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ABSTRACT 

The surveillance of environmental degradation is 
inevitably based on diachronic studies aimed at 
detecting the 

physical and biological changes affecting the 

components of ecosystems. The degradation of these 

ecosystems is reflected on the ground by the 

modification of the area’s components (vegetation 

and soil). The main objective of this article is to 

understand both the surface state structure and the 

dynamics of this process to predict their evolution. In 

this context, three radiometric indicators highlighting 

the transformation at ground surface level; the 

adjusted vegetation index (SAVI), the soil brightness 

index (SBI) and color index (IC), were determined 

from three Landsat TM images of (1985, 1995 and 

2003). 

These indicators have shown that they are closely 

correlated to general reflectance and chlorophyllian 

activity. An anticlinal arid region, considered as the 

most important protected area in southern Tunisia, 

called Bouhedma was selected for this study. 

The diachronic analysis in  BouHedma showed that  

the  SAVI is  mostly influenced by both grazing  

with introduced fauna and precipitation whereas the 

SBI is influenced by the soil humidity. The IC is 

influenced by the color of the soil. Therefore, the 

ecosystems of study area alternated between 

regression and regeneration cycles. 

 

1. Introduction: 

Remote sensing techniques have long been applied for 
the quantitative and qualitative evaluation of the 
characterization of surface states and ecosystems 

dynamics in the southern of Tunisia. Many studies have 
demonstrated the  ecologic importance of  the  
“protected areas” in  reserving biosphere,  by remote 
sensing techniques and, visible and  Near Infrared (NIR) 
multispectral images, following their very useful data to 
examine vegetation patterns and corresponding 
ecological process at regional and global scales (Attoui 
and Ouled Belgacem, 2009). 

Satellite imagery is a convenient tool for global 
monitoring of terrestrial ecosystems; it enables regular 
detection of seasonal and inter-annual changes in 
ecosystems components (Tarpley et al., 1984; Tucker et 
al., 1985; Pinker and Laszlo, 1992). The spatial and 
spectral resolution of Landsat images makes these data 
highly suitable in analyzing both abrupt and gradual 
changes in vegetation cover and monitoring 
environmental processes such as degradation and 
desertification (Almeida-Filho & Shimabukuro, 2002), 
deforestation (Cohen et al., 2002; Huang et al., 2007), 
habitat fragmentation (Millington et al., 2003), forest 
succession (Song & Woodcock, 2003; Song et al., 2007), 
overgrazing (Jano et al., 1998; Pickup & Chewings, 
1994), rangeland monitoring (Hostert et al.,2003), and 
vegetation recovery after natural disturbance such as 
volcanism (Lawrence & Ripple, 1999) and forest fires 
(Viedma et al., 1997; Lozano et al., 2007). 

But even with these reliable tools for tracking surface 
states, several techniques used for additional 
monitoring of all components of ecosystems are limited 
because of insufficient data field of study, which may be 
the use and choice of monitoring techniques that do not 
reflect any information that can give advance in studies 
of states of surface states in Tunisia. Radiometric 
indicators, derived from remotely sensed data have 
frequently been proposed as a method for predicting 
surface situations, and they becomes efficient because 
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of the large-scale surveys required to monitor the 
surface evolutions, and for an economically and 
logistically reasons. However, no attempts have been 
made to use these indicators in the monitoring of 
ecosystems and characterization of surface states in the 
study area (Bouhedma). To achieve this objective, we 
should choosing some indices, who they can study all 
components of an ecosystem (principally soil and 
vegetation), and in the same time they could showing 
the relation between this components. To meet this 
objective, we should choose some indices, who they can 
study, the surface states of ecosystems, and in the same 
time they could showing the relation between their 
components (principally soil and vegetation). 

The chosen indices in this study reflect well this 
correlation between the components of the arid 
ecosystems seen their significant radiometric 
characteristics at the time of the photo-interpretation 
of their colored components. This study proposes a 
method of surface states characterization and 
cartography of an area affected by the ecological 
degradation of vegetable cover and the grounds, by the 
multispectral classification of neocanals calculated on 
the basis of three satellite images Landsat TM, which 
goes served well during classification multitemporal. 
The results of classification are presented by the 
maximum likelihood of their confusion matrix. 

 

2. Materials and Methods 

2.1. Study Area: 

The selected area of study was the Haddej-
Bouhedma observatory, located in central Tunisia in 
the low natural area flat Eastern of the Village Talah 
(area of acacia tortilis). The territory of the 
observatory belongs to the central protected area 
from the BouHedma National park which covers a 
surface of 16488 ha whose 3660 ha are entirely 
protected (zone of integral protection) and 11625 ha 
have the statute of Reserve of Biosphere (Mab- 
UNESCO) since 1977. 

The climate of the area is Mediterranean, he is 
primarily arid inferior (plain) and superior (mountain) 
at winter moderated with annual precipitations of 
180 mm during the period between 1934 and 1985.   
The zone of BouHedma national park is located in a 
valley delimited by two mountainous chains: In north 
the chain of Orbata-BouHedma and in the south that 
of Belkhir-Chamsi. The types of the grounds are 
different according to nature from the medium, thus 

with the foot of the jbels (mountain) and on the 
glacis, the grounds are stony, and the valley consists 
of a not very advanced deep ground of average sandy 
texture to coarse, low in organic matter. Coarse sand, 
the gravel, the stones and quartz form materials of 
surface. 

 

 

2.2 Materials  

This work is interested as we announced to ensure 
the contribution of the remote sensing tools to 
evaluate and follow the dynamics of the terrestrial 
ecosystems and the characterization of surface 
states; it is for that, we use three satellite images 
Landsat taken in three different and quite distant 
dates (Mars1985, Mars 1995, Mars 2003). One also 
has the cartographic data which consist with the 
vegetations map (Tarhouni, 2003) and pedological 
map (Floret and Pontanier, 1982). 

 

2.3 Methods: 

A whole of digital processing was carried out on the 
satellite data, in reason to prepare the data gathered 
for the stages of the radiometric treatments: 

•     Pretreatments: 

-     Raising of contrasts 

-     development of the trichromatic compositions 
(TM2, Blue;TM3, Green;TM4, Red) 

-     Geographic corrections of Landsat scenes 

The entire reference frames were georeferenced 
(geographically corrected) according to the system of 
projection Universal Transverse Mercator (UTM). 
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•     Radiometric corrections: 

This is the conversion of the TM 8-bit digital numbers 
into physical quantities of radiance and reflectance 
(Markham and Barker 1986 and Thome et al. 1997). 
Digital number (DN) are converted to spectral 
calibrated radiances (L) using the following formula:  

L=Gain * DN + Offset 

The lower and upper radiance limits are related to 
their correspondent digital number, respectively the 
lower digital number (Qmin) and the upper digital 
number (Qmax) that are respectively equal to 0 and 
255. In our case, Lmin and Lmax are determinate 
from the sensor in the moment of tacking image by 
satellite. 

 

Table 1. Main characteristics of studied images 

 

 

 

 

Development of neocanal adapted to the type of 
studied area: 
The choice of induces are based on their degree of 
correlation to achieve our objectives in studying 
surface states in Bouhedma observatory, and to show 
also the role of preserving arid ecosystems 
components, by comparing the situation inside and 
outside the National Park. This comparison is possible 
by creating a reference plots, based on the calculation 
of soil and vegetation indices. The used indices were: 

Soil Adjusted Vegetation Index (SAVI) : 

The soil adjusted vegetation index (SAVI) was selected 
as the VI applied for the studied area. This index 
represents a very great importance when one wants 
to study the radiometric answers of the vegetations 
of an areas without beings influenced by those of the 
grounds. Heute (1988) introduced a modification on 
the NDVI by adding a parameter L characterizing the 
ground and its degree of cover, like describes it the 
following equation: 

 
 
In our case L=0.5, because of the not very sparse 
vegetation cover. 

Color Index (IC) : 

Escadafal (1985) regarded the color as an element of 
description and of discrimination of the grounds on 
ground according to him, a strong sulphate 
concentration or carbonates is sign of the presence of 
outcrops of the crusts and gypseous encrusting and 
limestone. 

 
 

 

Where R, red channel; V, green channel. 

The value of the color index is in close relationship to 
the clearness of the grounds.  In the zone of BouHedma, 
we noted that the grounds are particularly rich in 
materials such as the gypsum and the limestone, which 
offers a very clear color to them.  This color, which 
depends as well on the mineralogical composition as 
granulometric of the ground, can also vary according to 
moisture (Courrault and Al, 1988;  Covered, 1997).  
Indeed for the halomorphic grounds, moisture has a 
significant effect on the Munsel color and product a 
significant variations of clearness, colour and saturation 
(Madeira Netto, 1991), but the index of color calculated 
starting from the channels green and red strongly varies 
with the colour and the saturation of the color 
(Escadafal, 1994;Houssa, 1997), which proves that the 
calculation of the index of color for the wet grounds is 
to be used with precaution, because it gives very 
variable and random results. 

 

Soil Brightness Index (SBI): 

The albedo is the report/ratio of the considered part to 
the incidental part of the solar radiation in the visible 
field and on the near infrared; it depends on the color, 
the moisture and surface quality.  It is translated on a 
panchromatic image (posted into black and white) by 
levels of dark gray in the wet grounds and of the levels 
of clear gray towards dry gypseous sands. 

 

 

 

Where: “G” is the green slope. 

This index represents the first axis of model “Tasseled 
Cap” (Jackson, 1983). Indeed, Jackson defined this index 
as the first axis of the model; whish represents the right 
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soil owner to the soil pixels on the satellite image. 
Indeed, this index can distinguish different states for the 
same ground in terms of its roughness and its water 
content. 

Supervised classification of the Landsat images 
according to the neocanals: 

The classification of the images is founded on the one 
hand, on the supervised classification of the various 
rough radiometric values according to the maximum 
likelihood, and on the other hand, on the segmentation 
of the three neocanals:  SAVI, SBI and IC. For this 131 
drives pieces were digitalized (78 one been useful for 
classification within the park, the remainder was useful 
for classification outside of the park).   In made, one 
made the classification of the drives pieces outside of 
the park just to validate the effect of protection on the 
park, which has of course an influence on the 
radiometric answers of the pixels in the neocanals. 

 

3. Results and Discussion  
3.1 Results: 

The statistic analyse of the near infrared histogram band 

of the classification of BouHedma, show that the 

frequency is very high in term of the vegetations. That 

respond of vegetations proved that the chlorophyll 

activities is intense in function of distubition of the 

vegetation cover. Regression between 1985 and 1995: 
The histogram of SAVI changes between 1985 and 1995 

shows that there is a decline in SAVI values of 1995 

compared to those of 1985. This decline tells us about 

the state of vegetation in the region between these two 

dates, and it was found that there was a sharp 

deterioration in different plant groups. As a protected 

area, this deterioration could be explained by drought 

and lack annuals. 

 

 

SAVI changes between 1985 and 1995 Table of annual 

rainfall of the studied region between 1985 and 1995 

Source: Metrological station of “Mezzouna” 

 

This phenomenon of regression is also explained by the 
high grazing pressure exerted at the plant groups, 
mostly perennial grasses. Indeed, grazing pressure of 
wildlife introduced to the park, can lead to regression of 

species high pastoral value these. We can validate the 
rate variations affected during the period between 1985 
and 1995, through the histogram below, in order to 
have an argument about the regressive dynamic 
between these two dates. Indeed, this histogram shows 
that there are significant variations in plant groupings in 
the period under review, but what is more important is 
that these variations have a negative effect on 
vegetation in the study area, That’s why the 
percentages of changes in ecosystems seem negative 
figure below. 
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to the dynamics of vegetation between these two dates. 

Indeed, this histogram shows that the values of SAVI 

mark a growth of negative to positive, reflecting the 

recovery of plant groups, a phenomenon called 

progression of the dynamics of vegetation. This increase 

is mainly due to significant changes in weather 

conditions, especially between these two dates, as the 

table below shows the change shows excellent rainfall 

precipitation values that promote the development of 

different plant species groups registered in this area. 

 

 

 

 

 

 

 

SAVI changes between 1995 and 2003 

 

Table of annual rainfall of the studied region between 
1995 and 2003 

Source: Metrological station of “Mezzouna” 

The histogram below shows the variations that affect 
the region during the study period from 1995 to 2003, 
and as it seems that these changes have a positive effect 
on different ecosystems, so we can confirm that this 
region seen a dynamic recovery during the time period. 
This histogram can help us focus on the deduction of the 
relationship between rainfall data and the progressive 
ecosystem, because from the identification of variations 

of ecosystems, and noting that the rainfall data that 
seem important compared to those of previous years 
we can confirm that precipitation can be considered as 
a major factor that governs the performance of 
ecosystems, and consequently the dynamics of the 
environment 

 
 

 

 

 

 

 

 

 

 

Rates of SAVI changes in ecosystems between 1995 and 2003. Results 
of SBI processing 

 

The results of calculations of SBI from the images are 
presented in figure below. As an indicator used to 
evaluate changes in ecosystems in the region of 
Bouhedma, mainly the protected area, it seems very 
important to analyze the data and values acquired by SBI. 
Therefore, it seems that a diachronic study is needed to 
clarify the ideas for changes affected on this area and 
identify the causes of those changes. 

 

 
 

 

 

 

 

The IBS values determined for three dates depending 

on each type of soil are presented in the table below: 

 

SBI values of the different classes of land in 1985, 1995 and 2003. 

Where: 
A: Idem eroded soil 

Year Rainfall Remark 

1995 84 Deficit year 

2000 110 Deficit year 

2003 158 Normal year 
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B: Advanced alluvial soils, deep, medium texture, salty deep. 
C: Read nodule limestone. 
D: Same Unveiled Wind Erosion average wind. 

E: Soils storage gypsum surface, with recovery likely gypsum  
sand, strong wind erosion. 
F: Lithosol and Regosols, strong runoff, high water erosion. 
G: Sol same, Flush crust. 
H: Regosols subtropical truncated. 
 

Note that the characterization of the types of soils is 
developed from the work of Floret and Pontanier (1982) 
in arid Tunisian. The soil brightness index on his part 
reflects changes in shades of bare soil and rocks. The 
passage of dark-tinted shades clear accompanied by a 
simultaneous increase in radiometric values in both 
channels. The index also varies inversely proportional 
manner with moisture and soil roughness. The value of 
soil brightness index varies mainly between 0 and 1. 

Multitemporal analysis: 

Regression between 1985 and 1995: The histogram 
below, with changes in values of the index brilliance soil 
for 1985 and 1995 shows a dynamic more or less 
regressive between these two dates, because it seems, 
especially in soil classes A, C, E, F and H, that the values 
of SBI show an increase, which proves that in these 
classes the soil has degraded, between these two dates, 
as rising of SBI values testimony of denudation soil. 

This increase of SBI is also explained by the fact that soil 
moisture fell between these two dates, as SBI and soil 
moisture are inversely proportional. In fact, Table of 
annual rainfall of the studied region between 1985 and 
1995 shows that the period between 1985 and 1995 is 
a drop in rainfall, which justifies the increase in values 
of this index. In fact, the rising values of the SBI, which 
was explained by the fact degradation of ecosystems of 
this area, we can deduce such a relationship between 
this index and vegetation index (SAVI), Because as it was 
explained that such elevated values of IBS reflects an 
increase in the percentage of bare soil compared to soil 
covered, which leads us to confirm the results 
presented by the SAVI, as regards the degradation of 
vegetation cover. 

Progression between 1995 and 2003: The analysis of the 
histogram below shows that the values of SBI decreased 
during the period from 1995 to 2003, which leads us to 
affirm that it happen such a progressive dynamic 
between these two dates. 

In fact, the analysis of these values shows that the space 
occupied by the bare soil in this area, declined during 

the period between 1995 and 2003, and it reflects the 
presence of plants that cover these soils. 

 

 

 

 

 

 

 

 
 

SBI changes between 1985 and 1995. 

 

This has already been proven by analysis SAVI during 
this period, which shows that there is a regeneration 
of different plant groups with very important 
chlorophyll activities because of the occurrence of 
rainfall. The diminution of SBI values is also explained 
by an increase in the humidity of different classes of 
land, as Table presenting data rainfall between 1995 
and 2003 shows that during this period the study area 
has received significant rainfall, which may have a 
direct effect on soil moisture. The histogram below 
represents the rate of change (%) of soil types 
recorded between 1995 and 2003.  

 

 

 

 

 

 

 

 

Rates of change of soil types between 1995 and 2003 

All of these diachronic studies of soil brightness index 
can learn us about soil conditions (bare soil, land cover; 
this is why we can associate the findings of SBI to 
those of SAVI to validate and interpret the dynamics 
of any ecosystem of the southern Tunisia. 

 

4. Conclusions 

This study was conducted in the Protected area of 
Bouhedma National Park aims to quantify 
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ecosystem dynamics during the years 1985, 1995 
and 2003 on the basis of two space parameters 
namely 'Soil Adjusted Vegetation Index (SAVI) and 
the Soil Brightness Index (SBI). The main findings 
of this study are as follows: 

The diachronic studies related to SAVI results show 
that changing values of this index is linked rainfall 
and grazing by wildlife introduced while neglecting 
the effect of human intervention since the study is 
done within the protected zone of the park. 
Analysis shows that the increase in SAVI values 
indicates that there is a 

progressing dynamic and there is a regeneration 
level of plant groups and a very important 
chlorophyll activity, and this is due to good rains and 
an average grazing pressure and no human 
intervention. This phenomenon described has 
already been identified for the time period from 
1995 to 2003. On the other hand, lower values of 
SAVI in a few plant groups shows the degradation of 
vegetation cover. 

Regarding SBI, diachronic studies shows that this 
index is inversely proportional to soil moisture, and 
for this reason that in the period between 1985 and 
1995 has identified a dynamic regressive because of 
drought unlike the period between 1995 and 2003, 
relatively humid, where there was a progressing 
dynamic. At this stage, it was noted that these two 
indices are complementary, in other words we can 
combine the results of this indices to study the 
dynamics of arid ecosystems, to have a clear idea 
about changes affecting two components of an 
ecosystem (soil, vegetation), which are both in direct 
relation (sol = support; vegetation = supported). 
Finally, the results obtained in this study show the 
importance of these indices in assessing the dynamics 
of dry land ecosystems. Further work on the 
relevance of these indices as indicators of 
environmental monitoring space seem necessary. 
 
 

References 

Elvidge, C. D. and Z. Chen. 1995. Comparison of broad-
band and narrow-band red and near- infrared 

vegetation indices. Remote Sens. Environ. 54, 38-48. 

Floret C. & Pontanier R., 1982. L’aridité en Tunisie 
présaharienne : climat, sol, végétation et 
aménagement. Travaux et document de l’ORSTOM 
n°150. Paris, 544 p. 

Huete, A. 1988. A soil-adjusted vegetation index 
(SAVI). Remote Sens. Environ. 25, 195-309. 

 
Huete, A. and R.D. Jackson. 1987. Suitability of 
spectral indices for evaluating vegetation 
characteristics on arid rangelands. Remote Sens. 
Environ. 23, 213-232. 

Jackson, R. D. (1983). Spectral indices in n-space. 
Remote Sensing of environment, 13: 409-421. 

Tarhouni M., Ouled Belgacem A., Neffati M. & 
Chaieb M., 2003. Dynamique des groupements 
végétaux dans une aire protégée de Tunisie 
méridionale. Cahiers Agricultures 16 (1): p 345. 

Tucker, C.J. 1979. Red and photographic infrared 
linear combinations for monitoring vegetation. 
Remote Sens. Environ. 20, 127-150. 

 


