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ABSTRACT 
 

In Morocco, agricultural economies based on groundwater use increasingly face 
challenges of market saturation and aquifer overdraft. However, there is limited 
communication between the key actors of these economies to identify ways to face 
these challenges. A participatory scenario planning process was organized in a small 
territory of Morocco where groundwater is used for irrigating apple and plump trees. 
The process aimed to trigger a joint reflection between actors (small-scale and large-
scale farms and staff from public organizations in charge of agriculture and water 
resources) on feasible pathways towards an economically and environmentally 
sustainable agriculture. Farmers’ groups designed a scenario of agricultural crisis and 
another of economic growth that was shown to lead to groundwater overuse. As none 
of these scenarios were deemed satisfactory, farmers and staff from public 
organizations designed together an alternative scenario of economic and 
environmental sustainability of agricultural activities. Integrating agriculture 
development and sustainable groundwater use in scenario design proved useful to 
trigger actors’ involvement in joint reflection. However, the continuation of such type 
of multi-stakeholder process requires the sustained presence of facilitators to 
organize the communication between stakeholders, but no actor plays this role in the 
current institutional setting in rural areas of Morocco. 

Keywords: Foresight analysis, groundwater economy, Morocco, multi-stakeholder 
process, tree farming. 
 

1. INTRODUCTION 
 
In Morocco, agricultural production has increased and evolved towards more capital 
intensive practices in the past decades. This growth has been supported by public 
policies which have promoted agricultural investments. It has been strong in particular 
in regions where farmers started using groundwater for irrigation (Dugue et al., 2014; 
Kuper et al., 2012) and now participate in what Shah (2009) calls “groundwater 
economies”. In these regions, small-scale farms often coexist with large-scale ones. 
The number of large-scale farms has increased after the launch of the Green 
Morocco Plan in 2008. In the frame of this plan, many lands that were previously 
managed by parastatals were leased to private investors (Akesbi, 2012). 
 
After a period of vibrant economic growth, the regions in Morocco where intensive 
agriculture is based on groundwater use are increasingly facing two main threats: 
groundwater overuse (Faysse et al., 2012) and the saturation of the domestic market 
(Sellika et al., 2015a; Sellika and Faysse, 2015). Small-scale farms are particularly 
vulnerable to both threats, especially in the many territories where they coexist with 
large-scale farms. They generally have a more limited control of production costs than 
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large-scale farms and many of them have difficulties in marketing their products. They 
may not have the financial resources required to deepen their boreholes when 
groundwater level declines. They have also a limited capacity to move to other areas 
once groundwater resources have been depleted (Berahmani et al., 2012). By 
contrast, larger farmers are better equipped to cope with those threats, as they can 
more easily secure the access to water through deep wells and have higher 
investment capacities to improve their productivity and the quality of their products. 
However, although the sense of urgency is not felt similarly by small and large-scale 
farms, all farmers are increasingly aware of both threats and of the need to adapt 
their operation and investment strategies in the short to medium term. Farmers are 
thus looking for an alternative development model which may involve a series of 
changes at the farm level (change of crops, cropping practices, transformation of 
products and marketing strategies) but also changes of organization at the collective 
level, in particular concerning groundwater exploitation and marketing of agricultural 
products.  
 
Small-scale farmers being the most vulnerable actors to water and market threats, 
they should play a key role in identifying, testing and initiating the implementation of 
these individual and collective changes. However, several constraints make it difficult 
for small-scale farmers to take initiatives in this regard. First, they are generally 
locked in specific production systems and value chains, due to long-term investments 
and limited capacity to acquire new technical knowledge required for shifting to 
alternative production and marketing systems. Second, they will only engage into a 
costly transformation process towards sustainable groundwater use only if they 
believe that all farmers pumping from the same aquifer will do the same.  
 
Moroccan public organizations may also accompany the identification and 
implementation of changes towards economically and environmentally sustainable 
farming based on groundwater use. However, there has been limited communication 
between these actors and farmers. In particular, public organizations have never 
considered small-scale farmers as fully-fledged partners for public policy design, 
either with regards to water management or to agricultural production and marketing. 
Moreover, there has been also limited discussion between public organizations in 
charge of water management and those in charge of agricultural development, on a 
joint vision of sustainable groundwater economies. 
 
In that context, farmers and public organizations have generally not found 
opportunities to develop a shared vision of a more sustainable model of agriculture 
that could set a frame to orient private farm investment choices and public policies in 
the field of agriculture development and water management. As a consequence, 
these actors have only a partial understanding of the stakes at play in terms of the 
sustainability of groundwater economies and of the pathways towards more 
sustainable farming (Faysse et al., 2014). 
 
Our assumption is that participatory scenario thinking can be a useful tool to bridge 
the communication gap between different groups of farmers and public 
administrations and to enhance their collective envisioning capacity. In particular, we 
posit that the use of scenario can: i) help overcome the fragmentation of visions of the 
possible future evolutions of groundwater economies, and of possible margins of 
maneuvers; ii) help different farmer groups realize that they have common interests in 
promoting specific changes; iii) help public organizations, which traditionally operate 
in isolation, realize that synergies can result in win-win situations, beyond apparent 
divergence in short-term interests.  
 
There has been a large increase in participatory scenario planning experiments over 
the past years with the goal of identifying sustainable development pathways for rural 
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territories. Many of the methods used proposed to invite a large diversity of actors 
involved in a given territory (economic actors, public organizations, NGOs, etc.) to 
participate in the design and evaluation of scenarios. However, such methods have 
generally paid limited attention to how to take into account the existence of limited 
and possibly uneasy communication between actors, both in terms of the issues 
discussed and in terms of how to organize the multi-stakeholder process. 
 
The article addresses this issue through a case study conducted in the Ain 
Timguenay area, which is a small rural territory of Northern Morocco. It presents an 
operational approach using participatory scenario design to trigger a joint reflection 
between actors on possible actions to achieve an economically and environmentally 
sustainable agriculture. The actors involved in the multi-stakeholder process were the 
farmers (both small and large-scale), representatives of the Department of Agriculture 
and Sea Fisheries (hereafter DoA) and representatives of a Catchment Management 
Agency (CMA), in charge of water resource management. The initial situation was 
characterized by limited communication between several of these actors: between 
farmers originating from the area and investors coming from outside, between the 
CMA and the DoA, and between the CMA and the farmers. In particular, these actors 
had not previously discussed together about how the Ain Timguenay area may evolve 
in the future.  
 
The approach aimed more specifically to: i) build actors’ capacities so that they have 
a common understanding of local agricultural dynamics and of the underlying drivers; 
ii) assess with these actors the future risks in terms of economic profitability and 
water resource availability by means of the design of scenarios, and the opportunities 
to face these risks; iii) facilitate a dialogue between small-scale and large-scale 
farmers that puts forwards opportunities for cooperation; iv) initiate a dialogue 
between farmers and public organizations in charge of agriculture and water 
resources on how the agricultural sector in the study area may become more 
economically and environmentally sustainable.  

 
2. THE CASE STUDY AREA 

 
The Ain Timguenay area is situated in the Sefrou province and is part of the Sebou 
River catchment (Figure 1). The study area corresponds to the spatial extension of an 
aquifer which spreads over about 70 km². Following preliminary contacts, a joint 
research program was establishedwith the following partners: a farmers’ cooperative, 
a local development association, the provincial office of the DoA, the Sebou CMA, 
and three academic institutions (the National College of Agriculture of Meknes and 
Brgm and Cirad research institutes). The research took place also with the strong 
involvement of the Fez-Boulemane regional office of the DoA and the Ain Timguenay 
municipality. 
 
Given that very limited information was available to characterise agriculture and the 
groundwater resource, an initial assessment was carried out by the project team at 
the beginning of the project. This assessment consisted in constructing a GIS 
database describing areas under main crops at two dates (2004, 2014) and wells and 
boreholes tapping the aquifer; assessing farming practices, production costs and 
market prices for the two dominant crops (apple and plum); and collecting geological 
and hydrogeological information to assess groundwater resources .  
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Most of these small-scale farmers are members of a cooperative created in 2008. The 
second type of farms is made of individual investors that generally live in town and 
initiated plump and apple production in the Ain Timguenay area at the beginning of 
the 2000s. The third type encompasses three private firms that started renting several 
hundreds of hectares of state-owned land in the area from 2008 onwards. During the 
2005-2015 period, the three farm types were involved in the same process of 
preparing new fields for farming (removing stones, drilling a borehole) and planting 
plump and apple seedlings. Between 2004 and 2014, the area planted with apple or 
plum trees increased from 540 ha to 1080 ha, with 35% of that area being operated 
by investors and 65% by family farms (Table 1). During the same period, the farmers 
also kept on producing approximately 150 ha of vegetables. 
 

 
Figure 1. Evolution of area planted with apple or plum trees between 2004 and 2014 

in the AinTimguenay area. 

Table 1. The different types of farms in Ain Timguenay in 2014 

 Family farms 
members of the 

cooperative 

Family farms not 
members of the 

cooperative 

Individual 
investors 

Firms Total 

Number 107 40 30 3 180 

Area planted 
with irrigated 
trees (ha) 600 100 130 250 1080 

 
The aquifer is recharged by rainfall directly falling on the aquifer and by run-off from 
small-scale catchments situated on the southern and eastern sides of the aquifer. It is 
drained by springs, by one intermittent river and invisible underground flows which 
are difficult to assess.Based on a compilation of data collected by the project team, a 
simple groundwater balance model was developed in order to compare groundwater 
pumping with recharge (Table 2).  
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Table 2. Preliminary assessment of the recharge and use of the Ain Timguenay 
aquifer (millions of m3 per year) 

 

Recharge  7.8  

Discharge Irrigation of treefarming 4.3 

 Irrigation of vegetables 0.68  

 Drinking water  1.47 

Subsurface drainage  ? 

 

 
3. METHOD FOR PARTICIPATORY SCENARIO DESIGN 
 
A series of workshops was undertaken with the actors of the Ain Timguenay area 
(Figure 2), in three phases. The first phase focused on the design of agricultural 
development scenarios in Ain Timguenay area by 2025, for both cooperative 
members and farmers not members of the cooperative. The research team prepared 
a preliminary version of two scenarios about the agricultural development of 
cooperative members, based on individual interviews with farmers and on the main 
trends for plump and apple value chains at national level. In a first workshop with 
cooperative members, participants discussed the assessment of current agricultural 
dynamics in their area, based on an initial assessment that had been prepared by the 
research team, as well as the perspective of evolution of the apple and plump value 
chains at national level by 2025. Then, they critically analysed and discussed the 
scenarios proposed by the research team for the agricultural development of 
cooperative members by 2025. A similar work was achieved with non-cooperative 
members, with the difference that the design of scenarios for the agricultural 
development of non-cooperative farmers was made from the outset with participants 
of this workshop. In both workshops, once the scenarios were established (in 
practice, two scenarios in each group), the participants indicated the land they 
thought they would plant in their own farm in the next 10 years (i.e., by 2025) in each 
scenario. The results of those stated intentions were then extrapolated to the whole 
area. 
 
The second phase aimed to build a common representation of water resources and 
uses and to jointly assess the risks of future groundwater overuse. The scenarios for 
cooperative and non-cooperative farmers were merged into two integrated scenarios. 
Based on what cooperative members and non-cooperative members declared they 
would plant during the first phase, the surface that farmers would plant by 2025 
according to each integrated scenario was calculated for the whole study area 
(Sellika et al., 2015c). This surface was compared with the estimation of the 
maximum surface that can be planted in Ain Timguenay while maintaining sustainable 
groundwater use. In a second workshop with cooperative members, participants 
discussed the assessment of water resources and uses and the integrated scenarios. 
A 3D topographic model of the Ain Timguenay area was used to explain the 
functioning of the aquifer to farmers. A similar work was achieved with non-
cooperative members, with the difference that this analysis was made during the first 
workshop with them, after having discussed agricultural dynamics. During these 
workshops, both cooperative members and non-cooperative members judged the two 
integrated scenarios developed by the research team as unsatisfactory. 
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Figure 2. The multi-stakeholder process 

In the third phase, cooperative members designed an alternative scenario that would 
achieve agricultural development while maintaining a sustainable use of the aquifer. 
They identified a series of actions to be undertaken to implement this alternative 
scenario. A similar workshop was organized with non-cooperative members. The 
initial assessments on agricultural dynamics and groundwater uses were also 
discussed with the staff of the DoA and of the Sebou CMA in two separate 
workshops. In a second round of preparatory workshops, the research team 
presented to these actors the actions proposed by the two groups of farmers, so that 
they could prepare their answers to farmers’ proposals. 
 
During the final workshop, participants discussed the assessment of the current 
agricultural dynamics in the Ain Timguenay area and the relevance of the two 
integrated scenarios. Then, representatives of the different groups presented the 
actions that they proposed in order to achieve an economically and environmentally 
sustainable development of the area. Participants then jointly selected the most 
relevant actions and discussed how to implement them. 
 
Two months after the final workshop, 11 actors (four members of the cooperative, two 
farmers not members of the cooperative, the mayor of Ain Timguenay municipality, 
two staff members of the DoA and two staff members of the Sebou CMA) were 
interviewed to get their evaluation of the multi-stakeholder process. 
 

4. RESULTS 
 

4.1 Two contrasted scenarios of agricultural dynamics 
 
The two scenarios that came out after the workshop with cooperative members 
mainly focused on the outcomes of collective action among them. Scenario C1 
assumes that the cooperative purchases apples from its members and stores them in 
the refrigeration unit. The cooperative also organizes joint marketing of prunes. 
However, it fails to implement fruit quality standards and does not pay according to 
the quality of the fruits delivered by farmers (fruit size, sugar content, visual aspect). 
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As a result, the cooperative sells apples and prunes of mediocre quality at low prices. 
Cooperative members who produce high quality fruits stop delivering their products to 
the cooperative and sell their fruits on their own. The prices offered to mediocre-
quality apples and plumps decrease over the years, therefore members that still 
deliver to the cooperative face increasing difficulties to cover their production costs. 
They do not plant more trees and some even cut existing tree plantations. Scenario 
C2 assumes that the cooperative first hires a technician to build farmers’ capacities to 
produce high-quality fruits together with decreasing production costs. Second, the 
cooperative successfully implements rules to pay its members according to the quality 
of their products. It sells at remunerative prices, makes benefits and invests in new 
plump drying units and refrigeration units. In this scenario, most members of the 
cooperative are able to continue planting apple and plump trees because it remains a 
profitable activity. 
 
The two scenarios with farmers not members of the cooperative were similar to those 
designed with cooperative members. The first scenario NC1 assumes that these 
farmers and public organizations do not take any initiative to improve production 
techniques and marketing. Apples and plumps are sold mainly to middle men who 
propose prices that decrease over the years due to increasing market saturation. 
Most of these farmers stop planting apple and plump trees; some even cut existing 
orchards and switch to other activities such as olive trees, vegetable production or 
cattle farming. In a second scenario NC2, these farmers are assumed to jointly initiate 
a series of actions with the support of public organizations. They decrease production 
costs, develop a local brand for apples and prunes in cooperation with the Bougrinia 
cooperative, and collectively invest in units for storing apples and for drying plumps. 
In this scenario, half of non-cooperative members do not go on planting and prefer to 
focus on improving the profitability of existing tree plantations. The second half goes 
on planting fruit trees. 
 
Table 3 shows the surface that the farmers of the Ain Timguenay area would plant 
according to each scenario (based on what participants declared in the preparatory 
workshops). All scenarios schedule that farmers will still produce 150 ha of 
vegetables by 2025.  

Table 3. Evolution of the area planted with apple and plump trees by 2025 according 
to various scenarios 

 Scenarios withfarmers’ 
groups 

Integrated 
scenarios for 

the whole 
AinTimguenay 

area 

 Members of 
cooperative 

Farmers not 
members of 

the 
cooperative 

Area plantedin 2015 (ha) 700 380 1080 

Area planted between 2015 and 2025 
in a scenario of agricultural crisis (ha) 

160 (C1) 0 (NC1) 

 

160 (S1) 

Area planted between 2015 and 2025 
in a scenario of agricultural 
development without considering the 
water resource availability constraint 
(ha)  

650 (C2) 150 (NC2) 800 (S2) 
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4.2 Two integrated scenarios and their impacts on groundwater balance 
 
Scenarios C1 and NC1 share mainly common traits and were merged into an 
integrated scenario S1 of agricultural crisis. In such scenario, the total planted area 
would be 1240 ha by 2025 (thus an increase of 160 ha compared to 2015). Similarly, 
scenarios C2 and N2 were merged into an integrated scenario S2 of successful 
agricultural development without water management. According to this scenario, the 
total planted area by 2025 would be 1880 ha, thus an increase of 800 ha compared to 
2015. The groundwater balance made it possible to estimate that between 90 and 
250 ha may be planted while still ensuring sustainable groundwater use. Thus, in 
scenario S1, there may be no groundwater overuse. By contrast, scenario S2 clearly 
leads to a situation of groundwater overuse, and this takes place despite the current 
uncertainties on groundwater balance. 
 
4.3 An alternative scenario 
 
Both cooperative members and non-members agreed that none of the two integrated 
scenarios was satisfactory: scenario S1 for economic reasons and scenario S2 
because of an unsustainable groundwater use. Thus, each group agreed on 
designing a third scenario that would reconcile economic development and 
sustainable groundwater use.  
 
During the final workshop, the participants in this final workshop agreed on the key 
elements in the assessment of the agricultural sector and water use in the Ain 
Timguenay area, and on the two main integrated scenarios S1 and S2. Then, a 
representative of each group presented proposals of actions to be undertaken to 
achieve a development of the Ain Timguenay area that would be both economically 
and environmentally sustainable. All participants then discussed and agreed on a set 
of actions. They detailed how these actions may be implemented and which actor 
would be in charge of coordinating the implementation of each action.  
 
These actions focused on both agricultural development and water management. 
Most of actions with regards to agricultural development had already been scheduled 
in scenario S2, such as farmers’ capacity-building to improve the quality of fruit 
products, actions to decrease production costs and initiatives of joint marketing. With 
regards to water management, participants in the final workshop agreed to give some 
responsibilities to an already existing water user association. This association had 
been created some years ago to manage a borehole that had been built by the DoA 
and the irrigation scheme that would have been irrigated from this borehole. 
Participants in the workshop agreed that the membership of this association would be 
extended to encompass all farmers in the Ain Timguenay area. This association 
would monitor the drilling of new boreholes in cooperation with the Sebou CMA, 
which in turn would increase its controls to make sure that no unauthorized borehole 
would be drilled. The association would be also in charge of defining and 
implementing rules in terms of the maximum surface that each farm may plant with 
irrigated trees, according to a set to criteria still to be defined (e.g., farm size, type of 
soil, etc.). Other actions focused on getting a better understanding of the aquifer, on 
increasing the water resources and on improving agricultural practices. 
 
4.4 Actors’ evaluation of the process 
 
The actors interviewed after completion of the workshops identified three main results 
of the multi-stakeholder process. First, many farmers became aware that 
inconsiderate development of tree plantations could lead to insufficient water for 
irrigation. Second, farmers declared that their vision of the Sebou CMA had changed. 
Before, farmers mostly saw the CMA as an actor that would limit farmers’ freedom in 
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terms of water use. After the series of workshops, interviewed farmers started seeing 
the CMA rather as a partner, whose mission could be in phase with the interests of 
farmers of the Ain Timguenay area. Reciprocally, the staff of the Sebou CMA had 
previously the opinion that farmers were not interested in getting involved in the 
implementation of groundwater management, and in particular in the regulation of 
borehole drilling. CMA staff members were surprised that farmers of the cooperative 
were enthusiastically supporting such regulation and were keen to participate in 
undertaking controls. Third, most interviewed actors hailed the success of the process 
in organizing a dialogue between actors that usually did not talk to each other, e.g., 
between farmers and the Sebou CMA but also between cooperative members and 
farmers not members of the cooperative. Interviewed actors had thus a positive 
assessment of the multi-stakeholder process, but they also expressed their conviction 
that the implementation of the actions discussed in the final workshop would take 
some time, especially with regards to the regulation of groundwater uses.  
 

5. CONCLUSION 
 

The multi-stakeholder process enabled to trigger a dialogue between four types of 
actors (small-scale farms, large-scale ones, the local offices of DoA and the Sebou 
CMA) on sustainable development pathways for a small rural territory. These actors 
agreed on a common diagnosis of the area, of the main threats and scenarios for the 
future, and on a series of actions to face the economic challenges in the agricultural 
sector and to initiate a sustainable management of groundwater resources. The 
actions proposed in terms of agricultural development were not very innovative per se 
– the innovation being more the willingness of small-scale and large-scale farmers to 
work together. By contrast, the actions put forward in terms of groundwater 
management were clearly innovative, as there is not yet an example of co-
management of groundwater resources between a CMA and a farmers’ organization 
in Morocco.  
 
However, the multi-stakeholder process did not go on actively after the completion of 
the research project. This research initiative shows the importance of having a 
“broker” that facilitates the process and especially the interactions between farmers 
and public organizations. There is a need to put high on the agenda the issue of 
which actor can play this role of broker, and which legitimacy, skills and means this 
actor would need in order to be able to facilitate multi-stakeholder processes and in 
order to build coalitions for moving groundwater economies towards sustainable 
pathways. 
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