ore product in this region. In 
2010, Nechí was the municipality of Antioquia with 
the highest number of gold mining projects (13 in 
total), becoming the greatest contributor to the total 
gold production in Antioquia. Despite the difficulties 
and economic setbacks linked to the global crisis, the 
mining sector always remained on the rise during the 
analyzed period due to the continuous demand for 
gold. Associated with that production, the images 
showed areas, especially in southwestern Nechí, 
where environmental conditions have been degraded 
in both the soil and the Cauca River margins. Despite 
this extended degradation, the eastern areas showed 
a steady condition, and even a slight improvement 
associated with the definition of a forest reserve.

Acknowledgements

This research is part of the project “Registro 
histórico del impacto minero causado por metales en 
las Ciénagas del Bajo Cauca” (Code 111556933340), 
funded by the Departamento Administrativo de 
Ciencia, Tecnología e Innovación COLCIENCIAS.

References

[1]	 M. I. Alpherin, V. G. Borges, and R. Sarandón, 
“Caracterización espacial de los Tipos de cobertura 
de usando técnicas Geostadísticas a partir de 
información satelital,” Revista de la Facultad de 
Agronomía, La Plata, vol. 1, pp. 2002, Mar. 2003.

[2]	 C. M. Bes, T. Pardo, M.P. Bernal, and R. Clemente, 
“Assessment of the environmental risks associated 
with two mine tailing soils from the La Unión-
Cartagena (Spain) mining district,” Journal of 
Geochemical Exploration, vol. 147, pp. 98-
106, Dec. 2014. DOI: http://doi.org/10.1016/j.
gexplo.2014.05.020.

[3]	 M. Reyes, Cambios en la cobertura del suelo en 
el Distrito de Cajamarca 1987-2004, Tesis de 
Licenciatura, Pontificia Universidad Católica del 
Perú, Perú, 2008.

[4]	 F. A. Rosete, J. L. Pérez, and G. Bocco, “Cambio de 
uso del suelo y vegetación en la Península de Baja 
California, México,” Investigaciones Geográficas, 
vol. 67 pp. 39-58, Apr. 2008.

[5]	 A. Martínez, “Impacto socioeconómico de la 
minería en Colombia,” 2012. Available: http://www.
fedesarrollo.org.co/wp-content/uploads/2011/08/
I m p a c t o - s o c i o e c o n % C 3 % B 3 m i c o - d e - l a -
miner%C3%ADa-en-Colombia-Informe_Impacto_
de_la_miner%C3%ADa_Final-26-abril.pdf. [Apr. 5, 
2015].

[6]	 Y. Hernández, “El codiciado oro y el Bajo 
Cauca,” 2012. Available: http://www.ipc.org.
co/agenciadeprensa/index.php?option=com_
content&view=article&id=597:el-codiciado-oro-
y-el-bajo-cauca-&catid=78:general&Itemid=176. 
[Aug. 4, 2014]

[7]	 Alcaldía Municipal de Nechí, “Esquema de 
Ordenamiento Territorial, Nechí, Antioquia 
2000. Sistema de Documentación e Información 
Municipal,” 2000. Available: http://cdim.esap.
edu.co/BancoMedios/Documentos%20PDF/eot_
esquema%20de%20ordenamiento%20territorial_
nechi_antioquia_2000.pdf. [Aug. 4, 2014].

 [8] 	 X. Álvarez, E. Valero, J. Picos, and L. Ortiz, “Estudio 
de la cubierta vegetal del Monte Forgoselo mediante 
imágenes de Landsat TM 5,” Revista DYNA, vol. 82, 
pp. 173-181, Mar. 2015.

[9]	 E. Chuvieco, Teledetección ambiental. La 
observación de la Tierra desde el espacio. (3rd 
edition), Ed: Ariel S. A., Barcelona, España, 2002.

[10]	 N. Bakr, D. C. Weindorf, M. H. Bahnassy, S. M. 
Marei, and M. M. El-Badawi, “Monotoring land 
cover changes in a newly reclaimed area of Egypt 
using multi-temporal Landsat data,” Applied 
Geography, vol. 30 (4), pp. 592-605, Dec. 2010. 
DOI: http://doi.org/10.1016/j.apgeog.2009.10.008.

[11]	 D. Statuto, G. Cillis, and P. Picuno, “Historical 
cartography and GIS tools for the analysis of land use 

Michael Ezequiel Gómez-Rodríguez - Francisco José Molina-Pérez - Diana María Agudelo-Echavarría -  
Julio Eduardo Cañón-Barriga - Fabio de Jesús Vélez-Macías



162
Revista Facultad de Ingeniería (Rev. Fac. Ing.) Vol. 26 (45), pp. 149-163. Mayo-Agosto, 2017. Tunja-Boyacá, Colombia.

Changes in soil cover in Nechí, Antioquia: An approach to the environmental impact of mining, 1986-2010

and landscape changes,” in 43. Symposium “Actual 
Tasks on Agricultural Engineering”, pp. 441-450, 
2015.

[12]	 D. X. Song, C. Huang, J. O. Sexton, S. Channan, 
M. Feng, and J. R. Townshend, “Use of Landsat 
and Corona data for mapping forest cover change 
from the mid-1960s to 2000s: Case studies from the 
Eastern United States and Central Brazil,” ISPRS 
Journal of Photogrammetry and Remote Sensing, 
vol. 103, pp. 81-92, May. 2015. DOI: http://doi.
org/10.1016/j.isprsjprs.2014.09.005.

[13]	 A. Rodríguez, Metodología para detectar cambios 
en el uso de la tierra utilizando los principios de la 
clasificación orientada a objetos. Estudio de caso 
piedemonte de Villavicencio, Meta. Tesis de Maestría, 
Universidad Nacional de Colombia, Colombia, 2011.

[14]	 Ministerio de Minas y Energía, “Métodos de 
Explotación Minera: Veta y Aluvión”. Available: 
http://www.simco.gov.co/simco/documentos/Seg_
Minera/metodos_explotacion_minera0001.pdf. 
[Nov. 25, 2015].

[15]	 Subdirección de Planeación Minera, “Producción 
más limpia en la minería del oro en Colombia. 
Mercurio, cianuro y otras sustancias”. Available: 
http://www.upme.gov.co/Docs/Mineria_limpia.pdf. 
[Nov. 25, 2015].

[16]	 Ministerio de Ambiente y Desarrollo Sostenible, 
“Sinopsis nacional de la Minería Aurífera 
Artesanal y de Pequeña Escala,” 2012. Available: 
h t tp : / /www.minambien te .gov.co / images /
AsuntosambientalesySectorialyUrbana/pdf/
mercurio/Sinopsis_Nacional_de_la_ASGM.pdf. 
[Nov. 25, 2014].

[17]	 Unidad de Planeación Minero Energético UPME, 
“Formulación de una iniciativa de producción más 
limpia dirigido al sector de los metales preciosos en 
pequeña escala en Colombia para ser implementado 
a través de los Centros Ambientales Mineros –CAM– 
u otros instrumentos técnicos”. Available: http://
www.upme.gov.co/Docs/Mineria/1865.pdf. [Nov. 
25, 2015].

[18]	 Geospatial Innovation Facility, “Landsat Spectral 
Band Information,” 2008. Available: http://gif.
berkeley.edu/documents/Landsat%20Band%20
Information.pdf. [Jul. 10, 2014].

[19]	 I. Fernández, and E. Hierro, “El Satélite Landsat. 
Análisis visual de imágenes obtenidas del sensor 
ETM+ SATELITE LANDSAT,” 2001. Available: 
http://www.cartesia.org/data/apuntes/teledeteccion/
landsat-analisis-visual.pdf. [Aug. 4, 2014].

[20]	 NASA, “Measuring Vegetation (NDVI & EVI). 
Normalized Diffrerence Vegetation Index (NDVI)”. 
Available: http://earthobservatory.nasa.gov/Features/
MeasuringVegetation/measuring_vegetation_2.php. 
[Aug. 4, 2014].

[21]	 A. Maruri, “Índice de Vegetación (NDVI)”. 
Available: http://www.oeidrus-portal.gob.mx/

oeidrus_qro/PUBLICACIONES/ESTUDIOS/pdfs/
NDVI.pdf. [Jul. 10, 2014].

[22]	 Oficina Estatal de Información para el Desarrollo 
Sustentable Estado Querétaro, “Anuario Estadístico 
del Sector Rural 2006: Sistema de Información para 
El Desarrollo Sustentable”. Available: http://issuu.
com/sedea_qro/docs/anuario_2006. [Jul. 10, 2014]

[23]	 J. Ocampo, “Una Década de Grandes 
Transformaciones Económicas, 1986-1995”. 
Available: http://www.banrepcultural.org/blaavirtual/
economia/histecon/histecon9a.htm. [Aug. 6, 2014].

[24]	 L. Villar, “¿La economía colombiana se abrió o se 
cerró en la década de los noventa? Una nota sobre 
indicadores de apertura económica,” 2013. Available: 
http://www.banrep.gov.co/docum/Lectura_finanzas/
pdf/economcolombi.pdf. [Nov. 25, 2015].

[25]	 R. Mesa, M. López, and A. Rodríguez, “Política 
económica y contexto macroeconómico colombiano 
y mundial (2010-2011): Análisis y perspectivas,” 
Perfil de Coyuntura Económica, vol. 16, pp. 9-43, 
Dec. 2010.

[26]	 Oficina de Estudios Económicos, “Informe 
Económico 1 de 2011. Coyuntura económica de 
Colombia 2010”. Available: http://www.mincit.gov.
co/descargar.php?id=23047. [Aug. 4, 2014].

[27]	 I. Rodríguez, D. Grisales, and E. Gutiérrez, “Conflictos 
asociados a la Gran Minería en Antioquia,” Ágora 
U.S.B., vol. 13 (2), pp. 371-391, Jul. 2013. DOI: 
http://doi.org/10.21500/16578031.213.

[28]	 Fundación Colibrí, “Serranía de San Lucas”. Available: 
http://www.thc-fc.org/PDF/SerraniaSanLucas.pdf. 
[Nov. 25, 2015].

[29]	 Donegan, and P. Salaman, “Identification of 
Henicorhina Wood-Wrens in the San Lucas mountain 
range,” Conservación Colombiana. vol. 21, pp. 33-
38, Oct. 2014.

[30]	 Mineros S. A., “Programas y Proyectos 
Ambientales”. Available: http://www.mineros.
com.co/responsabilidad-corporativa/programas-y-
proyectos. [Nov. 25, 2015].

[31]	 NOAA, “Cold & Warm Episodes by Season”. 
Available: http://www.cpc.ncep.noaa.gov/products/
analysis_monitoring/ensostuff/ensoyears.shtml. 
[Feb. 27, 2016].

[32]	 Contraloría General de la República, 
“Minería en Colombia: institucionalidad 
y territorio, paradojas y conflictos,” 2013. 
Available: http://www.contraloriagen.gov.co/
documents/10136/182119332/Libro_mineria_
sep3_2013.pdf/65bf77a0-8b0b-430a-9726-
dad0e72639c6. [Nov. 25, 2015].

[33]	 V. Villa, and G. Franco, “Diagnóstico minero y 
económico del departamento de Antioquia,” Boletín 
Ciencias de la Tierra, vol. 33, pp. 125-134, Jul. 2013.

[34]	 Unidad de Planeación Minero Energético, “Sistema de 
Información Minero Colombiano”. Available: http://
www.simco.gov.co/simco/Estad%C3%ADsticas/



163
Revista Facultad de Ingeniería (Rev. Fac. Ing.) Vol. 25 (45)pp. 149-163 Mayo-Agosto, 2017. Tunja-Boyacá, Colombia.

Producci%C3%B3n/tabid/121/Default.aspx. [Nov. 
25, 2015].

[35]	 E. Berrezueta and M. J. Domínguez-Cuesta, Técnicas 
aplicadas a la caracterización y aprovechamiento de 
recursos geológicomineros, Ed: Red Minería XXI, 
CYTED e Instituto Geológico y Minero de España, 
Madrid, España, 2010.

[36]	 M. Alkharabsheh, T. K. Alexandridis, G. Bilas, 
N. Misopolinos, and N. Silleos, “Impact of Land 
Cover Change on Soil Erosion Hazard in Northern 
Jordan Using Remote Sensing and GIS,” Procedia 
Environmental Sciences, vol. 19, pp. 912-921, 2013. 
DOI: http://doi.org/10.1016/j.proenv.2013.06.101.

[37]	 D. Kim, J. Sexton, P. Noojipady, C. Huang, A. Anand, 
S. Channan, M. Feng, and J. Townshend, “Global, 
Landsat-based forest-cover change from 1990 to 
2000,” Remote Sensig of Environment, vol. 155, pp. 
178-193, Dec. 2014. DOI: http://doi.org/10.1016/j.
rse.2014.08.017.

[38]	 K. Jia, S. Lianga, L. Zhang, X. Wei, Y. Yaoa, and 
X. Xie, “Forest cover classification using Landsat 
ETM+ data and time series MODIS NDVI data,” 
International Journal of Applied Earth Observation 
and Geoinformation, vol. 33, pp. 32-38, Dec. 2014. 
DOI: http://doi.org/10.1016/j.jag.2014.04.015.

[39]	 L. Sonter, C. Moran, D. Barrett, and B. Soares-Filho, 
“Processes of land use change in mining regions,” 
Journal of Cleaner Production, vol. 84, pp. 494-
501, Dec. 2014. DOI: http://doi.org/10.1016/j.
jclepro.2014.03.084.

[40]	 A. Jacquin, D. Sheeren, and J. Lacombe, “Vegetation 
cover degradation assessment in Madagascar 
savanna based on trend analysis of MODIS NDVI 
time series,” International Journal of Applied Earth 
Observation and Geoinformation, vol. 12S, pp. 
S3-S10, Feb. 2010. DOI: http://doi.org/10.1016/j.
jag.2009.11.004.

Michael Ezequiel Gómez-Rodríguez - Francisco José Molina-Pérez - Diana María Agudelo-Echavarría -  
Julio Eduardo Cañón-Barriga - Fabio de Jesús Vélez-Macías


