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Introduction
In order to provide useful information to decision-makers to 

better fight against desertification, research has to design operational 
desertification monitoring systems that take on account the complexity 
of Human-Environment systems, and supply synthetic desertification 
risk indicators related directly to observed LU/LC Changes.

Nowadays, the indicators used are generally status indicators 
[1] directly measurable or observed on the fi eld or from a satellite 
image. They give a status of the system, without spatial and temporal 
correlation with factors that explain this status at the local scale [2]. 
Some methods are universally recognized such as the land cover 
classification system (LCCS) (Squires, 2010). Th ese methods use 
generally indexes extracted from satellite images like the RUE method 
(rainfall use efficiency) to qualify the water resources, or the NDVI 
(normalized difference vegetation index) or NPP (Net Primary 
Productivity) to qualify vegetation. In arid regions, these methods are 
not well adapted to local scales as the example of the NDVI which badly 
distinguishes vegetations with weak cover [3].

Advances are made at the regional and global scale, for example the 
Global Drylands Observing System (GDOS) proposed by Verstraete 
et al. [4], which relies between the status indicators adapted to the 
monitoring by remote sensing and the process of desertification. 
This kind of tools, or information systems [5], deal generally with the 
effects of the pastoral pressure [6] or of climate change [7]. Other tools 
mobilize the multi-agent systems that allow to better take into account 
the interactions between human actors [8], or even to measure the 
impact of public policies [9]. However, these tools have great difficulty 
in integrating spatial dimension of phenomena. When they generate 
spatial information via synthetic indicators of desertification risk, for 

example, we talk about Integrated Assessment Models (IAMs) [10].

In fact, the political and scientific international community 
mobilizes within the framework of international convention of 
desertification (UNCCD). In preparation for the Conference of Parts 
(COP 10) held in October 2011 in Korea, the scientific and technical 
committee (CST), attached to UNCCD, has selected two impact 
indicators related to fi ghting against desertification: 1) the state of 
land (land cover status) and 2) the part of population living above 
poverty line. For the fi rst indicator, the UNCCD  and  its  college  of 
scientific experts  do not recommend yet a specific method among all 
those which exist, to establish the link between “Land cover or Land use” 
and “desertification”. The cartography of the "land cover change" that 
establishes a link with desertification, particularly on regional scales, 
rarely implement methods of calibrations/validations, which remain 
difficult and costly [11]. If they exist, they establish a relationship with 
a measure of degradation as a result of process but not with a complex 
system producer of degradation. Without knowledge of the causes, 
managers will not be able to make choices in their actions to fight 
desertification.
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Indeed, the change of land cover and/or land uses, can be put 
in relation with the process of desertification. Once this relation is 
established, the LU/LC change can pass from a status variable to an 
indicator. 

In our study region, the natural resources are being degraded by 
competition among LU/LC (especially the expansion of cropland at 
the expense of the natural rangelands) for a limited stock of natural 
resources. Th e changes in LU/LC lead generally to unsustainable 
ecosystem and make it more difficult to meet long-term basic human 
needs [12,13]. 

Therefore, quantification and identification of LU/LC changes and 
theirs impacts on natural resources and the whole system vulnerability 
are urgently required before irreversible losses occur. Furthermore, 
there is a lack of information as to past and current environmental issues 
after the progressive LU/LC changes carried out in our region since 
minimum seventy years. This constituted our motivation to carry out 
the present research on the environmental assessing and monitoring 
of LU/LC changes, especially on natural resources vulnerability at the 
local scale.

The present research is then a contribution to meet the need to 
conceive methods and tools able to produce spatialized indicators 
which take in account the systemic and complex character of the 
desertification, the diversity of its local variations and the observed LU/
LC changes. These indicators must be easy to update in order to better 
assess and monitor desertification and to better support decision. 

In this article, we propose an approach and a tool entitled 
"information system for the operational monitoring of desertification at 
the local scale" (SIELO) which help to identify this link between LU/LC 
changes and desertification risks. This proposal is based on a method 
which can link a pre-existing environmental modeling called LEIS 
“Local Environmental Information System” [14,15] with observed LU/
LC Changes in arid areas, in order to create an operational monitoring 
of desertification. The proposal is illustrated by a first application to an 
arid zone Tunisian.

Methods and Materials
Study site

Oum Zessar Watershed, occupied by around 24,000 inhabitants, 
is located in south-east of Tunisia in Medenine governorate with 
36,000 ha surface area (Figure 1). Th is site is part of the Jeffara of 

Tunisia that presents a lower arid Mediterranean climate and a 160 to 
220 mm average rainfall per year with an average of 30 days of rain. 
Water resources are a major constraint for pastoral (sheep and goats) 
and agricultural (cereals and tree cultivation) activities. Th is site is a 
typical agro-pastoral interlocked area with the gradual and in some 
areas accelerated expansion of cropland at the expense of the natural 
rangelands. In fact it has very significant eco-environment vulnerability, 
degraded vegetation in rangelands, intensification of agricultural 
use in plain areas which have led to water resources overuse and to 
land degradation [16]. This region has been a target area of the main 
national strategies for natural resource and combating desertification 
(water and soil conservation, water resources, pasture and rangelands, 
sand encroachment, rural development). 

Main desertification issues are anthropic pressure having markedly 
increased in recent years due to changes in socio-economic policies. 
The effect of this has been an increasingly irrational use of natural 
resources, and as a consequence a state of severe degradation: i) 
Accelerated expansion of rainfed agricultural (especially olive tree and 
annual crops, cereals, etc. and irrigation system, ii) Significant change 
of agrarian system and land use, and iii) Development of multi sectors 
activities for income generation (urbanization, services, migration 
etc.). 

Methodology and used tools
Our methodology correlates the types and levels of LU/LC changes 

which can be detected by remote sensing and the desertification risks 
determined by the spatial integrated model (LEIS). In fact, this approach 
integrates different kinds of spatial analyzes: landscape approaches, 
remote sensing and environmental modeling. Th is spatial integrated 
approach can produce and link i) a functional zoning or landscape 
typology from a field analysis, knowing that landscape analyses over 
long periods are essential for identification of unsustainable trends [17] 
and can be very helpful to decision-makers [18-20]; ii) an assessment of 
desertification risks from a spatial modeling of resources/uses (LEIS); 
and iii) a mapping of LU/LC dynamics from an analysis of a series of 
satellite images.

The information produced in this chain of treatments is integrated 
into an information system conceptualized: SIELO" Operational 
monitoring system of desertification”. Th is system can produce 
normalized indicators, which can be followed by remote sensing of the 
"LU/LC change". 

The first step is to construct a landscape typology, serving for an 
operational decision making in terms of spatial planning, management 
of resources and fighting against desertification.

The second step is to characterize a potential risk of desertification 
evaluated according to an integrative approach of biophysical and 
socio-economic dynamics in each type of landscape. We use for that 
the LEIS model [15,21]. Each type of landscape can be characterized 
by an average index of risk of desertification (average weighted by the 
surface), either by level of risk (for example: low to medium risk, high 
risk and very high risk).

The third step is to simulate, with the LEIS model, the risk related 
to each potential type and amount of LU/LC changes, in each type of 
landscape. So, by applying several scenarios, we can assign to each class 
and proportion of LU/LC potential change, a "score" of level of high 
risks (RFTF), called standardized value of desertification risk (NRD) 
by type of LU/LC change. This score is standard and specific for each 
territory or case of study.

 

Figure 1:�*HRJUDSKLF�ORFDOL]DWLRQ�RI�WKH�ZDWHUVKHG�RI�2XP=HVVDU�LQ�WKH�
south-east of Tunisia.
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Then (step 4), we can calculate the real amount (surface) of different 
types of LU/LC changes with a supervised classification of a series of 
satellite images covering a period of interest (a specified period which 
interests the scientist and/or the managers) for each type of landscape. 

The link can be then established between the assigned standardized 
values of risk and the real LU/LC changes detected by satellite images. 
We are talking about specific index of desertification (ISD) by type of 
change of land use in each type of landscape (step 5).  

We can determine also the levels of desertification risks (IGDp) for 
all types of LU/LC changes by landscape type (step 6). The IGDp are 
calculated using the following formula:

11 ny
P1 y

max

ISD
IGD =

n*NRD
o

o
¦

y: Number of landscape types

n: Number of LU/LC change types

NRDmax: Maximal value assigned to different levels of desertification 
risks (NRD) by type of LU/LC change

We can also calculate new IGD by applying relevant scenarios of 
LU/LC changes which can occur on a given territory, corresponding to 
new land use strategies and policies (step 7). This information can be 
useful to policy makers. 

Figure 2 summarizes the steps of the presented approach and 
constitutes the conceptual framework. Th is approach is based on the 
valorization of the materiality of the landscape (step 1), the prospective 
capacity of the LEIS model (steps 2 and 3) and the capacity of 
spatialization of LU/LC dynamics via the remote sensing (step 4) to 
produce indices of desertification risks (steps 5, 6 and 7). 

On the basis of this conceptual framework, a prototype software 
“SIELO 1.0” has been developed in Visual Basic language 6, in the form 
of nested modules. SIELO uses and maintains a database on Access as 
the execution of the processing chain. The technical specification and 
the steps of the modeling are described in details in Fetoui (2011).

Figure 3 shows the interface of this prototype software. The idea to 
develop prototype software SIELO had the ambition to demonstrate 
its interest from researchers and development actors, to show them 
that they could take over all this tool, which is inexpensive and easy to 
manipulate, to support decision making. For this version, the results 
are in the form of tables that can be exported to Excel, and in form of 
histograms for the ISD, the IGD and the scenarios.

Results and Discussion
  We have been able to test the SIELO approach and its 

implementation in the prototype software in the Tunisian arid zones, 
from data collected on the study site of Oum Zessar watershed.

- Landscape typology

 It is based on the expertise and participation of resource persons 
(the heads of villages), researchers from different disciplines (ecology, 
geography, agronomy, geology etc.), and technical decision makers 
(agents of regional stations of agricultural development: CRDA). 
On the basis of meetings, investigations and transects in the field, 
the work led to the identification, delimitation and the validation of 
seven landscape types. The desertification risk is determined for each 
landscape type by applying LEIS model (Figure 4).

 

Figure 2:� &RQFHSWXDO� DSSURDFK� 6,(/2�� $Q� LQIRUPDWLRQ� V\VWHP� IRU�
RSHUDWLRQDO�GHVHUWL¿FDWLRQ�PRQLWRULQJ�DW�WKH�ORFDO�VFDOH.

 

Figure 3: ,QWHUIDFH� RI� WKH� FRQFHSWXDOL]HG� SURWRW\SH� VRIWZDUH� 6,(/2�
Y����73��ODQGVFDSH�W\SH��7&��/8�/&�W\SH��15'��1RUPDOL]HG�GHVHUWL¿FDWLRQ�
ULVNV� E\� 7&�� 3&�� 3URSRUWLRQ� RI� REVHUYHG� /8�/&� FKDQJH�� ,6'�� 6SHFL¿HG�
LQGH[� RI� GHVHUWL¿FDWLRQ�� ,*'�� JOREDO� LQGH[� RI� GHVHUWL¿FDWLRQ�� 6FpQ,*'��
6FHQDULR�,*'�.

Figure 4: 3RWHQWLDO�GHVHUWL¿FDWLRQ�ULVNV�E\�ODQGVFDSH�W\SH�
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- Calculation of Normalized Risks of Desertification (NRD) 
specific to this area of study

 The desertification risk indexes have been determined by applying 
the scenarios corresponding to the different potential types of LU/
LC changes. We considered three classes of changes of resources 
production following the LU/LC changes: 0-40%, 40-80% and >80%.

- Identification of LU/LC changes by remote sensing

 We have treated Landsat images of 30 m resolution covering the 
period 2002-2007, to identify and quantify the major LU/LC changes. 
These changes correspond to flows of vegetal resources available in the 
catchment area, which are calculated and recorded in order to reinvest 
in the next steps of the modeling to calculate desertification risks.

- Th e layers of information elaborated from remote sensing 
(proportions of LU/LC changes) and fi rst results of LEIS modeling 
(NRD), were then integrated in SIELO software v1.0 to calculate the 
specific indexes of desertification (ISD) corresponding to each type 
of LU/LC change. The results are automatically displayed in the form 
of histograms (Figure 5). They show that the types of LU/LC change 
n°4 (steppes-crops) and n°8 (crops-fallow) displayed a maximum 
risk of desertification compared with the other LU/LC change types. 
It is therefore a constant whatever the type of landscape, and a first 
meaningful and useful result.

However, the first results also show differences between landscapes. 
It is important to know these differences in order to adapt actions for 
combating desertification. For example, land use change n°10 (fallow-
crops) displays different levels of risk, from a landscape to another, 
depending on specific biophysical (soils, geomorphology, vegetation, 
climate) and socioeconomic characteristics (population, income, 
needs, accessibility, type of operators, type of use).

The first product of SIELO (ISD) may therefore show what type of 
LU/LC change is responsible for the maximum risk of desertification 
in each type of landscape. It also allows to show why this type of change 
is responsible for this maximum risk. It can thus provide elements and 
feed the understanding of the causes and processes of desertification to 
orient and adapt the actions of combating desertification.

- The software calculates also the global indexes of desertification 
by type of landscape (IGDp) and the global index of desertification IGD 
for the whole study zone on the basis of standardized values (NRD) and 
the ISD calculated. For the study zone, the model gives an IGD of an 
average value of 0.59 (medium to high risk), knowing that this IGD has 
a spatial variability between 0.33 and 1.

The histogram of the IGD by type of landscape (Figure 6) shows 
that the landscapes 2, 5 and 7 display the greatest risks of desertification 

following the different land use changes registered between 2002 
and 2007 (all changes are included). Th is synthetic information can 
lead actors to locate and to quickly assess the areas on which they 
should prioritize their actions. In fact, the high to very high risks of 
desertification are manifested, respectively, on 82%, 58 % and 73 % of 
the total area of landscapes 2, 5 and 7. In these landscapes, the lands 
are subjected to pressure because of the fragility of the soil and of 
the substantial population growth, especially in the landscape 2. The 
degradation in these types of landscape is manifested by regressive 
erosion [20].

For the scenario which is to implement all developing actions 
already scheduled between 2010 and 2029, the results (Figure 7) show 
that the risks of desertification in the landscape 7 will increase, unlike 
the landscapes 5 and 6. In fact, in the landscape 7, particularly due to the 
clearing of many hundreds of hectares of sloping land, the areas which 
are subjected to low-medium pressure can easily switch to high-very 
high risks. This is because of the cumulative effect of the weaknesses of 
the socio-economic and biophysical potential (migration, family needs 
for agricultural products are less and less satisfied, poor and fragile 
soils, erosion, etc.).

Some landscape types have not been the subject of programming of 
actions by the actors, whereas the risk continues to worsen as the case 
of the landscape 6, in which the level of artificialization is very high 
(high population density, high animal charge, etc.). Th is new index 
therefore provides an additional information in relation to the others 
(NRD, ISD, IGDp) in terms of dynamic and sensitivity to planned 
actions. The same action in different local contexts has not the same 

 

Figure 5:� +LVWRJUDPV� RI� WKH� 6SHFL¿F� ,QGH[HV� RI� 'HVHUWL¿FDWLRQ� �,6'��
E\� W\SH�RI� ODQG�XVH�ODQG�FRYHU�FKDQJH�DQG�E\� W\SH�RI� ODQGVFDSH��DV� WKH�
VRIWZDUH�GLVSOD\V�LQ�RXWSXW�

 

Figure 6:� +LVWRJUDP� RI� WKH� JOREDO� LQGH[HV� RI� GHVHUWL¿FDWLRQ� E\� W\SH� RI�
ODQGVFDSH��,*'S��

 

Figure 7:� 6FHQDULRV� RI� JOREDO� LQGH[HV� RI� GHVHUWL¿FDWLRQ� E\� W\SH� RI�
ODQGVFDSH�
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results in terms of success or failure. These first results, exploratory in 
nature, were designed to make the demonstration of the interest of the 
approach. They have been discussed with the managers.  These latter 
are very interested. They have themselves proposed several avenues for 
improvements.

Conclusion
The fi rst results of this research are specially intended to the 

design and the learning of a "normalization" method of desertification 
risks through the observation of LU/LC changes, in order to support 
decision to better combat desertification. Th e demonstration made 
in the study site highlights the potential of SIELO tool to support the 
management of affected territories, by one of desertification indicators 
advocated by UNCCD.

On the basis of a spatial and integrated approach, the present research 
tried to link LU/LC changes to processes and risks of desertification. It 
allows the elaboration of standardized values of desertification which 
are easy to calculate and specific to each observatory or case study. 

This research provides a continuous monitoring of desertification 
which could be in support to the existing observatories, in which it is 
difficult to provide information in near real time. If these observatories 
are capable to model and assess the risk of desertification at a time 
t0, and can acquire a continuous stream of satellite images, then it is 
possible to imagine that SIELO can take the relay for a monitoring of 
desertification.

This continuous monitoring could highlight major LU/LC changes 
and their corresponding desertification risks. It would be likely to alert 
in the short term the actors concerned by desertification and to orient 
immediately their actions, but also to manage uncertainties in south-
eastern Tunisia, especially climate variability and climate change. 

We insist on the problem of credibility of the models and the impact 
of using their results regarding the success and effectiveness of applying 
measures and strategies to fight against desertification. Some of these 
uncertainties are already recorded and considered in the application of 
SIELO to our study site.

In terms of prospects, researches will be able to continue 1) in 
the study site, to improve the set of input data and the analysis of the 
desertification risks, and 2) in other socio-economic and biophysical 
contexts of arid zones, to improve the generality of the model.
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