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Abstract: This paper summarises barriers and constraints to adapting water resources management to climate change in the 
Mediterranean region. First, we synthesize and analyze the most promising strategies for adapting to less water in 
Mediterranean countries, expanding the application to other climatic regions. Theoretical measures include improved 
efficiency, optimisation of governance, enhancement of participation, development of risk-based choices, and 
economic instruments. Adjusting agricultural systems to water needs is a sound and feasible practice in both irrigated 
and rain-fed systems and presents a water saving potential up to 50% compared with a non-adjusted practice. Finally, 
the paper categorises the constraints to implement the measures, give specific examples about these issues and also 
quantify their impact. When considering constraints and opportunities to implement these water management 
practices, any environmental policy regulating their adoption should be based on recommending the use of extension 
and training to local actors on the application of the practices. While there is a continuing need to strengthen the 
climate change knowledge base (through research), improved understanding of climate change science will be 
insufficient on its own for adaptation policy development and to drive adaptation action. There is a complementary 
need to engage stakeholders, by developing suitable methodologies for assessment of impacts, vulnerabilities and 
planning as a pre-requisite for cost-effective adaptation. There may be many simple adaptation measures that could 
theoretically be introduced to address a particular risk or opportunity, these may only be practically possible under 
certain circumstances. 
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1. INTRODUCTION  

Agricultural growth in Mediterranean countries was achieved by consuming very large amounts 
of water and other inputs. Today, environmental and urban pressures challenge the use of water for 
food production. In Mediterranean countries, water scarcity has become so acute, that efforts should 
focus on water-saving priorities. Mediterranean countries have a long standing history of adapting 
to water scarcity. In many regions the achievements have been impressive, and there are new 
approaches for integrating all water users in a more coherent management scheme. However, the 
opportunities and limitations for implementing the solutions in all areas are diverse. And climate 
change will affect availability, access, stability, and utilization of water, making the challenge even 
greater (Iglesias et al., 2008).  

Significant progress in reaching environmental and social targets on water use in the 
Mediterranean - particularly in areas with large ecosystem degradation - requires a collective effort 
across sectors. Increasing water use efficiency to meet agricultural demands is necessary, but is not 
sufficient. It is possible, however, to significantly improve water service to agriculture where it has 
been lagging behind, and thus improve current and future imbalances. This would slow the trend 
towards degradation of the environment and displacement of the rural population to urban areas, 
which is often driven by the low productivity and instability of dryland farming in Mediterranean 
countries. To achieve this, however, is important is to design and facilitate the transition towards 
local adaptation solutions. Adaptation will not happen by chance. This paper explores the regional 
barriers from the technical, social and economic points of view and discusses the scenarios for the 
future. 
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2. DIAGNOSIS: TWO OBJECTIVES OF WATER ADAPTATION MEASURES 

Ensuring there is enough water for food, for people and for ecosystems implies visions about 
availability - being sufficient water - accessibility - both physical and economic access - and 
adequacy - being safe for ecosystems and human consumption. In this section we address the two 
main objectives of water adaptation measures. 

2.1 Improve the ecosystem service of water 

In areas exposed to water scarcity water is a limiting factor for development and is therefore 
considered a scarce resource. The adequate protection of aquatic ecosystems may further reduce 
water availability for consumptive uses. Competition for water will intensify with climate change. 
As an illustration, Figure 1 shows the projected changes in water availability in European countries 
for the short term (2040) and long term (2080) scenarios under emission scenarios RCP4 and RCP8, 
showing the strong reduction of water availability in the Mediterranean and implying limitations in 
many economic sectors. Current and future policy call for greater water allocation for ecosystem 
services. The scenarios that combine climate change with the social and environmental demands of 
water are essential for water policy formulation. 

 

 

 

Figure 1. Average results by country of changes in surface water availability. Emission scenarios RCP4 (top) and 
RCP8 (bottom), in short term 2040 (left) and long term 2080 (right) time slices. 

2.2 Improve the social service of water 

It has long been recognized that a stable and reliable supply of water for farmers reduces rural 
poverty. This was in fact the rationale behind the large irrigation projects developed during the past 
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century and continues to be one of the main objectives of water policy. By enhancing rural income, 
water for agriculture reduces farmers’ reliance on external inputs and state subsidies. Indeed, rural 
areas with widespread irrigation, have more than double income than dryland areas. 

The ability of societies to anticipate and face an external shock is often called their adaptive 
capacity. When the external shock is less water, this adaptive capacity is often linked to essential 
components of a country’s development status and of the sustainability of its socio-economic 
model. The overarching importance of the water sector is best exemplified by its central role in two 
of the main development approaches – namely pro-poor growth and human capacity development. 

The poor disproportionately bear the brunt of a weak water sector (UN, 2010). Pro-poor growth 
policies seek to reduce overall poverty levels by enhancing the ability of poor people to participate 
in, contribute to, and benefit from growth (OECD, 2006). Given the predominance of rural 
livelihoods in most low-income countries, problems in water availability, quality and management 
are likely to have a greater impact on poorer and more marginalized social sectors. For this reason 
water management has tangible pro-poor enhanced rights effects. Rights based policies are 
concerned with water accessibility. This involves the duties of providers and the rights of 
beneficiaries and their ability to supply and access water respectively. It also brings up issues of 
water quality and water conflicts all of which impinge upon a people’s ability to access water. 

An ineffective water sector reinforces inequalities and has negative economic impacts, a strong 
water sector can foster equality while creating opportunities for the disadvantaged. For instance, 
securing water rights and availability helps disadvantaged people move away from conditions of 
poor sanitation, high mortality rates or environmental degradation while creating opportunities for 
furthering education and employment. This, in turn, promotes people’s capacity to achieve higher 
levels of education, health, and employment. 

Efficiently dealing with climate change impacts will imply choosing between conflicting water 
needs in a way that maximizes adaptive capacity. Choosing between the preservation of valuable 
ecosystems and the reduction poverty, for instance, is not an easy choice, but successfully managing 
both needs is of paramount importance. To navigate these difficulties it is necessary to understand 
how society and water are interconnected, including the synergistic ties that exist between adaptive 
capacity and development status. Thinking and acting strategically is the only way forward - this 
implies taking a holistic approach towards water in order to minimize the negative effects of 
variability and uncertainty. 

3. CHANGING ATTITUDES: HOW PEOPLE MAY MODIFY WATER 
AVAILABILITY 

3.1 Strengthening social organisation by co-design of adaptation measures 

The uncertainty associated with the definition of strategies for climate change adaptation poses a 
challenge that cannot be faced by science alone (De Stefano et al., 2016). Understanding 
stakeholders’ perceptions towards solutions is crucial when defining adaptation strategies in order 
to identify barriers to necessary behavioral changes (Dessai and Sims, 2010), given the strong inter-
linkages between problem perception and actions (Giordano and Vurro, 2010; Stoutenborough and 
Vedlitz, 2014; Urquijo and De Stefano, 2016). 

Co-designing adaptation has led to demonstrate the value for public money and efficient use of 
resources. A recent large-scale study points to the same conclusions in a complex socio-
environmental system in southern Spain (Iglesias et al., 2016); the study highlighted that co-design 
led to burden-sharing arrangements and duties for cooperation and collaboration among 
stakeholders. 

The recent past has demonstrated a high sensitivity of water resources to changes in climate and 
the resulting effects on the social system. Adaptation planning is inherently challenging and often, 
restricted by a number of factors, including limitations in the participatory processes with the 
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stakeholders that will have to adapt in the future. Uncertainties in climate change science and long 
planning horizons add to the complexity of adaptation decision-making. A further important 
complication is presented by the difficulties in identifying and linking adaptation and development 
policies in many areas in the Mediterranean where a large proportion of the population does not 
have access to clean water and sanitation. The uncertainty of the cost and benefits of the various 
policies suggested is also a barrier to implement solutions. 

3.2 Investing in knowledge 

Sometimes, seemingly minor innovations can provide high returns. This is the case of linking 
knowledge to farmers choices. For example, optimising crop-climate interactions is crucial to adjust 
the amount of water used to produce food. Possible adjustments include changes in planting dates, 
varieties, input application and water management in the field. But there are some technical and 
economic constraints associated with the year to year transformations that require an investment in 
knowledge.  

Optimized crop management and irrigation techniques, not only save water, but also decrease 
greenhouse gas emissions in Mediterranean regions (Sanz-Cobeña et al., 2016) and reduce 
agronomic costs (e.g., for weed control or water applied) (Ayars et al., 2015). 

Social constraints to change a management practice are largely associated to the limitations in 
governance or by the perception of the limited value of the management alternative. For example, 
conventional farmers can be reluctant to implement some of the practices because of strong 
traditions (e.g., planting always at the same time of year) or having a perception of decreased 
productivity due to the practice implementation (e.g., adjusting to deficit irrigation in periods of 
water scarcity to decrease the risk of crop failure), or by the negative perception of the practice by 
neighbouring farmers (Hussain et al., 2016). A lack of training for practices with high technical or 
maintenance requirements (e.g., irrigation technology) may cause management difficulties or the 
misuse and decline of yields, in turn encouraging the negative perception of the practice's 
effectiveness (Abalos et al., 2013; Cantero-Martínez et al., 2007). Knowledge transfer to water 
managers and users and to sectors linked to water use (technology, energy, health, agriculture, and 
tourism sectors) is essential to enable adaptive action.  

3.3 Re-thinking reservoir management 

Reservoir regulation has been one of the most important strategies for water resources 
management in Mediterranean countries and has generated significant impacts. A reservoir is a 
dynamic storage of water, which can be controlled, and is used to balance the irregularity of water 
resources. Existing reservoirs are being subjected to intense multi-objective demands on limited 
resources. Reservoir water uses include water supply, flood control, hydropower, navigation, fish 
and wild life conservation, and recreation. Water quality may also be considered a reservoir purpose 
when water is provided to assimilate waste effluents. Furthermore, reservoirs are components of 
complex water resources systems that may expand over a large territory. It is not surprising then 
that defining optimal reservoir operation for systems of reservoirs with multiple water uses is a 
challenge.  

Reductions of water inflow and increased variability may result in significant decreases in the 
water availability. This clearly demands for adaptation measures with large impacts to society. In 
most Mediterranean basins the reductions in water availability will result in impositions of demand 
restrictions since regulation capacity is already at a maximum.  

In a scenario of growing water scarcity, supply and demand will have tojointly managed in 
increasingly larger and more complex systems. Effective operation of complex systems optimize 
water availability. The combination of several sources of water supply with different characteristics 
increases the robustenss and resilience of ewater resources systems. Surface and groundwater 
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resources show differences in terms of variability and reliability. Even the same kind of resources, 
such as reservoir regulation, but from different locations, will show the logic differences in terms of 
hydrological conditions on each site and the characteristics of their hydraulic systems. The 
maximization of water availability will be obtained through the integration of a large number of 
water sources and reservoirs in a unique management unit that can best respond to situations of 
scarcity through optimal management, using every resource for the purposes that is more 
appropriate depending on its amount, regularity and reliability. 

 

Figure 2. Evolution water availability in the Ebro basin as a fraction of current mean annual runoff. Left: Reference 
management. Right: Improved water management. The dashed black lines represent the range of estimated water 

abstractions. 

An example of the effectiveness of this strategy is shown in Figure 2, where the projection of 
water availability in the Ebro basin is compared to the projection of the range of water abstractions 
in the basin. Water availability projections are computed from runoff estimates obtained with five 
different climate models under RCP4 emission scenario. The graphic on the left corresponds to 
reference water management and the graphic on the right correspondos to improved water 
management by joint optimization of all supply sources and demand nodes in the basin. The 
projected water scarcity for the long term time slice under reference management disappears as a 
consequence of the improvement in the management of water resources. 

3.4 Transparent and accountable decision making 

Other requirements include the need for transparent and accountable decision-making, informed 
through inclusive and participatory approaches, whereby the views of all stakeholders, including 
civil society, are considered. With so many competing pressures and drivers, and so many 
contributing factors to consider, not only in understanding the impacts of climate change, but also in 
developing adaptation options, it is likely that the decision making process is far from transparent. 

It is important to consider whether adaptations are sustainable, or rendered irrelevant by other 
sectoral drivers. This holistic approach should also ensure that adaptation decisions and investments 
are both cost-effective and proportionate to the risks or benefits that may be incurred.  

This is a particular challenge due to the need to balance and combine different policies to 
achieve a true integrated water resources management, which will require striking a balance 
between human resource use and ecosystem protection. This barrier is not a surprise, but has special 
relevance in the Mediterranean where water policies are often centuries old and socially embedded. 
Most analysts find reasons to be optimistic given the important role that science and technology will 
play in increasing adaptive capacity and improving water accessibility. There are however also 
reasons to be pessimistic. It remains to be seen whether the current inequalities that exist in the 
Mediterranean will be successfully redressed given the high costs associated with technology 
transfer for less advantaged regions and countries. 

3.5 Adoption of voluntary measures despite disincentives 

Citizens save water even in the absence of economic incentives (Iglesias et al., 2017). Most 
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water management measures described in this review require the acquisition of a specific 
knowledge by the stakeholder that takes or promotes the action, and a more detailed planning in 
water management activities. However, farmers and water managers promote water saving practices 
even if they require an initial investment for the acquisition of specific equipment (e.g., irrigation 
technology for farmers), or if there is a regular cost to maintain the measure (i.e., to support 
advisory services to optimise crop climate interactions or early warning systems for drought 
management by the water basin authorities). Further, there are increasing innovative farmers and 
associations who are implementing adapted water management practices with positive results and 
are demonstrating their effectiveness and advising to other interested or neighboring farmers. For 
example the use of monitoring and remote sensing data to irrigate sonly the fields that are under 
water stress, is becoming clearly useful, economically feasible and with demonstrated water 
savings.  

4. POLICY CHOICES TO OVERCOME THE BARRIERS 

Adding the adaptive capacity evaluation to previous policy assessment we can formulate specific 
recommendations that respond to a range of water scarcity levels and address the weakest 
component of the adaptive capacity. The policy recommendations formulated in Table 1 vary 
according to the water scarcity level as described below and have a double aim: (1) to prioritise 
management strategies; (2) to evaluate synergies between environmental and development policies. 

4.1 Low to medium water scarcity 

In conditions of low to medium water scarcity where social and economic drivers of inequality 
prevail, policies should foment social and economic development policies that will improve policy 
formulation and implementation in the future, thus minimizing the risks of climate change impacts. 
In this case, basic needs such as education and health need to be taken care of. At the same time, in 
contexts of climate change, a longer term strategy that seeks to diversify a country’s economy could 
also help mitigate the effects of climate change impacts. 

Where water scarcity remains at low to medium levels and inequality is driven by technological 
eco-efficiency and natural capital, then environmental mitigation policies are recommended. Some 
policy options might include the development of more efficient technologies that would reduce 
water use in key economic activities.  

When water scarcity is low or medium and climate drives inequality then current policies should 
be adjusted for adaptation. Policy options might include fostering greater flexibility in water storage 
options in order to choose those that will maximize sustainability and effectiveness. Other options 
could be building or improving physical infrastructure to prevent the risk of extreme events or 
developing safety net programmes to strengthen livelihood asset availability for vulnerable 
populations. 

4.2 High water scarcity 

If water scarcity levels are serious or very serious and social and economic drivers of inequality 
prevail, then pro-poor water management policies are recommended. Effective policies might 
include the development of micro-irrigation technologies, or the promotion of mechanisms that 
allow an integrated management of groundwater and surface water. 

If water scarcity is serious or very serious and technological eco-efficiency or natural capital 
drive inequality then the most appropriate policies would be those that reform institutions for the 
resolution of water conflicts. These reforms would imply developing a more holistic approach for 
the management of shared water resources that ensure that different user needs are taken care of. 
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Increased cooperation and information-sharing at sub-national, national and even regional levels 
will be required in order to prevent water conflicts from aggravating. 

Finally in conditions of serious to very serious water scarcity where climate drives inequalities 
than climate-driven policies that allow adaptation and a greater paradigm shift should be put in 
place. In this case, profound reforms aimed at transforming a country’s economic activity should be 
emphasized. Particularly in agriculture-dependent countries the strengthening of other economic 
sectors such as industry or tourism would be in order. 

The policies outlined above show that, for the water sector, planned interventions must consider 
both supply side and demand side solutions. On the supply side, adaptation options involve 
increases in storage capacity or abstraction from water courses; demand-side options, like 
increasing the allocative efficiency of water to ensure that economic and social benefit is maximised 
through use in higher-value sectors, aim to increase value per volume used and to ensure that 
quality is maintained. All in it becomes clear that the water sector’s importance for numerous other 
productive and social arenas requires policies and management strategies to be well aware of 
water’s widespread impacts.  

 
Table 1. Proposal of potential policy interventions based on water scarcity and adaptive capacity 

Water scarcity levels Main barrier to adaptation Policy Recommendations 

Low to medium  

Social and economic factors 
Promote pro-poor management 
Promote health and education  
Improve access to water for production and sanitation  

Technological eco-efficiency 
and natural capital 

Focus on environmental mitigation 
Promote more efficient technologies  
Reduce water use  

Climate 
Promote flexible water storage options  
Invest in physical infrastructure  
Develop safety net programmes  

Serious to very serious  

Social and economic factors Develop micro-irrigation technologies  
Integrate ground and surface water management  

Technological eco-efficiency 
and natural capital 

Reform conflict prevention institutions. 
Promote information sharing and cooperative management  

Climate 
Promote policies that help create a paradigm shift  
Design adaptation policies  
Develop new alternative sectors  

5. CONCLUSIONS 

Moving towards sustainability is vital for future water security and an essential component of 
climate change adaptation. There are a number of identified and well tested measure that could be 
adopted in order to make this transition. As the climate becomes more volatile, implementing 
adaptation to less water is now critical. The approach to impacts and adaptation presented in this 
study provides options for wide-ranging water scarcity problem.  

Credible socio-economic scenarios are required to provide a framework for adaptation decision-
making for practitioners and adaptation measures must include future climate and socio-economic 
scenarios. There may be many simple adaptation measures that could theoretically be introduced to 
address a particular risk or opportunity, these may only be practically possible under certain 
circumstances. For example, improving efficiency of irrigation or introducing water metering may 
only be options for societies that already have an understanding of alternative technologies, and 
who know how to encourage implementation.  

A critical challenge for consideration is that of finance. Many potential adaptation options are 
low-cost and technically manageable by individual water managers. However there are also 
adaptations that require large scale and long-term effort, either water district management or in 
infrastructure development. In order for policy to be able to consider and take up such options, it 
may be necessary for financial support mechanisms to be made available. 

Finally, adaptation is unlikely to be facilitated through the introduction of new and separate 
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policies, but rather by the revision of existing policies that currently undermine adaptation and the 
strengthening of policies that currently promote it. If adaptation is to become “mainstreamed”, it 
will be necessary for relevant polices, such as the CAP and the Water Framework Directive to 
address the issue more directly. 
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