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Abstract
Since the 1970s, the Kebili region in Southern Tunisia has undergone important landscape transforma-
tions due to the rapid expansion of date palm plantations based on illicit boreholes tapping the underly-
ing deep aquifers. These private initiatives, called “extensions”, have developed on collective unfarmed 
areas outside historical oases. These landscape transformations have taken place in heterogeneous and 
complex trajectories and have raised sustainability concerns of groundwater resources. To address this 
concern, local actors need to build a joint vision of on-going landscape transformations. The objective 
of the present study is: (I) to analyse the trajectories of the landscape change, (II) to give an overview of 
the socio-economic and the environmental drivers, and (III) to better understand local actors’ perception 
of on-going changes taking place in the oasis extensions. The study builds on spatial analysis, on surveys 
and participatory workshops with actors of the Kebili region. The rapid development of oases extensions 
was triggered by economic factors that led to the development of innovative techniques to access water, 
land, and energy. Extensions were first created on lands in proximity of ancient oases before spreading to 
other areas. These extensions can be described as spontaneous, where farmers exploit new lands outside 
ancient oases. With the support of local councils in charge of land management, other extensions were 
initiated on lands located far from ancient oases. While the rapid development of these extensions led 
to improved date palm production, it was also the source of increased groundwater consumption. Actors 
have identified the overexploitation of groundwater resources as the main threat to the sustainability of 
the Kebili region, but there has been no discussion on how to respond to this concern. The current study 
highlights the need for a contextualized analysis of the heterogeneous trajectories of date palm extensions 
in order to inform sustainable natural resource management frameworks.

Keywords: Landscape changes, Groundwater management, Palm Date, Sustainability.

1. Introduction

Landscape constitutes an arena in which en-
tities, including humans, interact according to 

rules (physical, biological, and social) that de-
termine their relationships (Sayer et al., 2013). 
Land use changes are spatial patterns, observed 
at the scale of the landscape, that impact nu-
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merous biophysical processes such as water 
and soil degradation, contaminant fluxes and 
agricultural production as well as their sustain-
ability (Jackson et al., 2007; Wohlfahrt et al., 
2010). Developing more sustainable land use 
systems that satisfy growing demands while 
avoiding negative environmental and social 
outcomes is one of the main challenges man-
kind will face in the coming decades (Foley et 
al., 2011). Characterizing the drivers of land 
use changes and actors’ discourse is a prereq-
uisite for (1) exploring and simulating plausi-
ble land use scenarios, and (2) quantifying the 
subsequent ecosystem services and disservices 
(Benoît et al., 2012; Rizzo et al., 2013).

A substantive body of literature suggests that 
land use change results from the collective im-
pact of individuals’ decisions that depends on a 
range of factors which operate and interact at dif-
ferent spatial and temporal scales (Rizzo et al., 
2013). Other studies considered top-down driv-
ers of change such as policies, trade, migration 
and the community-based responses (Lambin 
and Meyfroidt, 2011; Novotny et al., 2021). 
Baynes et al. (2015) show the role of commu-
nities in landscape planning and conservation, 
pointing to the relevance of dual governance sys-
tems by governments as well as communities. At 
regional and larger scales, most of the landscape 
transformation is attributed to agricultural and 
urban expansion (Lambin and Meyfroidt, 2011). 
Actors’ goal-oriented perspectives can affect the 
degree to which land use changes will follow 
either a pathway towards natural resource con-
servation or depletion and degradation (Sayer 
et al., 2013). To enhance community agency in 
natural resource conservation, community and 
governmental goals need to be carefully aligned 
to allow communities to effectively manage 
their natural resources (Novotny et al., 2021). 
Numerous studies have also shown that similar 
water or land use changes at the local level can 
have different drivers and consequences in dif-
ferent contexts or at different scales of analysis 
(Foley et al., 2011; Mekki et al., 2013; Amichi 
et al., 2020).

The oasian landscape in the Maghreb has 
undergone rapid changes in response to a com-
bined effect of environmental, socio-economic 

and institutional drivers accelerated by access to 
water and land resources for the development of 
irrigated agricultural areas. Irrigation in the oa-
ses was traditionally based on groundwater. The 
availability of new drilling techniques enabled 
to trigger “pioneering fronts” where previously 
uncultivated land shifted to intensive irrigation 
farming (Hamamouche et al., 2018). In Algeria, 
the government supported this development to 
promote a wide range of value chains (Daoudi 
and Lejars, 2016; Amichi et al., 2020; Benmi-
houb et al., 2021). In Morocco, as part of the 
Green Morocco Plan, some farms obtained sup-
port to develop palm groves (Raiskila, 2015). 
Public policies thus fully acknowledge these 
newly farmed areas. 

In the Kebili region in Southern Tunisia, date 
palm production has boomed since the 1990s as 
part of this boom in groundwater use. The gov-
ernment supported the development of ground-
water use infrastructures to revitalize ancient 
oases and to develop a few modern oases (Côte, 
2002; Mekki et al., 2013). The government, 
however, had no clear plans for the future of 
palm grove areas in the Kebili region (Brochi-
er-Puig, 2004). Still, farmers were not allowed 
to drill individual boreholes on their own outside 
traditional oases to limit the use of the aquifers. 
Despite this lack of vision, palm grove devel-
opments took place, especially from the 2000s 
onwards, in areas locally referred to as “exten-
sions”. In 2020, the production of dates in these 
extensions represented approximately 85% of 
the date production in the region and 80.7% of 
national date production (CRDA, 2020). Collec-
tively, these extensions are currently the largest 
illicit agricultural area based on groundwater use 
in Tunisia. The Regional Office for Agricultural 
Development (CRDA after its French acronym) 
considers the situation to be increasingly un-
tenable. However, there has been to date little 
discussion about the desired pathway of devel-
opment for these areas, which have remained 
largely outside the scope of public policies.

There have been several investigations on ag-
ricultural dynamics in the newly farmed areas of 
the Kebili region. Illicit extensions across the re-
gion were identified in the 1990s (Bisson, 1991) 
and several studies analysed the initial steps of 
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the development of palm grove extensions in 
the early 2000s (e.g. Kadri and Van Erst, 2002). 
These factors jointly enabled the expansion of 
the pioneering front, but also led to a nascent 
crisis of the rapid depletion of aquifers. More 
broadly, building a transversal, dynamic and 
spatialized vision of the landscape is essential in 
order to reduce the gap between public actions 
and responses to local problems. There are cur-
rently, however, no studies of the overall dynam-
ics of the extensions of the entire region. More-
over, other characteristics of oasian landscapes 
that need to be taken into account are also less 
perceptible such as aquifer characteristics, land 
tenure status, interdependencies between actors, 
rules for the management of infrastructure or ac-
cess to common resources, or delineations of the 
territory of farms.

Building such a vision requires to consider var-
ious topics, including the explanation of compo-
nents that characterize the management territo-
ry (e.g., socioeconomic, environmental, spatial 
planning), the identification of the co-evolution 
of actors and the dynamics of access to land and 
water trajectories for exploring possible strate-
gies (e.g., strategies of extensions), as well as 
the determinants of types of extensions. There 
is a need for a dynamic analysis that considers 
water and land as indicators of landscape trans-
formation. Taking into account past and present 
dynamics allows the localization of the changes 
and differentiation of the types of evolution in 
progress in order to identify the scales and the 
nature of future interventions. Understanding 
these dynamics also enables the delineation of 
possible future patterns of change of local ter-
ritories: anticipating possible negative impacts 
on resources; identifying the potential evolution 
of oasian landscapes in different contexts; iden-
tifying potential conflicts between actors and 
suitable responses to change their practices and 
adopt collective strategies to mitigate these con-
flicts (Casanova and Helle, 2012).

Landscape approaches have been able to 
find ways to reconcile biodiversity conserva-
tion with human development targets (Reed et 
al., 2017, Angelstam et al., 2019a). They have 
also proposed means for improved governance 
towards increased sustainability (Angelstam 

et al., 2019a, 2019b). This is particularly im-
portant for tackling groundwater governance 
issues in collaboration with stakeholders. This 
article aims to analyze the key drivers and the 
spatio-temporal dynamics behind the advance 
of the palm grove extensions of the Kebili re-
gion using a landscape approach. The article 
first analyses how the new oases were devel-
oped and the drivers of their development as 
well as examine their effects on groundwater 
resources. Second, it investigates the way lo-
cal actors assess the drivers and the impacts of 
these extensions and the current (fragile and 
very limited) attempts to build a framework to 
integrate them in the ambit of public manage-
ment. These elements can provide much-need-
ed information about available opportunities 
and threats and contribute to the dialogue about 
possible future pathways toward the sustaina-
ble development of the Kebili region.

2. Methods

2.1. Case study

The study area belongs to the Kebili Gover-
norate (22,500 km2) located in the southwest of 
Tunisia (Figure 1). The climate regime is arid 
with less than 150 mm of annual precipitation, 
which occurs during the winter season. Agricul-
tural systems are mainly based on palm grove 
oases and livestock. The old oases as well as the 
new ones created by the government are local-
ly referred to as “public irrigated areas” and are 
managed by water users’ associations. Inside 
these areas, farmers have access to a collective 
irrigation network.

Three classes of farms in public irrigated areas 
were reported by the CRDA (2018). Small-scale 
farms (less than 0.5 ha) represent 12% of the irri-
gated area, medium-scale farms (between 0,5 ha 
and 5 ha) 86% and large-scale farms (between 5 
and 35 ha) 2%.

The Kebili region draws almost all its water 
needs from two confined groundwater aquifers: 
the Intercalary Continental (IC) and the Termi-
nal Complex (TC). Intensive exploitation of the 
groundwater began in the Kebili region in the 
mid-1970s. The depth of the Terminal Complex 
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aquifer varies between 100 and 400 m. The depth 
of the Intercalary Continental aquifer varies be-
tween several tens of meters to more than 1000 m.

Two regional programs that focused on the 
use of groundwater resources were also im-
plemented during the last decades: the PDES 
(French acronym for Southern Water Planning 
Program) and the APIOS (French acronym for 
Improving Oases Irrigated Areas a Tunisian). 
The PDES programme aimed to increase water 
abstraction and irrigated areas, while also im-
proving hydro-agricultural infrastructures for 
soil preservation and to optimize water use. The 
APIOS programme addressed the preservation 
of water resources through 1) the modernization 
of distribution and drainage infrastructures, and 
2) the strengthening of institutional structures 
(Ghazouani et al., 2009).

In the Kebili region, management councils 
managed collectively owned land in rural areas. 
These councils were composed by representa-
tives of each tribe at the community scale. At the 
district level, other management councils were 
composed of representatives from each local 
council and at the governorate scale level, they 
were composed of representatives of each dis-

trict. The status of these management councils 
was in 2022 being reviewed by the government 
and they had not been renewed since 2021.

2.2. Analytical framework: landscape 
approach

The landscape approach was developed in re-
sponse to increasing societal concerns about en-
vironment and development tradeoffs (Sayer et 
al., 2013). We aimed to understand the integra-
tion and feedback between social, economic and 
environmental components of complex systems, 
and to apprehend the types of change underway, 
the way in which changes occur and the opportu-
nities presented. Thus, we placed the landscape 
and its dynamics at the center of the analysis 
(Casanova and Helle, 2012; Niedertscheider 
et al., 2014). Sayer et al. (2013) identified ten 
principles to support the implementation of a 
landscape approach and guide the process of 
decision-making in landscape contexts. These 
principles emphasized that paying attention to 
agricultural and environmental priorities will re-
quire stakeholder involvement and a people-cen-
tered approach at various landscape scales. This 
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Figure 1 - Kebili 
region and select-
ed areas for work-
shops.
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framework has been used to assess the sustain-
ability and to design improved agricultural sys-
tems, taking into account tradeoff and synergies 
among the drivers (Sayer et al., 2013).

It is important to consider the diversity of 
actors within a territory and identify the diver-
sity of strategies, actions and interactions (e.g. 
cooperation/conflicts between these actors) that 
influence territorial resources. This leads us to 
conceptualize the oasian landscape as a complex 
system in which humans and nature are intricate-
ly linked and in continuous interaction (Baynes 
et al., 2015). Taking into account both land use 
change patterns and the drivers underlying it 
opens up opportunities to improve methodolo-
gies for developing prospective approaches at 
territorial levels (Casanova and Helle, 2012). 
Institutional stakeholders have considerable ex-
pectations with regard to such methodologies.

Within the Kebili oasian agrosystems, we opt-
ed for the following structure: connect anthropo-
genic processes and drivers of land use change 
with the uses of natural resources (groundwa-
ter), actors’ discourse and policies (Figure 2). 
The main drivers included socioeconomic di-
mensions (e.g., market constraints, technologi-
cal developments), which drive the trajectories 
of the farm extension and extension area at the 
territory scale. We considered the way land use 
changes impacted groundwater resources (e.g. 
salinization and the lowering of the piezometric 
level). The response mechanisms were charac-
terized in terms of public policies and individual 
adaptation strategies.

2.3. Data collection and analysis

The first phase of the study started in 2019 
and aimed to diagnosis the prevailing situation 
in the region. Data on the development of ex-
tension areas was collected from various public 
offices: Kebili CRDA and its local offices, an 
Interprofessional Group for Date production 
and marketing, the Direction of Water and Soil 
Conservation, and the Office for the Develop-
ment of the South. 

Between November 2019 and August 2020, 
individual semi-structured interviews were 
conducted in the field with 36 farmers and 
completed with collective semi-structured in-
terviews with 7 farmers. All interviewed farm-
ers have plots both in the traditional oasis and 
within the extensions. Fifteen semi-structured 
interviews were completed with CRDA offi-
cers and technicians from agricultural organ-
isations (the Agricultural Investment Promo-
tion Agency-APIA and the Agricultural Land 
Agency-AFA). Interviewees were asked to de-
scribe: (I) the dynamics of their area (history 
of their farms, the perceived changes, and the 
driving factors); (II) constraints on land, en-
ergy and water resources and their adaptation 
strategies to face these constraints; and (III) 
the future scenarios and potential future devel-
opment of extensions.

Between March and July 2021, the authors 
organized a workshop with 19 representatives 
of the local offices of the Ministry of Agri-
culture, followed by three workshops with 36 

Figure 2 - Analytical framework based on a landscape approach.
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farmers from three zones as illustrated in Fig-
ure 1: Om Somaa South (Souk Lahad district), 
Blidette (Southern Kebili district) and Zaa-
frane (Southern Douz district). The workshops 
aimed to complement interviews, in order to 
delimitate extensions and uncover factors that 
could explain their evolution. Participants 
were invited to describe the agrarian dynamics 
in their area for the past 40 years and to identi-
fy factors that could explain changes that had 
occurred. The interviews and workshop dis-
cussions were recorded and transcribed.

Issues of data availability and quality are a 
concern of any long-term land-system change 
assessment (Erb et al., 2009) including those in 
an oasis territory. Because of the illicit status of 
extensions, public data defining the boundaries 
of oasis extensions did not exist. Therefore, we 
opted for manual digitisation of contours based 
on satellite images (Sentinel-2 and Google 
Earth) from 1984 to 2020.

Moreover, long-term measurements (1960-
2020) of piezometric levels of TC and IC aqui-
fers were obtained from Kebili CRDA. This 
office regularly measured manually ground-
water levels in boreholes installed in official 
irrigated areas and not in illegal extensions. 
The resulting database was however mostly 
fragmentary.

Through our interviews with the adminis-
tration staff and farmers, we tried to trace the 
history of government interventions, including 
attempted interventions, in the hopes of find-
ing solutions to the rapid development of ex-

tensions occurring today. Analysis of satellite 
data and interviews of actors allowed the iden-
tification of different types of extension trajec-
tories. To better understand the trajectories, a 
sample of fields covering 1247 ha in the study 
area was mapped. The field contours were man-
ually digitalised based on satellite images and 
the mapping was supported by interviews. A 
total of 1061 polygons, corresponding to irri-
gated plots, were digitalised. Data on irrigation 
pumping systems (electric, fuel energy, photo-
voltaic) were obtained for a sample of legal and 
illegal 640 plots (CRDA inventory, 2018).

3. Results

3.1. Diverse and rapid dynamics

3.1.1.  Growth in planted areas
The first oasis survey carried out by the Min-

istry of Agriculture in 1976 revealed that the to-
tal area of date palm oases in Kebili was around 
5,240 ha. As private extensions were not rec-
ognized by the administration, they were not 
counted until the end of the 1990s. The results 
of the survey conducted by the Ministry of Ag-
riculture between 1994 and 1996 and reported 
by Kassah (1996) showed that the area of the 
extensions reached 7,000 ha by then. The speed 
of development of extensions, as well as their 
geographical dispersion, made it difficult to ac-
curately measure their actual spatial extent and 
boundaries. The censuses of oases carried out 
by the administration since 2008 have led to a 
more precise assessment of the extension areas. 
Figure 3 shows the evolution of extension areas 
based on Kebili CRDA (2010 and 2016), and 
our estimate for 2020 (32,700 ha).

The annual average rate of increase over the 
three periods 1996-2010, 2010-2016 and 2016-
2020, is 540 ha/year, 2073 ha/year and 1434 ha/
year, respectively. The speed of development 
is characterized by an acceleration phase from 
2010-2016 and a deceleration phase from 2016-
2020. In comparison with extensions, the pace 
of development of legal oases is rather low and 
stable. Legal oases covered around 8,315 ha in 
1996 and did not exceed 10,485 ha in 2018.

Source: Kassah, 1996; CRDA Kebili reports from 
2010 to 2020.
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Figure 3 - Evolution of oasis extension area in Kebili 
region from 1996 to 2020.
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3.1.2.  Two types of trajectories
Each extension was created gradually and 

according to very different rhythms from one 
extension to another. Interviewed farmers and 
CRDA staff members identified two trajecto-
ries (Figure 4a and Figure 4b). In the trajectory 

T1, extensions were created first on lands near 
ancient oases before spreading to more distant 
areas. Generally, farmers developed these “out-
spreading” extensions without the involvement 
of management councils. In some cases, the 
management council intervened to divide collec-

Realized by the authors based on satellite images (Sentinel-2 and Google Earth), surveys and workshops with 
actors of Kebili region.
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Figure 4 - a) The two identified trajectories; b) The spatio-temporal evolution of extensions in Southern Douz 
and Northern Douz districts (1984-2020).
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tive land between the inhabitants of the region 
(and between farmers and non-farmers).

In the trajectory T2, extensions were created 
first on lands located far away from the ancient 
oases. This trajectory can be labelled as “initi-
ated in the outskirts” and is mainly triggered by 
the management councils. In order to assert their 
authority on area located within their jurisdic-
tion (usually located far from traditional oases), 
the management council asked members of the 
tribes represented in the council to start farm-
ing in this area. The management council can 
attribute a land allocation title, but not a title of 
individual property. This land allocation title can 
be sold or inherited. Entrepreneurs can have a 
land allocation title directly from the manage-
ment council, or by buying and grouping several 
neighbouring plots. In this trajectory T2, ex-
tensions thus began from the boundaries of the 
sector managed by a council and then expanded 
later to the centre of this sector. Figure 4b illus-
trates examples of these trajectories in Southern 
Douz district and Northern Douz district.

For each trajectory, Table 1 presents the num-
ber and the size of the plots according to the 
sampled farm group and the irrigation pumping 
system in the Southern and Northern Douz dis-
tricts. Field interviewed enabled us to confirm 
that, in extensions, limits of plots also corre-
spond to limits of farms. Small-scale (less than 
0.5 ha) plots are located mostly near ancient oa-
ses, whether they were installed in the first phase 
of extension creation (T1) or more recently (T2). 
Solar irrigation systems are quasi-absent in these 
areas, due to limited financial means or limited 
available space. Interviews with actors showed 
that farmers of plots close to ancient oases in 
T1 trajectory are also holders of plots inside the 
ancient oases, whereas farmers of plots close 
to ancient oases in T2 trajectory are inhabitants 
of the region who were not previously farmers 
from ancient oases.

Past extensions by “agricultural entrepre-
neurs” in T2 trajectory were of medium (be-
tween 0.5 ha and 5 ha) and small size. In T1 
trajectory, large (between 5 ha and 35 ha) farms 

Table 1 - Number of farms and their area by trajectory type, farm group and irrigation pumping system.

Extensions close to ancient oases Extensions far the ancient oases
Area Plot Plot Area 

“Outspreading” 
T1 trajectory

Plot group
Total 144 113 ha 158 757 ha
Small 41% 16% 0% 0%
Medium 59% 84% 56% 33%
Large 0% 0% 44% 67%
Irrigation Pumping System
Total 41 n.a. 363 n.a.
Electric/fuel 83% n.a. 58% n.a.
Solar 17% n.a. 42% n.a.

“Initiated in the 
outskirts” T2 
trajectory

Plot group
Total 664 274 ha 95 103 ha
Small 80% 59% 22% 7%
Medium 20% 41% 78% 93%
Large 0% 0% 0% 0%
Irrigation Pumping System
Total 57 n.a. 35 n.a.
Electric/fuel 93% n.a. 74% n.a.
Solar 7% n.a. 26% n.a.
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were developed only recently in extensions lo-
cated far from ancient oases. These recent farms 
are also those with the higher rate of use of solar 
energy. Our surveys with local actors revealed 
that entrepreneurs from outside the region on the 
whole operated large-scale farms.

The areas for potential future development of 
extensions were identified based on interviews 
with the administration officers. The physi-
cal barriers to extension development could be 
dunes, chotts (shallow saline lakes), urban ex-
tensions or touristic areas. In the Northern Douz 
district, opportunities to develop new extensions 
currently appear very limited. In contrast, in 
the Southern Douz district, there are still spac-
es available for planting between the oases of 
Zaafrane, Nouaiel and Klibia. Farmers from the 
Zaafrane extensions in the Douz region and who 
participated in the workshops, mentioned that 
they expected a future increase in illegal exten-
sions and new drilling technologies to exploit 
deeper aquifers, which would ensure the viabil-
ity of farms.

3.1.3.  Typology of extensions
In extensions, most palm groves are re-

cent and Deglet Noor is the dominant variety. 
Through mapping and field investigation, we 
classified extensions according to their po-
sition relative to legal oases. There are three 
classes of extensions as illustrated in Figure 
5: (I) Extensions bordering ancient oases, i.e. 
the mutakhma, which are partially acknowl-
edged by Kebili CRDA. Any extension in the 
periphery of ancient oases that is not traversed 
by a road, a river or a drain is considered as 
a mutakhma; (II) Extensions bordering ancient 
oases, but which are not interconnected and are 
considered illicit by Kebili CRDA; and (III) 
Extensions disconnected from ancient oases 
and considered illicit by Kebili CRDA. In the 
Northern and Southern Douz districts, the to-
tal area of extensions in 2020 covered 10,387 
ha. The mutakhma extensions covered 751 ha 
(7.23%), bordering extensions covered 1,645 
ha (15.83%) and disconnected extensions 7,991 
ha (76.93%).

Figure 5. Typology of illicit extensions in Northern and Southern Douz districts.
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The mutakhma extensions are considered 
as a continuity of ancient oases. Most farmers 
farming these extensions are small-scale family 
farmers who also own other plots in the ancient 
oases. They irrigated from illicit boreholes (indi-
vidually and, many times, collectively) and also 
have access to the collective irrigation network 
of ancient oases. Other types of extensions do 
not have access to collective irrigation networks.

3.2. Factors that triggered the pioneering 
front

According to the actors interviewed and par-
ticipants in the workshops, agricultural systems 
in Kebili region changed significantly during 
the 1970-2020 period in relation with profound 
technical, socio-economic transformations and 
public policies. The development of illicit exten-
sions depended primarily on the availability of 
groundwater resources. By the end of the 1970s, 
various push and pull factors led to a movement 
to private oases extensions outside of the tradi-
tional perimeter.

There were four important factors that were 
identified. First, farming in ancient oases be-
came less profitable due to land fragmentation 
and a decrease of land fertility because of the 
loss of biodiversity. Moreover, there were water 
deficits in traditional oases, and pumped water 
flows had been decreasing. In particular, artesian 
wells, which were numerous in the area, had all 
dried out by the early 2000s. Second, market 
liberalisation of the date palm sector led to an 
increase of the price of Deglet Noor dates.

Third, in some ancient oases, various public 
projects drilled boreholes to tap deep aquifers so 
as to increase water flows in collective networks. 
Farmers created extensions on the periphery of 
traditional oases (in areas called mutakhma) and 
built canals in order to use water from collective 
irrigation networks. These extensions were then 
included in the distribution water turns managed 
by water user associations. Farms located at the 
periphery of ancient oases drilled surface wells 
to make use of this new source. The relatively 
high salinity of the shallow aquifer was compen-
sated by frequent and abundant irrigation.

And fourth, farmers developed innovative 
ways of accessing water, land, and energy. In 
the mid-1980s, low-cost drilling techniques be-
came easily available in the Kebili region. Ille-
gal boreholes were drilled in the new extensions 
created in the periphery of old oases. Farmers 
operated using diesel pumps. In lands in proxim-
ity to urban areas, farmers also operated electric 
pumps illegally. There were also public subsi-
dies for building cold warehouses for the conser-
vation of Deglet Noor dates inside and outside 
ancient oases. Owners of cold warehouses took 
advantage of their legal access to electricity to 
provide energy to boreholes located in extension 
areas. Later, from 2014 onwards, farmers started 
using solar power, especially in areas located far 
from urban areas. The increasing number of so-
lar panels used for irrigation can be explained by 
I) the increasing costs of fuel and electricity, and 
II) the increasing number of solar panel compa-
nies and the growing competition between them, 
which led for instance some of these companies 
to offer payment facilities to farmers). Accord-
ing to interviewed actors, costs of installation of 
solar panels decreased by almost 50% between 
2015 and 2020. The size of these solar instal-
lations varied greatly. Our spatial survey shows 
the intensified use of solar panels in the Douz 
region, particularly in the Southern Douz district 
area. In total, 2358 solar panels were detected in 
the Kebili region, of which 1083 were located in 
the Southern Douz district and 281 in the North-
ern Douz district.

Interviewed administration representatives 
acknowledged the limitations of ancient oases. 
They underlined the inefficient management of 
collective irrigation networks and the lack of 
maintenance of networks created by farmers 
in the mutakhma extensions. Both problems 
induced a decrease in the frequency of the de-
livery water turns. They also reported that, with 
the exception of 500 ha of new oases created by 
the PDES, only a few oases had been developed 
by the administration. A manager commented 
that: “sometimes we regret not having created 
new irrigated oases in collective lands; at least 
they could have been irrigated from collective 
and public wells and we would have avoided 
all these illicit drillings.” Moreover, they under-
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lined the role of immigrants from other regions 
of Tunisia in extension development (the Kebili 
region has the second highest immigration rate 
in Tunisia), especially as they provide capital to 
invest in these extensions. Administration repre-
sentatives also stressed the role of the 2011 Rev-
olution. Before the revolution, Kebili CRDA had 
better control over illegal borehole drilling and 
had more legitimacy to act. In 2011, thousands 
of boreholes were created, and the CRDA was 
unable to intervene. A staff member mentioned 
that “In some places, the CRDA felt obliged to 
give permission to access electrical energy even 
if it had doubts about the intentions of the farm-
ers [in terms of creating new palm groves out-
side official areas]. The CRDA has thus played 
a role in accelerating the development of exten-
sions and illegal drillings.”

3.3. A shared concern: the future of water 
resources

3.3.1.  Intense groundwater use and its conse-
quences

The rapid development of extensions based on 
illicit wells led to improved date palm produc-
tion, but it has also accelerated the degradation 
of natural resources. According to interviewed 
actors, boreholes are operated non-stop during 
certain periods of the year, leading to a rapid de-
crease of water table levels. Available estimates 
suggest the number of illicit boreholes in exten-
sions increased from several dozen in the 1970s 
to 1,500 in the 1990s, 3,500 in 2010 (Gharbi, 
2010) and to 9,678 in 2017 (CRDA, 2018). Con-
comitantly, a strong decline in piezometric lev-
els was observed in several locations (Figure 6). 
The linkage between the growth of extensions 
and the decrease in Terminal Complex aquifer 
levels is also highly likely. In the Southern Douz 
district, the larger the area of oasis extension (eg, 
Golâa area), the greater is the decrease in the aq-
uifer level. A decrease in the piezometric levels 
of 24.70 m has also been observed at Smida oa-
sis between 1991 and 2020 (average of 1.18 m 
decreases per year).

Moreover, salinization of soil and waterlog-
ging stemmed (I) from shallow saline water 

tables due to excessive irrigation with saline 
water from deep fossil aquifers and (II) from 
deficiencies in artificial drainage due to channel 
clogging by sand and roots (Ben Aïssa, 2006). 
Interviewed Kebili CRDA managers linked the 
degradation of groundwater quality and the de-
creasing levels of groundwater to the increas-
ing amount of pumped water.

3.3.2.  Actors’  discourse  about  causal  rela-
tionship between extension development and 
overexploitation of groundwater resources

Interviewed CRDA staff members underlined 
that the main threat to sustainability of agriculture 
in Kebili region was decreasing water resourc-
es. They put forward that throughout the 1980s, 
farmers exploited unused water from collective 
irrigation networks in the evenings to irrigate 
small extension plots located in the vicinity of 
ancient oases. From the 2000s, water started to 
become scarce and the impacts of these “nearby” 
extensions on ancient oases were clearly percep-
tible. They led to reduced water resource availa-
bility within these oases. The intense exploitation 
of deep aquifer has also resulted in an increase of 
groundwater levels in shallow aquifers, which has 
caused drainage problems.

Interviewed farmers also linked the extension 
dynamics with the degradation of water resourc-
es and identified this to be the main threat to sus-
tainability. Farmers from Om Somâa extension, 
mentioned that: “[due to extensions close to the 
ancient oasis] the water turn can reach 20 days” 
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Figure 6 - Evolution of piezometric levels of Terminal 
Complex aquifer in two locations.

Source: CRDA Kebili, 1998-2018.
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and that in the extension area “the salinity of the 
shallow water table has become very high in the 
last 5 years and exceeds 5 g/l.” Farmers from 
the Blidette extension highlighted the effect of 
photovoltaic panels that were installed on the 
aquifer in 2015. Farmers rarely stopped pumps 
connected to these panels, which has led to in-
creased use of groundwater. As one farmer men-
tioned: “If we had been authorised to equip our 
boreholes with electricity, we could have avoid-
ed the current situation of development of solar 
irrigation systems leading to a more intensified 
use of groundwater resources.”

Farmers were pessimistic about the future of 
oases if current trends remain unchanged. They 
expressed their interest in designing innovative 
governance arrangements to ensure sustainable 
water use. However, the intervention of public 
policies in extension areas was perceived as both 
a threat and an opportunity. Deepening the bore-
holes, or searching for other lands were the main 
strategies that farmers identified to cope with de-
creasing levels of water resources.

3.4.  Limited attempts to manage palm grove 
extensions

At the end of the 1980s, after the intervention 
of the Nefzaoua and APIOS projects, the ad-
ministration formally integrated certain groups 
of extensions that were in continuity with the 
ancient oases into the water turn of collective 
networks, as in the Nefzaoua area (Ghazouani, 
2009). However, a continuous decline in admin-
istrative surveillance and control of illegal drill-
ing, as well as applying sanctions was reported 
by Kassah (1996). The decline of government 
control was attributed to the difficulty of mon-
itoring a process that affected the whole region, 
to strong social pressures, and to the lack of al-
ternative solutions in the region. It was only in 
2008 that the administration began researching 
tangible solutions. 

A visit by a government delegation in the Ke-
bili region in 2017 led to an initiative to legal-
ise mutakhma extensions. At the time, private 
farms inside the moutakhma extensions covering 
around 3750 ha were legalised and were provid-
ed subsidies. These subsidies were mainly water 
saving (drip irrigation; basins) and soil protec-

tion (the sandy amendment) equipment. How-
ever, subsidies to moutakhma extensions were 
later put on hold due to a lack of a legal basis for 
this new initiative. In 2018, Kebili CRDA an-
nounced a plan to provide subsidies to all other 
extensions, but this was later also put on hold.

Discussions to find solutions that would allow 
the provision of subsidies to any type of exten-
sion were still ongoing in 2022. To find legal 
solutions for extensions, discussions involved 
the Ministry of Agriculture, the Agricultural 
Investment Promotion Agency (APIA) and the 
Agricultural Land Agency (AFA). In July 2021, 
in cooperation with the AFA, a new attempt was 
made to legalise extensions by creating irrigated 
public areas. This decision will be applied in the 
first stage to the mutakhma areas.

In 2021, the production of Deglet Noor dates 
in the Kebili region, which is mainly cultivated 
in the extensions, was included in the national 
production of dates in Tunisia. However, the ad-
ministration still did not recognize these private 
areas, which has led to various consequences. The 
first is a lack of strategies to improve irrigation 
water use. Apart from the mutakhma extensions, 
farmers within other type of extensions do not 
have access to either water saving or soil protec-
tion subsidies. Farmers created drainage networks 
without any idea about their real effectiveness. 
Negotiation mechanisms between farmers and 
the administration has yet to be put into place to 
reduce the volumes of water pumped by farmers, 
to stop the continuous movement of extensions 
or to deal with the problems of hydromorphy and 
salinisation of the soil in these areas. 

The second consequence is land tenure inse-
curity. The illegal status of the extensions is not 
due to unauthorized access to the land, but rath-
er to the unauthorized access to water resources. 
This paradoxical situation results in a blockage 
when it comes to the security of land holdings. 
Even though farmers benefit from a land alloca-
tion title issued by a management council, they 
cannot get a title of individual property. The 
situation becomes more problematic when the 
palm groves created become productive. Farm-
ers cannot access public subsidies, they cannot 
get loans from banks nor can they benefit from 
public extension services.
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4. Discussion

4.1. Various dynamics toward one crop

Most of the “push and pull” factors that led 
to the development of extensions in Kebili have 
been identified in other studies that focused 
on the development of agricultural economies 
based on the use of groundwater in North Afri-
ca since the 1990s (Faysse et al., 2011). These 
factors particularly include drilling technologies 
that are available locally and financially accessi-
ble, water scarcity in existing irrigation schemes, 
and opportunities of remunerative markets for 
agricultural products (Fofack et al., 2015; Kuper 
et al., 2016). Other factors have also emerged 
as playing a key role in extension development, 
such as solar energy, which is currently available 
locally and financially accessible. The trajectory 
of the development of extensions has differed in 
the North African countries. Compared to Mo-
rocco, Tunisia’s land regulation has accelerated 
the privatisation of collective land in a manner 
that has created opportunities for small land-
owners to invest in agriculture (Houdret et al., 
2017). However, private ownership of land in a 
fragile environment has had very serious conse-
quences, causing uncertainty about the future of 
these developments and a decrease in investors’ 
ability to face such insecurity (Bensâad, 2011).

At the national level, the Kebili region is a 
pioneering demonstration zone for agricultural 
expansion based on illicit boreholes. The current 
debate within research as well as in wider pub-
lic arenas now often put forward environmental 
and sustainability issues including groundwater 
overexploitation, soil hydromorphy, salinity, and 
biodiversity loss. However, few academic stud-
ies have considered the main drivers and the dif-
ferent spatial expansion dynamics in Kebili re-
gion. Therefore, the region might be considered 
as a benchmark to initiate societal dialogues and 
national debates concerning water and land pub-
lic policies, which could lead to more efficient 
and sustainable uses of these natural resources.

For the past 30 years, the diversity of farmers’ 
origin and of processes for farmers to get access 
to land, has contrasted with the focus on one 
specific crop and variety, i.e. Deglet Noor dates. 
This dynamic was on the whole initiated by 

small and medium-sized farms. Yet, extensions 
created in 2020 are not the same as 30 years ago: 
larger plots are planted by medium-sized farms 
and large investors in locations far from legal 
oases; and solar energy enables easy access – for 
the moment – to water.

4.2. Towards comprehensive and innovative 
policies

In Morocco and Algeria, the government ac-
tively promoted the development of agriculture 
based on groundwater use to develop southern 
regions. By contrast, in Tunisia, the government 
chose to consider these activities as illegal, but 
at the same time chose not to act to limit the 
extension of groundwater-based agriculture – 
a stand that is quite common in many regions 
located in the centre or in the North of these 
countries (Fofack et al., 2015). The difficulty for 
the state to take initiative is even higher in the 
Kebili region because palm date production was 
considered important for the development of the 
region and a much-welcome opportunity for ex-
ports. The financial and human resource deficits 
in Tunisian CRDAs and the crisis of legitimacy 
of the administration have also been accentuated 
since the 2011 Tunisian revolution.

This has led to the prevailing situation of tol-
erance, which is not officially acknowledged, 
i.e., what Brochier-Puig (2004) described as 
“the hidden face of the public policy.” Since ex-
tensions are deemed illegal, extension develop-
ment is also “hidden” from public policies, and 
it has taken several years for the administration 
to acknowledge their presence and to measure 
the phenomenon of extensions (Bisson, 1991). 
Moreover, the supervision of the piezometric 
and salinity levels, carried out by Kebili CRDA, 
mainly concerns the water points located inside 
the legal oases.

Initiatives to render these extensions legal have 
been limited to legalising a small part of the ex-
tension areas (the mutakhma), but do not consider 
the issue of water use. Thus, the legalisation ini-
tiative promoted by the Tunisian administration is 
not built on a strategic vision to support sustain-
able development of the region. Moreover, lack of 
initiatives to address the problem has led to anar-
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chical creation of extensions, as well as to some 
“lock-ins” and the impossibility to tap new oppor-
tunities. Some farmers who were interviewed in 
extensions declared their interest to connect to the 
public electric network. This is the case for farm-
ers using fuel (which is expensive and requires 
maintenance). Incentives for farmers that have in-
stalled solar panels are lower, but are still present. 
For these farmers, connecting to the public elec-
trical grid could allow them to irrigate by night, 
but also to sell solar energy when they do not need 
it. This would provide incentives for them to stop 
pumping when not needed and would also con-
tribute to national energy production. However, 
the lack of initiatives to address the “extension 
problem” triggered farmers that used fuel to shift 
to solar energy (thus decreasing their interest to 
access electricity) and made it impossible to tap 
the potential benefits of connecting existing solar 
panels to the national electric grid.

In India, Mantri et al. (2020) presented the ben-
efits of grid-connected water pumping systems. 
Farmers connect their solar irrigation pumps to 
the grid to sell surplus electricity, gaining an ad-
ditional source of income and a greater econom-
ic return on solar investments. However, they 
showed that the off-grid solar system improved 
power supply reliability, but it also led to further 
over-extraction of groundwater as there were no 
incentives for farmers to limit the amount of wa-
ter pumped. In Tunisia, the potential benefits to 
connect existing solar panels to the electrical grid 
have not yet been tapped, because of technical 
issues (panels are scattered) and because of the 
lack of initiatives taken by the public electricity 
company to support such connexions.

The failure of public policies devoted to reg-
ulating the use of water resources from deep 
fossil aquifers highlights both the lack of con-
sideration for individual initiatives when estab-
lishing such policies and the long-term uncer-
tainties when implementing them (Mekki et al., 
2013). From this perspective, the Kebili oasian 
socio-agrosystem constitutes a case in which 
farmers’ practices are driven by various factors 
(cultural perceptions of access to land and wa-
ter resources, demography, and technological 
development), with subsequent changes in the 
actors’ behaviours that mitigate public actions.

This double situation of over-pumping beyond 
authorised limits and illegal deepening into deep 
aquifer layers makes the monitoring of real ab-
stracted volumes difficult and puts into question 
the values presented by the Ministry as official 
abstracted volumes (Elloumi, 2016). As a re-
vealing anecdote, the announcement by the Min-
istry in 2011 that all wells in Kairouan, including 
illegal ones, would qualify for connection to the 
grid resulted in 12,000 requests to the public 
electricity company (Molle and Closas, 2017), 
however, there are only an estimated 8,000 to 
9,000 wells for the entire area. Based on this, 
the Ministry’s estimates of boreholes in Tunisia 
(5,111 according to data from 2005) are clear-
ly inaccurate, and so is the estimated amount of 
water withdrawn from them (Elloumi, 2016).

4.3. Opportunities for multi-stakeholder 
dialogue

The above-mentioned legalisation of exten-
sions could be a welcome – and rare – opportu-
nity for the government and the farmers to come 
together to discuss more sustainable agricultural 
dynamics of extensions. Various options could 
be considered, for instance, which could include 
initiatives towards more efficient water use, a 
limitation of planted areas, in exchange for the 
legalisation of the area. Other options for a more 
sustainable future trajectory for the region could 
also encompass developing activities outside 
irrigated agriculture (Shah, 2009). Exploring 
initiatives to render these extensions legal and 
implementing actions toward sustainable use of 
groundwater resources will require initiating ac-
tive communication and dialogue between Kebi-
li CRDA and farmers.

Our research in this paper is based on a 
trans-disciplinary approach so as to prepare a 
dialogue between stakeholders. Such dialogue is 
a central component of any landscape approach, 
both in theoretical and operational terms (Sayer 
et al., 2013). A dialogue was initiated by a re-
search team (to whom the authors belong), in-
volving Kebili CRDA and three farmers’ groups 
in Kebili since 2020, as part of the Massire re-
search project. Such a dialogue was launched 
putting forward that both CRDA staff members 
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and farmers participating in the workshops con-
sidered decreasing water resources is the main 
risk for the sustainability of agriculture in Kebili 
region in the future. The means of intervention 
that are available to the administration to con-
trol and regulate groundwater abstraction are 
obviously the most difficult challenge. Sharing 
experiences or ‘success stories’ from other coun-
tries or the case of Bsissi in Gabes Governorate 
in Tunisia (Frija et al., 2016), could be put on the 
table as proposals for discussion. 

5. Conclusion

The study showed the land use change dynam-
ics and the driving forces behind it in the region 
that had most likely seen the highest growth in 
the illegal irrigation sector in Tunisia in the past 
decades. To our knowledge, this study provides 
the first regional-scale assessment of the oases 
extensions trajectories in the Kebili region in 
Southern Tunisia. The rapid development of ex-
tensions based on illicit wells led to improved 
date palm production, but it has also accelerated 
the degradation of water resources.

The landscape approach, which considers to-
gether challenges of space and scale, enabled to 
understand complexities of the oasis extension 
dynamics linked to local, regional and national 
contexts. Workshops hold with farmers located 
in extensions and with public governance ac-
tors enabled to build a shared vision of land use 
changes, of the drivers of these changes, and of 
prevailing and possible futures consequences on 
groundwater resource and on the sustainability 
of the agriculture in Kebili region. This knowl-
edge can provide a basis for discussion between 
farmers located in the extensions and Kebili 
CRDA, to identify actions toward sustainable 
use of groundwater resources. 

Multi-stakeholder dialogue will also have to 
face the complexity of existing dynamics (e.g. 
various types of extensions, drivers of change of 
various natures, difficulties in measuring the vol-
ume of water pumped by farmers and lack of a 
calibrated model of groundwater resources). In 
addition, this dialogue will need to address chal-
lenges relative to the specific institutional setting, 
and in particular the administration will need to 

acknowledge that farmers in extensions are de fac-
to stakeholders that need to be involved in the dis-
cussion. Third, stakeholders would greatly benefit 
from examples of groundwater governance else-
where, however, the specific characteristics of the 
Kebili region landscape dynamics would most 
likely require the development of solutions spe-
cific to the region. Innovative methods must be 
developed to address these interrelated challenges 
in order to find ways to improve agriculture and 
water management of traditional oases and to en-
sure the sustainability of extensions.
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