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Level of water stress: freshwater withdrawal as a proportion of
available freshwater resources (%) in the Maghreb
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Context
❑ The water resources of the Maghreb countries are well

known, but limited, irregular and fragile.
❑ Unsustainable consumption and overexploitation of

surface and groundwater resources are already
contributing to water shortages and threatening long-
term sustainable development.

❑ Indeed, agriculture accounts for two-thirds of water
withdrawals in the Mediterranean basin.

❑ Increasing water scarcity in Maghreb countries is
expected to have significant negative impacts on food
production and affect the types of crops grown.
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Research questions
❑What would be the impact of overexploitation on agricultural activity?
❑What would be the state of the agricultural sector if this overexploitation did

not exist?
❑What actions could be implemented to restore the balance in the aquifers

without penalizing farmers?
 The objective of this study is to carry out an economic valuation of the

overexploitation of groundwater in the Maghreb region in order to raise
awareness among political decision-makers and put in place coherent
mitigation policies.
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The system approach to define « activity concept » andselect « representative farms »

Farm 1

Representative Crop
activities: soil type,
crop type, rotation,
crop practices.

Farm 2

….

….
Farm n

Activity 1 Activity 2 Activity n

Representative
household farm
types: structural
and functional
criteria

- Aggregation of the impacts by weighting by number or area.
- Simulate the interaction between farm types taking into

account market and resource exchanges
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DAHBSIM Model
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Water module

Agronomic module: yield = f (biophysical variables)

Economic module: Maximization under constraints

 Objective function
𝑈 =Σmb t −Σ(PHI ×𝐸𝑇𝑅𝑒𝑣 𝑡 )
Where :

• mb(t) : gross margin for year t ;
• PHI : risk coefficient
• ETRev : standard deviation of income

❑ Constraints
• Land
• Investments
• Agronomic constraints (rotation, …)
• Labor
• Water use

Dynamic model that spans a 15-year series



Ecosystem Services and Human Welfare
• We define ecosystem services as the benefits that humans utilizedirectly or indirectly (Fisher et al., 2009).
• Agricultural activity relies on ecosystem services in order to producean important variety of goods and services.
• However, it generates a high number of externalities which affectsthe provision of these services.



Ecosystem services and disservices to andfrom agriculture
Provisioning Services:
-food
-fiber
-fuel

OUTPUTSINPUTS



• Food
• Fiber
• Etc.

Input jointness

• Labor
• Land
• Pesticides
• Etc.

Ecosystem services

Output jointnessFarming Systems

Ecosystem services
Or disservices

Negative input jointness
When one input is dangerous to another one

The integration of jointness to farmer decision problem:
 Capture the marketed values of ES
 Important from policy perspective



Conceptual framework

Public Policy – Decision-making

Socio-economic issues Biodiversity conservation management

Farm dynamics
Farmers’ decision problem
Ecological functions
Agronomic functions
Other inputs, rotation systems, labor etc..

Biodiversity dynamics
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ES recharge

 Marketed value of ecosystem services

Input/Output
jointness



Sétif Plain (Algeria) Saïss Plain (Morocco) El-Houaria Plain (Tunisia)

Case studies
❑3 case studies in the Maghreb region (Tunisia, Algeria and Morocco)
❑Plains with significant agricultural production that depend mainly on

groundwater.



General results

Indicators Overall cost of annual average
overexploitation

Overall cost of the average annual restoration

Morocco (Saïs
plain)

Tunisia (El-
Houaria plain)

Algeria (Sétif
plain)

Morocco (Saïs
plain)

Tunisia (El-Houaria
plain)

Algeria (Sétif plain)

Water
cost (€) + 614,384.000 + 847,495 +296,802.46 + 465,582,000 + 847,495 +493,200.87

Farmers
gross
margin (€) - 10,568,794 - 333,690 - - 65,771,048 - 349,973 1,165,483.13

• In Morocco, the results show that the cost of aquifer overexploitation is
significantly higher than the cost of groundwater restoration

• In Tunisia this is a strategic moment to intervene
• In Algeria a change in the access to water policy may change dramatically

the situation.


