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Abstract
The study area has a pathetic and deplorable condition of landuse/ landcover. The vegetal cover in the area has to
be removed from the activities of tin mining which consequently resulted into adverse environmental effect such as
erosion. Different forms of human induced stress such as tin mining and heavy rainfall have severely degraded
soils on the Jos Plateau. Such degradation problems are also caused by deforestation, inappropriate farming system,
bush burning and over-grazing which are hostile to the environment. The impact of tin mining has greatly affected
the natural ecology of the study area Bukuru. Micro and macro organisms and plants have been stripped off their
natural habitat due to tin mining activities. This paper therefore, assesses the mining activities impact on the
vegetation in Bukuru area of Jos plateau in Nigeria. Normalized Differential Vegetation Index (NDVI) techniques
was adopted to Maps effect of tin mining on the vegetation for the period between 1975 and 2007 using LandSat
satellite data. The result of the differential vegetation index analysis reveals a decline in vegetated surfaces in 1986
ranging from 0.04 to 0.58 indicating 0.05 and continuous loss in vegetation over the study area in 2007 (vegetated
surface decrease by 0.08 between 1986 and 2007). The decrease in vegetated surface is due to intensive mining
and cultivation.
Keywords: Mining, Environmental degradation, Biodiversity extinction, Deforestation, Remote sensing
1. Introduction
Mining and processing has led to socio-economic and infrastructural development of the Jos area, with major
negative impacts on physical, biological and hydrological environments. Similar negative impacts are widespread
in most other small-scale, largely illegal mining areas in Nigeria. The importance of the environment to sustainable
development in any society is not in doubt. There must be a healthy, rich and adequately protected environment in
order to have a healthy, prosperous society. The environment provides the foundation for all development efforts
in the country. Tin mining activities which have caused considerable erosion damages to lands arising from active
gully equal to 7,240km in length (Sumaila, 1989). Apart from tin mining, it is obvious that such human activities
like construction of highways, rail road’s, pipelines, airport, industrial sites, sanitary landfills, dam reservoirs,
timber harvesting, bush burning and grazing have potential and adverse effects on the environment. Environmental
degradation is a very serious issue and to ignore the environment, is to ignore our humanity and surrender its race
that is entirely dependent on it. There is the need to manage the ecosystem responsibly so that those coming after
will not have to complain, worry or curse their ancestors.
The influxes of mining operators without adequate monitoring of production and documentation do not augur well
for conservation of vegetation cover, minerals and land use systems. The study area is characterized by abandon
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mining ditches, from mining the tin ore. Also, the erosion in the study area is on the increase leading to the
rejuvenation of valleys probably due to deforestation, overgrazing, bush burning and possible isocratic uplift.
Most importantly, the mineral exploitation provided a good source of revenue. But in spite of these enumerated
economic benefits, mining activities in the study area had adverse effect on landuse / landcover. The study area
vegetation cover had been cleared by the aggressive tin miners who had one goal dig out tin no matter what
happens to the land in the process. Quite obviously, within a short time, the green vegetation of the region had
given way to bare sand.
Today, the study area has a pathetic and deplorable condition of landuse / landcover. The vegetal cover in the area
has to be removed from the activities of tin mining which consequently resulted into adverse environmental effect
such as erosion. Udo (1981) argued that the large increase of population on the plateau cannot be said to have
aggravated the pressure on farmland except that soil impoverishment and soil erosion induced by over-grazing
have rendered some land unsuitable for cropping. But the soil impoverishment, erosion and over-grazing are also
caused by growing human population. Much of the Jos plateau’s land is environmentally delicate and easily
damaged, and large areas are already seriously degraded (Formeny, 1977). Different forms of human induced
stress such as tin mining and heavy rainfall have severely degraded soils on the Jos Plateau. Such degradation
problems are also caused by deforestation, inappropriate farming system such as unscientific combination of crops
in mixed cropping, ridging along slopes, annual burning of vegetal cover, nutrient removal by crops without
replenishment and over-grazing which are hostile to the environment (Olowolafe, 1997). This paper therefore,
assesses the mining activities impact on the vegetation in Bukuru area of Jos plateau in Nigeria.
2. The Effect Deforestation and Mining Activities
In the words of Ehrlich et al. (1977) “Humanity shares the Physical vehicle of earth with an enormous diversity of
other living-things plants, animals and micro-organisms” which constitute a living web (biological community)
encased in a finite physical environment (abiotic elements). The intelligent application of technology fosters
human well being directly. Human history is said to be “largely written in terms of the struggle between man and
nature over the terms of man’s existence” (Barkley & Seckler, 1972). The destruction of the natural vegetation in a
given area resulting from mining activities may increase flood Peaks and Sediment load on a given stream flow.
Identification of vegetation from remote sensing data gives a lot of information about erosion as it indicates
decreased run-off due to interception and evaporation, increased infiltration, and increase stream flow due to
decrease evapotranspiration and interception. Again, stream side vegetation slows down flood water passage and
retard stream-bank erosion due to root binding (Edward, 1992). Conventional Photographs are very useful in
interpretation and monitoring vegetation and it changes (Poulton, 1977), yet satellite imageries proved to be a very
valuable tool for studying various aspects of vegetation such as vegetation character (Helden, 1985), vegetation
changes (Hayes & Cracknel, 1991), vegetation degradation (Roger et al., 1985; NOAA, 1984; Adeniyi, 1982;
Khouria, 1993; Onyebuchi, 1985) and percentage cover of vegetation (Osterlund, 1992).Satellite sensors are
capable of discerning many of the changes in Physiognomy characteristics of vegetation through spectral radiance
measurement. The visible infrared bands on the Satellite multispectral sensors allow monitoring of the greenness
of the vegetation. The green vegetation is highly absorbing in the visible part of the Spectrum (Halilu, 1993) and
low absorbing in near infrared part due to Chlorophyll and water content and scattering caused by the leaf’s
internal spongy mesophyll layer (Myers, 1983).
Deforestation is a globally acclaimed problem, and a historical analysis of environmental change since the 2nd
world war made the incisive and gloomy statement: “We are moving into a period of chronic, global and extremely
complex syndromes of ecological and economy interdependence. These emerging syndromes threaten to constrain
and even reverse progress of human development. They will be manageable, if at all, only with a commitment of
resources and constituency of purpose that transcends normal cycles and boundaries of scientific research and
political action (Clark & Holling, 1985)”.
The consequences of deforestation on the Plateau region due to mining are diverse with various environmental and
economic implications. It has led to the loss of forest products, flooding and erosion, aggravation of desertification
and pollution, high rate of siltation of streams, decline of biological diversity and acceleration of extinction of the
Plateau region flora and Fauna. The increase in carbon dioxide and temperature of the atmosphere, regulation of
nutrient cycles of carbon dioxides and Photosynthesis, shifting in population provision of income through the sale
of fuel wood/firewood, increased rate of evaporation and alteration of fluvial competence and capacity(Mustafa,
2010). In the Guardian (1994), the United Nations and president Clinton of USA warned on environmental crises
especially on the adverse effects of destruction of tropical rain forests. In the report, the United Nation
Environmental Programme (UNEP), Global Environment Outlook 2000, stated that the continued poverty of the
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majority of the planet inhabitants and excessive consumption by the majority is the two major causes of
environmental degradation such as deforestation and mining activities. The report also recommended that the
developed world must cut its use of natural resources by 90% to give the rest of the world a chance to emerge from
poverty. The United Nation Food and Agricultural Organization (FAO) also stated that, more than 500 million
acres of land in the developing countries were lost to deforestation from 1980 to 1985 (New Nigeria Newspaper,
2000). A United Nations report also stated that most of the forests cleared for agricultural use cannot sustain
agriculture for very long time because the nutrients in the vegetation are not in soil due to human activities such as
mining.
3. Remote Sensing Application in Landuse/landcover Change Detection
Remote sensing has been applied to various management issues to minimize erosion and soil degradation (Howard,
1977). This is because remote sensing provides classification of landscape with identified areas susceptible to
erosion and can also be used to map stream and river courses. Ademola and Soneye (1993) used remote sensing
and Geographic Information System (GIS) techniques to map the landuse and landcover in the Sokoto River north
western Nigeria. In the studies of some effect of Tiga dam in Kano State, on the environment downstream, Olofin
(1980) identify erosion and flood plain formations that resulted in land degradation from aerial photographs.
Adeniyi (1985) states that one of the most common uses of remote sensing techniques is in land-use identification
and changes. Vestappen (1977) observed that land system mapping from small scale imageries such as land-sat
and radar may prove more useful than contour maps for general planning purpose, particularly in a very large
region at a time. This is not in line with Jeje’s (1986) assertion that band 5 of land-sat imageries appears to be very
useful for land-degradation mapping purposes, but radar is less suitable for land-use mapping. Data from both spot
and land-sat satellites are available in either photographic or digital form. In photographic form, images are
available as prints or transparencies and in various scales. An advantage of photographic imagery is the simplicity
and very low cost of interpretation tools required (simple light table or projection device). With digital information,
users require computer based image analysis system to manipulate and interpret the information. However, these
digital systems offer great power and flexibility and can aid in image enhancement, multitude image registration,
registration with digital map and digital image classification. A view to the future and providing a competitive
edge, the need for highest quality information will routinely use the data from satellite and airborne sensors to
perfect their activities, digital analysis system now exist for personal computer system, augmented with colour
monitors and suitable software. More interactive devices using computer based geographical information systems
will facilitate the use of combined data sets, such as soils or cadastral maps (static sets) and remote sensing data as
a source of up to date information on changing elements, such as land use and agricultural practices. Such systems
will clearly facilitate planning and decision making for those working in agricultural fields. Campbell (1983) made
a comprehensive approach to land use studies and discovered map between two time periods is usually produced to
understand the changes. Adeniyi (1980) presented a good example of how change detection using sequential aerial
photography was carried out in Lagos, Nigeria. Adefolalu (1986) used a combination of SLAR and LANDSAT
data with ground truth observations to study West Africa and Nigeria land-use vegetation situation. Paul et al
(1988) used enhanced classification approach from landsat MSS data sets (1975-1984) in assessing natural and
man induced changes in land use/land cover in the semi arid environment of north Western Nigeria after
construction of Bakolori Dam and reservoir. It was evident that these results of an overlay enhancement of band 5
images provided the most accurate identification or spectral changes. Okhimanhe (1993) studied land use and land
cover changes in Burunburun/Tiga area in Kano state using aerial photographs of 1974 and spot HRVI of 1986 to
detect the changes. Barnie and Gauld (1982) found Synthetic Aperture Radar (SAR) to be more useful than aerial
photographs to land cover survey of Scotland. Patrick (1993) argued in favour of aerial photographs in monitoring
land use and changes of Taraba State.
Carter (1958) used aerial photographs to identify agricultural land use, sheet and gully erosion affecting River
Njaba resulting from the nature of slope, run-off and human activities such as deforestation farming and mining.
Gerald (1982) used panchromatic, black and white infrared photographs to map erosion in some agricultural land
in South Africa and observed that high spectral sensitivity of panchromatic photographs are very good for
cultivated and uncultivated areas. The satellites carry various sensing systems capable of viewing the earth below.
These systems acts like cameras measuring light reflected from the surface of the earth in different colours or
spectral regions. Because agricultural crops and land use features reflect light in different ways, they can often be
identified and characterized from the satellite images. Some crops are relatively easy to identify such as winter
wheat in Western Canada and corn with Potatoes in the East. Crop identification; however depends on general the
stage of growth and on the crop condition. NOAA has launched a series of weather Satellites that carry an imaging
system called the advanced very high resolution radio meter (AVHRR). This instrument can image every
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agriculturally significant region of the globe daily, at a resolution of 1.1km, to provide information on vegetation
condition and density. AVHRR images collected in early August of 1983 and 1984 are presented as false – colour
infrared images in which the areas of better vegetation growth are represented by the brighter red tones progressing
from these bright red through less reddish shades to blue tones represents a change from areas of bush vegetation to
areas of sparser vegetation growth, poorer plant development and lower potential yield.
The development of vegetation indices from satellite images, on the other hand, have facilitated the process of
differentiating and mapping vegetation by providing valuable information about structure and composition.
Vegetation Index” (NDVI), the most commonly used vegetation index, has being satisfactorily related to
functional characteristics of vegetation, particularly with the fraction of photosynthetically active radiation
intercepted by vegetation, and consequently with primary productivity (Paruelo et al., 1997). Long term series
(~20 years) of NDVI data, generated from coarse spatial resolution sensors, are valuable tools for the detection of
both temporally discrete changes, like forest clearing, as well as gradual changes such as long term precipitation
decline (Heumann et al., 2007; Hansen & DeFries, 2004).
In tropical dry forests, the Normalized Difference vegetation Index (NDVI) from Landsat has demonstrated to be
an indicator of overall green biomass, canopy closure, tree density, and tree species diversity (Oza et al., 1996;
Sanches-Aofelia et al., 2003; Krishnawsamy et al., 2004; Feeley et al., 2005), and thus, it seems a promising tool
for studying the vegetation of Bukuru.
4. The Study Area
The Jos Plateau lies in the middle belt of Nigeria. It is approximately 104km (65 miles) from North to South, and
80km (50 miles) from east to West covering an area of 8,600km2. The Jos Plateau has steep escarpment edges with
a descent of about 600m to the surrounding plains. The Southern part of Jos Plateau is in the Benue Lowlands
extending towards the River Benue flood plain. Jos Plateau is situated between latitudes 10°11′N and 8°55′N and
longitude 8°21′E and 9°30′E (Figure 1). The study area (Bukuru-Jos) lie between latitudes 8° 50′ N and 9° 00′N
and longitude 9°45′E and 9°50′E. It is about 8 km away from Jos town and has total land area of 22 km2; it was
formally dominated by mining activities in areas such as Maiadiko, Gold and base settlements, etc. It has an
average elevation of about 1,150 metres above mean sea level and the highest peak some 20 km eastwards from
Jos-shere hill, rising to 1777 metres above mean sea level (Morgan, 1979 ed.).
5. Materials and Methods
5.1 Data Description
Materials used for this research are time series satellite data from Landsat MSS satellite image acquired in
November 1975, Landsat TM satellite image acquired in October 1986 and Landsat ETM+ acquired October 2007.
Field data and maps of Jos plateau area. The imageries were obtained from the National Centre for Remote Sensing,
Jos. Other data used include topographic map where terrain information was deduced.
5.2 Analysis of Remote Sensing Data: Image Processing
The following procedures were adopted in the image processing phase. This include: Pre-processing: Geometric
correction and image enhancement, and Image classification (unsupervised and supervised). Different methods
and techniques have been used in the procedure for image restoration, enhancement and classification in this study.
These steps are described as follows (Figure 2).
5.2.1 Unsupervised Classification
The false colour image was used for unsupervised classification (Cluster) which was used for ground truthing. The
cluster was produced using Idrisi Image Processing Module and Sub-Module Cluster using a broad generalization
level set, to maximum number of six (unsupervised classes). Unsupervised classification was carried out in order
to generate possible cluster to give the researcher an idea of changes and their relative types in the study area.
5.2.2 Supervised Classification
The study area was extracted, and stratified approach adopted to generate landuse / land cover map from digital
classification of LandSat ETM+ acquired in 2007, LandSat ETM+ data acquired in 2007, landsat TM of 1986 and
LandSat MSS acquired in 1975.The first step was to perform linear contrast stretch of the bands respectively to
enhance the quality of features. The ETM+ bands with 30m pixel size were combined in order to select the most
suitable band combination. The enhanced false colour composite of bands depicting the vegetation was chosen for
supervised classification using maximum likelihood (MXL) mode with necessary ground truth information.
Information gathering during the site visits pertaining to landuse/landcover substantiate for the training sites. This
analysis offers the changing trends in landuse/landcover patterns of the study area which reflect the derelict mining
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ponds and extent of degraded environment. In total, five land use/cover classes were adopted for the study; Urban
or built up land, arable land, degraded land, Water /Mining pond and Forest land
5.2.3 Normalize Differential Vegetation Index (NDVI)
Normalize Differential Vegetation Index (NDVI) of the study area was calculated from the visible and
near-infrared light reflected by vegetation. Healthy vegetation absorbs most of the incoming visible light, and
reflects a large portion (about 25%) of the near infrared (NIR) light, but a low portion in the red band (RED).
Unhealthy or sparse vegetation reflects more visible light and less NIR light. Normalize Density Vegetation Index
(NDVI) data provide an opportunity to assess quantitatively and qualitatively the vegetation cover status in the
past and present, to determine trends, and to predict the ecosystem processes (Nemani et al., 1997). Result from
average greenness can be applied for inter-annual assessment of vegetation cover status over the study area and
give the opportunity to compare and predict for each year in terms of vegetation growth, stress and productivity.
For making the NDVI following formula would be adopted:
NDVI= (NIR-RED) / (NIR+RED)
Calculation of NDVI for a given pixel always results in a number that ranges from minus one (-1) to plus one (+1):
Bare soils give a value close to zero and very dense green vegetation have values close to +1 (0.8-0.9). The NDVI
technique was adopted to assess the possible effect of Tin mining on vegetation over the years in the study area.
6. Analysis and Result
6.1 Normalized Differential Vegetation Index (NDVI)
Normalized Differential Vegetation Index (NDVI) Maps for the period between 1975 and 2007 were generated to
help assessing the vegetation condition and to determine the extent to which mining activity affected the vegetation.
The NDVI Map generated from LandSat MSS of 1975, reveals the vegetation index of the study area for this
period. The non- vegetated surfaces (bare soil) covers between -0.95 to -0.06, while the vegetated surfaces covers
the range of 0.04 to 0.63 (Figure 3), indicating significant level vegetation coverage in the study area for this
period.
The NDVI Map below shows decline in vegetal cover in 1986 (Figure 4). The result of the differential vegetation
index analysis reveals that the vegetated surfaces ranging from 0.04 to 0.58 indicating 0.05 decrease in vegetated
surface due to intensive mining and cultivation.
Further changes were observed from the NDVI analysis in the study area in 2007. The result reveals continuous
loss in vegetation over the study area (Figure 5). It shows that the vegetated surface has further decrease by 0.08
between 1986 and 2007 (i.e. 0.04 - 0.50). Further decrease in vegetation is due to intensive mining as well as
extensive cultivation which exposes the soil to adverse erosion and subsequent environmental degradation.
7. Discussion
7.1 Differential Vegetation Index (DVI): Vegetation Condition: 1975 - 2007
Analysis of vegetation and detection of changes in vegetation patterns are keys to natural resources assessment and
monitoring. Thus it comes as no surprise that the detection and quantitative assessment of green vegetation is one
of the major applications of remote sensing for environmental resource management and decision making. NDVI
measurement has the desirable property ranging from -1 to +1 with 0 representing the approximate value of no
vegetation. Thus negative values represent non-vegetated surfaces.
In 1975, non-vegetated surfaces ranges between -0.95 to -0.06, while the vegetated surfaces ranges from 0.04 to
0.63 (Figure 3) indicating substantial level greenness in the study area for this period. This however, declined in
1986 (eleven years period). The result of the analysis shows that the vegetated surfaces ranges from 0.04 to
0.58(Figure 4) indicating 0.05 decrease in vegetated surface.
Further changes were observed between 1986 and 2007 (nineteen years of mining period), which reveals
continuous loss in vegetation in the study area. It is observed that the vegetated surface has further decrease by 0.08
between 1986 and 2007 (Figure 5). Further decrease is noticed in vegetation is as a result of intensive mining as
well as extensive cultivation, this exposes the soil to erosion and subsequent environmental problems (Figure 6).
8. Conclusion
The impact of tin mining has greatly affected the natural ecology of the study area Bukuru. Micro and macro
organisms and plants have been stripped off their natural habitat due to tin mining activities. The removal of
organic rich surface soils required for agricultural and human settlement results in change in land use. The absence
of natural vegetation has greatly increased the menace of gully erosion in mining areas. Man has contributed to this
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cause by clearing the vegetation for firewood and agricultural practices therefore leaving the land bare by making
it susceptible to erosion. Also, the overstocking of pasture from overgrazing, bush burning and removal of
vegetation cover with the trail of footpaths of animals invariably become channels of erosion.
9. Recommendations
Results of the study show that mining activities have significant effects on the environment. Especially in
Bukuru areas these effects have not seriously taken into consideration. Although mining activities should be
organized sustainable manner. Most mining activities have been executed illegally. The following
recommendations were made in view of the findings. They are:
(1) The distribution and expansion of mining sites should be monitored, their environmental damages should be
determined; mitigation studies against these damages should be performed, and regular inspections should be
executed to keep these activities under control.
(2) Modern technologies should be used to obtain more effective results from these studies. Although monitoring
the changes in large areas by using conventional method is very difficult, remote sensing is the most convenient
technique to collect a large amount of data for this kind of areas. With the ability of satellite data, it is possible to
detect and analyze the magnitude and spatial changes of natural environment which is significant for resource
managers.
(3) Additionally, GIS technique should be adopted and used to summarize changes in the spatial distribution of
land use/land cover classes by overlaying map of different dates and analyze their spatial coincidence to help in
decision making process in order to project future land development for the study area and reduce the possible
environmental problems.
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Figure 2. Image classification procedure
Source: Author’s compilation

Figure 3. Pre-Mining condition of vegetation Index (greenness) from LandSat MSS 1975
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Figure 4. Post-Mining condition of vegetation Index (greenness) from LandSat TM, 1986

Figure 5. Post-Mining condition of vegetation Index (greenness) from LandSat ETM+, 2007

Figure 6. A Degraded Land under Active Mining
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