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ABSTRACT 

The study areas are located in the Katanga province to the South Eastern part of the Democratic Republic of Congo 
(DRC). It focuses on the Kolwezi and Tenke-Fungurume mining centers, located in the vicinity of the Basse-Kando 
reserve. The 3 study areas have faced large scale human induced the fragmentation of land cover. A combination of 
ancillary data and satellite imageries was interpreted to construct fragmentation dynamics over the last 30 years. This 
study is an initial step towards assessing the impact of fragmentation on sustainable land cover in the Katanga. The re- 
sults bring out that large trends of fragmentation differently occurred over the last 30 years (1979 to 2011) in the three 
focused areas. The most dominant fragmentation processes were gains in barren soil and cities surface and a sharp re- 
duction in burned areas. In Kolwezi, a close relationship is observed between growth and regression of barren soil and 
cities over vegetation. The Tenke-Fungurume site shows a growth during the 1980-1990 time slice and regression of 
vegetation during the following two decades. The Basse-Kando site analyze brings out growth of vegetation and regres- 
sion of burned area due to vegetation conservation efforts. This is one of the studies in Katanga around mines activities 
that combine multi-source and spatio-temporal data on land cover to enable long-term quantification of land cover frag- 
mentation. 
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1. Introduction 

Land cover fragmentation is now recognized as an indi- 
cator and a prominent interface between human activities 
and global environmental change. Human and environ- 
ment interactions involve conversion of natural land- 
scapes into anthropogenic use or by changing manage- 
ment practices in human-dominated landscapes [1]. 

Understanding the role of land use in global environ- 
mental change and the long-term human-environment 
interaction require historical reconstruction of past land 
cover conversions. The information on land cover under 
developed countries is usually missing, out dated or in- 
consistent [2,3]). The launch of the Landsat imagery 
platform in 1972, followed by others such as SPOT and 
ASTER, has provided satellite remote sensing (RS) ca- 
pacity to detect LUCC over the past 30 years at most. As  

suggested by [4], “Land cover” refers to the biophysical 
state of the earth’s surface and immediate subsurface [5], 
and, “Land fragmentation” brings out the human em- 
ployment of land [6]. The combined application of land 
cover and fragmentation data allows detection of type of 
change, as well as the way land is changing [7]. In this 
study we will provide fragmentation quantification in 
land cover. Rare environmental studies have been under- 
taken in this area. 

In this paper, the study of the environmental changes 
in South-Eastern of Democratic Republic of Congo 
(DRC) aims to establish a detailed assessment of frag- 
mentation patterns over time and space. The study was 
undertaken more specifically in the surrounding of 
Kolwezi and Tenke-Fungurume copper-cobalt mining 
sites and the Basse-Kando Natural Reserve. For our 
study, we used the Landsat MSS, TM, ETM and SPOT 
images, Shuttle Radar Topography Mission (SRTM)  *Corresponding author. 
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Digital Elevation Model (DEM) and the Aster DEM. The 
goal of this study was to detect land cover fragmentation 
(magnitude, spatial and temporal analyze) in terms of 
their spatio-temporal pattern over a period from pre- 
1980 to 2011 for the Katanga province (Figure 1(a)). 

The remaining sections of this paper are organized as 
follow: Section 2 introduces the background of the study 
area; Section 3 describes the data and method used in this 
article; in Section 4, the land cover fragmentation results 
are presented, followed by a discussion of the results in 
Section 5; the conclusion of this research is given in Sec- 
tion 6. 

2. Study Area 

The study areas are located in the South-Eastern part of 
the DRC, in the Katanga province. It focuses on the 
Kolwezi and Tenke-Fungurume mining centers, and the 
Basse-Kando reserve. The Katanga province is one of the 
largest and most populated provinces of DRC. It encom- 
passes apart from Kinshasa, the capital, the major cities 
of the country (Lubumbashi, Kolwezi, Likasi), not only 
from a demographic point of view but also economically 
(Figure 2). The Katanga province shares the DRC border 
with three countries: Angola to the Southwest, Zambia to 
the South and Southeast and to the East Tanzania. Vast 
reserves of copper (Cu) and cobalt (Co) are found to the 
South of the Katanga province, between Kolwezi and 
Lubumbashi strongly encountered linked to the Katanga 
super-group. 

Geological setting of the Katanga Super-group is com- 
monly subdivided into three lithostratigraphic groups: the 

basal Roan, the middle Nguba (formerly Lower Kunde- 
lungu) and the Kundelungu (formerly Upper Kundelungu) 
at the top [8-14]. 

In the vicinity, several major reserves endure pressure. 
The Basse-Kando reserve is part of the conservation ar- 
eas of the South-Eastern DRC. Major parks lie in the 
vicinity of the mining activities. The national park is un- 
der State ownership and management for the protection 
of flora and fauna. The reserve is a legalized land and 
must be managed for the benefit of all members of the 
community. Any resource extraction must be subjected 
to a management plans approved by the Government. 
The buffer zone is the land immediately adjacent to the 
boundaries and surrounds the entire protected areas (park 
and reserve). It is co-managed the best suitable way for 
and by the various stakeholders including government 
institutions, non-governmental organizations, communi- 
ties associations and to some extent with the involvement 
of the private sector. This is the case of the Basse-Kando, 
one of the focus areas of the present study. The last dec- 
ades have seen depletion of the biodiversity in the re- 
serve as well as in its surroundings. Moreover, no envi- 
ronmental assessment is available in the Katanga prov- 
ince, which reveals a real lack in environmental man- 
agement [15]. 

3. Methodology 

3.1. Remote Sensing Data 

Medium resolution images were used as Landsat MSS 
for 1979, TM for 1990 and ETM for 2000 and Spot 4 

 
 (a) 

(b) 

 

Figure 1. (a) Overview of the Katanga Province and major cities located in Democratic Republic of Congo; (b) Location of 
the study area, Southern Katanga parks, reserves and buffer zones. 
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Figure 2. General geological map of Katanga indicating the main units. The Roan group (R) is the richest cobalt-cobalt miner-
alisation ore deposits: R1 is the lower unit, and R4 is the upper unit [14]. 
 
vegetation for 2011, with 60, 30, 30 and 20 meter resolu- 
tion, respectively. The multi-temporal approach used in 
this study required 3 imagery scenes, one of each focused 
area, for 1979, 1990, 2000 and 2011. The type of image 
coverage was chosen considering their availability for the 
area, for the period of time, their similarity in term of 
spectral range and spatial resolution. The images were 
selected for the period between end of May and early 
June. This corresponds to the beginning of the dry season 
and ensures a minimum cloud cover on the images and 
minimizes the presence of fire patches widely spread in a 
later stage of the dry season. 

Appropriate remote sensing geometric and radiometric 
corrections were applied through digital image process- 
ing techniques to investigate more accurately land cover 
patterns. Landsat images were acquired from University 
of Maryland GLCF web site [16]. They were already 
georeferenced but showed some spatial shifts between 
images for the MSS and TM. The SPOT images were 
acquired without any spatial reference system. The 
Landsat MSS and TM were re-projected and the SPOT 
images were georeferenced all based on the Landsat 
ETM+, with the WGS84 reference system. This is an 
important step to ensure the best spatial match for the 
multi-temporal land cover fragmentation analyze. 

3.2. Pre-Processing of Satellite Data 

Some atmospheric corrections were applied following 
the COST technique [17] in order to build mosaics and 
compare the different period images on the same spectral 
base. Some Landsat MSS images revealed some spurious  

lines. A frequently used technique to correct line-drops 
consists in replacing the defective pixels with average 
DNs (digital numbers) of adjacent pixels [18], which is 
efficient in the case of one or two pixel wide lines. Spec- 
tral filters were implemented based on Fourier analysis to 
remove most of the periodic noise [19]. 

The negative effect of shadowing is the visual quality 
degradation of the images and cause several nuisances 
during the analysis of these images by modifying spectral 
response of areas under shadow. Thus, they are often 
confused with other types of objects which have a similar 
spectral signature. The results are a misclassification of 
areas covered by shadow. In the study area, the shadow 
spectral signature is confused with water and burning 
signatures. It is important to correct this effect to im- 
prove the classification process. In this purpose, the 
c-correction method was applied to the images using the 
SRTM and the Aster DEM. 

3.3. Image Classification 

Here we used traditional Maximum Likelihood Classifier 
(MLC) because of its ease in simple operation, applica- 
tion and good performance (Figure 3). We propose a 
standard classification strategy that uses different input 
feature sets, unlike conventional classification methods 
using identical classifier structure and feature sets to each 
land cover type. 

3.4. Land Cover Type, Change and 
Fragmentation Analysis 

The training sites were chosen to be classified as follow:  
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Figure 3. Methodological flowchart. 
 
1) vegetation, 2) barren soil and cities, 3) burned area 
and 4) river. Then changes between the various time 
slices were analyzed and quantified. 

Maps were analyzed using ArcView (version 9; ESRI 
(1999)) and its extension Arc View Spatial Analyst for 
Windows to quantify land cover changes, vegetation loss 
and to configure grid covers for the application of land- 
scape spatial indices. These indices (or spatial metrics) 
were computed by FRAGSTATS (version 4.1) [20,21] to 
compare the spatial pattern of vegetation, barren soil and 
cities, and burned area cover for each time interval and 
study area. 

The spatial configuration of land cover fragments was 
quantified and compared on the basis of the following 
key landscape metrics selected after reviewing recent 
vegetation fragmentation studies [22-29]: 1) patch area 
(%), 2) largest patch index (% of the landscape com- 
prised by the largest patch), 3) aggregation index (% 
likely hood adjacencies between cells of the same patch 
type) and 4) number of patches. All of these metrics have 
been applied in the assessment of spatial attributes in 
fragmented landscapes. 

3.5. Accuracy Assessment 

According to the rules suggested by PCI geomatics for 
ranges of separability values of class signatures, a “good” 
signature separability was achieved for each image clas- 
sified, the average Bhattacharrya distance ranging from 
1.979 to 1.987. Overall agreement of classification was 
83.2% for the 1979 MSS, 84.3% for 1990 TMimage, 
85.9% for the 2000 ETM image, and 84.9% for the 2011 
SPOT image. The lowest values of accuracy corre- 
sponded to shrubland, arboreus shrubland, and native 
vegetation categories. These three groups are very simi- 
lar in their spectral signatures because they correspond to 
stages in a continuous succession process, which may 
easily produce misclassifications between the categories 

assigned in the training site and those classified by the 
algorithm, which leaded us to group them all in one 
category (vegetation). 

4. Results 

Changes in the landscape distribution in the three study 
areas for the 4 time slices were quantified as difference 
between image pixels of 2 successive periods (geometric 
and radiometric normalization). The results of the land 
use/land cover classification for the time series are pre- 
sented in Table 1. 

4.1. Change in Land Cover 

Land cover fragmentation were analyzed using the area 
statistics (Table 1) derived from land cover type maps 
(Figure 4). In 1980, the vegetation covered 40% of the 
territory in Kolwezi (Figure 5(a)), about 70% of the ter- 
ritory in Tenke-Fungurume (Figure 5(b)), and 50% of 
the land on the Basse-Kando site (Figure 5(c)). The next 
decade (1990) is marked by increased the area covered 
by vegetation on the three study sites, it reaches 50% in 
Kolwezi ((Figure 5(a)), 85% in Tenke-Fungurume (Fig- 
ure 5(b)), and this increase is rapid on the site of the 
Basse-Kando with 80% (Figure 5(c)). During the second 
decade, the dynamics of change is not the same on all 
three sites. The surface covered by vegetation undercome 
a regression phase in Kolwezi from 50% to 40%, the 
regression is less important on Tenke-Fugurume where it 
then covers a little less than 80%, unlike the Basse- 
Kando that surface covered by vegetation exceeds 80%. 
The third decade is marked by a slight regeneration of 
the vegetation in Kolwezi, while the regression continues 
in Tenke-Fungurume, and the Basse-Kando site known 
the first phase phenomena of regression. 

The second type of coverage is the barren soil and cit- 
ies; its dynamics of occupancy is shown in the Figures 
5(a)-(c). Since 1980, the barren soil and cities occupies 
40% of the land surface in Kolwezi, less than 10% at 
Tenke-Fungurume, and the Basse-Kando reserve. The next 
decade sees the territory occupied by the barren soil and 
cities decreasing in Kolwezi, and the Basse-Kando, while 
it increases in Tenke-Fungurume up to almost 10% in 
1990. The following decade was marked by an increase 
in the territory occupied by the barren soil and cities; it 
reached 50% in Kolwezi, Tenke-Fungurume 20%, and 
10% in the Basse-Kando reserve. During the last decade, 
the barren soil and cities kept evolving and grow reached 
almost 30% in Tenke-Fungurume, and 20% in the Basse- 
Kando reserve. 

The last coverage type is represented by burnt areas; 
the Figures 5(a) and (b), shows the evolution over the 
last 30 years. In 1980, the burnt areas accounted for over 
10% of Kolwezi territory, 25% of Tenke-Fungurume,  
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Table 1. Estimation of land cover type (% and ha) in the study area for 1980’s, 1990’s, 2000’s, and 2011 years. 

 
Landsat 

MSS 1980 
 

Landsat TM 
1990 

 
Landsat 

ETM 2000
 Spot 2010  

Delta 
1980-2000

Class 1980  1990  2000  2011  31 

Kolwezi % ha % ha % ha % ha  

Barren soil and cities 39.3 29082.00 35.66 26388.40 48.90 36191.29 39.55 29267.00 −185.00 

Burned area 12.98 9605.20 4.90 3626.36 0.84 623.22 10.80 7992.00 1613.20 

Vegetation 38.64 28593.60 49.37 36537.45 40.40 29899.73 42.66 31568.40 −2974.80 

Water 9.07 6711.80 10.06 7444.40 9.84 7285.74 6.99 5172.60 1539.20 

Tenke-Fungurume          

Barren soil and cities 6.12 3614.54 10.77 6359.13 20.25 11951.02 27.80 16402.00 −12787.46

Burned area 26.59 15690.66 4.06 2396.54 0.16 95.13 5.33 3144.70 12545.97 

Vegetation 67.27 39694.78 85.09 50208.72 78.68 46424.66 66.78 39400.20 294.59 

Water 0.00 0.00 0.06 35.59 0.89 529.17 0.09 53.10 −53.10 

Basse-Kando          

Barren soil and cities 6.30 2142.00 3.40 1156.00 9.20 3128.00 19.87 6755.80 −4613.80 

Burned area 37.05 12597.00 10.26 3488.40 0.54 183.60 5.87 1995.80 10601.20 

Vegetation 48.93 16636.20 79.87 27155.80 81.03 27550.20 68.54 23303.60 −6667.40 

Water 5.71 1941.40 5.72 1944.80 5.71 1941.40 5.72 1944.80 −3.40 

 

 

Figure 4. Temporal and spatial variation maps of the land cover types in the study area for the years: Landsat MSS (1980’s), 
TM (1990’s), ETM (2000’s), and Spot (2011). Landsat classifications: the blue color stands for water, the white color for bar- 
ren soil and cities, the red for burned area, and the green color for vegetation. 
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Figure 5. Temporal changes estimated in % for vegetation, barren soil and cities, and burned area: (a) Kolwezi; (b) Tenke- 
Fungurume; (c) Basse-Kando. 
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and more than 35% of the Basse-Kando reserve. This area 
saw its territory decrease gradually; in 2000 it’s stand for 
less than 1% on three study sites. The last decade was 
marked by the increase of the territory occupied by the 
burnt areas, more than 10% in Kolwezi, a little more than 
5% in the Basse-Kando reserve and Tenke-Fungurume. 

Copyright © 2013 SciRes.                                                                                  

The evolution dynamics of each coverage type over 
the last 30 years are brought in Figures 5(a)-(c). The 
figure suggests a different evolution for vegetation and 
barren soil and cities in the three study sites rather than 
burned areas follow a similar trend in the three study 
sites. These different dynamic behaviors are the focus of 
the following analyses. 

4.2. Change in Vegetation Patch Number 

The variation of patch number in the Kolwezi area is 
illustrated on Figure 6 and Table 2. This figure shows 
that the vegetation patch number increase between 1980 
and 1990 is related to an increase of the vegetation area 
and the decrease of the barren soil and cities. This reduc- 
tion is also marked by an increase of the barren soil and 
cities patch number. This parceling of barren soil and 
cities continues between 1990 and 2000, but the total 
area also increases leading to a reduction of the vegeta- 
tion area and patch number. From 2000 to 2011, both 

trends are again evolving in the opposite directions with 
an increase in the number of vegetation patches, and a 
decrease in the barren soil and cities class. 

The Tenke-Fugurume site shows a cyclic variation 
(Figure 6 and Table 2) with a peak in 1990 and a low 
point in 2000. However over the last 30 years the evolu- 
tion curves of the patches number intersect twice in 1985 
and in 2000. 

Evolution curves of the patch number in the Basse- 
Kando site are drawn on Figure 6 and Table 2. These 
curves follow the same trend as those of Tenke-Fungu- 
rume, reaching a high level in 1990 and 2011 and lowest 
one in 2000. Unlike the other sites, the curves in the 
Basse-Kando site do not intersect. 

4.3. Spatial Relation between Vegetation Cover 
and Barren Soil and Cities 

Index of aggregation is one of the important parameters 
in the analysis of the land cover change. This index has 
been calculated on two types of land cover: vegetation, 
on the one hand, and barren soil and cities classes on the 
other hand. The change in this index in the Kolwezi area 
is illustrated in Figure 6; it shows the same close rela- 
tionship than the previous parameters, as it involves a 
decrease until 1990. During the next decade, while the  

 

 

Figure 6. Temporal changes in the study area estimated in term of: %, patch number, aggregation index, and large patch 
index. 
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Table 2. Changes in landscape pattern indices for vegetation, and barren soil and cities in the study area for 1979, 1990, 2000, 
and 2011 years. 

Kolwezi  Landsat MSS 1980 Landsat TM 1990 Landsat ETM 2000 Spot 2011 

Pattern indices Vegetation 1980 1990 2000 2011 

Aggregation index  93.58 86.85 87.54 83.42 

Large patch index  48.87 47.33 42.18 33.96 

Number of patch  6979 22850 20010 29999 

Aggregation index Barren soil 93.97 89.82 82.29 85.76 

Large patch index and cities 71.01 80.61 79.12 57.10 

Number of patch  6120 18588 28894 22473 

 
Tenke-Fungurume  Landsat MSS 1980 Landsat TM 1990 Landsat ETM 2000 Spot 2011 

Pattern indices Vegetation 1980 1990 2000 2011 

Aggregation index  89.50 85.23 89.49 82.22 

Large patch index  54.11 80.06 82.06 65.82 

Number of patch  11438 32707 19340 30568 

Aggregation index Barren soil 96.1411 83.4281 90.2336 86.02 

Large patch index and cities 91.8266 33.9652 90.5222 62.75 

Number of patch  15800 29999 19007 22159 

 
Basse-Kando  Landsat MSS 1980 Landsat TM 1990 Landsat ETM 2000 Spot 2011 

Pattern indices Vegetation 1980 1990 2000 2011 

Aggregation index  94.17 90.50 93.05 85.75 

Large patch index  31.64 67.07 68.57 53.63 

Number of patch  4352 18334 10120 30917 

Aggregation index Barren soil 97.23 92.84 82.80 89.29 

Large patch index and cities 87.24 84.90 94.95 69.85 

Number of patch  2314 12032 6009 18623 

 
index of aggregation of the barren soil and cities contin- 
ues to decrease, those vegetation increases, producing the 
first crossing in 1993 (which corresponds to the wave of 
migration to the east of the DRC population from 
neighboring Rwanda). From 2000 to 2011, the evolution 
of this index on the two types of land cover is evolving in 
the opposite direction with an increase in the index of 
aggregation of the barren soil and cities, and a decrease 
in that of vegetation, producing the second crossing in 
2007 (corresponds to the resumption of fighting in east- 
ern of DRC). 

This aggregation index (Figure 6 and Table 2) have a 
cyclic variation on the Tenke-Fugurume area. This varia- 
tion is marked by a decrease during the first and the last 
decade, and an increasing curve in the second decade. 
The highest points correspond to the years 1980 and 
2000, and the lowest points respectively to 1990 and 
2011. The evolution of curves over the past 30 years 
shows two junctions in 1987, and in 1997. 

The aggregation index curves on the site of the Basse- 
Kando are drawn on Figure 6. In opposite to the previ- 
ous settings, these curves have a complementary devel- 
opment similar to that observed in Kolwezi. This evolu- 
tion is marked by a decrease in this index until 1990. 
Over the next decade, while the index of aggregation of 
the barren soil and cities continues to decrease, those 
vegetation increases, producing the first crossing in 1993. 
During the past decade, the two curves are evolving in 
the opposite direction with an increase in the index of 
aggregation of the barren soil and cities, and a decrease 
in that of vegetation, producing the second crossing in 
2007. 

5. Discussion 

The present study constitutes an extensive analysis of 
land cover fragmentation conducted in Katanga. The 
results demonstrate how changes in spatial patterns of the 
land cover may be assessed using multi-temporal satellite 
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data, as has been achieved recently in other parts of the 
world [4,30,31]. 

5.1. Assessment of Methods and Results 

As satellite imagery classifications into land cover types 
are never completely accurate, landscape pattern analyze 
of the present study are affected by errors in the classifi- 
cation which alter the accuracy. Image accuracy tends to 
improve as the image date becomes more recent. The 
supervised classification, which was strongly supported 
by ground-based information, provided a suitable identi- 
fication of land cover types in each of the satellite scenes 
processed. Although the classification conducted for the 
oldest scene (MSS 1980) suffered from the disadvantage 
of limited ground validation, a cautious interpretation 
considering field control points that had not changed 
over time involving high values of accuracy to be ob- 
tained, and enabling clearly identifiable categories of 
land cover in the classification. 

In the present study, the error was minimized by ap- 
plying improved topographic correction algorithms in the 
image processing and by aggregating some of the sub- 
categories of land cover types. Additionally, different 
ground-based surveys conducted from previous works 
and additional field visits were used to support the image 
classifications. Also, the error was minimized by filtering 
the classified image to remove small patches of less than 
four 50 m-pixels (equivalent to 0.60 ha). 

5.2. Land Cover Change and Spatial Analyzis 

Landscape pattern indices provide a useful tool to ex- 
plore inside variability, cross-site differences and changes 
over time. The simultaneous use of class-level and 
patch-level landscape pattern indices enable assessment 
of the spatial configuration of vegetation cover and its 
relation to other land cover types. 

The various indices and parameters used in the analy- 
sis of the land cover change (fragmentation) at Kolwezi 
site are shown on Figure 6. During the first period 
(1980-1990), for the vegetation, there is an increase in 
the patches number, but a regression of the aggregation 
and the large patch index. This evolution of the parame- 
ters suggests that vegetation has enlarged by the forma- 
tion of small scattered patches. This period corresponds 
to the decrease of area occupied by barren soil and cities, 
despite the increase of their patch number, and the large 
patch index. This variation of parameters shows the re- 
grouping of barren soil and cities, which may correspond 
to a concentration of the population in areas. At the same 
time the burned areas decreased strongly, this means a 
neglect of agriculture by the population that turns to- 
wards another socio-economic activity. 

The next decade (1990-2000) is marked by the reduc- 

tion of space occupied by vegetation, the burnt areas, and 
especially by a growth of barren soil and cities. This 
evolution is marked for the barren soil and cities by the 
increase in the large patch index, and the number of 
patch. For the vegetation, only the aggregation index 
increases while others parameters decrease. This varia- 
tion shows that vegetation is replaced by barren soil and 
cities, mainly by occupation of small scattered areas. 
This situation would correspond to the degradation of the 
vegetation zones for a socio-economic activity, which in 
this case corresponds to the exploitation of mineral re- 
sources. 

The last decade (2000-2011) is marked by the regen- 
eration of the vegetation, and a decrease in the barren soil 
and cities surface. This is illustrated by the increase in 
the number of patches for the vegetation, and a reverse 
evolution for the barren soil and cities. The simultaneous 
decrease in the large patch index for both types of land 
cover illustrates the fact that vegetation has expanded by 
small patches, and that the barren soil and cities are small 
isolated areas and increasingly more consolidated. 

The various indices and parameters used for the frag- 
mentation of the land cover analysis are represented on 
Figure 6 for the Tenke-Fungurume site. The first decade 
here is marked by the regeneration of the vegetation and 
by the increase in the barren soil and cities. This is illus- 
trated by an increase in the number of patches, but a re- 
gression of the index of aggregation. The large patch 
index brings out a different evolution; it decreased 
strongly for barren soil and cities and increased for vege- 
tation. This evolution of the parameters shows that vege- 
tation is enlarged by training large scattered patches, and 
so that the barren soil and cities was enlarged by the 
formation of small patches. During the same period, the 
burnt areas decrease strongly; this means a neglect of 
agriculture by the population that turns to another socio- 
economic activity. 

The second decade is marked by the reduction of the 
area covered by vegetation, the burnt areas, and espe- 
cially by a growth of urban areas. Because of the increase 
in the large patch index of barren soil and cities, the ag- 
gregation index, and the decrease of other parameters, it 
shows a growth of barren soil and cities specifically lo- 
cated around existing sites. This variation suggests that 
vegetation and burned areas are replaced by barren soil 
and cities. This situation is similar to that encountered in 
Kolwezi where agricultural activity is depreciated in fa- 
vor of a socio-economic activity, which in this case cor- 
responds to the exploitation of mineral resources. 

Over the last decade, the vegetation surface continues 
to decline, while the barren soil and cities, and burned 
areas increase. This is illustrated by a raise in the number 
patches, and a drop decrease the large patch index and 
index of aggregation for both types of ground covers. 
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This situation brings out the constant development of the 
barren soil and cities involving the vegetation fragmenta- 
tion in small patches. This phenomenon suggests a re- 
sumption of agricultural activity, coupled with other 
socio-economic activities. 

The variation of the different parameters for the analy- 
sis of the fragmentation of the land cover in the Basse- 
Kando reserve is illustrated on Figure 6. The first decade 
was marked by an increase of the vegetation, and a de- 
crease of barren soil and cities, and burned areas. It 
comes along with a raise in the patches number, and a 
decrease in the aggregation index for both types of land 
cover. The large patch index shows a different evolution 
with an increase for vegetation and a decrease for the 
barren soil and cities. This reflects an increase of vegeta- 
tion by large areas close to each other and interconnected. 
Barren soil and cities are mainly small disconnected 
groups. At the same time the burned areas drop sharply 
meaning a neglect of agriculture by the population that 
turns towards another socio-economic activity. 

The second decade is marked by an increase of the 
barren soil and cities surface, stagnation of vegetation 
areas, and a reduction of burnt areas occupation. This 
development is marked by an increase in the large patch 
index of barren soil and cities and vegetation, a decrease 
in the patch number. Only the aggregation index shows a 
different variation, a growth for the vegetation, and a 
decrease for barren soil and cities. It suggests that vege- 
tation here is protected, and that the surface replacement 
is operated between the barren soil and cities and the 
burned areas. 

During the last decade a growth of barren soil and cit- 
ies, areas burned and a small decrease in vegetation is 
observed. It is illustrated by an increase in the patch 
number, for both types of land cover, a decline in the 
large patch index. The aggregation index shows a devel- 
opment in opposite directions, an increase for the barren 
soil and barren soil and cities and a decrease for vegeta- 
tion. This situation represents a growth of barren soil and 
cities by small interconnected patches, and a decrease of 
the vegetation fragmented into small patches. 

5.3. Impacts 

Over 12,700 protected areas have been established 
around the world, accounting for 8.81% of Earth’s land 
surface. Protected areas are a key strategy used to con- 
serve biodiversity from human activities. Remote sensing 
is being used to determine how successful protected ar- 
eas are at mitigating human impact [32]. 

The 1970’s classification brings out a significant ob- 
servation with the presence of very large burned patches 
specifically located around human activity points. The 
Basse-Kando hunting reserve is well-established as its 
creation dates back from 1957 by the Congolese gov- 

ernment and was recognized and integrated into the 
Congolese mining code official journal, special number, 
April 2003 [33]. However, the deforestation and frag- 
mentation rates within the reserve remained over the 30 
years of the study. The vegetation regression rate remains 
lower in the protected (Basse-Kando reserve) area than in 
mine areas (Kolwezi and Tenke-Fungurume). By adding 
geological data layers in the Geographic Information 
System (GIS) to the classification information, it allows 
us to distinguish the original drivers inducing vegetation 
regression and fragmentation in the Basse-Kando reserve. 
Mining companies are focusing on a highly investment- 
worthy economic geologic unit named the “Mines series” 
to exploit the copper and cobalt ores (Figure 2). The 
international economical context is really propitious for 
the exploitation of copper and cobalt ores. Indeed, the 
superposition of both layers indicates that the barren land 
patches within the mine series unit are generated by 
mining activities and the patches outside are human set- 
tlements. The encouraging economic copper and cobalt 
consumption trends for the forthcoming years imply that 
the pressure on the Basse-Kando reserve is going to in- 
crease and the fragmentation rate will raise in the “mines 
series” specific location zones. The same trend is ob- 
served at the international scale in [34]. 

The mining areas of Tenke-Fungurume and Kolwezi in 
the buffer conservation zones as well as the Basse-Kando 
reserve in Katanga, South-eastern (DRC), are being 
studied through analysis of remotely sensed data for 
evaluation of impact due to mining and related activities 
on the environment. The comparison between different 
industrialization periods covering a time span of about 30 
years depicted through remotely sensed reveals that the 
face of the assessed areas changed progressively with the 
development of mining activities. A detailed assessment 
of impact of mining changes in LULC pattern and frag- 
mentation on time and space has been undertaken to il- 
lustrate and quantify the changes. By means of multi- 
spectral and multi-date remote sensing data processing 
and classification, the results show 1) an evolution from 
extensive large to small scale denudation patches can be 
observed from 1970’s to 2000’s; 2) 3 observation types 
corresponding to vegetation cover regression in the 
1970’s, vegetation reclamation in the 1990’s, then again 
a vegetation regression period in the 2000’s and going on 
more intensively until 2011. Moreover, the comparison 
of land cover and geological maps and protected areas 
clearly shows that mining sites are increasingly overlap- 
ping vegetation. It brings out a similar trend of vegeta- 
tion pattern evolution as the buffer areas but not at the 
same intensity. 

The classification of the Basse-Kando reserve, the 
Kolwezi and Tenke-Fungurume mining centres from the 
1979 until 2011 shows different trends, with vegetation 
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regeneration between 1979’s and 1990’s followed by 
regression phase since the 1990’s. 

The observed vegetation changes in the vicinity of the 
mining sites are the results of (1) direct factors such as 
the evolution in the type of mining extraction and the 
variation of the ore production volumes and also (2) to 
factors indirectly derived from the mining activities such 
as demographic influx due to the attraction of job offers, 
economic growth, agriculture development (Figure 2). 
Deforestation became the dominant process, involving a 
decline in both mean patch number. The process of 
fragmentation comes along with the loss of the largest 
vegetation patch (Table 2). The gradual increase to min- 
ing and non-vegetation areas revealed the pressure of this 
activity on the surrounded landscape. However, most of 
the mining concessions and operational mining sites are 
located in governmental protected areas and surrounded 
protected buffer zones (Figure 2). 

5.4. Potentials Drivers 

The presence of large burnt and barren soil areas is 
largely specific to the 1970’s as no such event was ob- 
served in the other classification maps. The field cam- 
paign interviews gave the opportunity to get some infor- 
mation about this time and to identify the drivers, which 
triggered the large fire episodes in the area. Indeed this 
period corresponds to governmental investments to re- 
launch and stabilizes the DRC economy after the inde- 
pendence of the country which led to some economic 
instability. 

At the beginning of the 1980’s, Kolwezi and Tenke- 
Fungurume area some of the spots which benefited from 
investments in new ore deposit exploitation. Intensive 
exploration campaigns were carried out in those areas 
with drilling and trenching programmes as well as copper 
clearings on surrounding hills, feasibility studies and 
infrastructure building (airport, buildings for administra- 
tion and workers, road access, concentrator, etc). These 
exploration activity appears later in the Basse-Kando 
area. The burning signature is then considered to be from 
an anthropogenic origin. Thus, in this study, this signa- 
ture is associated to the barren soil class in the assess- 
ment of mining operation impact. The 1980’s classifica- 
tion brings out a significant observation with the pres- 
ence of very large burned patches specifically located 
around human activity points. 

6. Conclusions 

In this paper, we demonstrate capacity to monitor the 
vegetation status versus the mining activities of a natural 
reserve and two important mining areas using a combina- 
tion of Geographic Information System (GIS), remote 
sensing techniques, field-based observations and textual 

data resources. The multi-temporal remote sensing ap- 
proach is used in the assessment of the spatial changes, 
their organisation and the determination of the agents 
involved in the land cover fragmentation. This informa- 
tion coupled with geological data, parks and reserves 
boundaries suggests the trend of the future pressure on 
land cover in the study area. The investigation goes fur- 
ther with the identification of drivers which are essential 
to understand the processes of changes. 

The structure of the study areas catchment has 
changed significantly during the study year period. This 
study quantifies the degenerating condition of the land 
cover due to anthropogenic activities. The land cover 
areas have become more fragmented and are character- 
ized by the proliferation of much smaller, less connected 
patches. The management of those areas, particularly the 
identification and prioritization, rehabilitation, preserva- 
tion, and the development of supporting policies, could 
be expected to benefit from the use of landscape structure 
information. Moreover, no environmental assessment is 
available in the Katanga province, which reveals a real 
lack in environmental management [15]. Scientific min- 
ing advices should provide alternative operational meth- 
ods for a better use of natural mineral resources by 
minimizing the damages. Proactive management with a 
focus on conservation and sustainable management are 
imperative. 
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