Sustainable solutions for water in the Mediterranean:

managing scarcity and improving quality
Priority 1: “Improving water demand management”

Report relating to target n°2 (MED 1-2)

1. Heading of target MED 1.2 
By 2020, each Mediterranean country has set its own national objectives for improving the water productivity of rainfed and irrigated agriculture, in the framework of an integrated water and food-security strategy, defined and implemented measures for achieving their objectives in the short, medium and long term.

Remarks :
· The target is established at national level. However, the solutions to be implemented and commitments to be made to reach this target involve all stakeholders at the various territorial levels (governments, local and regional authorities, water authorities, professionals, etc.).
· This target objective is complementary to target objective MED 1-1 and specifically concerns the agricultural sector, the highest consuming sector of “blue” water (river, lake water, groundwater) in the Mediterranean, which therefore represents a major issue. However, it also integrates the issue of “green” water (rain water) to encourage the development of an integrated vision of water and agriculture, including rainfed agriculture (which concerns 80% of cultivated land in the Mediterranean) and irrigated agriculture, even by addressing the issue of virtual water associated with the import/export of agricultural produce in the Mediterranean.

· It has a strong tie with the “water and food security” theme within the thematic process and with the target objectives put forward within the framework of other regional processes (Am, AP, Eu). The issue of virtual water also connects in with the “water footprint” theme within the thematic process.
2. Target context and issues 
2.1 Trend in agricultural water demand incompatible with the trend in available resources 
2.1.1
Irrigation, the primary water consumer, rapidly expanding
Total water demand is defined as the total volume of water needed in order to satisfy the needs of the various users: agriculture, for irrigation purposes, domestic users, industrial users, and so on. It is the sum of water abstractions from resources (95% of the total), non-conventional production (desalting, reuse of treated wastewater, etc.) and water imports, and it differs from final water consumption by users in that it also includes all water losses during transport and use. 

Agricultural water demand, on the other hand, is the sum of:

· the quantities of irrigation water (still referred to as “blue water”), which are obtained from surface or groundwater and brought to plants by “artificial” means; it includes losses in distribution networks due to seepage and evaporation. Irrigated agriculture is the primary water consumer in the Mediterranean: it accounted for 64% of overall demand in 2005 (45% in the North and 81% in the South and East). It is one of the main driving forces behind water demand, having to contend with a precipitation deficit and growing export demand and/or demand in the southern and eastern countries.
· and the quantities of rainwater absorbed directly by plants and known as “green water”
. 

The relative shares of green water and blue water in total crop consumption can vary considerably. Efforts to mobilise blue water aim to overcome the constraints of water shortage and rainfall variability; they generate much higher costs than does the use of green water. Table 1 (annex 1) presents an estimate of the volumes of blue and green water mobilized for agricultural production in the Mediterranean. It shows that irrigation water accounts for almost 30% of the total volume of water mobilised for agriculture throughout the Mediterranean and that this rate is over 50% for the countries in the South.
The irrigated acreage has more than doubled in 40 years, totalling 24,000,000 ha in 2005 (11 million in the North and 13 million in the South and East). The share of irrigated land, although large, must be seen in proportion, since it accounts for only 20% of all arable land and permanent crops, rain-fed agriculture and pastoralism still occupy an essential place in Mediterranean countries. Irrigated land is very unevenly distributed in the region (figure 1). Egypt, where 100% of acreage under crop is irrigated, remains a unique case. The share of irrigated land is only low (less than 2%)  in the countries of the eastern Adriatic apart from Albania (Slovenia, Montenegro, Croatia and Bosnia-Herzegovina). In most of the other Mediterranean rim countries, the share of irrigated acreage is high (in particular in Israel and Albania where it accounts for more than 50% of arable land and permanent crops).
Figure 1: Irrigated area in the Mediterranean countries, 2005
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Although gravity-fed irrigation is predominant in the Mediterranean, considerable efforts have been made in the past few years, particularly in the southern and eastern countries, to modernise plot irrigation systems by developing sprinkler and drip irrigation techniques. The share of acreage equipped with modern systems in total irrigated acreage still varies from one country to another (annex 1, figure 2).

The water consumption index per irrigated hectare calculated for the Mediterranean countries in the period from 2000 to 2005 also shows widely varying situations (annex 1, figure 3), blue water consumption per irrigated ha ranging from approximately 1000 m3 (Croatia, France, Slovenia) to over 16,000 m3 (Egypt) per year. This consumption index depends on factors such as the type of crop, climate conditions (rainfall input, its influence on crop evapotranspiration), the plot irrigation system (water-greedy or economical), etc. 
The physical efficiency of irrigation water, which is the product of the efficiency of upstream irrigation water transport and distribution networks supplying agricultural parcels and the efficiency of the actual plot irrigation system, is shown to be between 35% and 80% in most Mediterranean countries.

The development of irrigated acreage, which is of capital importance given its direct and indirect economic effects, should continue in countries which still have exploitable potential and which still allocate a significant share of public resources to large-scale hydraulic engineering projects.
In the North, the demand for agricultural water expressed in both absolute and relative values should be stabilised to a certain extent as the result of the stabilisation of, or slight increase in, irrigated acreage. The outlook is for rapid growth in the demand for irrigation water, on the other hand, in the south and in particular in the east of the Mediterranean Basin: according to an FAO study, irrigated acreage could increase by 38% in the South to 9,000,000 ha and by 58% in the East to 8,000,000 ha by 2030. The agricultural development policies pursued in most southern and eastern Mediterranean countries (Turkey, Syria, Lebanon, Egypt, Libya, Algeria and Morocco) make provision both for expanding irrigated acreage and increasing horizontal crop intensity coefficients (number of harvests per hectare per year). The situation in Turkey is worth examining in detail, since irrigated acreage in that country could progress by almost 1.5 million ha without saturating its potential. 
According to Blue Plan projections, the demand for irrigation water could increase further by some 30 km3 by 2025 totalling almost 210 km3 per year. However, the expected gain in efficiency in the use of irrigation water and more marked progression in the demand for drinking water could stabilise the share of agriculture in total demand in the eastern Mediterranean countries and could reduce it in the South: that share is expected to drop from 81% of total water demand in southern and eastern Mediterranean countries (in 2005) to 75% (by 2025) to the advantage of drinking water.

2.1.2
Growing pressure on water resources and ecosystems
By 2025, the pressure of water demand (taking all sectors of use into account) on resources expressed by the exploitation index of renewable water resources shows a geography of the “water future” that is marked by contrasts and is in some cases a reason for concern. In some countries the volume of water abstracted is already close to, or even exceeds, the renewable resource limit (cf. cible 1.1). There are also qualitative pressures on the resource. Pesticide and nitrate contents in particular are excessively high in many aquifers, particularly in the North.

The increase in large-scale irrigation projects can only accentuate pressures on resources and ecosystems, which are already seriously degraded. It will also increase the risks of soil salinisation, which is the main form of degradation of irrigated land. Seawater intrusion in coastal aquifers due to aquifer overexploitation, the use of water with too high a salt content for irrigation and the rise in level of salt water tables due to faulty drainage are the main factors of aggravation to be taken into account. Public institutions in charge of water management and irrigator associations will have to make much greater efforts in this context to manage irrigated areas sustainably by taking or developing water demand management measures, developing drainage practices, controlling inputs, etc.
In several countries, if the trend of polarising the bulk of water, capital and technology resources on a limited part of the territory continues, the development of major hydraulic engineering works is liable to further exacerbate internal dualities with rain-fed agriculture and dry mountainous zones. To remedy this, some countries have embarked on more balanced policies by investing in small and medium-scale water schemes or by improving agricultural run-off management. 
The temperature and rainfall models will increase both quantitative and qualitative pressures on water resources. The Mediterranean region, which is already subject to considerable water stress, is liable to be particularly exposed to a decrease in mobilisable water resources on all three shores (estimated at 10% to 40%) and to an increase in water needs for agriculture, even if production levels remain constant
. The more frequent occurrence of extreme events at certain key stages of crop development (such as heat stress during the flowering season or rain during the planting season) and the greater intensity of rainfall and longer dry periods are furthermore liable to reduce summer crop output. 

Situations of water shortage and drought would affect the southern and eastern Mediterranean countries more specifically, which is precisely where water needs will increase in the years that lie ahead in order to supply drinking water to the populations as well as water for agriculture. Climate change will make arbitration even more necessary with a view to distributing water resources amongst the various users.
2.1.3 Savings on one quarter of agricultural water demand
The savings that can be made by reducing wastage and poor use of blue water have been estimated to be nearly one quarter of the total demand for water in 2025 (cf. Target Report MED 1.1). Irrigated agriculture presents the greatest potential savings by volume, accounting for nearly 65% of the total potential water savings identified in the Mediterranean (with losses in transport being reduced by half, to 10%, and increasing efficiency in the use of water to irrigate plots from 60% to 80%) and a wide diversity of situations. In the North, losses mainly stem from major networks, while in the Southern and Eastern Mediterranean, plot irrigation practices are also to blame. Potential savings in the agricultural sector are six times higher in volume than in the domestic sector.

The use of non-conventional water resources, and the reuse of treated wastewater in particular, is also a way of saving better quality water resources (cf. Target reports MED 2.1 et MED 2.2).

2.2 A regional policy commitment to improve the water productivity of rainfed and irrigated agriculture
Stabilising water demand by reducing losses and wastage and increasing the added value per cubic metre of water are among the main objectives of the Mediterranean Strategy for Sustainable Development (MSSD) adopted by all Mediterranean countries in 2005. The “desired objectives” identified within the scope of the framework strategy for improving the physical efficiency of irrigation water on a regional scale for 2025 are as follows: increase efficiency of networks to 90% and raise efficiency of plot irrigation to 80%. It is subsequently the responsibility of each country to set its own national objectives.
Since the mid-nineties, political cooperation between the European Union and Mediterranean countries with respect to water has increased significantly around issues concerning agricultural water management, particularly during water shortages and drought. Thus, in an attempt to improve the pooling of knowledge and techniques and to share experience between Mediterranean and European countries, working groups were put together within the framework of the joint process between the Mediterranean component of the European Water Initiative - Med EUWI - and the Water Framework Directive (2004-2009), focusing on i) water scarcity and shortages, ii) reuse of wastewater and iii) links between rural development and water management
Since 2009, the Marseille Centre for Mediterranean Integration (CMI) « Environment and water » cluster has also been spotlighting WDM -in particular in the agriculture sector- through its programme on « the economic approach to water demand management » led by the French Development Agency (AFD) in conjunction with Plan Bleu.
3 Target action plan and commitments  
3.1
Target action plan: stages and milestones
Three stages are proposed for the action plan:

· By 2015, each Mediterranean country shall have evaluated the actual water productivity of rainfed and irrigated agriculture,

· By 2017, each Mediterranean country shall have set its own national objectives for the water productivity of rainfed and irrigated agriculture within the framework of an integrated strategy for water and food security,

· By 2020, each Mediterranean country shall have defined and implemented “efficiency plans” and measures to reach these objectives in the short, medium and long term.

3.2 Commitments
Examples of commitments made or to be made by: 
3.2.1
Political stakeholders 
Targets for improving water efficiency at Mediterranean level

The integrated management of water resources and demand constitutes the prime priority action area of the MSSD adopted in 2005 by the Contracting Parties to the Barcelona Convention. One of the main objectives relating to water management is to consolidate WDM policies in order to stabilise demand by curbing losses and increasing the value added per m3 of water used (or to improve efficiency in hydraulic and economic terms). The « desirable targets » established towards improving physical irrigation water efficiency at regional level up to 2025 are as follows: reducing loss rates in water transportation and distribution to 10% and raising plot irrigation efficiency to 80%. 
These targets should contribute to achieving the regional objective of 25% water savings by 2025 (cf. Draft report for target MED 1.1).

At Mediterranean country level:
· Water efficiency improvement targets:

· The national irrigation water saving strategy in Tunisia,

· In Morocco, the « Plan Maroc Vert » adopted in 2008 includes a National Irrigation Water-Saving Programme with the objective to convert almost 500 000 ha to localised irrigation by 2020, which will make it possible to save 1 billion m3 per year by 2020;

· Syria, irrigation water efficiency index assessed on the basis of the National Development Plan and the National Programme for Converting to Modern Irrigation: 69% in 2025 and 70.1% in 2030;

· Commitments made/to be made to curb and control water abstraction…

Targets to improve water efficiency set by local authorities

3.2.2
Donors
The strategies of sponsors are increasingly aimed at supporting the integrated management of water resources with incentives for water demand management. These institutions therefore support projects with the following aims:

· saving water by reducing loss (repairing irrigation networks, improving maintenance, managing irrigation, plot-based agricultural techniques), cleaning up water resources and reusing wastewater, 

· improving irrigation water charging schemes in order to gradually recover real costs,

· increasing agricultural productivity, particularly the improvement of/choice of irrigation techniques and cultivation methods, and increasing the economic value of water (e.g. development of direct sowing, rainfed agriculture, conservation agriculture). These types of strategies depend on funding choices and agricultural and land planning policies.
3.2.3
Other institutions (international organisations, NGOs…), private sector

The private sector will be called upon to play an important role as a provider of services and equipment needed to save water, for the solutions to be implemented at the level of irrigated areas.

Non-governmental organisations, and especially those working to protect nature and the environment, have a role to play in raising awareness on the issues around overconsumption of water and in informing users and bodies responsible for water management of better solutions for handling demand. One awareness-raising method that could be promoted is to determine and publish a production “water footprint” on different scales (by country, catchment area, etc.), depending on the interest shown by national or regional authorities and lending institutions in the Mediterranean basin (cf. target report MED 1.1 and part 4.4 of this report).

4 Solutions 

The list of solutions for targets MED 1.1 and MED 1.2, collected in the framework of the preparation process for the 6th World Water Forum, is presented in the MED 1.1 target report (annex 2).
4.1 Tools for better water demand management in the agriculture sector
Various tools for managing “blue” water demand are presented in the report for target objective MED 1.1. Figure 5 in Appendix 2 shows various tools for managing irrigation water demand in Mediterranean countries. A more detailed (albeit non-exhaustive) presentation of the technical measures for improving water efficiency, regulatory and economic instruments and consultation and planning tools is provided hereafter. 
4.1.1 Technical measures for improving water efficiency
Various technical measures have contributed to improving the management of agricultural water demand in Mediterranean countries, including:

· Improving canal hydraulics
As regards the management of large-scale hydraulic engineering schemes (dams, transport and distribution schemes), considerable progress has been registered in the last 40 years in dynamic flow regulation and automated management methods in the waterworks projects implemented in certain countries. These methods have demonstrated their efficiency in matching supply to demand and have thus made it possible to minimise water losses connected with management. In the oldest networks such as the Durance network in France, for example, work has been undertaken (concreting of canals, traps, intake automation) to reduce losses and improve water efficiency.

· Rehabilitation and modernisation of older irrigation systems
· Improving plot irrigation efficiency (sprinkler and localised irrigation, enhanced or modernised gravity irrigation)

Plot irrigation techniques are ranked according to their estimated level of performance. Drip irrigation is generally considered to be more efficient, for example, than sprinkler irrigation, which in turn is more efficient than gravity-fed irrigation  (figure 6).

Figure 6 : Potential water efficiency according to various irrigation techniques
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Source: Abed Rabboh (2007), National report on water demand management in Syria
This ranking must be qualified, however. Gravity-fed irrigation, where outflow yield to the natural environment can be over 80%, plays a predominant role in a large number of river basins, particularly during the dry season, for preserving downstream aquatic environments and sustaining the minimum water level of watercourses. It is essential to ensure that facilities are properly adapted to each situation, particularly the nature of the soil and the type of crop.
Examples (cf. solutions presented): The role of water user associations in Sebou river basin (Morocco); The national irrigation water saving programme (PNEEI) in Morocco.
· Reducing the vulnerability of the agronomic models and crop systems currently in operation
Maintaining and developing agricultural production in drought conditions while preserving the water source presupposes that farmers have alternative means of production with which they can guarantee an income. Various means can be considered for reducing the demand for irrigation water -or for optimising its use given that supply is limited or uncertain: 

· measures to improve crop or grazing species (selection of “water-economical” species or species which tolerate drought), 

· revision of cultivation and interplanting mode (annex 2, table 2), 

· choice of crops and optimisation of the crop rotation system.

Given the difficulty of selecting varieties that are both productive and drought-resistant, the greatest margin for progress lies in changing cultivation systems (species grown, crop rotations), and even in changing farming projects such as diversification and conversion. These changes are in fact strategies adopted by farmers in the event of drought and economic restrictions, when they are planned sufficiently in advance and alternative crops can be grown.

Where there is no irrigation, the key to adapting to drought lies in diversifying crop cycles and species in order to distribute climate hazards and to have avoidance solutions. The choice of species must be adapted to the soil water reserves.

At farm level, diversification of irrigated plots can be used in order to better adjust the overall water demand to the availability of irrigation water (in terms of volume and time), watering methods and crop profitability. Maximum irrigation is not always the most profitable method: it can be of advantage to reduce the irrigation of a large number of crops known to be drought-resistant (sorghum, sunflowers, etc.), and to spread out the irrigation schedule by introducing crops that are sown in early spring or in winter (peas, cereals) thus using water that is less in demand elsewhere to best advantage in the spring.

Adopting mixed crop systems in irrigated areas can be an agronomic means of increasing value added per m3 water used through the reduction of the losses and inefficient use of irrigation water inherent in single-crop farming and through better management of fertilisation (example of the combination of potatoes and a fodder crop such as sweet vetch in Tunisia).

However, changing crop rotation systems alone will not suffice to adapt to the new economic and regulatory context in water demand management, since the profitability of irrigated crops also depends on the extent to which irrigation installations can be offset, the agricultural aids granted -whether irrigation incentives or not-, market conditions, etc.
· Supplemental irrigation
Supplemental irrigation is the supply of blue water to crops in the event of rainfall shortage, where rainfall is the main source of plant water supply. Experiments conducted in the West Bank and in Syria have shown that supplemental irrigation can both substantially increase yield and make production and farmers’ incomes more secure. In Syria, wheat yield, which is around 1.25 tonnes per hectare in rain-fed cultivation, can be increased to up to 3 tonnes per hectare with supplemental irrigation. The productivity of 1 m3 of supplemental irrigation water is actually much higher than the level achieved through conventional irrigation, which requires a water input seven times higher than what is needed for supplemental irrigation.

Establishing an efficient irrigation schedule with which water can be economized thus requires switching from the concept of maximum yield to that of optimal yield.

· Using tools for steering and planning irrigation
Irrigation can be managed at several levels in terms of both space and time. Progress in rationalising the use of irrigation water will be made at each of these levels depending on local constraints on this resource. At farm level, tools will be implemented for improving irrigation control prior to or during the irrigation season (annex 2, figure 7). 

Computer tools have been designed to help technicians and farmers to optimise crop rotation choices and irrigation strategies. The purpose, for example, is to confer with irrigators and to study the possible trends in irrigated areas whenever substantial changes are made in connection with water legislation, agricultural water pricing or producer subsidies and to seek the best decision-making rules for irrigation in the event of various constraints of volume and flow rate. A set of strategies can then be defined for given water conditions for achieving optimal satisfaction of criteria laid down in advance (in terms of gross margins, yield, and water efficiency).

There are also various tools for controlling water input more efficiently during the irrigation season: dissemination of information on crop water needs, tools based on the water balance forecast, tools based on the analysis of satellite images for advising irrigators.

All of these tools help to adjust demand to supply. Some provide a basis for proposing optimal solutions in the event that resources are restricted, making it acceptable to reduce demand. There is still room for progress in irrigation management but it can only be achieved if farmers receive, accept and use the information that is transferred for advisory purposes. The problem thus is not purely agronomic and technical; it cuts across all sectors, involving human aspects and measures to provide training and raise awareness.
· Installation of water meters (surface water for irrigation and groundwater)
4.1.2 Legislative and regulatory instruments 

The use of legislative and regulatory instruments may play a crucial role in limiting and effectively controlling surface and groundwater abstraction in order to curb/compensate for resource over-exploitation. Appropriate measures for assessing water abstraction per type of use -notably for agriculture- will have to be drawn up and introduced for this purpose.

Examples of measures already implemented or to be developed:

· Abstraction declaration/authorisation system 

· Mandatory metering of abstracted volume (beyond certain abstraction thresholds and depending on the type of abstraction)

· Temporary restrictions relating to hydro-climatic variations 

· Water police responsible for control and reporting of offenders

· Water rights

· Arbitration systems…

Examples (cf. solutions presented): Highland Water Forum and groundwater bylaws enforcement in Jordan; Integrated management and the Aquifer framework agreement in Souss Massa river basin (Morocco).
4.1.3 Enhanced use of economic instruments
Scant application of economic instruments

Economic instruments (pricing, quotas, subsidies, taxation…) can be instrumental in ensuring the more efficient allocation of resources at sectoral and inter-sectoral level. They may prompt behavioural change amongst the various users whilst also contributing to the essential financing of water management.

However, whilst often seen as the preferred tool for integrated water management, relatively little use has been made of them in the Mediterranean to date, particularly in the farming sector. Of the range of economic instruments available, the various forms of pricing (flat-rate, by volume, binomial tariff system…) are by far the most widely used in that the main objective continues to be recovering the cost of supplying water to the user. This is reflected in all Mediterranean countries. The remaining instruments, such as quotas or subsidies, are much less widespread or used in conjunction with pricing.

Table 3: Economic instruments and incentives for irrigation water saving in the Mediterranean 

	Type of instrument
	Examples of countries concerned
	Level of water saving incentive

	Pricing
	Almost all Mediterranean countries
	A tool that aims primarily to recover the cost of the water supply service but which can also act as a water-saving incentive. 
The incentive varies according to price structure and level (cf. annex 2, table 4)

	Quotas
	Cyprus, France, Israel
	Introduction of a consumption limit which

must not be exceeded, but no encouragement

to economise water within the limit of the quota except in the case of special provisions.

	Financial aids

(subsidies, soft loans )
	Cyprus, Spain, France, Israel, Morocco, Syria, Tunisia…
	Incentives to economise water and combat wastage by means of aid for purchasing more “water-economical” modern irrigation systems, planting drought resistant crops, etc.

	Water abstraction charges
(pollution and resource)
	EU countries, Israel, Morocco, Tunisia…
	Low incentive to economise water in that taxation levels are low.

	Decoupling of CAP (Common Agricultural Policy) aids

(2003 reform)
	EU countries
	Decoupling aiming to do away with all irrigation incentives through the mechanisms of the CAP (as far as irrigated acreage under cereals and oil protein crops is concerned).

	Agro-environmental measures (AEMs)
	EU countries
	AEMs operating as signals of water scarcity in specific regions. Voluntary measures which have little impact unless they are taken collectively at watershed level.

	Environmental

cross-compliance
	EU countries
	Strengthens coherence between water and agricultural policies. Granting of agricultural aids subject in particular to the obligation to count the volumes abstracted


Sources: National reports, UNEP-MAP-Plan Bleu (2007)
Nowadays in certain countries, however, tariff systems are also expected to act as an incentive towards balanced resource management (annex 2, table 4), whilst efforts continue towards intensifying irrigated agriculture for national ends relating to food security or ensuring balanced budgets for infrastructure managers.

In terms of the outcome, the cost recovery objective- however limited- is rarely reached. Most countries in which agricultural water is free or where pricing provides only a minor incentive (flat-rate systems) do not apply weighty price increase or tariff change policies. However, pricing in the interests of saving more water, such as volume-based systems requiring the introduction of metering, may be installed in newly irrigated areas (Spain, Greece, Lebanon). Some countries with volume-based pricing are planning programmed price increases (Morocco, Tunisia). Others (Cyprus, Lebanon, Israel…) are intending to increase on an occasional basis to enhance the recovery of water costs.

Box 1: Pricing of agricultural water in Tunisia
Measures have been undertaken over the last 10 years to reform the irrigation water pricing system with regard to three aspects: cost price transparency, flexibility (regionalised pricing, variation according to the designated use of the irrigated areas), and the associated national objectives (food security). From 1990 to 2000, water prices were increased regularly at the rate of 9% per year in real terms and considerable efforts were made at the same time to establish metering systems at farm level throughout the country.

An overall increase in water tariffs of approximately 400% was brought about between 1990 and 2003 and this served to recover a large share of the increase in water supply system operating and maintenance costs, the recovery rate for that period rising from 57% to 90%. Realising the limits of the monomial pricing structures in effect, the public authorities made plans for gradually introducing binomial pricing structures in the extensive irrigation areas in the north with a view to improving the water cost recovery rate and encouraging irrigated farming on the land already supplied.

Certain case studies show that the increase in irrigation water price had a significant impact on consumption. The fact that the water tariff in the Jebel Ammar irrigated area in the north of the country was multiplied by four thus helped to reduce the volume of water consumed by two-thirds.
For more information (cf. solution presented): Pricing, irrigation water cost recovery and water demand management in the agriculture sector in Tunisia.
Sources: Hamdane, Rapport national sur la gestion de la demande en eau en Tunisie, published in PNUE-PAM-Plan Bleu (2007); Chohin-Kuper, Montginoul & Rieu (2002)
Thus, even if raising water tariffs is intended more to achieve better cost recovery and is rarely used with a view to economising the resource, it nevertheless helps to signal shortage. It can have a limited impact on overall demand, however, where alternative resources are used (abstraction of groundwater) as is the case in Morocco or Tunisia. To avoid this failing, all of the country’s water resources -both surface water and groundwater- should be priced.

Thus, the degree of irrigation water demand sensitivity in relation to the price of water depends, in brief, on:

· whether or not there are alternatives: where there is no alternative in terms of available water resources, possible crop rotation or even cessation of farming, farmers’ reaction to a rise in price is less flexible;

· the irrigation techniques used: water demand elasticity in relation to price is generally lower in modern irrigation districts due to the higher cost of improving technical efficiency compared to the former systems;

· the significance of the cost of water compared to the margin provided by irrigated crops: the higher the value added of those crops, the more water demand is inelastic in the event of price variation; 

· tariff features: the way in which an increase in the price of irrigation water affects consumption at farm level depends on the level of the initial price, the extent of the increase registered and the manner in which it is implemented over time.

Tools to be used with caution and in conjunction with other instruments

Although irrigation water demand can be managed more effectively through more extensive use of economic instruments, it is essential that certain conditions be fulfilled if those instruments are to operate properly and be socially acceptable. Such instruments must in particular:

· take account of the other national policies or plans for avoiding rural-urban migration, guaranteeing adequate food production, etc. 

· be compatible with farmers’ income constraints 
.

The correct functioning of economic instruments is thus dependent on many conditions. The first of these is the definition of a clear objective, a consistent framework and the essential combination with other instruments. Pricing in particular cannot in isolation prompt users to save water, as price awareness tends to be rather low. Additional flanking measures are required: 

· Incentives: awareness-raising campaigns about saving water, installation of individual meters, subsidies for the implementation of more water-economical equipment;

· Authoritarian measures for controlling demand: restrictions of use in order to cope with economic crises or structural shortage (the administrative quotas introduced in Israel to reduce irrigation water demand are an example of such restrictions).

4.1.4 Consultation and planning tools for joint objectives
Consultation and planning tools for defining joint objectives embraced by all stakeholders constitute useful levers for fostering enhanced WDM in the various sectors of water use -notably the agriculture sector, but also between sectors. These tools should be developed at various levels: national, regional and local (cf. target report MED 1.1).
Wide experience in the field has shown the advantage of involving users in the management of common resources (box 2).

Box 2: The advantage of approaches involving concertation with users

Egypt is developing projects for modernizing irrigation and introducing participatory management in the irrigated areas of the Nile Valley. Besides the use of technologies based on modern equipment, centrally controlled downstream irrigation management and simplification of the network, these measures are based primarily on the involvement of user organizations in decision-making, management and maintenance through intensive education. 

In Morocco, over 600 user associations have been set up since the law on agricultural water user associations was brought into force in 1990; these organizations take charge of the management of irrigation networks in the areas covered by small and mediumsized water schemes, where participatory management is an age-old practice. In the areas covered by major water schemes these user associations have also become effective arenas for concertation through which users are involved to a greater extent in decisions on network management (irrigation schemes, network maintenance and repair, propagation of irrigation techniques, etc.), and the results have been favourable in terms of both adaptation to user needs and water demand management.
For more information (cf. solution presented): The role of water user associations in Sebou river basin (Morocco).
Sources: National reports, PNUE-PAM-Plan Bleu (2007)
A sine qua non for improving the capacities of local management bodies, however, is legal and financial action to strengthen their legitimacy and decision-making authority and at the same time to increase the criminal liability and financial accountability of their leaders and the transparency of their transactions. And monitoring and management functions must furthermore be clearly separated. The increasing number of irrigator associations in the Mediterranean region can only bring effective improvement in water demand management if their byelaws and funding methods are reformed. In Tunisia, for example, collective interest groups, which currently manage almost 70% of public irrigated areas, have full authority to develop and manage their facilities collectively. Their status allows them to recover fees from users in order to cover operating expenditure. But sometimes little headway is made in implementing the necessary reforms. In Turkey, a reform project that was launched 10 years ago to enable irrigator associations to operate more independently within a well-defined institutional and legal framework and thus to ensure the sustainability of participatory irrigation management is still underway.
Moreover, although the new information and communication technologies can help to improve water demand management in a river basin or irrigated area, their effectiveness also depends to a large extent on the implementation of the endogenous participatory processes that are necessary to the construction of innovative water demand management tools (box 3).
Box 3: The contribution of the new information and communication technologies
The Ador software programme, which was developed to promote traceability and water demand management in the irrigated area of the Ebro Valley in Spain, has made it possible to improve irrigation water management mainly through the establishment of indicators for monitoring water consumption (which are included on farmers’ water bills) and the establishment of quotas in the event of water shortages, conflicts thereby being avoided and equity in access to water guaranteed. The success of this tool lies mainly in the fact that it is participatory, bringing together the agricultural users, the administration and private firms.

Source: Playan in PNUE-PAM-Plan Bleu
4.1.5 WDM measures are cost-effective measures
The economic assessment suggests that WDM measures are cost-effective and make for improved allocation of scant financial resources when compared, for example, with dam construction, water transfers or desalination in numerous studies conducted within the Mediterranean and more generally in regions facing water shortage. 

In the irrigation sector:
· At network level, optimizing the workings of existing supply channels (drip or pressure) would appear to offer as cost-effective a solution as changing collective channels (switching from drip to pressure). Moreover, significant volumes can be saved by renovating networks or making them watertight: they may represent 30 % of abstractions. 

· The effectiveness of measures to improve hydraulic efficiency throughout the collective network and at plot level largely depends on the initial hydraulic yield of networks and/or irrigation techniques. 

Case studies also reveal major spatial variability in cost-effectiveness ratios, particularly in the case of conversion to localised irrigation techniques. In Morocco, the cost per m3 of water saved by converting plantations and allotments to local irrigation also varies from one region to another, as does the cost of developing new water resources (annex 2, figure 8).

WDM measures may be economically attractive to the irrigator as they secure water input, improve water use efficiency and even lead to an increase in the volume allotted to agriculture where water is a limiting factor. Thus they do not release water for other uses or the environment. Redistributing water towards other uses requires the introduction of contractual or coercive incentives which can make water rights more flexible.
4.2 Solutions for better rainwater management
The concept of rational water use should be extended to all rainfed agriculture, which exploits the most substantial portion of natural water resources.

Measures for water and soil conservation, flood water and runoff management, water recovery or the adaptation of crop species to the soil moisture reserve, provide improved exploitation of green water.  

· Soil and water conservation (SWC): SWC measures (revegetation, cultivation methods, works/structures, biological processes, etc.) are used to increase the rainwater storage capacity of soil and therefore limit the need for irrigation while reducing erosion and the consecutive sedimentation of downstream reservoirs.

Example of catchment area management structures (Tunisia): dry-stone retaining walls to slow down water runoff in order to reduce their erosive ability, dry-stone sills to reduce runoff speed and to partially retain water and certain sediments (“tablias”), earthen dykes equipped with structures for excess water drainage in the event of heavy flooding (“jessours” - traditional hydraulic structures in arid average slope mountain regions in Southern Tunisia), etc.
Examples of cultivation techniques: encouraging root growth by improving the physical properties of soil through ploughing, the use of organic substances, crop rotation, etc. These techniques help root penetration, improve soil permeability and rainwater infiltration into the soil and increase the water resources available for crops. Working the soil perpendicular to the slope to restrict run-off on low inclines, using simpler farming techniques, etc.
· Improvement of the agricultural management of runoff water. 

Example of Tunisia with the programme for 1,000 hill reservoirs to combine surface water collection and protection against water erosion. 

· Rainwater recovery.

Example of cisterns and “majels” used to collect rainwater for various uses (domestic use, watering livestock, backup watering, etc.) (Tunisia)

· Managing evapotranspiration from the land (using wind breaks and mulch) and plants (shade, etc.) in order to limit water loss, reducing leaf density per land surface unit, etc.
· Adaptation of crop species to the soil moisture reserve:
e.g. crops adapted to drylands / semi-arid areas (cultivation of trees and shrubs, herbaceous species like early wheat varieties). Main agricultural systems: rotation of herbaceous crops and fallow periods, alternating between legume and cereal crops, annual herbaceous crop rotation systems (wheat, barley or oats, followed by beans or peas).
· Adaptation of cultivation calendars (difficulty determining optimal sowing time in semi-arid areas due to the variability of rainfall)
· Use of additional irrigation to stabilise production during growth stages.

e.g. in drylands: for wheat, irrigation is required during germination and at the end of the emergence stage; for olive trees, it should be used during bud break, flowering and fruit growth; for vines, it is required at the onset of ripening (veraison). During particularly dry years, a single period of irrigation immediately after sowing can double wheat production by surface unit.
Example (cf. solution presented): Improving rainwater management in a context of water scarcity - The case of Tunisia.

4.3 Reuse of wastewater in agriculture
Around the world and the Mediterranean, the predominant example is the reuse of wastewater for irrigation of agricultural land, which is growing rapidly for the following reasons: 

· In the Mediterranean region, agricultural irrigation is the leading consumer of “blue” water (on average, it accounts for around 65% of total “blue” water demand and over 80% in Southern and Eastern Mediterranean countries): treated wastewater is therefore an alternative resource which could be used to save conventional resources;
· The proportion of treated wastewater used for irrigation is still very low for most countries, and amounts to 1% of world usage (IWA, 2008). In Syria, wastewater (treated and untreated) supplies 6% of irrigation water demand. There is therefore plenty of room for progress to achieve the full development potential;
· There is significant potential for fertilisation: for water input of 800 mm/year
, the quantities of nitrogen supplied by treated wastewater (activated sludge without denitrification) is of the order of 150 kg of nitrogen and 5 kg of phosphorus, which could cover more than half of fertilisation requirements;
· For countries with poor sewage systems, irrigation using (raw) wastewater is widespread, so there is a lower risk of rejection of the practice of reusing treated waste (“yuck factor”), which is cleaner. This is true in rural environments, but not in urban areas (due to the varying perceptions of local inhabitants).
From the perspective of water saving, it is worth asking whether a strategy that simply involves modernising irrigation (equipment and practices) could be more efficient than a system for reusing treated waste. Two points are relevant here:
· If low efficiency irrigation systems (accounting for approximately 40% to 60% for gravity-fed irrigation) are primarily used, a policy of modernising equipment and training irrigators appears to be more efficient than reusing treated waste (Box 4). 

· If efficient irrigation systems are already in place (sprinkler or localised irrigation), less optimisation is possible and reusing treated wastewater becomes a key factor in preserving conventional resources. This is the case, for example, with Israel, which implemented irrigation modernisation techniques early (1950s-1960s) and now manages localised irrigation well.
Box 4: Comparison between projects to modernise irrigation and develop the reuse of treated wastewater in Syria and Morocco
In Syria, 88% of irrigated land involves a gravity-fed irrigation system. On the basis of mean values, if all treated wastewater was used for irrigation, an additional 11,000 ha could be irrigated, as opposed to an additional 730,000 ha gained by installing a more efficient irrigation system (50% saving of water resources).
In Morocco, improving efficiency by 20 points (e.g. by using sprinkler rather than gravity-fed irrigation) would cut losses in half and save almost 25% in terms of the volume of water abstraction, that is 2 billion m3/year (15% of total water demand). Subsidising the modernisation of irrigation equipment is a more efficient means of saving water, which makes projects to reuse treated wastewater less attractive.
Source: Ecofilae (2012)
Note: The issue of reuse of treated wastewater is dealt with as part of the “Non-conventional water resources” priority of the Mediterranean Cross-Continental Process (targets MED 2.1 and MED 2.2).
4.4 Virtual water: a concept for guiding agricultural policies?
4.4.1
Context and challenges in the Mediterranean
Unlike water, agricultural commodities can easily be traded over long distances. Questions involving both water resources and food thus arise at different levels, and international trade in agricultural commodities can influence local water management to a considerable extent. 

Quantification of the virtual water flows associated with the agricultural commodities that are imported and exported by all Mediterranean countries (Fernandez, Plan Bleu, 2007) highlights the quantitative significance of these flows compared to the available water resources in those countries and the advantage which the concept of virtual water can have as a tool for analysis and decision-making in water shortage management and a basis for guiding agricultural policies.

Taken as a whole, the Mediterranean region has been a net importer of virtual water since 1990 through its agricultural trade with the rest of the world. Taking all of the products analysed as a basis, the virtual water imports associated with the net agricultural imports of all of the Mediterranean countries together currently amount to approximately 140 km3 per year, i.e. over 75% of those countries’ irrigation water demand. All of the countries in the southern and eastern Mediterranean are importers (figure 8), Libya taking the lead with 2800 m3 per capita per year. Virtual water flows associated with the imports and exports of crops are much higher (over four times) than those associated with beef trade.
Figure 8: Net results per country of virtual water flows connected with trade in cereals, soy beans, olives, specific crop products and beef and veal, average for the 2000-2004 period (billion m3/year)
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Source of data: FAO, Hoekstra and al.
The fact that the countries in the South and East are importers taken as a whole is closely correlated to the scarcity of their water resources. In some countries -including Malta, Libya, Israel, Tunisia, Algeria and Cyprus- the virtual water imports associated with cereal and soya bean imports by far exceed both the national exploitable water resources and the quantities of water consumed at the national level in order to produce the same type of product. However, certain countries where there is stress on water resources export a considerable share of their irrigation water (Syria, Israel).

Analysis of the respective shares of green, blue and virtual water in the total water demand of the Mediterranean countries for agriculture and food (figure 9) and in the net food demand of those countries demonstrates that: 

· green water and virtual water account for the major part of total water demand for agriculture and food in almost all Mediterranean countries with the exception of Egypt (they thus account for 80% of that demand at the Mediterranean level);
· virtual water alone covers the bulk of food demand in Malta, Libya, Israel, Cyprus and Lebanon.  

Figure 9: Shares of green, blue and virtual water in the water demand of the Mediterranean countries for agriculture and food (2005)
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Source : Fernandez & Thivet, Plan Bleu, 2008
According to the theory of comparative advantages, the concept of virtual water can result in emphasis on the potential gains of virtual water transfers in terms of efficiency in water resource mobilisation, distribution and utilisation. By importing food commodities for which prices on world markets are low, water-scarce countries can reduce the stress on their own water resources and/or mobilise those resources for purposes which use them to best economic advantage either within the agricultural sector by focusing on export crops with higher value added or by promoting other sectors such as industry and tourism. The water savings which can result from virtual water trade are achieved not only in the importing countries but also at the global level given the differences in productivity between exporting and importing countries. Virtual water transfers can also have consequences for exporting countries, since the greater mobilisation of their water resources can cause tensions amongst users or environmental degradation (the over-tapping of the coastal water table in the south of Spain in order to irrigate horticultural export crops is a relevant example).

However, the quantification of virtual water flows is primarily of analytical importance. As regards agriculture it is primarily a means of illustrating the interactions between agricultural policies and water policies and their impacts on the use of the various countries’ water resources. The degree to which agricultural policies are integrated into regional policies and the objectives pursued in the food security, trade and environment fields differ from one country to another. These factors condition the type of indicators to which precedence should be given and the relevant level at which the analysis should be conducted. The social dimension of agriculture must furthermore be taken into account in import strategies.
Virtual water flows and their impacts must thus be analysed in the contexts specific to each country and at the appropriate levels. In this respect, the concept of virtual water shows that water management and distribution issues are not limited to the watershed level alone. There are a number of factors determining the utilisation of water at watershed level that are external and “hydro-economic” in nature (Allan, 2003).

The advantage must be underlined of making a distinction between green water and blue water in virtual water trade, which, although physically mutually dependent, have different financial and economic implications. The mobilisation of the concept of virtual water brings us back to the debate on how water should be distributed between rain-fed agriculture and irrigated agriculture.

By highlighting and quantifying virtual water transfers, which are proving to be a means of de facto “sharing” of water resources (which are unevenly distributed throughout the world and particularly in the Mediterranean region), the concept of virtual water is thus a tool for analyzing positive or negative externalities coming from agricultural trade, regarding water savings, which can be introduced in the needs/resources balance.

The purpose of this initial work carried out at the Mediterranean level was to test the tools available for evaluating virtual water flows and quantifying those flows in order to encourage reflection and open the debate. The results call for in-depth analysis country by country.

4.4.2
What solutions could be proposed?

· The concept of virtual water as a decision-making tool (quantification of virtual water flows, illustration of interactions between agricultural and water policies and their impacts on the use of countries’ water resources),
· Taking virtual water content of products that need to be exported or imported into account in water management strategies,
· Potentially create economic incentives to rationalise import/export of « virtual water » or compensate for costs.
4.5 Adapting to the expected impacts of climate change
The temperature and rainfall models will increase both quantitative and qualitative pressures on water resources. The Mediterranean region, which is already subject to considerable water stress, is liable to be particularly exposed to a decrease in mobilisable water resources on all three shores (estimated at 10% to 40%) and to an increase in water needs for agriculture
.
The expected impacts from climate change in the Mediterranean region make it all the more crucial that water and agricultural policies in Mediterranean countries be adapted, and notably the development of water demand management strategies.
4.6 Water, agriculture and food security: towards a comprehensive and integrated vision of water
Agriculture in Mediterranean countries is responsible for nearly two thirds of their blue water demand (from surface water or groundwater), and almost 90% of their total water demand, including green water from rain and virtual water from the import of food products. The issue of water in the Mediterranean is therefore above all, an agricultural and food security issue and vice versa.

The issue of water must be understood in relation to the water productivity of rainfed and irrigated agriculture, changes in dietary habits and the optimisation of the agri-food balance, together with the objectives of agricultural policies concerning food security. These objectives can only be defined through a comprehensive and integrated vision of water that steers clear of the traditional concept of collectable and exploitable blue water in order to take into account other forms of water resources such as green water and virtual water. In some Mediterranean countries, where green water and virtual water meet the majority of food demand, irrigation issues are more of an economic or strategic issue: this can notably involve exporting agricultural goods with high added value or reducing the negative impact of frequent droughts.

5 Recommendations for follow-up 
The monitoring of the implementation of the target action plan, compliance with the commitments made by the various stakeholders (governments, local authorities, sponsors…) and the application of « promising » solutions should be based on the definition and regular filling in of indicators. 

As far as possible, priority will be given to the use of already existing indicators (at regional, national and territorial level) such as:

· The Mediterranean Strategy for Sustainable Development’s monitoring indicators: irrigation water efficiency index, irrigation water demand and irrigation water demand compared with GDP, renewable resource exploitation index,

· The indicators for monitoring national irrigation water efficiency improvement objectives defined by some Mediterranean countries,
· Indicators for monitoring water efficiency improvement objectives defined at catchment basin or irrigated area level, etc.
Further indicators specific to this target objective could also be defined.

The implementation of « solutions » (WDM tools) could be monitored on the basis of a matrix listing the various solutions and assessing the degree of implementation according to different criteria (cf. target report MED 1.1 and detail in annex 3).
6 Conclusion 
Agriculture in Mediterranean countries accounts for almost two thirds of their demand for blue water (from surface or ground water) and almost 90% of their total water demand, including green water from precipitation and virtual water derived from imports of food products. Water in the Mediterranean is therefore first and foremost an agricultural and food-security question, and vice versa.

The question of water needs to be tackled in relation to the water productivity of both irrigated and rainfed agriculture, changes in dietary habits and optimising the agro-food balance of trade, or to put it briefly, in relation to agricultural policy objectives in terms of food security. These objectives can only be defined on the basis of a full and comprehensive view of water, which is far removed from the traditional view of blue water, and which can be mobilised and used to take account of other forms of water resources i.e. green water and virtual water. In some Mediterranean countries, where green water and virtual water combined cover the major part of food demand (figure 3), the issues around irrigation are more economic or strategic: in particular, it may be an issue of exporting agricultural goods with high added value or helping to mitigate the negative effect of frequent droughts.

The works carried out by Plan Bleu have made it possible to assess the scale of losses and inappropriate use of blue water in each sector, and the possible progress that could be achieved through better water demand management (figure 2), which is likely to be a policy priority in the Mediterranean, based on a combination of tools and determination. A quarter of water demand for irrigation could be saved by improving the efficiency of water transport and plot-based irrigation.

The concept of rational water use, however, should be extended to the whole of rainfed agriculture, which accounts for the largest portion of natural water resources. Water and soil conservation measures, flood and run-off water management, water recovery and adapting the crop species cultivated to the level of usable reserves in the soil would enable more efficient use of green water.
The strategic and prospective analyses carried out by Mediterranean countries, primarily to examine the possibilities of increasing the irrigated area and make it easier to take decisions in terms of allocating water resources within the agricultural sector or between different using sectors -including environmental considerations- should also take account of the possibilities offered by the development of “non-conventional” water resources, such as the reuse of treated wastewater. It will also be necessary to secure food imports for the Mediterranean region, which is the world’s largest importer of cereals, in order to tackle water shortages and the risk of food insecurity.

The expected impact of climate change in the Mediterranean region makes it even more crucial to adapt the water and agricultural policies of the rim countries so that they are equipped to face a three-fold challenge: satisfying human needs, supporting development and protecting the environment
Annex 1: Water demand management in the Mediterranean
Table 1: Shares of rainwater and irrigation water in Mediterranean agricultural production in 2005

	Quantities of water (km3/year)
	Sub-regions of the Mediterranean Basin
(countries taken as a whole)
	Total

	
	North
	East
	South
	

	Blue water demand

(irrigated agriculture)
	58

17%
	47

32%
	77

52%
	182

29%

	Green water demand

(rain-fed agriculture)
	276

83%
	101

68%
	70

48%
	447

71%

	Water mobilised for

agricultural production
(blue water + green water)
	334

100%
	148

100%
	147

100%
	629

100%


Note: Les three sub-regions comprise the following countries:

· North: Spain, France, Italy, Slovenia, Croatia, Bosnia & Herzegovina, Montenegro, Albania, Greece, Cyprus, Malta, 

· East: Turkey, Syria, Lebanon, Palestinian territories, Israel,
· South: Egypt, Libya, Tunisia, Algeria, Morocco.

Source: Plan Bleu, 2008

Figure 2: Share of irrigated acreage equipped with sparkling or drip irrigation systems, 2005 
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Figure 3: Irrigation water demand per irrigated hectare in various Mediterranean countries, 2005
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Source: Plan Bleu, 2008

Figure 4: Water demand by sector of use in the Mediterranean region, trend and alternative scenarios (km3/year)
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Source: Plan Bleu, 2008

Annex 2: Various tools for managing demand for agricultural water implemented in the Mediterranean

Table 2: Strategies to reduce irrigation water needs through crop management and the management of interplanting
	Strategy
	Objectives and practices
	Impacts on water needs

	Conservation
	To reduce evaporation losses and to maximise water storage during crop planting ( Simplified tillage
	Better crop behaviour with regard to

drought but no significant reduction

of irrigation needs

	Avoidance
	To stagger the crop development stages most sensitive to water deficit (flowering)

( Choice of early varieties or early

sowing


	Encouraging results (profitability

maintained, last watering round economised),
Experiments to be continued in order

to confirm the advantage over several

years and in different regions

	Rationing
	To reduce transpiration during the

growing period in order to hold over unused water until the grainfilling phase
( Choice of varieties with a moderate leaf-area index value or low stomatal conductance
	Strategy justified for non-irrigated

summer crops, but limited leeway in

the case of irrigated crops where a higher yield potential is expected


Source : Debaeke, Bergez, Leenhardt, INRA, 2007

Figure 7: Timing of irrigation decisions at farm level




Source: B. Lacroix, Arvalis, 2007

Table 4: Irrigation water pricing in the Mediterranean region and watersaving incentives
	Price structure
	Examples of

countries concerned
	Level of water-saving incentive

	None
	Albania, Egypt, Palestinian Territories
	No encouragement

	Flat rating (per ha)
	Spain, France, Greece, Italy, Lebanon, Syria
	Combined with very low prices and subsidisation of irrigated crops, the system has tended to encourage the expansion of irrigated acreage and an increase in agricultural water demand.

	Modulated flat rating

(depending on the crop irrigated or irrigation technologies)
	Turkey, Italy
	Does not encourage water saving for a given crop rotation or irrigation technique but can be used to discourage the irrigation of certain highly water-greedy crops (maize and tomatoes in Turkey, for example).

	Two-part tariff
	Tunisia (pilot irrigated areas), Lebanon (new areas in South Beqaa)
	Fixed rate depending on irrigable area, encouraging the irrigation of developed land. Proportional rate depending on the volume of water actually consumed and encouraging the rational use of water.

	Uniform volumetric pricing
	Cyprus, Spain, France,

Morocco, Tunisia
	Encourages water saving (depending on

price level).

	Stepped volumetric pricing (rarely applied to irrigation)
	Israel
	Strong water-saving incentive (depending on price escalation and price level) within the limit of the quota imposed.


Sources : CEMAGREF (2002), Rapports nationaux « Gestion de la demande en eau, progrès et politiques », Plan Bleu (2007)

Figure 8: Comparison between the cost per m3 of water saved (by converting to localised irrigation) and the cost of mobilising new resources in Morocco
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Source : Belghiti (2008)

Annex 3: Example of matrix for monitoring the implementation of « solutions » (water demand management tools)
	Solutions in the agriculture sector (WDM tools)
	In place
	Target
	Result
	Comment/constraint
	Criticality/issue
	Economic analysis

	Technical tools
	
	
	
	
	
	

	Hydraulic efficiency (conveyance, irrigation scheme)
	
	
	
	
	
	

	On farm irrigation efficiency
	
	
	
	
	
	

	Crop mix
	
	
	
	
	
	

	Irrigation schedule
	
	
	
	
	
	

	Crop and seed selection
	
	
	
	
	
	

	Agronomic improvements: soil, greenhouse, hydroponics
	
	
	
	
	
	

	Surface irrigation metering
	
	
	
	
	
	

	Wells metering
	
	
	
	
	
	

	Groundwater monitoring
	
	
	
	
	
	

	Legal/institutional tools
	
	
	
	
	
	

	Declaration system / abstraction permit
	
	
	
	
	
	

	Equipment standards / activity approval
	
	
	
	
	
	

	Mandatory metering
	
	
	
	
	
	

	Enforcement  means / fining system
	
	
	
	
	
	

	Temporary restrictions relating to hydro-climatic variations
	
	
	
	
	
	

	Aquifer contract (contrat de nappe)
	
	
	
	
	
	

	Water rights
	
	
	
	
	
	

	Arbitration system
	
	
	
	
	
	

	Economic tools
	
	
	
	
	
	

	Tariff (volume, block-tariffs, flat-rate per ha, per crop type, season...)
	
	
	
	
	
	

	Quota (surface, crop, season, etc.)
	
	
	
	
	
	

	Farm subsidy (+ Agro-environmental measures)
	
	
	
	
	
	

	Charges (abstraction/pollution)
	
	
	
	
	
	

	Transfer (capital investment irrigation schemes)
	
	
	
	
	
	

	Water rights exchange
	
	
	
	
	
	

	Export subsidy
	
	
	
	
	
	

	Import duty
	
	
	
	
	
	

	Agriculture/land management policy
	
	
	
	
	
	

	Environmental cross-compliance 
	
	
	
	
	
	

	Communication/concertation
	
	
	
	
	
	

	Water users associations
	
	
	
	
	
	

	Awareness-raising, extension
	
	
	
	
	
	

	Training
	
	
	
	
	
	


Annex 4: Members of the Target & Solutions Group

for the priority on “Water demand management” (targets MED 1.1 & MED 1.2)

Coordinating organizations
	Plan Bleu

15, rue Beethoven - Sophia Antipolis

06560 Valbonne, France

Tel : (+33) (0)4 92 38 71 30

Fax : (+33) (0)4 92 38 71 31

Email : planbleu@planbleu.org
	Agence française de développement (AFD)

5, Rue Roland Barthes

75598 Paris Cedex 12, France

Tel : (+33) (0)1 53 44 31 31  

Fax : (+33) (0)1 44 87 99 39

Email : site@afd.fr


Coordinators

	Ms Gaëlle THIVET

Plan Bleu

Tel : (+33) (0)4 91 55 48 18

Email : gthivet@planbleu.org
	Mr Frédéric MAUREL

AFD / Water and sanitation division 

Tel : (+33) (0)1 53 44 40 24  

Email : maurelf@afd.fr


Members of the Target & Solutions Group 

	Mr Philippe GUETTIER

Ministry for ecology, sustainable development, transport and housing, France

Email : philippe.guettier@developpement-durable.gouv.fr
	Mr Abdelkader BENOMAR

Ministère de l’énergie, des mines, de l’eau et de l’environnement, Maroc

Email : benomar@water.gov.ma

	Mr Luc HERROUIN

Rhone-Mediterranean & Corsica Water Agency, France

Email : luc.herrouin@eaurmc.fr
	Mr Mohend MAHOUCHE

WWF France

Email : mmahouche@wwf.fr


Regulatory and abstraction control instruments


Declaration system/ abstraction authorisation 


Temporary restrictions relating to hydro-climatic variations 


Mandatory metering of abstracted volumes


(beyond certain thresholds and depending on the type of abstraction)


Water Police responsible for checking and reporting on offenders








Economic instruments to encourage water savings


Pricing


Quotas


Financial assistance


(subsidies, soft loans)


Fees


Uncoupling of CAP aid


Agro-environmental measures


Environmental cross-compliance








Technical tools


Improving channel hydraulics


Improving the efficiency of irrigation techniques 


Reducing the vulnerability of agronomic models and crop systems


Improvement of cultivated species 


Review of intercrop and crop behaviour


Crop choice and optimisation of rotation


Use of top-up irrigation


Irrigation planning and guidance tools








Planning and consultation tools


Decentralised management units (basin agencies)


User associations, irrigator associations


NICT (software to support water management in an irrigated area)








Training and awareness-raising tools


Awareness-raising campaigns for farmers and the general public


Agricultural extension


Training of professionals, technicians and agricultural engineers








Institutional framework


Consistent strategic framework


essential for the coordination of action and lasting, sustainable commitment








Annual





Weekly or daily





Multi-annual





Strategy





Tactic





Design and equipment of the irrigable area





Managing irrigation in the course of the farm year





Choice of crop rotation on the irrigable area





Equipment arrangement and adjustment





Irrigation management strategy


(forward planning)








� Rainfall is partitioned in a green-water resource as moisture in the unsaturated zone and in a blue-water resource in aquifers, lakes, wetlands and impoundments (e.g. dams). These resources generate flows, as green-water flows from terrestrial biomass evapotranspiration and soil transpiration, and blue-water flows in rivers, through wetlands and through base flow from groundwater (Falkenmark, 2006). In this document, irrigation is considered as blue-water, and rainfall captured in unsaturated ground zone for rainfed agriculture is considered as green-water.


� Projections based on case studies conducted in the Maghreb and in Egypt suggest, for instance, that agricultural productivity will vary between -30% and +5% in the case of horticultural output by 2050, and that water demand for spring crops will increase by 2% to 4% in the case of maize and by 6% to 10% in the case of potatoes. In Morocco, the CropWat water balance model2 applied to winter cereal crops indicates drops in output in the order of 10% in normal years and of 50% in dry years by 2020, and a drop in national output in the order of 30%.


� Depending on the country this could take the form of free water for farmers, lower than necessary price increases, the introduction of a specific price structure with water saving bonuses, use of the quota system... In Morocco, for example, price increases for agricultural water were staggered over time to ensure that increases did not outstrip technical progress in agriculture.


� Mean value for Syria (BEI & AHT Group AG, 2009)


� The virtual water demand is equivalent here to the quantities of virtual water imported via gross imports of cereals, soy beans, olives, specific crop products and beef and veal over the 2000-2004 period. The respective shares of blue, green and virtual water are thus calculated in relation to the countries’ overall water demand for agriculture and food, irrespective of the final destination of the agricultural commodities (consumed at the national level or exported).


� As the result of the rise in evapotranspiration combined with changes in rainfall and temperatures, agriculture is liable to need more water, even if production levels remain constant. Projections based on case studies conducted in the Maghreb and in Egypt suggest, for instance, that agricultural productivity will vary between -30% and +5% in the case of horticultural output by 2050, and that water demand for spring crops will increase by 2% to 4% in the case of maize and by 6% to 10% in the case of potatoes.
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