
Sustainable Development of Oases  
This report documents and evaluates the experiences of the Programme de Développement Durable 

des Oasis (PDDO) in Mauritania with regards to natural resources management, and in particular 

water management. This report relates specifically to the GEF-component, which aims to create a 

critical mass of Sustainable Land Management (SLM) interventions. At the Mid Term Review of this 

GEF component, the interventions put in place by PDDO are analyzed and directions are given to 

further pursue this critical mass. 

Some key lessons learned and put forward in this report are: 

 PDDO has successfully piloted a number of sustainable interventions in the oasis. 

Interventions geared towards securing water resources, with a direct impact on production, 

have proven especially successful. Risk management strategies are more difficult to assess, 

partly due to the lack of an adequate risk management framework. 

 The oasis provides a unique business case for the introduction of solar-powered pumping. 

Key success factors for this successful introduction are the history of mal-adapted diesel 

pumps and the high off-grid energy costs. 

 To go from a collection of sustainable interventions to a sustainable oasis ecosystem, 

assessing the socio-economic sustainability of these interventions is of paramount 

importance.  

 

Figure 1 View of the oasis of Chinguetti. 
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1. The Oasis: a typology 
An oasis is a fertile area in an arid region (like a desert), caused by a local availability of water. This 

water source can be a spring or the shallow groundwater along a wadi, a riverbed that contains 

water only during times of rain. The natural availability of water can be further enhanced by human 

activity, e.g. by capturing water from the riverbed (water harvesting) or by using wells to extract 

groundwater. Oases are often home to ancient human settlements, whereas some oases have 

developed into modern cities. The availability and efficient use of water is key to the growth of these 

particular ecosystems. 

The typical oasis in the Mauritanian desert is a long-stretched group of small settlements along a 

wadi which is flooded only a few days per year. One oasis can be more than 10 kilometres in length 

and usually consists of patchy groups of cultivated perimeters. A cultivated perimeter is usually small 

(70% is less than 0.5 hectares) and contains on average around 85 date palms (JICA, 2001).  

 

An example of an oasis: Chinguitty. Image shows 5 kilometers in length of a wadi, with cultivated perimeters indicated. 

Oasis extends further beyond the boundaries of this image. The village itself is well-connected, access to more remote 

perimeters can be difficult. 

  



2. What is sustainable management of an oasis?  

2.1 Sustainability and resilience 

The sustainable use of natural resources, in particular water, is key to the overall sustainability of an 

oasis. Sustainability is usually defined as the capacity to endure, and will be approached here from a 

number of different angles. 

Looking at water as a resource for production, sustainable water management in the context of an 

oasis implies that the use of water is adapted to the availability of water. Sustainable interventions 

increase the efficiency of water use, or increase the availability of water. Furthermore, sustainable 

interventions maintain the usability or quality of available water by not causing pollution. From the 

perspective of risk management, a sustainable intervention reduces the probability and/or the 

impact of natural disasters, such as extreme floods or droughts. Linking to the water as a resource 

perspective, all interventions listed there ultimately reduce the risk of food shortage. 

The following water-related SLM interventions are made within PDDO: 

 Better adapted water pumping  

 Enhanced water distribution  

 Managed aquifer recharge 

 Erosion prevention  

While all these interventions may be technically sustainable, the overall sustainability of the oasis 

will largely depend on the real impact and socioeconomic sustainability of the ensemble of 

interventions. Any assessment of sustainability should thus also include a cost-benefit analysis. 

Additionally to sustainability, the now popular concept of resilience can be useful to analyze the 

oasis ecosystem. Different definitions of resilience characterise the ongoing debate on this topic, but 

a common denominator is found in the capacity of a system to deal with change, either sudden (e.g. 

natural disasters) or gradual (e.g. sea level rise). A discussion on sustainability and resilience in the 

context of oasis ecosystems is included in chapter 4. 

2.2 Assessing the impact of interventions 

In the following chapter, interventions are analyzed against different sustainability impacts, 

described in the table below. The impacts of these interventions are being scored relatively: 

●●● = low ,  ●●● = medium , ●●● = high 

Throughout this document, the term cost is used to describe the cost of each intervention to the 

project (PDDO). This does thus not address the monetary benefits generated by the intervention 

(direct or indirect) nor does it account for the fact that an intervention replaces another intervention 

(as with the case of better adapted water pumping). While a sound analysis of the investments made 

requires a full cost/benefit analysis, this is beyond the scope of this document. Furthermore, costs 

mentioned in this document do not include additional costs for implementation such as 

management and capacity building, which might be substantial for some interventions. 

Furthermore, costs mentioned in this document are for indicative and comparison purposes only, 

and only for the context of PDDO. For some interventions the number of beneficiaries can be clearly 



defined or reasonably estimated. For other interventions, a range of possible numbers has been 

assumed, indicated with italics. These values only serve to indicate an order of magnitude.  

Costs have been described in kUM, with UM the abbreviation for the Mauritanian ouguiya. 

1 kUM = 1000 UM 

1 kUM    ̴ 3.50 US$  (May 2013)  

 

  

Production ●●● Impact of intervention on 
beneficiaries’ productive capacity 
(provisioning ecosystem service) 

 Beneficiaries 
Number of beneficiaries that benefit 
from the intervention, directly and/or 
indirectly. 
Targeting possibilities. 
 
Costs and lifespan 
Indicative cost per unit, translated to 
cost per beneficiary. 
Lifespan of the intervention. 
Indicative cost per beneficiary per year. 

Risk Reduction ●●● Impact of intervention on 
beneficiaries’ exposure to and 
possible damage of natural 
disasters, notably flooding and 
drought (regulating ecosystem 
service) 

 

Environment ●●● Impact of intervention on the 
environment  

 



3. The interventions 

3.1 Better adapted water pumping technologies 

Background 

The Sahel droughts in the 1970s triggered the 

farmers to move from manual water pumping to 

using diesel motor pumps to extract groundwater. 

At that time, pumps available on the market had a 

much higher capacity than required. Without good 

management and regulation, this overcapacity led 

to over usage, spillage and consequently the 

depletion of wells.  

The technology 

The PDDO introduced solar-powered pumps with a 

much smaller pumping capacity than the diesel 

pumps in place. These “solar pumps” usually consist 

of three solar panels and a surface or submersible pump, depending on the depth of the water table. 

Surface pumps can pump water from up to 7 meter depth, whereas for greater depths submersible 

pumps are required. For pumping during the day only, no batteries are required, greatly reducing 

the complexity and costs of the system.  

Evaluation and lessons learned 

The introduction of solar pumps has been a success, attributable to both the business case and a 

number of benefits not directly related to production. While the investment costs for a solar pump 

are higher than for a diesel pump, the life time is much higher (10 years instead of 2) and 

operational costs much lower (more details in chapter 4). Two key factors for this business case are 

the high costs of energy in off-grid environments and the overcapacity of existing diesel pump 

systems. 

Impact overview: Better adapted water pumping technologies 

Production ●●● Better designed capacity reduces 
risk of over-irrigation 
Water economization ultimately 
increases security of water 
availability and increases overall 
production potential 

 Beneficiaries 
Different models of implementation. For 
group pumping, usually 3 or 4 farmers 
per unit directly benefitting. Specific 
targeting possible. 
 
Costs and lifespan 
Cost: typically 1000 kUM per unit 
(submerged pump) 
:: 250-330 kUM per farmer 
 
Life span: around 10 years 
:: 25-33 kUM per farmer per year 
 
 

Risk Reduction ●●● Water economization ultimately 
increases security of water 
availability 

 

Environment ●●● Efficient use of natural resources 
(water and energy) 
Mitigates adverse impacts of diesel 
pumps (pollution, health risks) 
Protection of the oasis ecosystem as 
a whole 

 

Figure 2 Solar panels providing power to an electric 
water pump 



Furthermore, the solar pumps do not pollute the irrigation water, where leakages from diesel pumps 

used to negatively affect production. Other key success factors are the reduction of health risks 

(toxic gasses from diesel pumps in poorly ventilated auxiliary wells have caused many casualties) and 

the reduction of noise (farmers used to be woken up in the morning by the noise of diesel pumps 

running). In the oasis of Tawaz, farmers who started using the solar-powered pumps already saw the 

water levels stabilize. Before, using the over-capacitated diesel pumps, wells would run dry after 

only two hours of pumping. 

Scaling up of this intervention is now the key challenge. Farmer demand is high, and some have 

already purchased equipment using their own funds. With this autonomous adoption and the 

interventions made by PDDO, a critical mass of this intervention is within arm’s reach and could 

positively transform the oases.  

3.2 Improved water distribution techniques 

Background 

Traditionally, farmers in the oasis distribute irrigation water by creating earth channels. This 

technique requires no investments in equipment and can be maintained by the farmer. However, 

water loss through percolation of the sandy soil and through evaporation is high, estimated to reach 

30% (depending on local characteristics).  

The technology 

Technologies for enhanced water 

distribution have been implemented by 

PDDO, in which tubes are used for parts of 

the trajectory from well to plant. Most 

applied is a sort of Californian system, a 

network of tubes with branches to each 

palm tree is installed. Around the palm 

tree, a circle-shaped basin is created in the 

earth. The diameter (capacity) of the basin 

is adapted to the water needs of the tree 

and of the vegetable cultivation under the 

Impact overview: Improved water distribution techniques 

Production ●●● More precise technology reduces 
risk of over-irrigation 
Water economization ultimately 
increases security of water 
availability and increases overall 
production potential 

 Beneficiaries 
1 to 12 farmers per unit directly 
benefitting.  
 
Costs and lifespan 
Cost: 400 kUM per unit for 12 farmers 
:: 33 kUM per farmer 
 
Life span estimated 5 years 
:: 7 kUM per farmer per year 
 
 

Risk Reduction ●●● Water economization ultimately 
increases security of water 
availability 

 

Environment ●●● Efficient use of natural resources 
(water) 
Protection of the oasis ecosystem as 
a whole 

 

Figure 3. Circle-shaped basin around a palm tree with tube and 
valve for irrigation 



tree if present. A branch of the tubing system is closed off with a valve, to dose the amount of water. 

Even more precise irrigation can be obtained with drip irrigation systems, where water is supplied 

directly to the tree instead of using a basin, thus reducing losses through evaporation. Furthermore, 

measurement devices can be installed in these systems. 

Evaluation and lessons learned 

In contrast to the better adapted water pumping intervention, the economic benefits of enhanced 

water distribution methods may not be obvious to the farmers. Theoretically, more productivity can 

be obtained with the same amount of water and thus pumps, but expansion of the farming area is 

not always possible and pumps are already in place. Furthermore, introducing these systems 

requires capacity building. This training being absent, an initial large batch of drip irrigation kits 

supplied to farmers was poorly adopted. Learning from that experience, PDDO subsequently 

changed its approach to providing fewer kits but accompanying their introduction with substantial 

support from extension services.  

Adoption of enhanced water distribution techniques might be further enhanced by coupling its 

introduction to the installation of solar pumps. The PDDO has been piloting this coupled introduction 

by requiring farmers to invest in a drip irrigation system to be eligible for receiving a solar pump.   

3.3 Managed aquifer recharge 

Background 

The wadis in the arid and semi-arid areas of Mauritania are flooded only a few days per year, and if 

they are flooded, the larger part of water is lost as it continues its way downstream. Increasing the 

volumes of water retained from these floods and storing it in the shallow subsurface is an example 

of managed aquifer recharge (MAR).  

The technology 

To capture or harvest more of this flood water, weirs (barriers across the wadi) are constructed. 

These weirs, generally constructed with gabions, slow down the flood and create a small basin 

where water can infiltrate into the aquifer. The weirs have to be properly anchored to base rock at 

their ends in order to resist the large forces associated with wadi floods. Infiltration can be either 

directly in the top soil (shallow water retention), or into deeper aquifers (groundwater) through 

injection wells.  

Impact overview: Managed aquifer recharge 

Production ●●● Mostly indirect 
Some direct impact on farmers 
cultivating in riverbed 

 Beneficiaries 
Mostly indirect (neighbouring users of 
water from aquifer concerned), some 
direct (farmers who start cultivating in 
riverbed) 
No specific targeting.  
 
Costs and lifespan 
Cost: 50.000 kUM 
Assuming 100-400 beneficiaries 
:: 125 – 500 kUM per beneficiary 
Lifespan: 20 years 
:: 6 – 25 kUM per beneficiary per year 
 

Risk Reduction ●●● Reduces impact of drought through 
recharge of aquifer  
Reduces flood risk through slowing 
down floods. 

 

Environment ●●● Protection of the oasis ecosystem as 
a whole 

 



Evaluation and lessons learned 

The proper and sustainable functioning of MAR is highly dependent on technical expertise. A site 

selection needs to take into account the characteristics of the subsoil (composition, presence of 

faults) related to the feasibility of MAR, and the possibilities for anchoring the weir.  While anchoring 

continues to be a known point of attention for PDDO, assessment of the site selections carried out 

for the project is more difficult to assess. Investigations of the subsoil can be resource-intensive, 

limiting the information available and thus leaving uncertainty in the assessment of possible MAR 

sites. 

Little is known about the performance of managed aquifer recharge interventions in this area. The 

effects of shallow water retention are visible, and provide a small number of farmers with the 

opportunity to farm in the river bed of the wadi. However, water logging may create salinity build-up 

on the long run, compromising the sustainability of this particular impact. The effect of the weirs on 

groundwater levels has not been properly analyzed. See further discussion in chapter 4.  

 

Figure 4 Aerial image of a weir constructed for managed aquifer recharge. On the right hand side, the weir is properly 
anchored and connected to existing buildings. On the left hand side, the construction has not been properly anchored. 
Furthermore, diversion of the water flow around the left end of the weir is visible. While the passing of water in itself is 
not problematic, the water might scour the structure, compromising its stability. 



 

Figure 5 View of the weir. Water flows from the right to the left.  

  



3.4 Erosion prevention 

Background 

The problem with water in oases is two-sided: the largest 

part of the year there is a shortage of water, but a few 

days per year floods hit the oases and cause erosion of 

land and loss of productive assets built on that land. 

While flood risks are inherent to life in oases, the 

probability and severity of the floods are likely increasing 

due to climate change and the impact of floods further 

increases as more productive assets are situated in 

flood-prone areas. 

 Managing this risk in order to protect productive assets, 

possibly even human lives, is thus vital for a sustainable 

oasis. At the same time, sustainable flood risk 

management necessitates a cost-benefit analysis; i.e. 

analyzing the costs of protecting productive assets 

versus the benefits generated by placing productive 

assets in highly flood-prone areas.  

The technology 

Flood risk mitigation interventions consist of protection of the riverbanks, and placing structures 

(weirs) in the wadi to slow down and partly divert floods.  

Evaluation and lessons learned 

The flood protection interventions have not been implemented yet. However, the tendering process 

showed that the costs of flood protection are much higher than anticipated. As a result, PDDO had 

to prioritize the oases according to their vulnerability to floods, finally selecting three oases out of 

nine originally envisaged. This illustrates the need for a more thorough cost/benefit analysis of this 

type of intervention.  

 

  

Impact overview: Erosion prevention 

Production ●●● Indirect through risk reduction 
Crucial for those in most flood-
prone areas 

 Beneficiaries 
Indirect (users of protected area) 
No / very limited targeting possible 
 
Costs and lifespan 
Cost: 150.000 kUM per oasis 
Assuming 100-200 beneficiaries 
:: 7.500 – 15.000 kUM per beneficiary 
 
Lifespan: 20 years 
:: 3750 – 7500 kUM per beneficiary per 
year 
 

Risk Reduction ●●● Reduces risk of flooding and of 
subsequent damage to productive 
assets and possibly to human lives.  

 

Environment ●●● Protection of the oasis ecosystem as 
a whole 

 

Figure 6 Erosion of a river bank threatening 
productive assets 



3.5 Overview 

Every oasis has its specific characteristics and will require a different mix of SLM investments. Some 

interventions have shared impacts, which can be optimized by balancing investments between these 

different interventions (see 4.2 Saving water or storing water?).   

 

  

 Better adapted 
water pumping 

Enhanced water 
distribution 

Managed 
aquifer recharge 

Erosion 
prevention 

Production ●●● ●●● ●●● ●●● 

Risk Reduction ●●● ●●● ●●● ●●● 

Environment ●●● ●●● ●●● ●●● 

Lifespan 10 years 5 years 20 years 20 years 

Cost per beneficiary 
per year 

25-33 kUM 7 kUM 6 – 25 kUM 3750 – 7500 
kUM 



4. Discussion 

4.1 The solar pump business case: sustainable or not? 

The introduction of solar-powered water pumps by PDDO has been a success, proven by high 

demands from farmers and a significant number of autonomous adopters, e.g. farmers investing 

with own resources in the system. The high demands from farmers can be partly attributed to lower 

operating costs (no fuel, maintenance costs comparable to diesel pumps) and a much longer design 

life time  (10 years compared to around 1 or 2 years for diesel pumps).  

As the introduction of a new technology requires capacity building for maintenance, two mechanics 

per oasis are educated in carrying out day-to-day repairs of the solar system. More complex repairs 

can only be carried out by dedicated engineers in the capital city, but with the number of solar 

systems growing fast, also these support functions are gaining presence. 

 

The water saving obtained through this intervention is not linked to solar power per se, i.e. could 

also have been achieved with better adapted motor pumps. But the history of poorly adapted diesel 

pumps, together with the high off-grid energy costs are two key success factors to the success of 

solar powered pumping in the oasis areas. 

But is this intervention also sustainable in the event of prolonged drought or a strong increase in 

demand, i.e. does it increase the resilience of oasis farmers?  During the prolonged droughts of the 

1970s, farmers switched from manual pumping to motorized pumping, to be able to extract water 

from greater depths. Farmers started to compete for water, with wells often drying up after two 

hours of pumping in the morning. In case of a new unbalance between supply and demand for 

water, current capacity of solar pumps might not be sufficient to sustain production levels. If so, 

farmers might buy more powerful solar systems if available and cost-effective, but may also revert to 

using diesel pumps.  

The risk of major drought, and the risk of slowly but steadily rising pressure on natural resources 

through expansion of irrigated agricultural activities, are not yet well addressed. A more thorough 

assessment to assess the risks of another prolonged drought on oasis farmers, for different growth 
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scenarios, would be an important step towards increased sustainability of the entire oasis. Finally, 

while this intervention can be considered an economic and environmental success, it should not 

divert attention away from the need for water governance. Even if water is used more efficiently, 

the balance between water supply and demand is precarious and should be regulated. Monitoring of 

water use and groundwater levels is an essential part of this. 

4.2 Saving water or storing water? 

The PDDO is implementing interventions to both reduce water demand per unit of production 

(better adapted water pumping, enhanced water distribution) and to increase water supply 

(managed aquifer recharge).  

The following table shows the costs and estimated impacts on water resources of these two 

different types of interventions. Although the benefits of managed aquifer recharge in this setting 

remain to be analysed and additional impacts are not taken into account in this comparison, it is 

obvious that reducing water demand is far more cost-effective than increasing water supply.  

 Reduce water demand 
(saving water) 

Increase water supply 
(storing water) 

Intervention Better adapted water 
pumping 

Enhanced water 
distribution 

Managed aquifer recharge 

Water saving or 
storing 

Saving ~ 25%. 
Or 15 m

3
/unit/day 

Saving ~ 25% 
Or 15 m

3
/unit/day 

Unknown. One known case in 
Tawaz of 3500 m

3
 stored in one 

season (see El Abass, 2009) 

Unit cost 900 kUM 400 kUM 50,000 kUM 

Design life time 10 years 5 years 20 years 

Cost per m
3
 water 

saved or stored 10 - 20 UM 10 -20 UM >> 100 UM 

 

4.3 Managing, monitoring and evaluating risks 

A large part of the interventions is aimed at reducing the risk of flooding or drought. Management of 

these risks in the oasis environment is fraught with difficulties along all different phases of a typical 

risk management cycle (see Figure 9 for an example). While the interventions done by PDDO will 

certainly reduce risks, substantial 

effort will be required to assess their 

impact. 

First of all, current and future risks are 

not adequately understood, as 

systems to identify and measure risks 

are not in place. For water 

management, the knowledge on 

magnitude and frequency of flood 

events is limited. Monitoring of 

groundwater fluctuations is virtually 

Figure 7 Example of a risk management cycle. Image source The 
University of Sheffield 



absent. PDDO is currently undertaking a pilot on this topic, but developing such monitoring and 

evaluation systems and taking farmers or actors in the local communities to plan active roles  in the 

recording, monitoring and maintenance of the necessary technological tools, requires long-term 

efforts. 

The assessment of risks, their impact and the controls to address these risks (interventions) is also 

limited. While erosion of riverbanks threatens productive assets, the costs of protecting these assets 

may be excessive compared to the benefits.  

Monitoring and evaluating the risks and the impact of the interventions is vital to evaluate and 

possibly adapt the risk management strategy. The responsibility for this type of monitoring and 

evaluation should be positioned at an appropriate level, i.e. an institution capable of overseeing 

different interventios. 

4.4 Sustainable or resilient? 

The interventions carried out by PDDO have created a significant positive impact on the 

sustainability of the oases in terms of water management. For the introduction of solar pumping, 

PDDO is approaching a critical mass of interventions in that sense that adoption of the technique is 

likely to continue beyond the lifetime and geographical reach of the project. Water levels in wells 

have stabilized, which can certainly for a large part be attributed to this intervention. This 

intervention can also be considered socioeconomically sustainable. The introduction of enhanced 

water distribution techniques has seen more difficulties. However, coupling this introduction to solar 

pumping promises to be a fruitful strategy. 

The sustainability of interventions more geared towards risk management with indirect beneficiaries 

is more difficult to assess. The impact of these interventions is not always clear, and the associated 

costs can be high, especially for erosion prevention. Furthermore, the levels of engagement of 

beneficiaries to these interventions may be lower, especially for the intervention of Managed 

Aquifer Recharge.  

To move from sustainable interventions to a sustainable oasis (from a natural resource 

management perspective), it is key to strengthen monitoring and evaluation practices. While the 

efficiency of production in terms of water use is increasing, ultimately the balance between total 

water use and water availability determines the sustainability of the oasis. Whereas knowing the 

total use and availability can be difficult, monitoring groundwater levels gives an adequate 

indication. PDDO is currently piloting such a monitoring system. 

Finally, sustainability is closely linked to resilience. By making more efficient use of natural 

resources, their availability is enhanced, creating a “buffer” in times of drought. While this certainly 

contributes to the resilience of the oasis ecosystem and of its inhabitants, judging the overall 

capacity to withstand prolonged droughts is complex. Future interventions in the oases should 

continue thus focus on these concepts. 
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