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Executive summary 

The SIRRIMED project aims to promote sustainable water use in agriculture in the 
Mediterranean region. Within the framework of the project and based on the findings 
of a cross-case investigation (deliverable 6.3), this report assesses the performance of 
institutions for irrigation with regard to their capacity to promote irrigation efficiency 
and offers best practice and policy recommendations. The investigated case study 
regions are: the El-Guerdane district in Morocco; the Canale Emiliano Romagnolo 
district in Italy; the Segura River Basin District in Spain, the South Bekka district in 
Lebanon; and the Lake Karla district in Greece. The analysis is based on archive data 
and 47 semi-structured interviews including decision-makers in the water and 
agricultural sector, executives of the agro-industry sector, and individual farmers and 
their organizations in the case study regions. 

Findings suggest that high levels of irrigation efficiency – the ratio between the 
amount of water consumed by a plant and the total amount of water used for 
irrigation, also referred to as water productivity – were reached in the Segura River 
Basin district in Spain, and that over the past decade major improvements in this 
respect occurred in the Canale Emiliano Romagnolo district in Italy and the El-
Guerdane district in Morocco. In contrast, there is still much room for improvement in 
the Lake Karla district in Greece and the South Bekka district in Lebanon where 
irrigation efficiency increases at a slow pace. 

Factors that contributed to achieve high levels of irrigation efficiency in the Segura 
River Basin district in Spain include a balanced allocation of resources throughout the 
irrigation development phases, capacity to develop and transfer knowledge and 
technology, and existence of mechanisms fostering in-farm efficient water 
management such as the “water quota” system by which each farmer is assigned a 
certain amount of water to self-manage.  

In the Canale Emiliano Romagnolo district in Italy, one of the key factors leading to 
increased irrigation efficiency was the presence in the region of a bridging 
organization, the Canale Emiliano Romagnolo consortium in charge of both managing 
the Canale Emiliano Romagnolo irrigation water transfer and developing knowledge for 
efficient water use in agriculture. The Canale Emiliano Romagnolo consortium has 
been capable of raising and consistently use resources (both money and expertise) to 
generate applied knowledge and solutions responding to farmers and policy makers 
needs.  

In the El-Guerdane district in Morocco, despite the fact that the national water 
legislation has not been fully implemented and its enforcement has been problematic 
(e.g. ineffective conflict resolution mechanisms), irrigation efficiency was boosted by 
the capacity of regional and local actors. This actors have fostered the adoption of a 
mix of policy instruments including one public-private partnership, voluntary 
agreements, contracts and subsidies. This capacity developed thanks to the presence 
of a dense social network which proved crucial for connecting local needs to the 
national agenda. 

In Lebanon a key factor affecting the performance of institutions for irrigation is the 
political instability of the country which makes it difficult to implement the national 
water infrastructure plan and to reform the water legislation. Irrigation efficiency is 
higher in the South Bekaa district than in other regions in the country essentially 
because of the presence of the Litani River Autority – the water management authority 
in the Bekaa region – which despite the lack of resources and the political instability, 
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has been able to promote irrigation efficiency by developing pressurized networks and 
training programs for farmers on the use of drip technology. 

In Greece, although the water potential of the country has been largely exploited over 
the last 50 years, the capacity to foster irrigation efficiency is undermined by a number 
of factors. These factors include: poor implementation and enforcement of the water 
policy (e.g. ineffective conflict resolution mechanisms), insufficient knowledge 
transfer, and in general loose connection between local and national actors which 
hinders the capacity to bring problems to the relevant policy circles. The situation has 
drastically deteriorated since the 2008 economic crisis as it led to major investment 
cuts in the water and agricultural sector. An emblematic example is the unfinished 
works – the water transport infrastructure is still missing – of the Karla Lake. 

The analysis gives rise to a number of best practice and policy recommendations. 

1. Bridging organizations could play a crucial role. By acting at the interface between 
farmers and policy-makers they can foster the capacity to provide credible and 
salient information as they connect needs and develop knowledge useful to both 
groups. 

2. Regional and local conflict resolutions mechanisms embedded in water boards, 
regional administrations and irrigation management organizations may 
substantially increase the capacity to deal with stakeholders’ conflicts. Examples in 
public organizations include highly political steering committees convening in 
time of crisis and inter-sectoral steering committee called on specific subjects. 
Water allocation disputes at local level may be reduced and irrigation efficiency 
increased by water quota systems. 

3. Constructive participation of stakeholders in water and irrigation management 
decisions at different levels of government may substantively improve the capacity 
to induce rule compliance. One form of participation is co-management where 
farmers share irrigation management tasks (e.g. monitoring of water use) with 
public agencies, typically through irrigation water user organizations.  

4. A balanced distribution of financial resources throughout the different phases of 
irrigation development may enhance the capacity to provide physical and technical 
infrastructure for irrigation. In this context, the mobilization of resources and the 
achievement of high levels irrigation efficiency may be promoted by the use of a 
mix of policy instruments including public-private partnerships, subsidies, 
voluntary agreement and contracts. Furthermore, knowledge and technology 
transfer could be made more effective through the establishment of public 
sponsored networks of experimental farms in the case study regions where 
farmers can check themselves the results of experiments for example in relation 
to the efficiency of irrigation technology 

5. Institutional design addressing the needs of small farmers may improve the 
capacity to provide institutional infrastructure, especially in countries where the 
agricultural landscape is highly fragmented. In this context, a best practice is the 
aggregation business model, a five year voluntary agreement between farmers and 
agricultural businesses helping small farmers in Morocco to improve their 
business. This model has more chances of being adopted in regions where formal 
and informal networks of farmer groups, private businesses such as technology 
developers, and regional/local public organizations are already in place and are 
well connected with national policy circles. 

6. Support to policy implementation and institutional (re)organization may also 
benefit institutional infrastructure. For instance, to assist (re)organizing offices, a 
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step-by-step transition procedure to new regimes could be built in the re-design 
framework of institutions. In this process it is important to account for some 
transition time as institutional reorganization involves civil servants becoming 
acquainted to new routines and procedures and sometimes the need to develop 
new skills. 

The main conclusion of this study is that institutions for irrigation which successfully 
promote irrigation efficiency in the investigated Mediterranean regions build 
essentially on two factors: 1) the capacity to mobilize and utilize resources (money, 
knowledge, power, influence); and 2) the ability to circulate innovative policy proposals 
into relevant policy circles which is granted by the existence of dense social networks 
and bridging organizations connecting farmers needs to different levels of policy 
making. 
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1 Introduction 

Fresh water management is probably one of the most challenging environmental 
governance issues of modern times. Throughout the world ensuring sustainable and 
equitable water use has become increasingly difficult. In response this pressing need, 
a myriad of institutional arrangements for water management have flourished over the 
past decades. 

The irrigation sector is the main user of water accounting for 70% of the global fresh 
water withdrawals worldwide (WWAP, 2009; World Bank, 2006). Of this global water 
use, about 24% is attributed to the European agricultural sector (EEA, 2009). In 
southern Europe where irrigation is an essential element of agricultural production – 
up to 80% of the total water use in the dry season – the impossibility to practise 
irrigated agriculture would create great economic hardship, including potential for 
land abandonment.  

One key element of water sustainability in the irrigation sector is irrigation efficiency 
(EEA, 2012). Irrigation efficiency is the ratio between the amount of water consumed 
by a plant – evapotranspiration – and the total amount of water used for irrigation (also 
referred to as water productivity). Research has shown that enhancing irrigation 
efficiency alone may meet one-half of the increase in water demand by 2025, thus 
reducing the pressure on water resources (Seckler et al. 1998). Key determinants of 
irrigation efficiency are institutional arrangements establishing roles and 
responsibilities of government, civil society and the private sector about ownership, 
management and administration of (irrigation) water resources. It is, therefore, of 
crucial importance to assess to what extent these institutions succeed in performing 
their mandated functions within the socio-cultural and political context in which they 
are embedded. In this vein, this study examines the performance of institutional 
arrangements for irrigation in five Mediterranean regions within the framework of the 
EU funded project named SIRRIMED.  

The SIRRIMED project aims to promote sustainable water use in agriculture in a 
number of Mediterranean regions (see fig. 1 for location). The project investigates the 
potential to enhance irrigation efficiency in these regions through both adoption of 
efficient irrigation technologies and improvement of institutional arrangements. With 
reference to the latter, a cross-case study examined the performance of institutional 
arrangements for irrigation in five regions. The regions are: the El-Guerdane district in 
the Souss-Massa-Draa (SMD) region, Morocco (EG); the Canale Emiliano Romagnolo 
district in the Emilia-Romagna region, Italy (CER); the Segura River Basin District 
subsumed to 4 regions in Spain (SRB), the South Bekka district in the Bekka region, 
Lebanon (SB); and the Lake Karla district in the Thessaly region, Greece (LK). The study 
highlighted critical institutional factors hindering irrigation efficiency and best 
practices that have potential to be transferred across regions. Building on these 
findings, this report offers best practice and policy recommendations for the 
improvement of institutional arrangements for irrigation in the case study regions.  

The report is organized as follows: section 2 reports the methodological approach; 
section 3 and 4 illustrate the case studies and the performance of institutions for 
irrigation with respect to the key criteria of effectiveness and equity; section 5 
provides best practice and policy recommendations. Finally, section 6 concludes the 
report. 
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Figure 1 Location of case study regions 
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2 Methodological approach 

Two methods of investigation were used for the study of institutions for irrigation, 
namely archive data analysis and semi-structured interviews with key stakeholders. 
Forty-seven interviews were held with decision-makers in the water and agricultural 
sector, executives of the agro-industry sector, and individual farmers and their 
organizations in the case study regions. Participants were chosen based on a strategic 
sampling where selection criteria included informants’ knowledge about (irrigation) 
water management in the studied area, working position, expertise and views on 
irrigation management. The semi-structured interviews were between 60 and 90 
minutes long, and participants were asked questions about political-administrative 
drivers of irrigation efficiency, (irrigation) water management key actors and power 
relations, and rules and resources affecting irrigation efficiency including equity 
issues. The interviews were transcribed and coded using a combined inductive and 
deductive coding scheme that included categories for the performance of institutions 
for irrigation (actors, rules, resources, discourses, efficiency and equity). The 
interviews’ data were used together with evidence from pieces of legislation, policy 
documents, and assessment reports about (irrigation) water management in the case 
study regions.  

The case study regions share a number of similarities which justify their inclusion in 
this study. Firstly, irrigated agriculture is increasingly undermined by water scarcity. 
Specifically, all regions, although located in major river basins, have been experiencing 
an increasing number of prolonged droughts and insufficient crop irrigation in the dry 
season over the past decades. Secondly, the lack of water has been partially 
compensated with the construction of water transfers and water reservoirs. Thirdly, all 
regions greatly rely on groundwater for irrigation, a pattern that has led to 
overexploitation of the resource. Finally, a common problem is surface and ground 
water quality depletion.  

The case studies are also quite different in their socio-cultural, economic and political 
context. Most notably, the study regions are located in both developed and developing 
economies. Because the context in which institutions are embedded is an important 
determinant of their performance, these differences will be treated as relevant factors 
when discussing policy recommendations and transferability of best practices. In so 
doing, the study will provide recommendations tailored to the specificity of each 
context. 
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3 Irrigated agriculture in the case study regions 

Irrigated agriculture is a key economic asset in all study regions contributing to a 
significant share of the national GDPs. The sector shows high levels of productivity and 
high added economic value especially when irrigation is practiced with drip technology 
on cash crops. Examples of this sort include citrus plantations in the SRB and EG 
districts, orchards in the CER district, vegetables in the CER and SB districts and cotton 
in the LK district.  

Different agricultural business models exist in the study regions. Modern, highly 
mechanized, export-oriented irrigated agriculture is practiced in the SRB district where 
farms are relatively small (2-5 ha on average) compared to the CER district and the LK 
district where similar levels of farm mechanization and typology of irrigation is present 
but the average farm size is respectively two to three times larger. The EG district is an 
exceptional example in Morocco of a modern, drip irrigated, and export-oriented citrus 
production area where agriculture is practiced in medium-large farms (up to 300 ha; 
15 ha average size). In Lebanon, as in most of Morocco, agriculture is characterized by 
a generally low degree of mechanization and high land fragmentation – with farm size 
often not exceeding 2 ha and, in fact, not ever reaching 1 ha in many cases. In the SB 
and other recently modernized irrigation districts in Lebanon, however, the number of 
medium-sized farms practicing modern agriculture is higher than in other regions in 
the country.  

The institutional arrangements for irrigations are embedded in different economic and 
political contexts. This has implications for water management approaches. In 
countries where there is a centralized style of government such as Morocco, Lebanon 
and Greece, water management is mostly under the responsibility of the national 
administrations – through their local offices – and nationally supervised river basin 
organizations – when existing. In Spain and Italy, where a decentralized governmental 
model is in place, water management is responsibility of the regional administrations 
and largely independent river basin organizations.  

All study regions are located within important river basins presenting typically 
Mediterranean (CER, SB, SRB, and LK) or semi-arid (EG) climatic characteristics. 
Precipitations, mostly concentrated in autumn and spring, range from 700 to 2000 
mm per year, with substantial differences between mountain and plain areas. In the 
SRB district rainfall drops to 300 mm per year at the coast. In the EG district 
precipitation does not exceed 200 mm per year.  

All regions rely on both surface and ground water sources for irrigation. In the CER, 
SRB and SB districts surface water is the main irrigation resource accounting for 
respectively 71%, 78% and 70% of the supply. Numerous water reservoirs and dams 
retain surface water in the SRB district, whereas in Morocco, Lebanon, and to some 
extent Italy and Greece surface water is underexploited due to insufficient reservoirs. 
In the LK district a natural water reservoir (Karla Lake) for the provision of irrigation 
water has been recently restored but the construction of the distribution network has 
not been planned yet. The CER, SRB, SB and EG districts also rely on one major water 
transfer for the provision of surface water for irrigation. Groundwater is extensively 
used for irrigation particularly in the LK district (81% of supply) and the EG district 
(53% of supply) where it is extracted mostly via private wells. Additional sources of 
irrigation water such as waste water and desalinated water are significantly exploited 
in the SRB district (7% of supply). These options are more at a hypothetical stage than 
reality in the CER and SB districts, whereas in the SMD region the implementation of a 



 

IVM Institute for Environmental Studies 

 14  Irrigated agriculture in the case study regions 
    

 

plan for desalinization plants remains undecided. The water deficit is particularly 
severe in the SRB, EG, and LK districts where groundwater is significantly 
overexploited, even illegally. In the CER and the SB districts the water deficit is high 
between May and September. 

In all study countries water is a public good by law. However, in the study regions 
private property rights still exist on groundwater. Furthermore, since the water 
regulation has forbidden drilling new boreholes and has imposed to close a number of 
the existing ones, poor enforcement has led to many undeclared private wells. This 
situation is particularly severe in the EG, SB and LK districts where the majority of 
farmers possess their own well for irrigation purposes. In the CER and SRB districts this 
phenomenon is less extensive, although not completely under control. 

Different water allocation regimes exist in the study regions. In Spain river basin 
authorities are in charge of granting water abstraction and well-drilling permits. In 
contrast, in the Emilia-Romagna region in Italy the Regional Department of 
Environment and river basin authorities share the responsibility of granting water 
permits. Similarly, in the SMD region the responsibility is shared between the regional 
office of the Ministry of Agriculture (ORMVA/SMD) which issues water concessions for 
major irrigation infrastructure (e.g. the EG water transfer), and the river basin authority 
(ABH/SMD) which is responsible for all the remaining water concessions. In Lebanon 
and Greece, where river basin authorities do not exist, the decentralized regional 
offices for water management are in charge of issuing water permits.  

Irrigation water tariffs vary across study regions1. In most cases both volumetric and 
area charges apply. As for volumetric charges, the price in the EG district (0.15 €/m3) 
is in line with that in the SRB district (0.124 €/m3 for the Tagus-Segura water) and in 
the CER district (0.10-0.19 €/m3). However, it is much higher compared to the tariff 
elsewhere in the SMD region (0.063 €/m3). Volumetric charges are much lower in the 
SB (about 0.055 €/m3) and are not applied in the Karla district. Area charges are of the 
same magnitude in all study regions with a peak in the SB (350 €ha) and a very low 
minimum in a few specific situations in the CER district (8 €/ha), which is the region 
where area charges are the lowest. In the LK district area charges are applied to public 
wells, but not to private wells – the majority in the region. Additional charges are 
applied to cover operation and management costs in the CER, the SRB and the SB 
districts or to subsidize purchase of drip equipment in the SMD region. In the EG and 
the SB districts charges are not applied to groundwater. 

A common feature across cases is the heterogeneity of the water tariff applied within 
each irrigation district, with the only exception of the EG district where a uniform 
volumetric tariff is applied. This heterogeneity is particularly high in the CER district 
where each land reclamation consortium (LRC), the authority in charge of managing 
irrigation water, establishes its own price regime, typically a binomial tariff. The tariff 
comprises a fixed quota per irrigated hectare that may be differentiated per cultivated 
crop and a volumetric charge where a meter or other ways of measuring water 
abstraction are present. In the SB district the water tariff can be differentiated per 
typology of crop and season. In contrast, in the SRB district the pricing system is based 
on the principles of differentiation according to water sources – groundwater and 
water from the Tagus-Segura transfer being the most expensive – and payment 
according to consumption (volumetric charges). Since farmers use different sources of 

                                                
1  Data on water pricing in Lebanon and Greece are inconsistent across different sources. In this 

report data provided by SIRRIMED project partners are used. However, the reader is warned to 
consider this data as indicative. 
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water at a time, on average they pay a similar price. The only exception to this system 
exist in the traditional irrigation lands (about 10% of the territory) which still benefit 
from advantageous area charges. 
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4 Performance of institutions for irrigation 

One key element for the sustainable management of water in agriculture is the pursuit 
of high levels of irrigation efficiency. After briefly presenting the irrigation efficiency 
levels that were found in each case study region, this chapter discusses key 
institutional factors that were found to affect the capacity of institutions to support 
irrigation efficiency. 

4.1 Irrigation efficiency in the study regions 

Findings suggest that in the SRB district irrigation efficiency reached high levels, in the 
CER and EG districts major improvements occurred, while in the LK and SB there was 
still much room for improvement.  

According to interviewees, in most of the SRB district territory irrigation efficiency 
levels are high thanks to well embedded knowledge and technology in the farming 
activity, and there is very little margin for improvement. The only exception is 
represented by the traditional irrigation lands – 10% of the territory benefiting from 
privileged water rights and water price – where the level of efficiency is relatively low. 
As due to climate change water supply is expected to decline, the debate in the region 
is currently shifting from irrigation efficiency to decreasing water demand by fostering 
the use of water saving techniques such as deficit irrigation. A parallel discourse 
focuses on fostering irrigation efficiency in the traditional lands by reforming their 
water rights. 

Over the last decades in the CER district irrigation efficiency levels increased 
significantly. In only 10 years (2000-2010) the use of drip technology increased by 65% 
at the expenses of less efficient technologies such as furrow, border and submersion 
irrigation (ISTAT 2010). In addition, the CER consortium – the authority in charge of 
managing the CER water transfer and developing knowledge for the efficient use of 
irrigation water –developed an irrigation scheduling system called IRRINET which 
provides farmers with precise (at plot level) irrigation advice via mobile text messages 
and web application. The coverage of the system, which rapidly expanded, currently 
reaches 23% of total irrigated land in Emilia-Romagna. The CER consortium calculated 
that the system led to save about 50 million m3 of water per year, and generated a 
yield increase of about 13% using 27% less water (CER 2012). 

Institutions in the EG district have shown capacity to improve irrigation efficiency over 
the last decade. High levels of irrigation efficiency were reached thanks to the adoption 
of a mix of policy instruments including one public-private partnership (PPP), voluntary 
agreements, subsidies, and contracts along with infrastructure and institutions for 
knowledge development and transfer. A PPP was set up to construct a water transfer 
bringing additional water to the district – one of Morocco’s biggest producers of citrus 
for export. The partnership covered the design, construction, operation and 
maintenance of the water infrastructure. Financial resources were provided by the State 
(48%), the construction company Amensouss (44%) and the beneficiary farmers (8%). 
Farmers who wanted to join the project had to pay an entrance fee of about 700 
Euro/ha and had to adopt drip irrigation with the support of state subsidies. 
Furthermore, Agrotech, a public-private organization established in 2007 as platform 
for coordination and development of agricultural research and technology in the SMD 
region, has set up a data monitoring and collection network in the EG district and has 
developed services for EG farmers including meteorological bulletins and irrigation 



 

IVM Institute for Environmental Studies 

 18  Performance of institutions for irrigation 
    

 

advice. At present most farmers in the district receive the bulletin and the irrigation 
advice, all citrus plantations use drip irrigation and the production increased by 20%.  

Irrigation efficiency is slowly increasing in the SB district. At present only 10% of the SB 
irrigation scheme is equipped with pressured irrigation infrastructure and less than 
20% of the land is drip irrigated. A key determinant of the improvement of irrigation 
efficiency in this district has been, in a country weakened by wars and long lasting 
political instability, the existence for over 50 years of the Litani River Authority (LRA) in 
charge of water infrastructure development and management in the Bekaa region. The 
LRA realized, often in collaboration with the Lebanese Agricultural Research Institute 
(LARI) and with the involvement of farmer groups, a number of projects for the 
improvement of irrigation efficiency in the SB district. Within the framework of these 
programs the LRA offered farmers subsidies for the purchase of equipment and 
training on its use. Furthermore, although insufficient, the national financial 
investment in water infrastructure allowed the LRA to developed capacity and expertise 
to design, build and manage water mobilization and irrigation infrastructure. 
Consequently, the Bekaa region and the SB district are better served with water 
infrastructure and irrigation is more technologically advanced than other regions in 
Lebanon. Nevertheless, water is commonly misused and wasted in the district due to 
farmers’ lack of knowledge and awareness of plant’s irrigation needs and water 
shortage issues, and insufficient financial and technological capacity to efficiently use 
water.  

In the LK district interviewees reported the existence of significant margins of 
improvement of irrigation efficiency and identify as main problem to address the low 
performance of institutions. The most notable example of institutional ineffectiveness 
in the district is the restoring of the Karla Lake, a natural water reservoir. To reduce 
the pressure on the aquifers – currently the major district’s source of water for 
agriculture – the Karla Lake was restored in 2003 with the intention of using its water 
for agriculture. However, the irrigation water distribution network has not been built, 
let alone planned yet and the water quality of the reservoir has started deteriorating. 
Reasons of this institutional ineffectiveness were found in the current institutional 
stalemate: regional and national administrations dispute the responsibility for the 
construction of the network; financial resources for carrying out the works are 
insufficient due to the severe financial crisis of the country; and local organizations for 
irrigation water management and farmers lack the capacity and the network to put 
their needs into the regional and national agenda.  

Finally, a cross-cutting finding is that irrigation efficiency is hardly ever driven by 
awareness of water sustainability issues. Instead, major drivers of irrigation efficiency 
are most often profitability and water scarcity. Indeed, across cases the level of 
irrigation efficiency is higher when cash crops (e.g. citrus, other orchards, cotton) are 
cultivated in fertile regions suffering from water shortage. For example, in the CER 
district, research found evidence of a shift from low-income irrigated crops to water 
demanding cash crops irrigated with highly efficient technology – mostly drip (Reg. ER 
and CER 2007). Furthermore, a number of interviewees across case studies remarked 
that many farmers still do not pay much attention to how they use water and tend to 
think of it as an endless resource. The way water is considered and used depends also 
on cultural beliefs. For example, in countries such as Lebanon and Morocco – not 
much in the EG district, though – many farmers consider water as a gift of God not to 
pay for. 
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4.2 Effectiveness of institutions for irrigations 

Institutional effectiveness in the context of this study was defined as the capacity of 
institutions for irrigation to promote the achievement of high levels of irrigation 
efficiency. Factors influencing irrigation efficiency include the capacity to provide 
necessary information, to deal with conflicts, to induce rule compliance, and to provide 
physical, technical and institutional infrastructure (Dietz et al. 2003). The remaining of 
this section discusses these factors with reference to the case study regions. 

Capacity to provide necessary information. Institutions for irrigation are effective in 
supporting irrigation efficiency if they can provide credible and salient information that 
simultaneously meets high scientific standards and is relevant to ongoing needs of 
decision makers and farmers (Dietz et al. 2003). Information such as water quantity 
and quality at different scales, water requirement of different crops, soil characteristics 
and moisture, and meteorological forecast is relevant for farmer and policy makers 
who aim to increase irrigation efficiency.  

The CER district is a virtuous example of a region where institutional capacity to 
provide policy-makers and farmers with salient and credible information led to 
substantially increase irrigation efficiency. The key element of this success is the 
existence of a bridging organization, namely the CER consortium acting at the 
interface between water users (farmers) and policy-makers. Findings suggest that what 
makes the CER consortium successful is its unique arrangement as public organization 
made up of private members – i.e. all beneficiaries of its drainage and irrigation 
services – having the double responsibility of constructing and managing the CER 
water transfer and developing applied knowledge for the efficient use of irrigation 
water. The CER consortium develops knowledge for farmers and policy-makers. For 
example, working in close collaboration with the regional administration which co-
finances many of the CER projects, the CER consortium conducts data monitoring 
campaigns, research on irrigation efficiency and development of tools for farmers (e.g. 
the IRRINET irrigation scheduling system). Experiments and demonstration programs 
are realized through a regional network of experimental farms and a demonstration 
farm run by the CER consortium where farmers can check the results of the studies. 
The information generated by the CER consortium is relevant to policy-makers too. For 
example, the results of studies about the efficiency of different irrigation technology 
were used to create a list of irrigation technologies that the regional administration 
currently uses for allocating funds to farmers – for example, by granting priority or 
more funds to farmers who intend to purchase or have in use more efficient 
technology. Also, water and soil monitoring data provide information about resource 
conditions that is used for regional environmental planning purposes. In general, 
interviewees reported to be satisfied with the typology and quality of the services 
provided by the CER consortium, and identify as major challenge for the future the 
capacity to maintain high research standards and give continuity to the activities under 
ongoing budget restrictions. 

The EG district is another example where the improvement of irrigation efficiency is 
partly attributable to the gradually increasing provision of necessary information. This 
information is slowly developing thanks to Agrotech, a young centre for agro-
technology research established in the SMD region in 2007. The centre promotes 
collaboration among private companies, public institutions, training and research 
organizations in the agriculture and agri-food sector for the diffusion of innovation 
and technology. Agrotech is at present primarily involved in connecting existing 
research initiatives and does not support policy-making. Since a couple of years it also 
has conducted some applied research for farmers. Specifically, the centre established a 
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network of meteorological stations whose data were used to provide farmers in the EG 
district with irrigation advice. This activity contributed to increase the visibility of the 
agency as farmers were satisfied with the service. However, Agrotech has not yet 
consolidated its role and reputation in the region and has not yet exploited its full 
potential. 

In contrast to the previous cases, institutions in the SB and LK districts show 
insufficient capacity to provide necessary information to improve irrigation efficiency. 
Findings point to two major problems in both regions: one the one hand knowledge is 
dispersed in the private and public sector and is difficult to harness as there is no 
organization or mechanism in place for this purpose; on the other hand, public 
research institutes lack expertise and resources to initiate and give continuity to 
monitoring and research programs. In Greece, for example the General Organizations 
for Land Reclamation (GOEV) have mandated functions similar to the LRCs in the CER 
district but lack expertise, resources, and structural and organizational capacity to 
generate information for supporting irrigation efficiency at farm and regional scale.  

Capacity to deal with conflicts. Conflicts are inherent in environmental choices due to 
sharp differences in interests, values, and approaches to problems across parties. 
Conflicting institutions does not support the improvement of irrigation efficiency as 
decisions and implementation of solutions are often delayed by long lasting disputes 
over goals and means.  

Problem solving mechanisms were found at different administrative scales across case 
studies. In general, mechanisms devised at regional and local scale appear capable to 
resolve conflicts more satisfactory than national ones. One reason for this is that at 
regional and local scale interested parties tend to maintain frequent face-to-face 
communication and dense social networks that increase the potential for shared 
understanding of problems and development of trust. For example, in the Emilia-
Romagna region the cabina di regia, a political steering committee convening to 
address crisis situations such as droughts, is considered to be of crucial importance 
for settling water conflicts because it is highly respected and trusted. In contrast, 
interviewees in Morocco and Greece reported that the respective inter-ministerial water 
commissions and national water councils for stakeholders’ consultation do not 
function effectively as they fail to meet on a regular basis and their outcomes are often 
not taken into consideration.  

To settle conflicts and spark learning and change, cross-sectoral cooperation within 
public organization is also important. Across cases both formal mechanisms and 
informal forms of cooperation between colleagues were found. Formal mechanisms are 
reported to be useful tools to settle conflicts. This is the case of the Emilia-Romagna 
regional administration where the “conferenza di servizi”, an inter-sectoral steering 
committee called to a meeting on specific subjects, meets when for discussing issues 
involving more than one sector. The capacity to settle conflicts within these venues of 
interaction, however, tends to depend on the political affinity of the involved parties. 
Interviewees in Spain and Italy explained that it is more likely to reach an agreement 
when the involved governments belong to the same political coalition. As for informal 
mechanisms, the key of success appears to be good personal relationship among 
public officers. On this point, Greek interviewees revealed that the continuity and 
effectiveness of joint actions for irrigation management between the agricultural and 
the water ministries are significantly undermined by the fact that good collaboration 
among public officers disappear when officers retire or change job as there is no 
formal mechanism in place to keep it. In Lebanon, personal relationships within and 
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across public organizations are difficult to establish given the political instability of the 
country which causes the continuous reorganization of public offices.  

At local scale, one informal strategy for conflict resolution among farmers is the 
practice of assigning each farmer a fixed amount of water (water quota) to self-
manage. The allowance is based on the extension of the irrigated land and type of 
crop for the season. This practice is adopted by numerous irrigation communities – 
organizations in charge of irrigation management – in the SRB. Besides avoiding 
disputes among farmers for water allocation, this practice has led to improved 
irrigation efficiency as it encourages farmers to responsibly self-manage the amount of 
water they are given.  

Capacity to induce rule compliance. Institutional effectiveness requires that rules of 
water use for irrigation are generally followed, and that farmers perceive rulers as 
credible and legitimate or resistance and evasion will undermine the irrigation 
management strategy (Dietz et al. 2003).  

In the SRB and CER districts rules are generally well enforced and credibility and 
legitimacy of public organizations was found to be generally high. Nevertheless, illegal 
water abstraction, mostly groundwater, is reported to exist especially in times of 
droughts. In contrast, enforcement of rules is problematic in the EG, SB and LK 
districts mostly because of insufficient political will, lack of financial and human 
resources to implement enforcement mechanisms, and lack of credibility and 
legitimacy of the public sector stemming from poor transparency and little 
participation in decision making processes. The Water Table Agreement in the SMD 
region represents a point in case. Signed in 2007 by all relevant public and private 
stakeholders in response to a severe drought, the agreement prohibited new boreholes 
and expansion of irrigated land, and decided for the establishment of a water police 
force to monitor rules compliance. However, interviewees reported that the terms of 
the agreement were violated as new irrigation expansion and boreholes were allowed 
once the water crisis was solved. Furthermore, the new water police force is too small 
to exercise the required control. As consequence, the agreement lost part of its 
legitimacy, and signed parties manifested discontent with the public organizations 
involved and lost interest in joining new public-private projects. In Lebanon the 
political instability of the country makes it difficult for people to rely on governmental 
organizations that continuously change officials and policy strategies. Many farmers 
perceive that the government is incapable of providing stable and reliable rules and 
enforcement mechanisms for water use and turn to individualistic behaviour by 
exploiting water resources as they need. 

Compliance of rules for irrigation water use can be achieved also via informal 
strategies relying on farmers monitoring water use and enforcing social sanctions. For 
example, in the LK district farmers sharing a well monitor each other water abstraction 
to make sure that the resource is not overexploited. Similarly, in the CER district 
farmers sharing a small water reservoir control that all users do not exceed their 
allowance. Sanctions range from verbal warning to first offenders to exclusion from 
the use of the resource in situations of reiterated offence. These informal strategies 
are often more effective in improving water saving and irrigation efficiency than poorly 
enforced formal rules. 

Capacity to provide physical, technical and institutional infrastructure. 
Infrastructure, including technology, determines the degree to which water can be 
efficiently exploited. Findings suggest that irrigation efficiency tends improve 
substantially when the investment is balanced throughout the different phases of 
irrigation development. This is the case of the SRB district where not only have national 
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and regional governments substantially invested in building water reservoirs, water 
transfers and distribution networks but also have significantly subsidized farms’ 
technological modernization. Italy and Greece have also substantially invested in 
strategic water works (e.g. the CER canal) over the second half of the last century. In 
the CER district, however, interviewees lamented that surface water is not fully 
exploited as the construction of small-medium scale water reservoirs is plagued with 
social controversy and complex bureaucracy. In Greece, the missed completion of the 
Karla Lake distribution network is an example of coupled institutional stalemate and 
lack of financial resources. In contrast, emerging economies such as Lebanon and to a 
lesser extent Morocco lack the financial capacity to consistently invest throughout the 
different phases of irrigation development. The Moroccan government has recently 
experimented with satisfactory results the use of a mix of policy instruments including 
a PPP (the EG water transfer project) to provide irrigation services in the EG district. 
The government also invested substantial resources in subsidizing the modernization 
of irrigation technology at farm level. This investment is, however, reported to be not 
completely successful due to problems with the design of the subsidy scheme which 
envisages purchase of equipment but excludes its quite expensive design and 
installation. Consequently, only farmers who can afford the additional expenses 
benefit from the subsidies. As for Lebanon, the country is still in a water development 
phase, with water transport, distribution, and technological modernization of the farm 
still under developed. Lack of institutional infrastructure and financial resources have 
already led to post-pone of eight years the completion of the national water 
infrastructure development plan. Given the political instability of the country, an 
acceleration of the process seems infeasible in the near future.  

Building water infrastructure is not sufficient. Maintenance and modernization of water 
works is imperative for maintaining high levels of irrigation efficiency. Resources for 
this purpose are expected to be generated through the water tariff. In the SRB district 
the water tariff is very close to full cost recovery. In contrast, in all other regions the 
insufficient institutional capacity to raise the required resources led to poor 
maintenance and obsolescence of irrigation infrastructure. 

Another domain of technical infrastructure is knowledge and technology development 
and transfer. Evidence suggests that in all case study regions irrigation efficiency could 
benefit from more structured and efficient knowledge management. In the SB and LK 
districts knowledge development and transfer along with farmers training on the use 
of modern irrigation technology are largely insufficient due to lack of financial 
resources and expertise. To some extent the situation is similar in the SMD region 
where, although more resources have been invested on knowledge development and 
technology transfer, many farmers still lack the capacity to properly use modern 
irrigation technology because the supply of training is limited by lack of experts and 
insufficient public financial support. In the SRB and in the CER districts the challenge is 
more related to financial investments for knowledge transfer (especially in the SRB 
district) and farmers’ training (especially in the CER district).  

Institutional infrastructure is also an important determinant of irrigation efficiency. The 
EG district represent one interesting example of improved irrigation efficiency 
stimulated by the provision of adequate institutional infrastructure. The EG project, as 
explained earlier, was realized through the design and implementation of a number of 
policy instruments including voluntary agreements, contracts, subsidies, and a PPP 
used for the first in Morocco for the provision of irrigation services. The establishment 
of such institutional infrastructure was possible thanks to the existence of private 
entrepreneurship and political leadership in the SMD region. In addition, the fact that 
the former president of the SMD region was Minister of Agriculture at the time the 
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project was discussed proved crucial for bringing the project into the national agenda. 
Another example of a new policy providing institutional infrastructure for improving, 
among other things, irrigation efficiency is the adoption of the aggregation business 
model in Morocco. This policy, today’s second pillar of the Moroccan agricultural 
policy, subsidizes the establishment of “aggregations” between small farmers and 
agricultural businesses aimed at helping the former to improve their business by 
providing them access to markets, subsidies, technology and extension services. The 
idea of this business model stemmed from farmer cooperatives in the SMD and could 
reach the national Ministry of Agriculture because of the connections that the 
cooperatives developed with the minister when he was president of the SMD region. 
The two examples suggest that a well established network between local and national 
private and public stakeholders – also referred to as social capital – is necessary for 
ideas to reach relevant policy circles and be turned into policies. 

Another observation related to institutional infrastructure and cutting across study 
regions is that the implementation of (new) rules on the ground tends to be 
problematic and long lasting. In general, water policy reforms take long to be 
implemented either because regulation is not well understood or is not easy to apply 
on the ground. When water reforms require creation or reorganization of public offices 
such as in the case of Greece, Lebanon, SMD region and the CER district financial and 
human resources are often insufficient, civil servants may be not prepared for the new 
tasks and may find it difficult to adjust to new positions and responsibility, and power 
struggle arises at different organizational level especially when merging offices. In 
addition, officials have different interpretations and conflicting ideas about how new 
rules should be implemented in practice, especially regarding how to adjust 
consolidated protocols and routines or how to enforce new regulations. Finally, it takes 
time before new or reformed organizations establish their role and gain credibility and 
legitimacy in their region. This is for example the case of recently established 
organizations such as the Agrotech in the SMD region, the regional offices for water 
management in Lebanon – the Water Establishments (WEs) – and the regional 
departments for water in Greece (the 2010 administrative reform in Greece has 
reorganized regional administrations). In general, public organizations across study 
regions tend to underestimate these difficulties and the investment of time and 
resources required to implement new or reformed rules. 
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5 Improving the performance of institutions for 
irrigation: best practice and policy 
recommendations 

This session presents best practice and policy recommendations for improving the 
performance of institutions for irrigation in the case study regions. The 
recommendations are based on the findings presented in this report and in the cross-
case study report (project deliverable 6.3), to which the reader is referred for more in 
depth discussion. In line with the findings presented in this report, the 
recommendations focus on issues that could foster capacity to provide information, to 
deal with conflicts, to induce rule compliance, and to provide physical, technical and 
institutional infrastructure (Dietz et al. 2003).  

Capacity to provide necessary information. The capacity to provide credible and 
salient information in the case study regions could be fostered by bridging 
organizations acting at the interface between water users (farmers) and policy-makers. 
As illustrated in section 4, the CER consortium is a virtuous example of this sort. This 
model has potential to be transferred in the SMD region in Morocco, in the Thessaly 
region in Greece and in the Bekaa region in Lebanon.  

In the SMD region Agrotech has potential to evolve into something similar to the CER 
consortium. Given its inclusive institutional design, with all relevant private and public 
organizations in the management board, Agrotech is in the position of understanding 
farmers’ needs and promoting research aimed at responding to these needs by for 
example connecting research institutes to potential investors. Agrotech could also 
support policy-makers in the design of regulatory frameworks for promoting irrigation 
efficiency by conducting and fostering research on this matter.  

The GOEVs in Greece have similar institutional design and functions of the LRCs in Italy 
and therefore could take up the role of generating knowledge for irrigation as the CER 
consortium does. However, GOEVs in the Thessaly region often lack expertise, and 
structural and organizational capacity to provide this service. One option to overcome 
this problem in the LK district could be to start with a small research office within the 
GOEV to which the Karla district belongs. This office could have the initial aim of 
connecting with the regional and local research institutes to develop small joint 
research projects with high practical use for farmers. To facilitate the establishment of 
connections, it would help if the person starting this office was for example a former 
employee of one of these research institutes, or somebody which has a good 
reputation within these institutes. This first phase would give initial visibility to the 
research office. Over time, with the acquisition of more experience, connections and 
capacity to raise resources, this research office could become more independent, 
develop its own line of research, extend collaboration beyond the regional boundaries, 
connect to the regional administration and eventually become something similar to the 
research office of CER consortium. 

In the Bekaa region a public-private platform for innovation and technology 
development and transfer in agriculture similar to Agrotech in the SMD region could 
harness the dispersed knowledge and capacity building of the region. This platform 
could connect the increasing research, innovation and technology development 
capacity of the private sector to the public sector – particularly LARI and LRA – and 
farmers. Establishing of such an agency would be facilitated if there was a credible 
individual with solid reputation in the region and good connections in the private and 
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public sector willing to embrace the initiative and investing time and resources in 
promoting and linking it to existing activities in the region. Institutional and 
administrative capacity at regional and national level is also required to set up such an 
agency. Finally, the sponsorship of a donor agency could provide the initially required 
economic support to establish this platform.  

As final note on this issue, the CER case brought to the attention at least four key 
factors fundamentally contributing to the creation of credible and legitimate bridging 
organizations: 1) to invest a considerable amount of time and resources in building 
connections within and beyond the regional borders; 2) to develop the capacity and 
invest time to raise financial resources by for example participating to national and 
international funding calls, and promoting public-private research partnerships; 3) to 
develop high quality scientific standards which in turn implies investing in developing 
and maintain expertise; 4) to ensure transparency and accountability of action. It is 
also important to understand that it will take time before the activity of such 
organizations will generate substantial improvements in the capacity to provide 
information for efficient irrigation management.  

Capacity to deal with conflicts. Evidence showed that the capacity to deal with 
conflicts could be enhanced by the existence of regional and local conflict resolutions 
mechanisms – more than national ones. This is because regional and local parties tend 
to develop dense social networks which increase the potential for shared 
understanding of problems and development of trust. Consequently, one important 
recommendation is to promote the establishment of water conflicts resolution 
mechanisms within regional and local organizations such as water boards, regional 
administrations, regional water and agriculture offices, and irrigation management 
organizations. This recommendation is particularly relevant for Morocco and Greece 
where national mechanisms are not effectively working and inter-sectoral cooperation 
is based on informal relationships, and Lebanon where such coordination and 
cooperation mechanisms are not in place. Proposals for such institutional change 
require large support of public and private stakeholders, as well as strong proponents 
with well established reputation and connections in the region capable of catalyzing 
the interest for such type of institutional change and bringing it to the policy circles 
that have the power to turn these proposals into policy.  

At local scale, the adoption of the water quota system within irrigation management 
organizations has potential to reduce conflicts among farmers for water allocation and 
foster irrigation efficiency. This mode of water allocation is possible in regions where 
the total amount of water available for irrigation is predictable, for example, where 
there is a water reservoir. Therefore it could be experimented in the SB, EG and LK 
districts. It would not be possible to adopt such an approach in the CER district as the 
predictability of water supply is highly uncertain, being water supply dependent on the 
Po river flow. Irrigation management organizations could promote the adoption of this 
model through, for example, information campaigns and informal contacts with 
farmers within their network. 

Capacity to induce rule compliance. Capacity to induce rule compliance largely 
depends on credibility and legitimacy of institutions. Developing these qualities is 
difficult especially in contexts affected by structural, often culturally depended 
institutional failures. When dealing with these issues a recommendation commonly 
proposed by the literature is ensuring constructive participation of stakeholders in 
water and irrigation management decisions at different level government, including 
water boards and water user organizations. Constructive means that participants are 
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not simply informed but have a real chance to influence decisions and that feedbacks 
are provided on how participants contribution have been taken into consideration. 

In countries such as Lebanon and Morocco where trust on public organizations is 
generally very low, it is important to offer farmers the opportunity to participate to 
irrigation water management, for example through water user organizations. The 
advantage of this approach is two-fold: on the one hand, farmers will tend to feel 
entrusted and therefore compelled to respect rules; on the other hand, these co-
management actions will increase the frequency of face-to-face communication thus 
enhancing possibility to develop trust. However, as shown by the case of the Water 
Table Agreement in the SMD region, it is of fundamental importance that all involved 
stakeholders respected the agreed terms of action as violation generate frustration, 
distrust and unwillingness to engage in new joint management actions. 

Capacity to provide physical, technical and institutional infrastructure. Evidence 
from this study leads to three key recommendations regarding physical and technical 
infrastructure for irrigation:  

1) the provision of physical and technological infrastructure may be greatly improved 
by a balanced distribution of financial resources throughout the different phases of 
irrigation development. Each phase of irrigation development also involves different 
time and institutional infrastructure. Therefore, effective provision of irrigation 
services requires careful planning account for time, resources and institutions. This 
approach would ensure the provision of the required infrastructure for water 
mobilization, transport, and distribution as well as support at farm scale for the 
modernization of irrigation technology.  

2) the mobilization of resources and the achievement of high levels irrigation efficiency 
may be promoted by the use of a mix of policy instruments. For example, PPPs are 
effective tools for mobilizing private resources for the construction of large scale water 
infrastructure. In principle this business model in combination with other policy 
instruments such as voluntary agreements, subsidies and contracts has potential to be 
successfully adopted for the provision of irrigation services and achievement of high 
levels of irrigation efficiency in all case study regions. This provided that the terms of 
the public-private agreement are carefully regulated so as to avoid inequalities in the 
distribution of the costs and benefits. As general observation, the adoption of a policy 
mix model may be easier in regions where there has been previous experience with 
PPPs and other instruments for the provision of public services. The existing 
experience and expertise may, in fact, facilitate administrative and organizational 
procedures. Furthermore, the adoption of such policy instruments requires 
entrepreneurship and social networks providing expertise, resources and technology, 
as well as policy proponents capable of exploiting windows of opportunity to bring 
ideas into relevant policy circles. 

3) knowledge and technology transfer could be made more effective by the 
establishment of a network of experimental farms in the case study regions. The 
advantage of experimental farms spread throughout the territory is that farmers can 
verify by themselves the results of experiments regarding for example irrigation 
efficiency directly in their neighbourhood. This network could be sponsored by the 
regional administrations, and to ensure support to the initiative farmer representatives 
could be involved in the design of the institutional framework.  

Regarding institutional infrastructure, a key best practice to report is the aggregation 
business model to help small farmers in Morocco to improve their business. The model 
has potential to be transferred in countries where the agricultural landscape is highly 
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fragmented including Lebanon, Italy, Spain, and Greece. One of the key factors leading 
to the adoption of this model in Morocco was the capacity of farmer cooperatives in EG 
district to develop a network with potential interested parties and to connect this idea 
to the national political agenda. This experience show that this model has more 
chances to be adopted in regions where formal and informal networks of farmer 
groups, private businesses such as technology developers, and regional/local public 
organizations are already in place and are well connected with national policy circles, 
so that ideas and information can flow and trust on this project gradually develop 
across different actors. 

A final recommendation on institutional infrastructure concerns policy implementation 
and particularly institutional (re)organization . The set up of newly established or 
reformed organizations is of crucial importance for their effective functioning. To 
assist offices which are undergoing a reorganization process or that have to be newly 
established, a step-by-step transition procedure to new regimes could be built in the 
re-design framework of institutions. It is also important to account for some transition 
time as institutional reorganization involves civil servants to become acquainted with 
new routines and procedures and sometimes develop new skills. 
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6 Conclusions 

The SIRRIMED project aims to promote sustainable water use in agriculture in the 
Mediterranean region. Within the framework of the project and based on the findings 
of a cross-case investigation (deliverable 6.3), this report assessed the performance of 
institutions for irrigation with regard to their capacity to promote irrigation efficiency 
and offered best practice and policy recommendations. 

The findings suggest that high levels of irrigation efficiency were reached in the SRB 
district in Spain, and that over the past decade major improvements in this respect 
occurred in the CER district in Italy and the EG district in Morocco. Among the factors 
and best practices that contributed to achieve high levels of irrigation efficiency there 
are: the balanced distribution of resources over all phases of irrigation development; 
the existence of bridging organizations developing and transferring knowledge to 
farmers and policy makers and connecting farmers needs to policy circles; and the use 
of a mix of policy instruments including PPPs, voluntary agreements, contracts and 
subsidies for mobilizing resources and providing irrigation services and farm 
modernization support. In contrast, there is still much room for improvement in the LK 
district in Greece and SB district in Lebanon where irrigation efficiency increases at a 
slow pace. A number of institutional failures were found to be responsible for low 
levels of irrigation efficiency. These include slow and difficult implementation of 
new/reformed water legislation, lack of capacity to enforce rules, political instability, 
insufficient knowledge transfer, limited financial investment, and loose connection 
between local and national actors which impedes bringing problems to the relevant 
policy circles.  

Best practices have potential to be transferred across and beyond the study regions. 
However, policy transfer does not occur automatically. It requires policy proponents 
(often referred to as policy entrepreneurs) making policy ideas travel across vertical 
and horizontal policy networks. These individuals need to be willing and capable – 
both in terms of personal skills and material resources – to strategically frame and 
bring ideas into relevant policy circles where they can be turned into policy. The socio-
cultural and political context where policy proposal are inserted influences the strategy 
that policy proponents adopts to circulate their proposals. In this vein, section 5 
provided some reflection about how policy change could be brought about in the 
specific context of the study regions. 

The factors fostering efficiency and the best practices presented in this report are in 
principle relevant for other regions too. Their transferability, however, should be 
assessed for each specific socio-political and cultural context. While several identified 
institutional failures are well documented in the literature, some best practices are 
innovative and their transferability beyond the case study regions is worth further 
exploration. Future research on the performance of institutions for irrigation could 
fruitfully build on the findings of this study (and those of deliverable 6.3) to explore 
avenues for transferability of some of these best practices to other contexts. 

The main conclusion of this study is that institutions for irrigation which successfully 
promote irrigation efficiency in the investigated Mediterranean regions build 
essentially on two factors: 1) the capacity to mobilize and utilize resources (money, 
knowledge, power, influence); and 2) the ability to circulate innovative policy proposals 
into relevant policy circles which is granted by the existence of dense social networks 
and bridging organizations connecting farmers needs to different levels of policy 
making. 





 

IVM Institute for Environmental Studies 

Sustainable use of irrigation water in the Mediterranean region  31  
    

 

References 

CER (2012). Sustainable, Knowledge based Irrigation Management: the IRRINET package. 
Presentation by Battilani A., Mannini P. at the International Conference The Water 
Challenge. Every Drop Counts. Green Week 2012. Brussel, 22-25 May 2012.  

Dietz, T., Ostrom, E. & Stern, P. (2003). The struggle to govern the commons. Science 
302, 1907-1912. 

EEA (2009). Water resources across Europe – confronting water scarcity and drought. 
Report No.2. Copenhagen, Denmark: European Environmental Agency. Available 
at: http://www.eea.europa.eu/publications/water-resources-across-europe. 

EEA (2012). Towards efficient use of water resources in Europe. Report No.1. 
Copenhagen, Denmark: European Environmental Agency. Available at: 
http://www.eea.europa.eu/publications/towards-efficient-use-of-water. 

ISTAT (2010). Censimento Agricoltura 2010. Database available at: http://dati-
censimentoagricoltura.istat.it/ 

Munaretto, S. (2013). Irrigation governance in Mediterranean regions. Comparing case 
studies in Italy, Spain, Morocco, Lebanon and Greece. Report SIRRIMED-D6.3. 
Institute for Environmental Studies, VU University Amsterdam, The Netherlands. 

Regione Emilia-Romagna and Consorzio di Bonifica di Secondo Grado per il Canale 
Emiliano-Romagnolo – Reg. ER and CER (2007). Il risparmio dell’acqua in 
agricoltura. A cura di Paolo Mannini e Paolo Pirani. Available at: 
http://cloud.consorziocer.it/ceracque/pubblicazionicer.aspx. 

Seckler, D., Amarasinghe, U., Molden, D., de Silva, R. & Barker, R. (1998). World water 
demand and supply, 1990 to 2025: Scenarios and issues. Research Report 19. 
Colombo, Sri Lanka: International Water Management Institute. Available at: 
http://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/PUB019/REP
ORT19.PDF 

World Bank (2006). Reingaging in agricultural water management. Challenges and 
options. Washington DC, USA. 

World Water Assessment Programme - WWAP (2009). The United Nations World Water 
Development Report 3: Water in a Changing World. UNESCO. See: 
http://www.unesco.org/new/en/natural-
sciences/environment/water/wwap/wwdr/wwdr3-2009/downloads-wwdr3/ 

http://www.eea.europa.eu/publications/water-resources-across-europe
http://www.eea.europa.eu/publications/towards-efficient-use-of-water
http://dati-censimentoagricoltura.istat.it/
http://dati-censimentoagricoltura.istat.it/
http://cloud.consorziocer.it/ceracque/pubblicazionicer.aspx
http://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/PUB019/REPORT19.PDF
http://www.iwmi.cgiar.org/Publications/IWMI_Research_Reports/PDF/PUB019/REPORT19.PDF

