


 122 

The alternative would be to move the delivery point downstream to the next possible intervention 

point, which in the new system would be the lifting point at the head of the mesqa (see alternatives on 

Figure 2). However, in this case, the District Engineers would have to become involved in scheduling 

the operation of individual mesqa pumps (average area served by individual pumping station is about 

70 feddans, i.e. a relatively small branch canal with an area of 5000 feddans will have about 70 

points). This would clearly be unrealistic in terms of the enormous increase in the duties of operating 

staff, undesirable in terms of running counter to principles of flexibility and participatory irrigation 

management and unacceptable to farmers themselves. 

Figure 1: Layout of the improved system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Two alternatives for the location and number of the intervention points 
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Control at branch canal heads 

In the light of the general considerations discussed above, it is clear that the method of regulation at 

the head of branch canals is of fundamental importance for the design and operation of the improved 

system. 

Ideally, the branch canal head regulator should operate to provide a constant discharge equal to the 

average daily demand, and the night storage requirement should be met entirely from canal storage 

within the command area. Unfortunately, in many cases it is not possible to mobilize sufficient storage 

capacity within the branch canal system to meet the assumed design requirements, and a compromise 

solution is necessary, involving some transfer of night storage requirements to the feeder canal. In 

these circumstances, it also becomes important to have some method of measuring water deliveries 

which does not depend on discharge regulation. 

It should be noted that the use of downstream level control gates alone at branch canal head regulators 

as well as at cross regulators has the following consequences: 

• Provided that there is sufficient supply in the feeder canal, the delivery system within the 

branch canal command area operates purely on-demand, subject only to capacity constraints in 

the system. If the canal takes more than its share, this will be at the expense of other branch 

canals supplied from the same reach of the feeder canal. In effect, the problem of inequitable 

distribution is moved one step up the hierarchy and becomes an inter-branch canal problem 

instead of an inter-mesqa problem. 

• The on-demand operation with constant downstream level control gates also means that the 

discharge at the head of the canal will respond more or less directly to variations of demand 

due to stopping and starting of farmers’ pumps. Relatively little storage is mobilized within 

the branch canal, and most of the night storage requirement is transferred upstream to the 

feeder canal. This would have a major impact on the operation and regulation of the feeder 

canal. 

Cross regulation 

In the improved system, the purpose of cross regulators on branch canals is to introduce steps in the 

water surface profile where necessary to suit the ground profile along the canal and to prevent 

overtopping and escape losses by allowing water to be ponded safely in the canal at times of low or 

zero demand. This is achieved by using automatic constant downstream level control gates. However, 

in a system in which the canal head discharge is restricted, these cross regulators will not prevent the 

water level being drawn down below the nominal controlled level of the downstream control gate. In 

other words, water levels are not fully regulated by the downstream control gates, but depend on the 

interaction between these gates, the hydraulic characteristics of the canal and the demand resulting 

from operation of the mesqa pumping stations. 
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Conventionally, it is considered that in the case of water shortages downstream control systems favour 

tail reaches, i.e. if the supply at the head of the canal is less than demand, outlets on the tail reaches 

will be satisfied at the expense of those on the head reaches (provided of course that demand at the tail 

outlets does not exceed conveyance capacity along the canal). This supposes that the outlet discharge 

is in some way dependent on the water level in the canal, which is generally the case where the outlets 

operate by gravity. However, in the particular context of the Egyptian delivery system, where the 

“outlets” are pumped and their discharge is largely independent of canal water level, the conventional 

situation does not necessarily apply. Unless special features are introduced to restrict pump operation 

(e.g. by setting intake pipes to pump sumps at a high level), head reaches will still generally be favored. 

In conclusion, it is important to recognize that the delivery improvements will not by themselves 

guarantee equitable distribution along the branch canal; rather, they provide the physical conditions 

under which this is more likely to occur and easier to achieve. If any problem of inequitable 

distribution does occur, this can only be corrected by institutional measures (involving inter-mesqa 

coordination). 

Single-point lifting and mesqa improvement 

The term single-point lifting is used to refer to the concept of consolidating farmers’ pumping into a 

smaller number of sites by moving the lifting point one step up the system hierarchy, from the head of 

the marwa to the head of the mesqa. In terms of cost and implementation effort, the introduction of 

single-point lifting and the associated improved mesqas forms much the largest part of the project. 

There were two alternative basic types of improved mesqa: open raised-lined channels or buried low-

pressure pipelines. These are provided with gravity turnouts or alfalfa valves respectively to feed 

individual marwas. In principle, farmers may choose freely between these two alternatives, but this 

choice is subject to practical constraints. However, experience showed that farmers prefer low-

pressure pipelines and the recent stages of the project will not consider the raised-lined channels. 

Rationale for single-point lifting 

In a general sense, the rationale for single-point lifting can be regarded as a (somewhat belated) 

response to the changeover from sakias to pumps which has occurred over the last twenty or thirty 

years, and the problems which this has caused. However, there are two facets to this which can be 

characterized as “the view from above” and “the view from below”. 

In “the view from above”, the rationale for single-point lifting is seen mainly in terms of re-

establishing physical controls and discipline over farmers’ abstractions similar to those which applied 

under the former sakia-based system. This view also emphasizes application of the law. An indication 

of the prevalence of this view is given by reports that part of the preparation of farmers to accept IIP 

involves pointing out the illegality in many cases of their present abstraction arrangements. 

The implication of this view is that single-point lifting will help to ensure equity of distribution by 
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limiting abstraction capacity. It is far from clear, however, that the consolidation of lifting points will 

by itself help significantly to overcome problems of head-to-tail inequity along branch canals. If the 

new mesqa pumping stations have a large margin of excess capacity, the physical potential remains for 

head farmers to abstract water preferentially. Moreover, any limitations of pump capacity will only 

have a significant effect during peak periods when the whole system is operating close to design 

capacity. 

On the other hand, it can be argued that the consolidation of lifting points should make the system 

more manageable in terms of facilitating coordination of abstractions between mesqas. However, this 

raises the question, manageable by whom? Insofar as such coordination may be necessary, it is clearly 

preferable that it should be achieved by voluntary cooperation between different mesqas rather than by 

a system of scheduling imposed from above. 

One incidental but significant benefit of single-point lifting is that it provides an effective and 

comprehensive solution to the problem of leakage and escape losses from the old low-level mesqas. 

The low-level system becomes less ramified and more compact and is easier to monitor. 

In “the view from below”, the rationale for single-point lifting emphasizes the collective benefits to 

farmers, particularly in terms of reduced pumping costs and overcoming problems of head-to-tail 

inequity along mesqas. 

The main benefits to farmers which are expected to result from single-point lifting and the associated 

mesqa improvement are as follows: 

• through shared operation of a single pumping station at the head of the mesqa and irrigation 

according to an agreed schedule, problems of inequitable distribution between farmers along 

the mesqa can be avoided; 

• the use of larger, shared pumps means that in principle the total investment in pumping 

equipment can be reduced (although most of the potential benefit in this respect arises from 

the introduction of continuous flow); 

• larger, more efficient pumps can also lead to a reduction in pump operating and maintenance 

costs; 

• the larger discharge of the mesqa pumping station can provide a larger irrigation stream size, 

which together with saving of the time previously used to move individual pumps to and from 

fields, results in a reduction of the overall time required to irrigate; 

• the possible larger stream size may also lead to higher field application efficiency; 

• any conveyance capacity constraints in the old mesqa are eliminated; 

• maintenance requirements are less than for the old low-level mesqa; 

• the new mesqa requires less land. The land saved can be added to the cropped area and/or used 

to improve access; and 
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• the elimination of the low-level mesqa improves environmental health conditions and general 

“tidiness” (these environmental benefits may be offset by negative impacts due to loss of 

habitat, but such impacts are likely to be very minor). 

However, the advantages must be set against the relatively high costs and large amount of effort (in 

terms of planning, design and organization of farmers) involved in implementing single-point lifting 

and the associated improved mesqas. The level of practical and economic benefits may vary 

considerably depending on the particular circumstances of each mesqa in the pre-project situation. 

On the other hand, the idea of single-point lifting may also raise certain fears or doubts among 

farmers, particularly concerning the following: 

• loss of independence and problems in cooperating with (a larger number of) others ; 

• technical workability of the new system (practical problems of scheduling, sub-division of 

flow etc.); 

• whether the financial benefits will be sufficient to cover their contribution to the costs of 

improvement; 

• fear of disruption during construction; and 

• effect on existing interests (including disposal of existing pumps). 

Linkages between continuous flow and single-point lifting 

Single-point lifting contributes to the implementation of delivery improvements in two main ways: 

• One of the key prerequisites for the introduction of continuous flow is the elimination of 

leakage and escape losses from the existing low-level mesqas. In principle, single-point lifting 

provides an effective and comprehensive solution to this problem. 

• As noted above; single-point lifting provides a physical basis for grouping the farmers into 

water users’ associations (WUAs), which facilitates the formation of farmer organizations at 

branch canal level. 

However, neither of these factors makes the introduction of continuous flow dependent on single-point 

lifting. Leakage and escape losses do not occur on all mesqas, and where they do occur they could be 

dealt with on a case-by-case basis in various other ways. Similarly, farmers could in principle be 

organized without the creation of a new infrastructure. 

In contrast, the practical and economic feasibility of single-point lifting is very much dependent on the 

introduction of continuous flow. If single-point lifting were to be implemented under a rotation 

system, the required design capacity of the pumping station and mesqa, in order to provide otherwise 

the same level of service, would be twice that required under continuous flow, leading to a significant 

increase in the cost of the pumps and mesqa (especially for pipeline mesqas). Perhaps more 

importantly, insofar as single-point lifting entails some loss of operational flexibility for farmers at the 
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mesqa level (even if this flexibility is to some extent based on “illegal” practices), continuous flow 

compensates for this by increasing flexibility at the delivery level. 

Phasing of canal and mesqa improvements  

The overall logic of the project’s concept suggests that, in principle, implementation of delivery 

system improvements to allow for conversion to continuous flow should precede that of mesqa 

improvements, for three main reasons: 

• The new mesqas are designed on the basis of continuous flow in the delivery system, and 

therefore cannot properly supply farmers’ peak requirements under a rotational delivery 

regime. 

• The introduction of continuous flow is one of the main “selling points” for convincing farmers 

to accept the project, and may be decisive in offsetting any doubts they may have about the 

benefits of mesqa improvements. If continuous flow is not available before, or at the latest at 

the same time as the commissioning of the new mesqas, this may negatively affect farmers’ 

confidence in the project. 

• Under a fully participatory approach, it could be argued that the time frame for 

implementation of mesqa improvements needs to be rather flexible, whereas delivery 

improvements could be implemented quite quickly. 

On the other hand, there are also difficulties associated with the introduction of continuous flow before 

mesqa improvement. In particular, there is reluctance on the part of the irrigation authorities to 

introduce continuous flow before completion of improved mesqas which is probably due to two main 

reasons: 

• A fear that once the changeover to continuous flow has been made, farmers will lose the 

incentive to cooperate with implementing the mesqa improvements. 

• A justifiable concern over the likelihood of increased losses from low-level mesqas: As noted 

above, the project concept relies on eliminating these losses through the introduction of single-

point lifting. Without this, it would be necessary to implement separate measures to identify 

and deal with the sources of mesqa losses on a case-by-case basis. 

The changeover to continuous flow ahead of mesqa improvement would also cause some difficulties 

for the construction of the intakes for mesqa pumping stations as there would no longer automatically 

be regular “off” periods during which this could take place. 
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REVIEW OF PROJECT BENEFITS 

Benefits to farmers 

Benefits to farmers will arise in three main ways: 

• as a direct result of the introduction of continuous flow; 

• as a direct result of the introduction of single-point lifting and the associated improvements at 

tertiary level (including formation of water users’ associations); and 

• as a result of improved equity of distribution. 

Benefits from continuous flow 

In principle, the introduction of continuous flow will bring direct benefits to all farmers (except a 

small number of farmers in special situations who already have access to canal water on a continuous 

basis). These benefits are related to increased flexibility and reliability of water delivery, and arise not 

only through the removal of existing constraints but also through the creation of new opportunities. 

However, the full realization of these benefits will depend on complementary actions by farmers, for 

example in optimizing their irrigation schedules to increase yields and in modifying their cropping 

patterns to introduce more water-sensitive higher-value crops. The significance of the on-farm 

component of the project should be viewed partly in these terms. 

Benefits from single-point lifting 

The main direct benefits of single-point lifting, which have been demonstrated by previous evaluations 

of IIP, are the reductions in the time needed to irrigate and in pumping costs. These lead to an overall 

reduction in the costs of irrigation. Further monitoring is required to quantify the resulting financial 

benefits. The reduction in the time needed to irrigate also brings significant benefits in terms of social 

convenience which many farmers evidently value very highly. 

In general, the benefits of reduced irrigation costs should apply to most farmers (although on long 

pipeline mesqas, the saving due to more efficient pumping may be partly offset by the higher pumping 

head). However, this also depends on farmers’ perceptions. The farmer who rents out his existing 

pump to others may view his pump as an income generating asset rather than simply as a cost for 

irrigation. The farmer who has kept his pump for many years may not take depreciation into account in 

estimating his costs, and may find that the charge for pumping made by the WUA is greater than his 

cost before the project. 

There are other lesser benefits which will be felt by only some farmers. These include saving of land 

and reduced mesqa maintenance costs. Environmental health benefits from closing of existing mesqas 

will be felt by the local population in general, which may or may not include the mesqa farmers. 

Benefits from improved equity of distribution 

The overall package of IIIP interventions is intended to achieve improved equity of distribution, which 

will bring additional benefits to those farmers, essentially tail-enders, who are relatively disadvantaged 
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in terms of water availability in the existing situation. These benefits should become apparent in the 

form of relatively greater yield increases and possibly increased land values in tail areas. The 

associated reduction in irrigation from drains should also ensure greater long-term sustainability of 

irrigation, which is to the benefit of farmers as well as the nation. 

Water saving 

Water saving is not stated in the staff appraisal report as an objective of the project, although it is a 

predicted effect of the project arising from improved water use efficiency. There is a widespread 

expectation, reflected in the national media, that this will result in significant overall water savings. 

In the lower delta (unlike the Nile valley and some parts of the upper delta where drainage water is 

automatically recaptured by the main irrigation network), there are basically three possible strategies 

for achieving water savings: 

• reducing the amount of irrigation water which flows to the drains, by reducing direct losses 

from canals and mesqas, reducing surface run-off from fields and reducing percolation losses 

through the sub-surface drainage system; 

• increasing the amount of drainage re-use; 

• reducing total water consumption by crops, e.g. by modifying the cropping pattern, 

introducing new varieties with shorter growing periods or adopting irrigation methods and 

practices which reduce evapotranspiration. 

IIP interventions are relevant to all of these. The physical improvements should largely eliminate the 

possibility of direct losses from canals and mesqas (especially tail losses). IIP may also contribute 

indirectly to reducing surface run-off and percolation losses both by avoiding over-irrigation by head 

farmers and by improving on-farm water management. However, the main potential impact on 

percolation losses, especially for rice, will probably be through implementation of the controlled 

drainage system referred to earlier; here, IIP can contribute to building the institutional framework of 

farmers’ organizations through which the necessary crop consolidation can be applied. 

The project includes a component for construction of drainage reuse pumping stations. However, 

drainage reuse is not a core intervention of IIP, and it must be borne in mind that in general any 

increase in irrigation system efficiency reduces the scope for drainage re-use by a corresponding 

amount. 

IIP will not directly lead to reduced crop water consumption, but clearly any changes in agricultural 

systems can be more easily implemented in the context of a well-regulated irrigation system providing 

reliable, flexible and equitable water deliveries. 

The net overall effect of IIP in achieving water savings is difficult to predict. This is partly because the 

distribution of water losses in the existing system between the different components (e.g. canal tail 
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losses, percolation losses, etc.) is not well known. More importantly, the priority use for any savings 

due to localized increases in water use efficiency in IIP areas will be to improve canal supplies to 

water-short tail areas which at present rely on direct irrigation from drains for all or part of their 

supplies. This substitution of water previously lost to the drains for water previously taken from the 

drains will be neutral in terms of overall water savings. 

CONCLUSIONS 

In the old lands of Egypt, problems with the non-improved irrigation system were largely related to 

the inequitable supplies of water between the head and the tail of a mesqa, in addition to lack of proper 

maintenance. However, the need for improvements is not solely due to problems of the old traditional 

system. It also emanates from the desire to improve the efficiency of water use so as to avert potential 

water scarcities at the national level. 

To address these issues, the IIIMP includes physical interventions leading to the improvement and 

modernization of irrigation and drainage infrastructures. The key step is the transformation from 

traditional rotation into a continuous flow system and the introduction of single-point lifting. This 

well-regulated irrigation system providing reliable, flexible and equitable water deliveries will mainly 

benefit farmers. In addition to water savings, this system is expected to be the basis for better yields, 

greater farmers’ involvement in the irrigation management, and enhanced on-farm systems. 
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ABSTRACT 

In Jordan, pressure on water resources has never been as intense as it is today. Confronted with a 

growing population, increasing rates of consumption and a rising food trade balance deficit, Jordan 

tends to seek food-security through more sustainable agriculture and optimized water use. 

This article presents the key elements, objectives and planned measures of the new water strategy 

adopted by the Jordanian Government. This strategy is translated into a nationwide agricultural 

development programme that is also presented. The article shows that priority has been given to 

sustainability, both from socio-economic and environmental points of view. Concerning socio-

economic sustainability, agricultural production for export will be part of a long-term strategy, taking 

advantage of the new export opportunities at international and regional level, aiming to increase 

agriculture’s contribution to the national income and at improving farmers’ standards of living. As for 

the environment, its sustainability lies on a sound irrigation management allowing water resources 

preservation (in quality and quantity), and progressively implementing new irrigation technologies. 

Keywords: Irrigation management, water policy, agricultural policy, water efficiency, optimization, 

modernization, irrigated agriculture, water strategy, irrigation technologies, Jordan. 
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INTRODUCTION 

Sustainable agricultural development depends on the use and management of water resources, 

especially in arid and semi-arid regions such as Jordan. Accordingly, water use in these countries 

should be optimal. This is, however, rarely achieved. As water demand is increasing because of the 

growing population and irrigation needs, it is of utmost importance and urgent necessity to address 

water use efficiency issues. 

As irrigation is by far the largest water user in most dry countries, improving irrigation management 

must become a priority for agricultural decision makers as well as researchers and farmers. Due to 

growing concerns of water quality and quantity, and the recent surge in energy costs, it is both an 

economically and environmentally sound decision to improve irrigation management. The more that is 

known about new irrigation technologies, the more accurate the irrigation management can be, due to 

the delivery of irrigation water in optimum amounts over an entire field. It is also an important 

element of irrigation management, because fertilizers and chemicals are carried along with irrigation 

water, the accuracy and timing of irrigation will maximize fertilizer uptake and chemical efficiency, 

and reduce the losses. 

In the past 50 years, world agriculture has experienced enormous changes, such as the developing of 

modernized irrigation systems with expected high productivity and advanced technology by 

industrialized countries. The attitude towards increased use of new irrigation technologies will depend 

on whether it is perceived as having a positive or negative effect on farming practice by reference to 

economic, environmental and durability influences. For wide implementation and acceptance of new 

irrigation technologies as a means for optimized water use, the starting point that should be considered 

is the preparation of a nationwide agricultural development programme relevant to policies approved 

by the decision maker. Taking this into account, the Jordanian Government has adopted a new water 

strategy, and will supplement it with a set of policies and measures to help achieve its objectives. This 

strategy and the correlated policies are presented in this article. 

AGRICULTURAL POLICY 

Jordanian agriculture and water sector 

Water sector 

In Jordan the population pressure on water resources has never been as intense as now. Measured by 

the per capita share of indigenous renewable water resources of 160 m
3
 in 2003, and an average share 

of 0.1 ha/capita of rainfed agricultural land, the country can hardly yearn for a balance in the trade of 

food commodities, and can afford to allocate only a modest annual quantity of municipal water to its 

population that averaged in 2003 a share of 70 m
3
/ per capita (190 litres/cap/day). The deficit in the 

foreign trade balance ran that year at US$ 475 per capita of which food trade deficit accounted for 

US$95 per capita. Present water use already exceeds the renewable freshwater resources by more than 
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20 percent. After the year 2005, freshwater resources will be fully utilized and there remain no more 

known resources within the country to develop. 

The marginal cost of water in Jordan is high by world standards. The investment portfolios for water 

and wastewater projects are very high and will be on the rise. Rehabilitation of old water networks is 

needed and is highly challenging both technically and financially. Additional water resources that can 

be mobilized are modest. The current per capita share of the gross domestic product (GDP) does not 

allow full cost recovery before it is drastically improved. 

Agricultural sector 

The importance of the agricultural sector in Jordan lies in its social and environmental impact rather 

than the economical contribution. Although agriculture is a modest contributor to the national income 

relative to many countries, it remains important to about 20 percent of the population who rely on it as 

a major source of income. The government has three basic objectives for the agricultural sector, 

namely: (i) to conserve basic agricultural resources and protect the environment; (ii) to increase the 

return on agricultural investments and improve farmer and farm labor income sufficiently to 

discourage rural-to-urban migration; and (iii) to increase the net income and growth rate of agriculture 

and contribute to a greater share of national income. The agriculture’s direct contribution to GDP has 

been declining since 1992 where it was 11 percent of GDP and dropped to 2.4 percent in 2000. It is 

estimated however that about 28 percent of the economic activities are related to and depend on 

agriculture. 

After the economic depression in the 1980s and the resulting 1988 economic crises, the Government 

of Jordan took strong measures by implementing a long-term structural adjustment process. As a 

result, many substantial and far-reaching changes in the overall economic and sectoral policies have 

been made. As the agricultural sector was the largest contributor to the government’s subsidy 

expenditure, it was therefore among the first sectors for reform in the early 1990s. There was an urgent 

need to formulate a comprehensive agricultural policy which would be an integral part of the overall 

policies for the economical development, especially in rural areas. 

The new agricultural policy criteria 

The agricultural policy, which was approved in 1996, would be an integral part of the comprehensive 

social and economic policy of Jordan and would consider the following criteria: 

Efficiency: 

• development and optimal use of available natural and agricultural resources; and 

• application of concepts of economic efficiency and comparative advantage in utilizing these 

resources. 
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Sustainability: 

• effective management and conservation of natural resources used in agricultural production 

especially soil, water and natural vegetation to ensure long-term sustained agricultural 

production; 

• ensuring that measures aimed at the promotion of agricultural development must be 

sustainable in the long run and must not become a continuous burden on the government 

budget; 

• development of the necessary legal and institutional framework within the public and private 

sectors, to provide stability as well as a favourable investment environment, with the aim of 

strengthening agricultural development; and 

• assuring a continuous supply of food that is adequate in terms of quality and quantity. 

Equity: 

• achieving social and economic equity between agriculture and other economic sectors, and 

also within the agricultural sector itself; 

• providing equal social and economic opportunities to all participants in agricultural activities, 

especially to those engaged in agricultural production, and in particular to small farmers who 

depend on agriculture as their main source of income; and 

• increasing the income of farmers and agricultural workers to equitable levels, and improving 

their standard of living accordingly. 

Agricultural policy objectives 

These objectives are the following: 

• to increase the degree of Jordan’s self-reliance in food; 

• to manage and utilize the available agricultural production inputs, in particular; water, land, 

capital and labour, in an economically efficient manner, while preserving the environment and 

ensuring the sustainability of agricultural production in the long-term; 

• to increase the profitability of the agricultural sector as well as standards of living for farmers 

and agricultural workers; 

• to orient the production of food and other agricultural commodities to meet demand of the 

domestic, regional and international markets and to ensure that such production is competitive 

in quality and price; 

• to maximize the value added to the gross domestic product of Jordan’s agriculture sector, 

particularly that of agribusiness, and its share in the GDP; 

• to promote the export of agricultural and livestock products, and help improve the national 

balance of trade; 
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• to attain social and economic equity between the agricultural and other sectors of economy 

and also within the various parts of the agricultural sector itself; and 

• to achieve integration of agribusiness among Arab countries, and promote cooperation 

between countries of the region in the area of production and trade of food and agricultural 

commodities, ensuring balance to all countries concerned. 

Challenges and approach 

The Government is determined to achieve the above-mentioned objectives by putting in place 

adequate economic, legislative and institutional frameworks to support rural change and 

transformation in the agricultural sector and to enable the sector to cope with the challenges and 

problems facing development. The following principles and general approaches are intended to 

provide the appropriate environment that will enable the sector to grow: 

• creating a favorable environment to ensure a freely functioning marketplace including the 

necessary regulatory and monitoring framework, while encouraging private agribusiness to 

play a major role in agricultural development; 

• strengthening the implementation of government policies supporting agricultural production 

and rural development, and making the necessary policy adjustments whenever needed; 

• providing the necessary institutional support and services in areas where the private sector is 

unable to provide them, including the infrastructure needed for sustained agricultural 

development, as well as information and other basic services; 

• encouraging the effective participation of individuals and target groups in agricultural policy 

formulation and in decision-making processes, and also ensuring their participation in the 

implementation of various programmes and activities; 

• integrating agricultural policy into, and ensuring that it is in line with other general and 

specific government policies; and 

• defining agricultural development as the core of the integrated development of Jordan’s rural 

areas. 

IRRIGATED AGRICULTURE POLICIES 

In order to exploit the growth potential of irrigated agriculture, Jordan will continue an outward-

oriented market strategy based on economic opportunities and incentives, and on strengthening its 

institutional capacity to increase and diversify horticultural exports to reach beyond emerging Middle 

Eastern markets. Thus, Jordan will re-establish a clear comparative advantage for its horticultural 

products for domestic and regional markets. Production for export will be part of a long-term strategy, 

taking advantage of the new export opportunities related by the recent economic and political 

developments at regional and international levels. Effective research and extension will play a 

significant role supporting dynamic and sustainable irrigated agricultural production. 
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The limited availability of irrigation water is the most severe constraint to the growth of the sector. It 

is thus imperative that policies geared towards improving the efficiency of water utilization receive the 

highest priority. Government policies and strategies in this area will aim at achieving the following: 

Optimal utilization of water resources 

In order to achieve the objective of efficient and sustainable utilization of Jordan’s available resources, 

the Government will adopt the following specific policy: maximizing the efficiency of water storage, 

conveyance, distribution and on-farm application. Government policies in this area are intended to 

produce substantial savings and to reduce the current shortages of irrigation water. This will require 

the joint effort and investment of both the Government and the farmers involved, particularly in the 

following areas: 

• developing suitable water storage structures both on and off-farm in order to minimize 

evaporation and seepage losses; 

• converting the open-canal conveyance and distribution systems to closed-pipe systems in the 

Jordan Rift Valley and the highlands; 

• replacing existing surface basin or furrow irrigation by drip systems; 

• designing and implementing irrigation projects jointly between the public and private sectors; 

and 

• pricing publicly developed and managed water to reflect the importance and scarcity of water 

in Jordan. 

To implement the above-mentioned policies, the Government will adopt the following strategies: 

• strengthening all overlapping issues and responsibilities shared between ministries and other 

public-sector institutions concerned, regarding the management of the country’s water 

resources to ensure compliance in their work; 

• strengthening the national capacity for the generation and dissemination of technical 

information on water-saving technologies; 

• defining crop-water requirements in the various agro-climatic zones to ration the use of 

irrigation water; 

• upgrading the management capacity of manpower involved in water distribution; 

• furthering public awareness regarding the efficient use of water, water quality, and the 

conservation of watersheds; and 

• exempting materials required for the local manufacturing of water-saving technologies from 

import duties. 
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Maximal efficiency of water use in irrigation 

The maximization of net economic returns on each cubic metre of water used in irrigation will mean 

that the production of crops with high water consumption will be limited, in particular if their gross 

margins per cubic metre are comparatively small. This assumes that protective policy measures for 

such crops are removed. 

Appropriate pricing and market mechanisms will ensure that crops with high net returns per cubic 

metre of water, and which are in demand in both domestic and export markets, will be given priority 

by farmers. 

The following measures will be implemented in pursuing this policy: 

• adopting a water management plan for the Jordan Valley on the basis of water requirements of 

crops in order to insure the availability of irrigation water to crops with high economic returns. 

Such a plan would reflect the economic value and the relative scarcity of irrigation water in 

the different seasons; 

• developing water crop regimes that maximize the net value of output per cubic metre of water; 

• promoting the technologies that maintain soil fertility and acceptable water quality; 

• safeguarding soil and water from contamination due to drainage water carrying undesirable 

chemical residues, and from misuse of fertilizers and pesticides; and 

• steering applied research to define water requirement and performance for various crops in the 

different agro-climatic zones, their economic returns on water input, their quality requirements 

and the effect of varying water quality on their yields. 

Quality and quantity of recycled water and groundwater 

The policies to be actively undertaken in this regard relate particularly to proper treatment when 

recycling water and to special measures for the preservation of the quality of groundwater. The 

Government will implement the following measures in pursuing these policies: 

• enforcing regulation for monitoring recharge of groundwater aquifers and groundwater 

extraction; 

• enforcing regulations for the licensing of deep groundwater wells in cropped areas; 

• protecting the watersheds of major aquifers to ensure the sustainability of water recharge in 

terms of quantity and quality; 

• monitoring the quality of surface and groundwater resources as well as irrigated soils to 

prevent any deterioration, and to remove the source of pollutants; 

• monitoring salinity and pollution levels, in particular in the effluent of wastewater treatment 

plants, and minimizing salinity through improvement of treatment methods, or by mixing such 

effluent with fresh water to meet Jordanian standards for treated wastewater; and 
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• enforcing environmental impact assessment of all development projects and programmes 

affecting the nation’s water resources, in particular dams and wastewater treatment plants. 

Securing investment in irrigated agriculture 

In order to maximize net returns on producer investment in irrigated agriculture, to reduce the various 

risks faced by producers, and to minimize production and marketing costs, the Government will 

implement the following measures: 

• render market information available to producers and exporters; 

• facilitate the organization of a balanced supply and demand for commodities produced and 

marketed in Jordan and for export, to minimize potential losses to farmers arising from market 

price fluctuations; 

• encourage farmers’ and exporters’ organizations to assume responsibility for improving the 

marketing of Jordanian produce, including the development of new markets and new crops in 

demand in these markets; 

• enforce legislation concerning technical standards for agricultural products, and grading and 

packing regulations; 

• strengthen the generation and dissemination of technical information on pest and pesticide 

risks, and the potential misuse of agricultural inputs; 

• enhance post-harvest technical services for fruit, vegetables and other crops, including 

pesticides monitoring and residue analysis, and provide information on quality control 

standards, packing specifications, and the pre-cooling and handling of fresh horticultural 

produce; and 

• orient research and technology transfer towards production and market oriented priority 

programmes, with farmers participating in the decision making process for resources 

allocation and programme priorities. The outlay of financial resources for this research will be 

at levels ensuring adequate efficiency, and should reach a target of not less than two percent of 

the total value added to irrigated crops. Such measures are equally applicable to other market 

oriented production systems (in particular, export oriented production systems). 

THE JORDANIAN WATER STRATEGY 

The water strategy in Jordan was approved by the Cabinet of Ministers in 1995. The strategy takes into 

consideration an interesting approach with the principle of integrated water resources management 

(IWRM). The technical, social, economic and environmental concerns are included in the formulation 

of the strategy. Some of the elements of the strategy in policy statements have been formatted while 

others are to be implemented. Taking IWRM approach, the strategy has been put into different 

thematic issues which are explained below. 
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Resource development 

• A comprehensive national water data bank is established and it is supported by a decision 

support unit. 

• The full potential of surface water and groundwater is being tapped to the extent permissible 

by economic feasibility, and by social and environmental impacts. Investigation works of deep 

aquifers shall be conducted to support development planning. 

• Wastewater is not managed as “waste”, but is collected and treated to standards that allow its 

reuse in unrestricted agriculture. 

• Marginal quality water and brackish water sources are enlisted to support irrigated agriculture.  

• A far horizon plan is formulated for the development of the resources, and a revolving five-

year plan is developed from it and updated as necessary. 

• The priority criterion for project implementation and for additional water allocation is based 

on economic, social and environmental considerations. A “critical path” shall be established 

for the allocation of each new source of water. Consideration shall be given to the 

sustainability of the allocation in the light of the national water balance situation and the 

economic, social and environmental opportunity cost of forgone alternative uses of water. 

• First priority is given to allocation of the basic human needs. Expensive additional water has 

municipal purposes as a first priority in allocation, followed by tourism and industrial 

purposes. 

Resource management 

• Priority is given to the sustainability of use of the previously developed resources including 

resources mobilized for the irrigated agriculture in the Jordan Valley and other established 

uses. Special care shall be given to the protection against pollution, quality degradation and 

depletion. 

• Mining of renewable groundwater aquifers are checked, controlled, and planned to be reduced 

to sustainable extraction rates. 

• Resource management is continually aimed at achieving the highest possible efficiency in 

conveyance, distribution, application and use. It shall adopt a dual approach of demand 

management and supply management. Tools of advanced technology shall be adopted to 

enhance the resource management capabilities especially in irrigation water. 

• A dynamic regime of demand and supply is instated and updated. Minimum cost of operation 

and maintenance are targeted. The cost of production of future industrial, commercial, tourism 

and agricultural projects shall be measured also in terms of their requirements of units of 

water flow. 

• Interactive use of multiple resources shall be targeted to maximize the usable flows, and 

maximize the net benefit from the use of a unit flow of water. 
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• Human resources development occupies an advanced rank in the priority scale. Continuous 

education, on-job training and overseas training programmes are and will be organized and 

implemented. Over-employment shall be trimmed to reach optimum employment levels 

compatible with efficient management. 

• Management of wastewater receives attention with due regard to public health standards. 

Industrial wastewater is carefully watched to avoid degrading the quality of the effluent of 

wastewater treatment plants destined for reuse. 

Legislation and institutional setup 

• Institutional restructuring is carried out to match the changing needs. 

• Legislation is updated whenever necessary to respond to emerging needs including the need 

for improving performance efficiency. Laws in effect are enforced with due diligence. 

• Participation of stake holders is introduced and enhanced, and legislation is done for their 

involvement wherever necessary (Water User Associations & Farmers Union). 

• Co-operation and co-ordination are assured among public and private entities involved in 

water development and management (Water User Associations, Ministry of Agriculture, 

Ministry of Water and Irrigation, Universities). 

Shared water resources 

• The rightful shares of the Kingdom are defended and protected through bilateral and 

multilateral contacts, negotiations, and agreements. 

• Due respect is given to the provisions of international law as applicable to water sharing, 

protection and conservation, and those applicable to territorial waters. 

• Bilateral and multi-lateral co-operation with neighbouring states are pursued, and regional co-

operation is advocated. 

Public awareness 

• The public are educated through various means about the value of water for them and the well 

being of the country, for the sustainability of life, and for economic and social development. 

• The roles in water conservation to be played by the different sectors of society shall be defined 

and assigned. 

• Introduction, adoption and use of water saving and recycling systems and devices are 

promoted. 

• Economic measures are adopted to reinforce public awareness. Such measures as demand 

management, efficiency improvements within supply management techniques are employed. 
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Performance 

• Performance efficiency of the water and wastewater systems and their management are 

monitored and rated, and the improvements on performance are introduced with due 

consideration to resource economics. 

• Human resources performances are continually appraised to upgrade capabilities and sustain 

excellence. Incentives for excellence are introduced in compliance with the needs for 

dedication. 

Health standards 

• Setting and enforcing national health standards which are enhanced and sustained, especially 

with regards to municipal water supply. 

• Concerns for public health and the health of workers are a focus in the programmes of reuse of 

treated wastewater. 

• Laboratories for controls are maintained and properly equipped. 

Private sector participation 

• The role of the private sector will be expanded. Management contracts, concessions and other 

forms of private sector participation in water utilities are considered and adopted as 

appropriate. 

• The concepts of Build Operate and Transfer/Build Own and Operate (BOT/BOO) are 

entertained, and the impact of such concepts on the consumers is continually assessed, and 

negative impacts mitigated. 

• The private sector roles in irrigated agriculture are also encouraged and expanded. Emphasis is 

placed on the social benefits in conjunction with private investment. 

Financing 

• The roles of water tariffs are considered as a tool to attract private investment in water 

projects. 

• Cost recovery is linked to the average per capita share of the GDP and its level. It will also be 

connected to the cost of living and the family basket of consumption. 

• Until the cost recovery is full, and the national savings reach levels capable of domestic 

financing of development projects, project financing will depend on concessionary loans, 

private borrowing and/or BOO and BOT arrangements. 

Research and development 

• Efforts are made to encourage indigenous water research targeted at the improvement of 

resource management, enhancing understanding of resource economics, and adapting research 

findings in other environments to local conditions, including but not limited to crop water 

requirements, minimizing evaporation and controlling evapotranspiration and the like. 
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• Emphasis is being placed on liaison with international institutions to keep abreast of modern 

technological advances, and to facilitate technology transfer and adaptation. 

SPECIFIC WATER POLICIES 

Water authorities in Jordan 

In Jordan, there are three public agencies responsible for the management of water resources. The 

Ministry of Water and irrigation (MWI) is responsible for water resources policy and strategy 

development, water resources planning, research and development, information systems and procuring 

financial resources. The other two agencies, namely; the Water Authority (WAJ) and the Jordan 

Valley Authority (JVA) are executing bodies; they are under the umbrella of MWI and the Minister of 

MWI heads their boards of Directors. WAJ is responsible for providing water and sewage services 

throughout Jordan and for water resources management while JVA responsibilities cover the 

development of Jordan Rift valley, including water resources, primarily for agriculture in the Jordan 

valley and southern Ghors. JVA is also in charge of managing the scheme in the valley. 

Until 1996, management of the water sector had been characterized by short-term planning focusing 

on increasing water supply and fragmented long-term policy overlapping responsibilities between the 

three agencies (MWI, WAJ and JVA). In addition, there was no coordination between MWI and other 

ministries like the Ministry of Agriculture (MoA). For example, the responsibilities for up-land 

irrigation and on-farm irrigation management were lost between MWI and MoA. Also, there had not 

been any significant coordination between MWI and the environmental, health and trade entities in 

Jordan. 

The water strategy defines the long-term goals that the Government of Jordan seeks to achieve in the 

water sector. The Ministry of Irrigation will formulate certain policies that will help achieve these 

goals. There are 47 strategy items, grouped under the following categories: 

• Resources Development 

• Resources Management 

• Legislation and Institutional Set-ups 

• Shared Water Resources 

• Public Awareness 

• Performance 

• Health Standards 

• Private Sector Participants 

• Financing 

• Research and Development 

The Ministry has prepared and published the following four policies: 
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• Groundwater Management Policy 

• Irrigation Policy 

• Wastewater Management Policy 

• Water Utility Policy 

Irrigation water policy 

The Irrigation Water Policy was approved by the Council of Ministers in 1998. The policy addresses 

irrigation water including agricultural use, resource management, technology transfer, water quality, 

and efficiency, but does not address or extend to irrigated agriculture. Many provisions of this policy 

are already in practice. Specific policy statements address: 

• Sustainability of Irrigated Agriculture (e.g., existing areas shall be accorded the chances for 

sustainability; protection of ground water resources takes priority over sustainability of 

agriculture; coordination with Ministry of Agriculture). 

• Resource Development and Use (e.g., use of wastewater; use of rainfall for crop production); 

• Technology Transfer (e.g., higher agricultural yields; modern advanced irrigation 

technologies; pressure pipelines; genetically engineered plant varieties). 

• Farm Water Management (e.g., night application of irrigation water; automation of farm 

irrigation networks; monitoring of soil moisture; crop water requirements for micro-climatic 

zones). 

• Irrigation Water Quality (e.g., monitoring at sources, conveyances, and distribution 

network; improving wastewater quality to allow unrestricted irrigation; testing of soil salinity). 

• Management and Administration (e.g., JVA responsible for operation and maintenance of 

irrigation facilities from source - reservoir, river, spring - to farm gate; use of piped irrigation 

networks; metering of water at the farm turn-out; participatory irrigation management). 

• Water Pricing (e.g., irrigation water managed as an economic commodity; water price to 

cover at least operation and maintenance costs and as much as possible capital costs; 

differential prices for different water quality). 

• Regulation and Controls (e.g., discourage crops with high water needs through economic 

and market forces). 

Sustainability of irrigated agriculture 

• Existing areas of irrigated agriculture are accorded the chances for sustainability. No diversion 

of its waters to other uses will be allowed without providing a replacement source fit for 

agricultural use unrestricted by health and public health considerations, and unduly hampered 

by chemical constraints. 
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• Sustainability of agriculture shall be compromised only if it threatens the sustainability of use 

of groundwater resources. Potential pollution of underlying aquifers or the depletion thereof is 

among reasons which prompt such compromise. 

• Irrigation water sources shall be protected against pollution which degrades water quality, is 

hazardous to the environmental integrity of soils or can endanger animal health, particularly 

livestock. In this regard the adoption of biological control methods shall be promoted in lieu 

of the use of pesticides. Where desalination of brackish water is practiced, particular attention 

will be paid to the disposal of brine; especially when such practice is done within the 

catchment area of dams. 

• Close co-ordination shall be maintained with the Ministry of Agriculture and its research and 

development arm and with other related institutions with the aim of enhancing on-farm 

irrigation efficiencies and maximizing the agricultural output of a unit of land area per unit 

flow of irrigation water. 

• Surplus surface water during the wet season shall be provided to farmers through the irrigation 

networks, free of charge, to reach soils especially at those farms that are irrigated with treated 

wastewater in the dry season. 

• Drainage networks shall be installed in irrigated areas where natural drainage is not sufficient 

to serve the purpose. Disposal of drainage water shall be made in an environmentally friendly 

manner. Maintenance of such networks shall be accorded attention similar to that paid to the 

maintenance of irrigation networks. 

Success stories at on-farm level to improve irrigation water management in Jordan 

• Shifting toward water saving irrigation systems: the trickle irrigation system which is known 

as the water saving irrigation system is now introduced and practiced in the country and 

covers about 70% of the irrigated agriculture. 

• protected agriculture which is estimated to be about 5 percent of irrigated agriculture. 

• computerized water allocation system. 

• water pricing. 

• guidelines for use of saline and treated wastewater. 

• irrigation management information system. 

• water conservation and improving irrigation water quality. 

• introduction of new crops with low water consumption. 

• enhancement of agricultural production export. 

• water harvesting techniques. 

• drought warming system (unit). 

• biotechnologically improved drought and salinity tolerant crops. 

• soilless culture and fertigation technologies. 
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• community-based participation (water user association). 

Requirements for implementation of new irrigation technologies 

New irrigation technologies give farmers the ability to more effectively use water and other crop 

inputs including fertilizers and pesticides, which will improve crop yield or quality, without polluting 

the environment. Any changes in agricultural practices that are likely to benefit the environment and 

help in sustainability of resources are likely to be encouraged rather than discouraged by the decision 

makers and public. The attitude towards increased use of new irrigation technologies will depend on 

whether it is perceived as having a positive or negative effect on farming practice by reference to 

environmental and durability influences. For wide implementation and acceptance of new irrigation 

technologies, the starting point that should be considered includes preparing a nationwide agricultural 

development programme dependent on the policies approved by the decision maker. This national 

programme should involve and take into consideration the following: 

• This programme must depend on the country’s own conditions. Because of the distinct 

regional imbalance in socio-economic development within countries, each country will have 

to draw its own strategies for using the opportunities provided by new irrigation technologies 

and will have to identify its strategies and priorities for its development. 

• Planning for new irrigation technologies should be, also, based on the domestic conditions. 

Therefore, the decision makers should revise their policies to enhance the establishment of 

trial projects and demonstration farms targeted at accumulating experiences, demonstrating 

ideas and disseminating advanced knowledge. 

• Most farmers, especially in developed countries, are still engaged in traditional systems with 

relatively limited application of modern technologies. As much as possible, they will select a 

rational and feasible approach based on their production conditions and knowledge of 

renovating conventional farming tools and technologies. As a result, the new policies should 

give a great interest to the socio-economics prevailing in the area. Therefore, material for 

reconstructing traditional systems should be changed dramatically so that it can be introduced 

to the farming system without much difficulty or expense. It must be reliable and easy to use. 

• The poverty of information has become a problem, restricting new advancement, especially in 

some developing countries. Therefore, great attention should be paid by the decision maker, 

while preparing the policies, to speed up information infrastructure construction and 

translating management knowledge into easily understood multimedia presentations. 

• Introducing the new irrigation technologies, which most of them rely on different levels of 

information, necessitates training policies that should be approved by the decision maker. 

Therefore, these training policies and agendas should involve plans to improve the current 

skills and introduce new skills, especially familiarity with computers which should be 

increased rapidly among many users. 



 147 

• Because eventual implementation of new irrigation technologies is largely economically 

controlled, large-scale agribusiness enterprises profit primarily through economics of scale. In 

this issue, the decision makers should formulate policies that encourage establishing 

landowner co-operatives, which can enable groups of small operators to obtain technologies 

that otherwise might be financially prohibitive. 
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ABSTRACT 

Almond production in the south-east Anatolia region lags behind other regions of Turkey in terms of 

total fruit output and yield per unit of land, although the cultivation of this crop has a significant 

potential in the region. The realization of this potential requires the supply of relevant information to 

almond growers and promotion of new growing systems that will ensure the highest yield per unit of 

land. 

In this study, we investigated different irrigation levels and gross profit margins under adequate and 

deficit drip irrigation conditions of a newly-established almond orchard in the Harran Plain. Average 

annual returns of an almond orchard were also calculated by considering corresponding investment 

and input costs and economic duration. Drip irrigation considerably increased almond productivity and 

economic returns. Economic analysis indicated that the benefit-cost ratio and internal interest rate for a 

17.5 ha almond orchard are 4.05 and 45.3 percent, respectively. This study showed that drip irrigated 

almond production is highly profitable with a high potential to increase farmer’s income in 

southeastern Anatolia. 

Keywords: Almond, IRSIS simulation model, full irrigation, deficit irrigation, sprinklers, drip 

irrigation, productivity, economic return, cash flow, benefit-cost ration, internal interest rate, 

investment and operation costs, Harran Plain, Southeast Anatolia. 
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INTRODUCTION 

Almond is the most important nut in the commercial world today and represents a highly profitable 

crop. With 44 percent of world production (average for 2001-2005), the United States of America 

(USA), in California, is by far the main producer, followed by Spain, Syria, and Italy. Turkey ranks 

eighth with 2.4 percent of world production (FAOSTAT, 2006). Almond is successfully grown under 

rainfed conditions in most Mediterranean areas and can, in some cases, survive under low rainfall of 

around 200 mm (Duke, 1983; Tubeileh et al., 2004). Under low rainfall conditions, almond is reported 

to respond positively to irrigation by improving its production and vegetative growth (Fereres et al., 

1981). Adequate water supply is mainly important during the period from bud break until mid-June to 

produce the maximum number of well-filled nuts. It is also important to supply water before hull split 

to avoid hull tights. 

Due to the very low rainfall and the long dry season, the crops and cropping patterns in the dry areas 

are dictated by water availability. For example, in the rainfed parts of the Harran Plain in Turkey, 

annual crops (wheat, lentil, barley and sesame) are the most common, followed by pistachio orchards 

and vineyards. In the irrigated parts of the plain, the leading crop is cotton followed by vegetables 

(eggplant, pepper and tomato) and fruit trees (apricot, prune and pomegranate) (Selli, 1996). 

Cultivation of stone fruits in the Harran Plain has not developed much due to the low rainfall, lack of 

adequate irrigation water, and high water demand in summer. Following the initiation of irrigation 

projects in the region, efforts have been made to establish fruit-tree orchards, including almond. 

Ecological and landscape conditions in the Harran Plain are favourable to almond production 

operations (drying, dehulling, shelling, storing, and transportation) (Kaska, 1999). 

In terms of productivity per hectare, Turkey lags behind other important almond producing countries 

like the USA and Syria. Among other management practices, irrigation can help improve yields. The 

most relevant irrigation techniques for fruit trees are either drip systems or mini-sprinklers (Kruse et 

al., 1990). These two techniques have proven to be economically more efficient compared to flood or 

sprinklers under limited water availability and for fruits with high market prices (Yıldırım, 1994). In 

addition, sprinkler irrigation during fruit development might cause fungal and bacterial diseases. 

The objective of the present study is to determine irrigation schedules and to increase profit margins of 

almond production under adequate and deficit irrigation conditions. 

MATERIALS AND METHODS 

Description of the study area 

Data for model simulations were collected in a drip irrigated 7-year old almond (Prunus dulcis 

[Miller] Webb., cv. Akbadem) orchard of 17.5 ha, brought under irrigation in 1995. The orchard is 

located in Tahılalan Irrigation District in the southern part of the Harran Plain in the Southeastern 

Anatolia Project (GAP) region (36°42'N; 39°00'E; altitude 375 m asl.). A weather station located at 
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300 m from the orchard collected temperature and rainfall records for the period 1956-1990. Mean 

maximum temperature was highest in July (35°C) while mean minimum temperature was lowest in 

February (-2.3°C). Average annual rainfall was 215 mm, received mainly in winter. 

The clayey soil in the study area was 1.5 m deep and had a bulk density of 1.43 g/cm
3
. Soil had low 

organic matter, Nitrogen, Potassium and Phosphorus contents. Readily available soil moisture content 

(volumetric) was 13.3 percent, and infiltration rate was 13 mm/h. The planting distance was 5 m x 5 m 

(400 trees/ha). 

Irrigation scheduling 

The reference evapotranspiration (ETo) was determined using the FAO-Penman method described by 

Doorenbos and Pruitt (1977). The IRSIS simulation model (Raes et al., 1988) provides the distribution 

of irrigation during the season and the amount of evapotranspiration (ET) resulting from the specific 

irrigation schedule. For those calculations, crop coefficient (kc) is obtained from Doorenbos and Pruitt 

(1977), yield response factor (ky) is from Doorenbos and Kassam (FAO, 1979), root zone depletion 

factor is from Allen et al. (FAO, 1998). 

Eight irrigation treatments were applied. For the full irrigation treatment, the amount of water given 

was calculated to restore root-zone moisture around field capacity. The other seven treatments 

received fixed proportions (90, 80, 70, 60, 50 and 40 percent) of the full irrigation amount. Irrigation 

was applied simultaneously in drip systems when 100 percent of the readily available soil water was 

depleted in the full irrigation treatment. The full irrigation application was the amount of water 

required to produce the maximum yield, thus the maximum net return for the almond grown for the 

respective year. No deficit irrigation was considered for the years starting from the first establishment 

of the orchard up to 100 percent yield (first 3 years). For almond trees, net return value was negative, 

when the irrigation application ratio was under 40 percent. To avoid negative values, the minimum 

irrigation application ratio was set to 40 percent. The IRSIS software was used to schedule irrigation 

applications. 

Economic analysis 

Data required for economic analysis were collected from the sample farm and field surveys by 

Southeastern Anatolia Project (GAP) Regional Development Administration. The economical life of 

the almond orchard was taken as 38 years, including the initial establishment period (3 years), 

development period (5 years) and full-productivity period (30 years). Since there will be no crop yield 

within the first 3 years, it is assumed that water melon culture will be practiced in spaces between two 

rows of trees. Water melon culture is abandoned when the trees start economically yielding fruits. 

The net return values in return to various irrigation water application ratios have been calculated by 

the following economic equation: 
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EwGvWcGvFeLeNi
Ym

Ya
TveYaCpNr −−−−−=  

where Nr is the net return per crop (US$/ha), Ya the actual crop yield (kg/ha), Cp the crop price 

(US$/kg), Tve the total variable expenses for maximum yield of the crop (US$/ha), Ya/Ym the yield 

ratio for the respective crop, Ym the maximum crop yield (kg/ha), Le the labour force expense for 

each irrigation (US$/ha per irrigation), Ni the number of irrigation for a specific crop, Fe the fixed 

expenses for a specific crop (US$/ha), Wc the irrigation water cost (US$/m
3
), Gv the gross irrigation 

volume applied to a specific crop (m
3
/ha), Ew the energy cost for irrigation application of unit 

irrigation water (US$/ m
3
). Net return figures are based on year 2000 prices. 

In the economic analysis of an almond orchard, costs relating to the establishment of an orchard and 

maintenance costs were calculated on the basis of the model provided by Balaban (1986). An interest 

rate of 20 percent was considered, which was valid for most developing countries with stable 

economies. 

The present study deals with cash flow, benefit-cost ratio and criteria relating to the rates of internal 

profitability based on the time value of cash and economic viability of the orchard. 

In calculating the value of cash flow, the difference between the total benefit and total cost is taken. 

Total benefit is calculated by deducting net returns from dry wheat and lentil production before the 

establishment of the orchard from net returns obtained from subsequent almond production. Costs are 

considered in two groups: initial costs incurred during the first establishment of the orchard and care 

and maintenance costs incurred every year (Erkuş and Rehber, 1998; Tahaoğlu, 1990; Kuiper, 1971). 

In calculating benefit-cost ratio, the present value of return was divided by the present value of cost. 

This parameter has much popular appeal since it gives an immediate indication of the degree of 

desirability of a project (Kuiper, 1971). 

Net cash inflows as returns from the almond orchard are used in calculating the internal interest rate. 

The internal interest rate is calculated by reducing total net cash inflows of the orchard throughout its 

economic viability to zero at net present value (NPV), which is calculated by the following equation: 

Where Rt, is the net cash flow from the beginning up to year n and q: (1+f) is the interest rate.  

RESULTS AND DISCUSSION 

System investment, operation and maintenance cost 

Initial years of establishment (3 years) and following years of maintenance and operation costs are 

summarized in Table 1. Site establishment and planting costs accounted for half the total costs, 

0
0
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followed by irrigation system cost which represented 26 percent of the total costs. Capital investment 

and administration costs made up 23 percent of the total while applications costs were marginal 

(barely 1 percent). 

Table 1: Investment cost for a drip irrigated almond orchard (17.5 ha) 

Item Cost (US$) 

1
st
 year 

• Site establishment & planting cost 

(Initial tillage, soil preparation, saplings, planting, pesticides, fence, 

electricity, fertilizer, fertilizing, first irrigation) 

40 843 

• Common costs  

(Capital investment, administration) 
18 416 

• Irrigation system costs  

(Pump, control unit, pipes, drippers) 
21 539 

• Application costs 

(Fertilizer and pesticide applications, irrigation) 
794 

• Total cost 81 591 

2
nd

 – 33
rd

 year 

Operation & Maintenance Cost 

 

1 631 

 

Outcomes of irrigation scheduling 

Under full irrigation conditions, the total volume of irrigation water applied through drip irrigation 

system in 24 irrigation events, between April and October, was 936 mm, and the actual yield, which is 

assumed equal to the maximum yield, was 6 tonnes/ha. In order to obtain the optimal yields through 

surface irrigation, our computations show that we need 2 170 mm in 16 irrigation events to 

compensate for application efficiency losses. These figures show that drip irrigation saves 57 percent 

of water applied using surface irrigation methods. This reduction in water consumption is crucial for 

the agricultural sector in these water-scarce regions. 

Soil moisture depletion for adequate and deficit (40 percent) irrigation scheduling is presented in 

Figure 1. The irrigation scheduling results are presented in Table 2 as net irrigation requirements, 

number of irrigations, mean irrigation interval days, actual and maximum evapotranspiration, actual 

yield and also net returns for almond orchard per ha. 
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Figure 1: Soil moisture depletion of full and deficit (40 percent) irrigation scenarios 

 

 

Crop yield increased steadily with the increase in applied water. Full irrigation resulted in a 5-

fold increase in almond yield as compared to the rainfed treatment. The full irrigation yield (6 

tonnes/ha) is almost 3 times the 2001-2005 national average yield of 2 174 kg/ha (FAOSTAT, 

2006). This response to irrigation agrees with literature findings. Franco et al. (2000) reported 

that ‘Atocha’ almond yield was 17.1 kg/tree when full water requirements were supplied 

compared to 11 kg/tree when 60 percent of water crop requirements were satisfied. Our values 

for the same water levels, respectively, were 6 000 and 4 050 kg/ha (15 and 10.1 kg/tree), 

which represents an increase of 48 percent when full irrigation requirements are applied. 
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Table 2: Irrigation scheduling impact 

Irrigation Water 

Application Ratio 

I 

(mm) 
Ni Iid ETa 

(mm) 

ETa/ 

ETm 

Ya/Ym 

(%) 

Ya 

(kg/ha) 

Nr 

(US$/ha) 

S1(Full) 936 24 5 1 071 1.00 100 6 000 9 652 

S2 (90%) 840 21 6 979 0.93 92 5 514 8 717 

S3 (80%) 749 19 7 899 0.86 84 5 046 7 817 

S4 (70%) 654 17 7 813 0.78 76 4 554 6 871 

S5 (60%) 560 14 9 726 0.70 68 4 050 5 902 

S6 (50%) 467 12 10 638 0.63 59 3 540 4 921 

S7 (40%) 374 10 12 555 0.55 51 3 060 3 998 

S8 (Rainfed) - - - 204 0.26 17 1 032 1 796 

Net irrigation requirements (I), number of irrigations (Ni), mean irrigation interval days (Iid), actual and 

maximum evapotranspiration (ETa and ETm), actual yield (Ya) and net returns (Nr) 

Results of economic analysis regarding the almond orchard 

The graphic presentation of the net flow elements in relation to the drip irrigated almond orchard 

establishment versus economic duration of the orchard is given in Figure 2. The benefit from 

intermediary product benefit is related to net return values of water melon culture which is to be 

practiced during the initial years of the orchard. Major product benefit is related to net return of 

almond. Investment costs relating to the establishment of the orchard are included in the first year. 

When the trees start to yield almond as the main crop, water melon culture is stopped and net return 

values are calculated progressively for the first 5 years. It is assumed that the almond yield reaches its 

maximum level in the 8
th
 year after planting, and this level is maintained for 30 years. Operation, care 

and maintenance costs of the orchard are calculated for each year throughout the full economic 

viability of the orchard. During the development period (4
th
-7

th
 years), harvest and transport costs 

varied depending on the yield amount while during the economic duration of the orchard (8
th
-33

rd
 

years) harvest, transport, water and common costs varied depending upon the amount of irrigation 

water applied. 
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Figure 2: Cash flow for the almond orchard 
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Tables 3a and 3b give values relating to cash flows for surface and drip irrigated almond orchards, 

respectively, based on cost and benefit elements depicted in Figure 2. The total benefit is calculated by 

deducting the net return of wheat and lentil grown outside project conditions (US$2 580) from the net 

return of the main and intermediate crops of the project. The results showed that total cost and revenue 

value of the drip irrigated orchard is higher than the surface irrigated one. In order to determine the 

economic efficiency, benefit-cost ratio analysis was performed. As, Kuiper (1971) indicated, the 

assumed interest rate affects the profitability of the investment significantly. If one could obtain a loan 

from an international development association at 0 percent interest rate, and use this interest rate for 

the benefit-cost ratio analysis, it would come out at a very attractive ratio. However, if one has to 

borrow on the local market at 20 percent interest, the benefit-cost ratio comes out at an unattractive 

ratio. In this study, we have presented the benefit-cost calculations (Table 3 and 4) for drip and surface 

irrigated orchards at 20 percent interest rate, which is the actual situation in the local markets. Despite 

the high interest rate, the benefit-cost ratio revealed that, drip irrigated almond orchard is significantly 

profitable (4.05) and higher than surface irrigated almond orchard (3.56). If the policy makers further 

support the investment in drip irrigated almond orchards through reducing interest rates to 10 percent 

and 1 percent scenarios, the profitability will be 10.42 and 24.76, respectively. 

Internal interest rate (IIR) calculations give the return that a farmer would earn if he/she invested in 

drip irrigated almond orchard plantation, rather than investing that money elsewhere. The IIR is 

calculated (Table 4) and found as 45.32 percent, which proves to be worthwhile for farmers to invest 

in and for funding agencies to extend assistance. 
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Table 3a: Cash flow and cost-benefit ratio of surface irrigated almond orchard (US$) 

Year 
Investment 

cost 

Operation, 

maintenance 

cost 

Total 

Cost 

Major 

Product 

Benefit  

Intermediary 

Product 

Benefit 

Total 

Return 

Present 

value 

factor 

Present 

value of 

cost 

Present 

value of 

return 

1 69 212 1 384 
70 596  16 384 16 384 0.833333 58 830 13 653 

2 
 

1 384 
1 384 -40 000 16 384 -23 616 0.694444 961 -16 400 

3 
 

1 384 
1 384 -40 000 16 384 -23 616 0.578704 801 -13 667 

4 
 

1 384 
1 384 -40 000 16 384 -23 616 0.482253 668 -11 389 

5 
 

1 384 
1 384 -4 549  -4 549 0.401878 556 -1 828 

6 
 

1 384 
1 384 49 232  49 232 0.334898 464 16 488 

7 
 

1 384 
1 384 89 569  89 569 0.279082 386 24 997 

8_38 
 

1 384 
1 384 156 796  156 796 1.390509 1 925 218 026 

Total 69 212 
 80 286 171 047 65 536 236 583  64 591 229 880 
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Table 3b: Cash flow and cost-benefit ratio of drip irrigated almond orchard (US$) 

Year 
Investment 

cost 

Operation, 

maintenance 

cost 

Total 

Cost 

Major 

Product 

Benefit 

Intermediary 

Product 

Benefit 

Total 

Return 

Present 

value 

factor 

Present 

value of 

cost 

Present 

value of 

return 

1 81 591 
1 631 83 222  

16 384 
16 384 0.833333 69 352 13 653 

2 
 1 631 1 631 -11 874 

16 384 
4 510 0.694444 1 133 3 132 

3 
 1 631 1 631 -11 874 

16 384 
4 510 0.578704 944 2 610 

4 
 1 631 1 631 -11 874 

16 384 
4 510 0.482253 787 2 175 

5 
 1 631 1 631 7 372  7 372 0.401878 656 2 963 

6 
 1 631 1 631 61 218  61 218 0.334898 546 20 502 

7 
 1 631 1 631 101 603  101 603 0.279082 455 28 356 

8_38 
 1 631 1 631 168 911  168 911 1.390509 2 268 234 872 

Total 81 591 
 94 641 303 482 

65 536 
369 018  76 140 308 262 
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Table 4: Internal profitability of the drip irrigated almond orchard 

f:46 f:45 

Year 
Total 

Cost 

Total 

Return 

Annual 

Cash 

Flow 

Rate of 

Reduction 

Net 

Reduced 

Flow 

Rate of 

Reduction 

Net 

Reduced 

Flow 

1 83 222 16 384 -66 838 0.684932 -45 780 0.689655 -29 810 

2 1 631 4 510 2 879 0.469131 1 350 0.475624 225 

3 1 631 4 510 2 879 0.321323 925 0.328017 155 

4 1 631 4 510 2 879 0.220084 634 0.226218 370 

5 1 631 7 372 5 741 0.150743 865 0.156013 2 611 

6 1 631 61 218 59 587 0.103248 6 152 0.107595 5 049 

7 1 631 101 603 99 972 0.070718 7 070 0.074203 5 164 

8 1 631 168 911 167 280 0.153734 25 717 0.164895 17 699 

Total     -3 067  1 462 

Internal Interest Rate 45.32% 

 

CONCLUSIONS 

This study shows that satisfying full crop water requirements can increase crop production and net 

return by more than 5 times, as compared to rainfed production. Obtaining optimal yields with drip 

irrigation requires less than half the amount needed using surface irrigation methods. Consequently, 

drip irrigation will increase farmer profits and resilience to natural disasters (e.g. drought and heat 

spells). However, to ensure a higher adoption by farmers, government should provide low interest rate 

credits in order to encourage farmers to overcome the high drip system installation costs. Such 

incentives will also lead to a significant reduction of water consumption as compared to surface 

irrigation practices. 
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ABSTRACT 

This paper presents the small dams of the semi-arid Mediterranean region and studies “a posteriori” 

their impact on the local population and environment. A review of history in four countries of the 

Middle East and North Africa Region (MENA) shows the importance of these works in land and water 

use policies and explains their objectives. The number and role of small and middle size dams vary 

according to country serving various goals such as irrigation, downstream infrastructure protection. 

The impact on the population is presented by distinguishing between two phases: the investment 

phase, during which the dam works are built, and the operational phase, which varies in length 

depending on the sedimentation rate of the reservoirs. The dams’ construction creates jobs for local 

unemployed labourers and supports technology skills acquisition by national companies. During the 

operation phase, the dams are real levers for poor rural areas through irrigation and drinking water 

supplies. 

The environmental impact was studied in the light of two principal themes: the refilling of water tables 

from the stored surface water and the quality of the reservoir water. It was shown that water was of 

good quality for irrigation and that there was marginal pollution risk by agricultural effluents for 

reservoirs located in rural areas. 

Keywords: small dams, reservoirs, irrigation, soil and water use, socio-economic impact, 

environmental impact, water quality, semi-arid zone, Middle East and North Africa region, Lebanon, 

Morocco, Syria, Tunisia. 
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INTRODUCTION 

At the beginning of the 1990s, the construction of small dams took precedence over the policy of large 

hydraulic works that was popular in the MENA region from the 1960s to 1980s. During this period, 

large dams, totally or partially built out of concrete, were built on the Nile, on the great rivers of the 

Atlas, and on the rivers of the Levant: the Tigris, the Euphrates, the Jordan, the Litani, etc. 

Nowadays, all countries of the MENA region are involved in a policy of constructing small and 

middle size dams. These dams appear as very specific structures designed not only to mobilize the 

surface water resources but also to control erosion. The dikes of these dams are between 5 and 15 m 

high (lower limit for large dams established by the International Commission on Large Dams). They 

are constructed of rubble and located in small rural catchments in areas of moderate relief. They have 

rustically designed lateral spillways with a discharge capacity of some tens of cubic metres per second 

or even, in some cases just over 100 cubic metres per second. Some but not all have a sluice gate and 

their unit cost is around 500 000 euros, sometimes far less. Their reservoirs are relatively small in area 

(a few hectares) and have a holding capacity ranging from a few tens of thousands to one million cubic 

metres (Albergel and Rejeb, 1997). 

Small and middle size dams are integrated naturally into the countryside without creating any 

particular nuisances. They are suited to regulate the water flows that may maintain populations in 

place by assuring them real possibilities for development. Their construction aims at achieving the 

following objectives: 1) protect downstream infrastructure (towns, dams, agricultural perimeter) from 

floods and erosion; 2) make available a water resource in the countryside that can serve human needs, 

water cattle, micro-irrigation, etc.; and 3) improve the environment: creation of oasis, forestation, 

capture of run-offs from streams, and refilling water tables (Talineau et al., 1994; Albergel and 

Claude, 1997). 

During the last decade, Lebanon, Morocco, Syria and Tunisia, took part in the Hill Reservoirs in the 

Semi-Arid Zone of the Mediterranean Periphery (HYDROMED) research programme. Using 

examples from these four countries (HYDROMED, 2001), this article shows the role of small and 

middle size dams in irrigation, development and conservation of agricultural land. 

HISTORICAL AND GEOGRAPHICAL OUTLINE OF SMALL AND MIDDLE SIZE DAMS 

IN MENA 

The current small artificial reservoirs, widespread in many regions, are inspired by precursors that are 

thousands of years old. Beginning from the first century AD, the Yemenites built a large number of 

small dams in valleys and even dug them into the length of hillsides. Many dams, now completely 

silted up, were built in the beginning of the Christian era over the entire Roman Empire. One of the 

most spectacular is the dam in Badieh in the Syrian steppes along the route to Palmyra. This dam, 

made of stone with a capacity of approximately 1 000 000 cubic metres, was restored during the 

1980s, only to be again filled with silt (Kara Damour and Miski; 1997). 
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In Europe, such infrastructures were widespread in Italy and France, in the hillsides of Gascogne and 

the fringes of the Pyrenees and the Massif Central. The modern principal of retention dam construction 

was born in Northern Italy around 1951 (Darves-Bornoz and Clement, 1957). The success of the 

Italian experience instructed the development of this technique of water collection and protection of 

large infrastructure in the Maghreb. The retention lakes in the Maghreb and the Middle East today 

constitute a technique for collecting surface water resources for a variety of uses. Table 1 shows the 

importance of these works in four countries in MENA. 

Table 1: Water use in the countries covered by HYDROMED 

 Lebanon Morocco Syria Tunisia 

Number of small 

dams
1
 built (1997) 

2 small units, 

but numerous 

small-scale 

structures 

50 medium-sized units, 

numerous small units 

43 medium-

sized units, 

100 small 

units 

40 medium-sized units, 

450 small units 

Future projects About 30 

planned 

500 planned, priority 

given to 0.5 to 5 Mm
3
 

units 

30 planned 200 medium-sized and 

1 000 small units 

Objectives: 

Drinking water 

Downstream 

protection 

Groundwater recharge 

Agriculture 

Fish farming 

Environment 

Tourism, leisure 

 

Yes 

Yes (flood) 

Yes 

Yes 

Yes 

Yes 

Yes 

 

Yes 

Yes (flood, sediment) 

Yes 

Yes 

Yes 

Yes 

No 

 

Yes 

Yes (flood) 

Yes 

Yes 

Yes 

Yes 

Yes 

 

No 

Yes (flood, sediment) 

Yes 

Yes 

No 

Yes 

No 

Types of structure Earth or 

reinforced 

concrete dams 

Earth dams, compacted 

concrete dams. 

Research into different 

types of water tightness 

Earth dams Earth dams, 

concrete dams (rare) 

Ministries 

(body responsible) 

Irrigation 

 

Interior 

(local representative) 

Irrigation 

(Basin 

Directorate) 

Agriculture 

(Regional agricultural 

development centres) 

User organization  Drinking water: water 

distribution company. 

Private or collective 

Centralized, 

Basin 

Directorate 

Creation of management 

associations and 

committees  

Land consolidation 

and redistribution 

 

 

According to dam Yes 

 

Small units: no 

Medium-sized: yes 

Water pricing  Yes: operating costs 

covered  

Yes: 

operating 

costs covered 

No 

Studies, monitoring Minor Major Average Very major 

Source: Albergel et al., 2004 

(1) The International Commission on Large Dams fixes a height of 15 m as the lowest limit. We will consider 

small dams as those with a height less than 15 m and a capacity inferior to 5 million cubic metres, distinguishing 

micro reservoirs (<50 000 m
3
), small retention reservoirs or lakes (50 000 to 500 000 m

3
) and medium retention 

reservoirs and lakes (500 000 to 5 000 000 m
3
). 

In Morocco: small dams for multiple purposes 

The use of the retention dam technique in Morocco is ancient. Long before the Italian undertaking 

(Ben Younes, 1985), sheep and goat producer associations installed small retention dams called rdirs, 

in the hills at the limit of aridity (100 to 400 mm). Then, fascinated by the Italians’ success and using 
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the new technical possibilities terracing machines provided, the Moroccan authorities restudied the 

concept of hillside installations and implemented a plan to equip the entire hillside area with a 

structure every ten kilometres. In 1953, it was said that 200 works were realized (Ben Younes, 1985). 

Following the drought years at the beginning of the 1980s, the new, “modern”, retention lakes were 

larger in size: the reservoirs’ capacity ranged from 120 000 to 200 000 cubic metres. The reservoirs’ 

catchment areas varied from five to ten square kilometres. Constructed with the participation of local 

populations, these works were appreciated by livestock producers in the high plateaus because of their 

good technical efficiency. In 1985, following a particularly severe period of drought, the Moroccan 

government developed a vast programme aiming to cover the entire nation through 500 retention lakes 

and dams with a priority for units of half to five million cubic metres. The Ministers of Public Works, 

Agriculture, and the Interior were involved in the project. However, this project did not reach its 

objectives. Today, 50 mid-size units and several dozen small reservoirs are in operation, essentially for 

irrigation. Small perimeters have been managed. 

The works were primarily designed for irrigation, livestock watering, flood protection or drinking 

water supply to rural areas that had no readily exploitable underground water resources. The reservoirs 

were naturally poisoned, and a few attempts at fish-farming were noted in the basins downstream of 

the dams. 

Morocco built itself a large-scale hydraulic infrastructure in the 1970s and 1980s. Virtually all the 

large dams today are affected by significant inputs of sediment. Numerous small dams have been built 

to slow down siltation. For example, the largest dam in the Kingdom, the Al Wahda Dam on the 

Ouergha River in the province of Sidi Kacem (88 m high, with a capacity of 3.4 billion m
3
), is 

protected by numerous small dams located in the upstream part of the catchment area and designed to 

retain the erosion products coming from the steep marly slopes of the Rif. Some have already been 

constructed while others are at the project stage. Erosion from the Ouergha catchment, estimated at 98 

tonnes/ha/year over an area of 6 150 km
2
, provokes a capacity loss of 60 Mm

3
 per year (Maroc Agri, 

2001). At the beginning of the HYDROMED project, about 50 small dams of over ten metres high 

were in operation and a large number of hill reservoirs with dams of between 5 and 10 m in height had 

been created (El Mohammadi, 1993). 

The retention lakes of Tunisia 

In Tunisia, the technique of small dams and hill reservoirs was introduced at the beginning of the past 

century in the northern region of Bizerte. In the beginning, the profitability of this type of arrangement 

was judged to be best in humid and sub-humid bio-climates (El Amami, 1983). El Amami estimated 

the best number of works to be about 100 units. As they were built of rudimentary materials (earth) 

using scanty technical resources, the retention dams of this period were small. 



 168 

After a fairly long period of abandoning this choice of infrastructure, there was renewed interest in 

retention lakes at the end of the 1960s. They were used to master surface water flows by working 

directly upstream of the rivers. For instance, 40 or so retention lakes, conceived and constructed 

during a joint Tunisian-American programme, were established on the High Merguellil between 1968 

and the middle of the 1980s. 

With the same objective of protecting downstream zones and fighting erosion, about 40 retention lakes 

were built across the entire semi-arid zone of the country, reaching from Nabeul in the North East to 

Siliana and Karouan in the South. It was estimated in 1990 that 87 retention lakes were realized thanks 

to government investments, theoretically allowing the annual retention of about five million cubic 

metres of water for different purposes (refilling ground water, watering cattle, and supplementary 

irrigation). 

In the beginning of the 1990s, the construction project of 1 000 small retention lakes (around 100 000 

cubic metres) and 200 larger units (1 000 000 cubic metres) became a priority for the Department of 

Water and Soil Conservation of the Tunisian Ministry of Agriculture. These works were assigned 

objectives of water and soil conservation as well as agricultural development and promotion of 

employment in the countryside. 

In Syria: small dams of different sizes 

Small dams have been known in Syria since ancient times. For instance, the dam on the Nahr El Asi 

near Homs was constructed in the reign of Seti 1 (1319-1304 BC). Many others were built at the 

beginning of the Christian era (Badieh Dam on the road to Palmyra). Numerous ruins testify to their 

presence in the dry steppes. Some still exist but are completely filled with sediment. The first small 

dams built using modern techniques were those constructed during the 1960s in the province of 

Swaida to supply drinking water to villages on a basalt plateau that has no underground water 

resources.  

In addition to their traditional objectives of groundwater table refilling, downstream infrastructure 

protection and water collection for domestic and agricultural ends, the small dams in Syria are 

exploited by fish-farm workers and nature consumers (tourism, leisure, etc.). Near large towns, there 

are holiday homes at the sites of these projects and the lakes are used for leisure activities. This is the 

case with the small dam at Al Corane, not far from Damascus in a high valley. In the Middle East, the 

idea of the hill reservoir is not as well defined as in the Maghreb, but numerous very small reservoirs 

have been constructed to create reserves of water for the cattle of nomadic Bedouin tribes. Around 50 

small dams over ten metres high, built since 1960, were in operation in Syria at the beginning of the 

HYDROMED project, together with a large number of small-scale structures. They are all used for 

small irrigated perimeters. 
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In Lebanon: small dams for irrigation in mountainous agriculture 

In Lebanon, as part of the country’s reconstruction programme, the Green Plan has launched a study 

for the construction of about a hundred small dams, essentially in the piedmont areas of the mountain 

ranges adjacent to the Bekaa Plain (available on: www.greenplan.gov.lb). The purpose of the dams in 

this semi-arid zone, dominated by the mountain ranges of Mount Lebanon and the Anti-Lebanon, is to 

control floods, which can be very violent. 

In the mountains of Lebanon, there are also a multitude of small reservoirs used to capture the 

underground water and the melt water. These catchment reservoirs feed chains of reservoirs positioned 

at different levels on the slopes. Their water is used for orchard irrigation. Those very small reservoirs 

in the mountains are private. 

PLACE OF SMALL AND MID SIZE DAMS IN WATER MANAGEMENT AND 

COUNTRYSIDE DEVELOPMENT 

Although the natural potential between the regions is extremely variable, the small dams in the semi-

arid Mediterranean area are generally situated upstream from well developed agricultural zones in 

small mountain ranges with difficult natural conditions, economic poverty and important socio-

institutional handicaps. In the majority of cases, storing runoff water and making water available for 

various uses constitutes an important lever for the development of these zones (Selmi, 1996). 

Over the last two decades, programmes to construct small dams and hydraulically equip small 

catchment areas have received an important amount of investment. Table 2 lists the investments noted 

in the VIIIth plan of the Tunisian Government (1996) for the mobilization of water resources. One 

may remark that the 500 million dinars allocated to small dams and retention lakes represents 25% of 

the investments earmarked for hydraulic equipment in the country. 

Table 2: Investments for the mobilization of water resources in Tunisia (VIIIth plan) 

Type of works Number 

Volume mobilized 

Millions of cubic 

metres 

Investments 

planned. Millions 

of Dinars
1
 

Cost of cubic 

metres mobilized 

in Dinars 

Large dams 

Retention dams 

Retention lakes 

Controlled spreading of 

water for irrigation 

Drilled wells 

Exploratory drilling 

Purification plants 

21 

203 

1 000 

4 000 

 

610 

1 150 

98 

739 

110 

50 

43 

 

288 

- 

200 

623 

400 

100 

38 

 

55 

170 

285 

1.2 

3.6 

2 

0.9 

 

 

0.8 

1.4 

Total  1 430 1 958  

(
1
) 1 dinars ≈ 0.87 US $ 

Impact of small dam construction programmes on the population 

Impact during the investment phase 

Whether the works are constructed under state supervision or by private companies (the case in 

Tunisia), they make intensive use of local labour. The construction of dams is often accompanied by 
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work on the catchment areas to diminish the risk of silting (plantations, rectification of ravines, 

construction of banks, etc.). These are often undertaken by construction teams who hire unemployed 

workers. Works to develop catchment areas and protect irrigated perimeters that were linked to the 

construction of three small dams in the province of Errachidia in Morocco procured 687 400 days of 

work for previously unemployed labourers. The salaries earned by this same labour force in this 

Moroccan province was 2.5 million Dirhams (1 DH ≈ US$0.12) (El Mohamadi, 1993) for each 

constructed dam. 

In addition to this direct job creation, a certain number of induced activities such as shops, restaurants 

and services around the work sites also appeared. The supervision of non-qualified labourers during 

the works allowed them to learn and acquire skills in the domain of construction in general and 

hydraulic works in particular. 

The Tunisian experience encouraged the emergence of construction technology and hydraulic works 

skills. The creation of research firms and private public works businesses was encouraged by the 

government (financial support, assistance to government bureaucrats entering the private sector, etc.). 

The research firms and enterprises that started under the state water mobilization programme quickly 

diversified their activities. This programme also created a new market for national hydro-mechanical 

industries and further developed that of construction materials, pipes, etc. It improved the operations 

of many local enterprises (truck rentals, supply of irrigation equipment). 

Impact during the operation phase 

Albergel et al. (2005) demonstrated that there is great diversity in the life spans of small dams. A 

modelization of the siltation of these works made on 30 dams in Tunisia, Morocco and Syria shows 

that the average life span is 30 years, but that 13 percent of the dams last less than 10 years while 

another 30 percent last over 50 years. The dams that silted up the most quickly are those in loam 

mountain zones with little vegetation. Siltation measurements according to the scale of a dam’s 

catchment area went up to 38 m
3
/ha/year on the basin of the Saboune dam in the loam hills of Rif in 

Morocco, while very little erosion was recorded in the basaltic plateaus of the Homs region 

(2 m
3
/ha/year) (See Figure 1). The measurements taken on the small dams of the Tunisian Atlas fell 

in-between and were on average around 17 m
3
/ha/year 

Only the dams that last more than 30 years can be used to supply irrigated perimeters. The others may 

be used for reforestation or for the setting up of olive groves, olive trees only needing irrigation for the 

first three years after being planted (Selmi et al., 2000), or as provisory watering points for herds. 

 



 171 

 

Figure 1: Rate of sediment deposit in small dams from 1994 to 2000 

 

 

 

 

 

 

 

 

 

In Tunisia, out of the nearly 500 retention lakes built that mobilize nearly 50 million cubic metres of 

water, 400 have irrigation potential. In March 1999, there were 232 retention lakes equipped with 

individual or collective motorized pumps that were able, due to this equipment, to contribute to local 

development. This situation benefits more than 1 500 people who use water either on an individual 

basis (for the majority of lakes), or within the framework of a management committee or an 

association of collective interests. 

In Morocco, approximately 50 small works have been put into operation since 1985. An a posteriori 

evaluation study of small dams using the method of economic effect found that the portion of the 

direct agricultural and livestock value added, which returned to household accounts, was estimated on 

average to be 10 200 DH/year/household (El Mohamadi, 1994). 

Irrigation from small dams is a current practice in Syria. The use of water from these dams for 

irrigation is taxed by the government. The annual tax on irrigation was fixed in 1997 at 276 Syrian 

pounds by Dhounim
1
, or the equivalent of US$61 per hectare. 

The irrigated perimeters around this type of works vary from several to several dozen hectares (See 

Figure 2). 

The analysis of the diversity in the operations of the agricultural production systems around the lakes 

formed by small dams in Tunisia shows that (Selmi, 1996): 

• 50% of farmers have not introduced irrigation and maintain a traditional production system; 

                                                 
1 1 Dhounim, a local surface area unit of measurement, corresponds to 1000 square metres or 0.1 ha. 

Volume of silts deposited from 1994 to 2000

0

5

10

15

20

25

30

35

El Gouazine

(Tunisia)

Syndianeh

(Syria)

M'Richet

(Tunisia)

Es Senega

(Tunisia)

Fidh Ali

(Tunisia)

Kamech

(Tunisia)

Saboun

(Morocco) 

m
3

/h
a

/y
e

a
r

Siltation m3/ha/year

 Fairly wooded 

piedmont catchment 

with erosion control 

work, cacareous.  

Catchment on a 

basalt plateau  with 

terraced cultivated 

zones 

Very marly 

catchment in the Pre-

Rif, very cultivated



 172 

• 28% are beginning to integrate water as a factor in the functioning of their agricultural 

production; 

• only 22%, who may be called pioneers, are practicing small scale irrigation. 

This rate of using the retention lakes is low but varies greatly from one site to another. It has been 

increasing greatly over the past few years. At the Kamech site in the Cap-Bon area the dam is 

equipped with eight motorized pumps that allow the co-existence of industrial size crop perimeters (12 

hectares of tomatoes, with a yield of 35 tonnes per hectare, and peppers) with traditional market 

produce gardens. 

The use of water allows the introduction of new crops (notably market produce and arboriculture) that 

are very profitable and whose gross profit margins can be up to ten times that of traditional extensive 

cereal farming. This optimal use of retention lake water is at the origin of the creation of an important 

annual revenue supplement that translates into an improvement in the habitat and land speculation 

adjacent to the lakes. Also appearing are crops with a high added value such as walnut nurseries in 

cool, higher altitude regions, the root bark of which is used both in traditional cosmetics and by the 

modern pharmaceutical industry. 

Figure 2: Development of irrigation 

 

Impact of small dam construction programmes on the environment 

Water availability and dam management 

Figure 3 illustrates the monthly hydrologic assessment of the Syndiané dam in Syria during 1998. One 

may note that high floods in January, February, and March filled the reservoir well. The influx per 

flood was 500 000 cubic metres in January. These strong floods filled the dam, which discharged 

water for four months at a time. The direct contribution from precipitation (height of the rains x 

surface of the reservoir) is low. The use of water (volume released by the outlet gate) is weaker than 

the losses from evaporation, with the exception of July, August, and September, when they are the 

same amount. 
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The water balance is positive in March and April and negative the other months of the year. The 

results are interpreted in the following way. After the strong rains of January and February, the layer 

of water retained in the ground has a piezometric level above that of the side of the lake and feeds into 

it. After the groundwater table is reduced, the infiltration losses from the lake to the surface tables are 

a function of the hydraulic charge and the permeability of the bottom of the lake. The bottom of the 

lake is more permeable in the high water zones than at the centre where clogging sediments collect. 

Depending on the volume of the water stored at the end of the rainy season, it could be beneficial to 

release water to refill the water table according to the storage capacity and the needs for water during 

the dry season. 

Figure 3: Monthly hydrologic assessment of the retention dam in Syndiané (Syria) 
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Water quality for irrigation 

Physico-chemical measurements were made on a sample of 25 lakes (dissolved oxygen, temperature, 

pH, electrical conductivity) and samples were taken every trimester for the analysis of major ions and 

phosphorus. On an ad hoc basis, the vertical structure of a column of water (transparency, 

conductivity, temperature, dissolved O2) from some lakes was determined and sediments were taken 

from the middle of the lake to analyze the forms of phosphorus (Rahaingomanana, 1998). 

The various field measurements and laboratory analyses show an important variability in the salinity 

of the lakes, given by the Sodium Adsorption Ratio (SAR), as much in space as in time. At high water, 

the Electrical Conductivity (EC) varied on the 25 lakes from 0.23 ms/cm to 3.58 ms/cm and at low 

water from 0.31 ms/cm to 4.65 ms/cm-1. Five different geochemical aspects were observed: sulfated 
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calcic, calcic sodic, bicarbonated calcic, sodium chloride, and a mix. As a general rule, the surface 

waters of the lakes are less charged than the ground waters. The water is of good enough quality for 

irrigation. Table 3 gives the principal characteristics of the retention lake waters as function of their 

geochemical aspects (monitored on 24 of the 25 lakes from 1994 to 1997). 

Table 3: Quality of retention lake water during the high water period 

 EC (dsm-1) SAR pH 

Sulfate dominant 0.62 - 3.10 0.3 - 2.9 7.4 - 9.4 

Bicarbonate dominant 0.16 - 0.45 0.3 - 1.0 7.6 - 8.4 

Chloride dominant 0.51 - 0.78 2.7 - 3.3 7.8 

For the time being, no recently constructed lake shows signs of eutrophication. The studies of the 

phosphorus ion dynamics between the basin, the sediments, and the lake waters do not show important 

pollution. A study of the vertical structure of the reservoirs shows that there are thermal stratifications 

in the deepest reservoirs in summertime, accompanied by reduced transparency. The chlorophyll a 

content is often less than 10 µg/litre, but macrophytes grow only in clear water. 

Biological analyses found a good quality to the water that was quasi potable. The lakes near large 

agglomerations were not sampled. 

An analysis of pollution risks by agricultural effluents was conducted in the catchment of the small 

dam at Kamech (Cap Bon, Tunisia) (Vateau, 2003). No molecules of pesticides used by farmers were 

found in significant quantities in the water analyzed in early summer. Pollution by nitrogen fertilizers 

is within acceptable limits. These results can be extrapolated to all reservoirs in a rural environment 

other than those where intensive poultry farms have been established near the banks. 

The General Directorate of Land Development and Farmland Conservation of the Tunisian Ministry of 

Agriculture has a project to study the risk of transmission of stagnant water related diseases in 

collaboration with the Institut Pasteur in Tunis. To date, public health surveys do not indicate any new 

outbreaks or the appearance of new illnesses associated with these dams. Diseases transmitted by 

mosquitos are monitored very closely. 

CONCLUSIONS 

Located in fragile environments with little economic activity, these small dams are seen as a 

supplementary resource, vital but uncertain. The choice of sites and the management of dams must be 

in relation to precise objectives such as conservation or deliberately oriented measures towards rural 

development. 

In this way, we see two general types of retention reservoirs as standing out: 

• Those that respond to the presence of specific risks in the environment, natural or physical 

risks that cannot be controlled much by the local population, and especially ones that are 
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unlikely, once controlled, to rapidly change the state of the local economy. Such works can 

only fall under the full and entire responsibility of a government service. 

• Those that are located in areas with a sound guarantee of water and land resources and with an 

important human potential, people who are motivated, innovative and competent and that will 

be able (after necessary training) to quickly assume responsibility for their own benefit. 

Water reservoirs can be managed in a rational manner with simple hydrological monitoring. The 

objective of this management must be to minimize losses due to evaporation and to efficiently use 

water for irrigation. 
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