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Abstract: Despite being a natural phenomenon, water scarcity is, to a great extent, human-induced, 

particularly affected by climate change and by the increased water resources vulnerability. The Water 

Framework Directive (WFD), an ‘umbrella’ directive that aims to provide holistic approaches to the 

management of water resources and is supported by a number of Communication documents on 

water scarcity, requires for prompt responses to ensure ‘healthy’ water bodies of good ecological 

status. The current paper presents a multidisciplinary approach, developed and engaged within 

the Globaqua Project, to provide an assessment of the main challenges towards addressing water 

scarcity with emphasis on the climate change projections, in two Mediterranean regions. The current 

paper attempts to critically assess the effectiveness of the WFD as a tool to address water scarcity and 

increase sustainability in resource use. Criticism lies on the fact that the WFD does not directly refer to 

it, still, water scarcity is recognized as a factor that increases stress on water resources and deteriorates 

their status. In addition, the Program of Measures (PoMs) within the WFD clearly contribute to 

reducing vulnerability of water resources and to ensure current and future water use, also under the 

impact of the projected climate change. 
 

Keywords: water scarcity; sustainable resource management; integrated water management; Program 

of Measures; climate change; multidisciplinary approach 

 

 

1. Introduction 

Water scarcity, according to the Human Development Report of the United Nations [1] is recognized 

not only as a physical phenomenon but also as a result of unbalanced power relations, poverty and 

inequality. This realization lies on the fact that water availability is often linked to unequal share 

and exploitation of natural water resources as well as to social injustice. Furthermore, physical water 

scarcity, although it forms a natural phenomenon, it may be i) demand-driven (water stress) that 

equals the amount of water withdrawn from natural resources [2–5], ii) population-driven (water 

shortage) related to the populations having access or putting stress on the water resources [5,6] 

and iii) climate change driven, modifying the spatiotemporal distribution, intensity, frequency of 

physical parameters such as precipitation, temperature, humidity, wind speed, evapotranspiration, 

ocean currents, and wind circulation [6–8]. Studies have shown an increase in the population under 

water stress or under water scarcity, as a result of all the aforementioned parameters [9,10]. 

The EU Water Framework Directive (WFD) [11], which was introduced to tackle water management 

issues in a holistic way, addresses the issue of water scarcity indirectly, through the requirement to 

ensure good ecological and chemical status of all surface, groundwater and coastal water bodies. 

Moreover, combating drought and water scarcity, although comprise priorities in water management, 

they are not clearly included in the goals of the WFD. To cover this gap, a series of Communication 

Documents [12,13] were issued by the European Commission (EC), complementary to the WFD. 

Ref. [13] forms part of the Blue Print for Safeguarding European Waters [14] that stresses the necessity 

to combat water scarcity, particularly relevant under the climate change scenarios. The WFD calls for 

informed Program of Measures (PoMs) that also target the human induced water scarcity, linked to 

water abstraction and use, as well as to climate change. Measures to address water scarcity or responses 

to the issues at hand, particularly relevant for the most vulnerable drought-prone regions would 

have to go beyond traditional approaches so as to address future water scarcity. The traditional crisis 

management approach, has resulted in significant failures, which under the pressure of the changing 

climatic conditions impose additional stress into the water resources [15]. The WFD provides a robust 

framework for informed measures within the River Basin Management Plants (RBMPs), within which 

risk and impact assessment take into account uncertainty caused by climate change [16]. Any potential 

failures can be, therefore, attributed to lack of funding and of robust implementation rather than to 

measures that are inherently weak. 

The current paper aims to assess the effectiveness of the WFD as a tool for reducing vulnerability of 

water resources based on the assessment of water scarcity and climate change conditions, as well as on 

the responses adopted as part of the WFD requirement in two Mediterranean river basins. The selected 

river basins face different levels of water scarcity, ranging from high levels in Souss Massa in Morocco, 



  
 

to seasonal water scarcity in Evrotas in Greece. The two cases examined here form part of the Globaqua 

CP FP7-ENV.2013.6.2-1 Project Case Studies. The multidisciplinary methodological framework that 

was followed, is based on well-defined processes formulated by the project partners; it includes the 

assessment of background conditions in relation to physical water scarcity, mapping of the responses 

targeting water scarcity, and future projections under climate change and socio-economic scenarios. 

2. Methodology 

The current paper presents an overview of the processes and outcomes, followed in the Globaqua 

project in relation to the present and projected climatic and water availability conditions that affect the 

level of water scarcity in 2 areas facing similar yet, diverse water stress issues. The methodological 

framework used in the Globaqua project starts with the characterisation of the regions that emphasises 

on the water availability and scarcity issues, based on data gathered from the Case Study Leaders of 

the Globaqua project and the project partners through the local utilities in the selected Case Studies. 

Literature sources were also used in support of the information gathered at source. Analysis of 

the Program of Measures (PoMs) that are aimed to address water scarcity as response to the WFD 

implementation process, follows. The next step is the assessment of a climate change uncertainty 

to predict future changes and the related impacts on water scarcity (Figure 1). Along this line 

12 high-resolution Regional Climate Model (RCM) simulations generated within the Coordinated 

Regional Downscaling Experiment (CORDEX) activities, program sponsored by the World Climate 

Research Program [17] have been utilised. Five Coupled Model Intercomparison Projects of the 5th 

Phase (CMIP5) General Circulation Models (GCMs) have been downscaled over Europe, in different 
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Figure 1. Schematization of the process followed in Globaqua. WFD: Water Framework Directive. 
 

The main focus was placed on assessing future climate change for the period 2035–2065, using as 

a reference period the years 1981–2010. Other subsequent periods used are 2011–2040; 2041–2070, 

2071–2100. The two main variables taken into account in order to assess future changes in climate, 

are temperature and precipitation, while the total runoff was derived directly from the RCM output, as it 

comprises an important variable in water balance and availability that defines the level of water scarcity. 

On top of climate projections scenarios, socio-economic scenarios were developed within Globaqua. 

A baseline scenario that describes the changes from the current state to the future (2050) was developed. 

The baseline scenario identified a wide gap between the current and the desired state of water resources 

and the need for improving the program or package of measures to close this gap (Figure 2). Lack of 

improved measures is expected to deteriorate the conditions. 
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Figure 2. Development of a baseline scenario for assessing future state [18]. 
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The socio-economic scenarios tested within the Globaqua project followed the IPPC prototype 

Scenarios ‘Shared Socio-Economic Pathways’ (SSPs) and the ‘Representative Concentration Pathways’ 

(RCPs) portraying different policy futures [19–22]. Two out of the four scenarios, the environmental 

friendly scenario ‘Sustainable’ and the economy friendly ‘Myopic’ scenario, are downscaled for the 

case of Evrotas to further identify potential changes in the water availability and water scarcity 

level. The former scenario prioritises sustainable development with reduced levels of greenhouse 

gases and integrated long-term water resource management, while the latter portrays faster than 

the average economic growth for the first 25 years that allows investment and growth in human 

capital, promotes technological advances that enhance adaptation to climate change but no action on 

mitigation, thus increased CO2 emissions and projected global warming [23]. The downscaling of the 

scenarios to enable the impact and state valuation at river basin level, was materialized in relevant 

workshops and interview sections by experts and local stakeholders in a dual effort of gathering 

information and raising awareness, underlining also the central role of stakeholder involvement in 

planning and decision making in accordance to the WFD. The stakeholders, whom included end- 

water users, within the whole spectrum of water related and economic activities (local and regional 

authorities, farming associations, tourist associations, citizens) were asked to identify the weight of 

different parameters, ecosystem and social attributes at river basin level. 

3. Results 

3.1. Evrotas, Greece—A Case of Seasonal Water Scarcity and Seasonal Flooding 

3.1.1. Physical Characterization of the Region 

The river basin of Evrotas covers a catchment area of 2240 km2 in the South-East of Peloponnese 

(Figure 3), which comprises one out of the fourteen river basin districts within the Greek territory, 

and serves a population of 68,400 (according the latest official census, 2011). The catchment drains 

a mid-altitude region of 150–600 m with numerous small intermittent streams discharging into the main 

river body. The climate is typical temperate Mediterranean with high temperature seasonal fluctuation, 

average summer temperature 26.2 ◦C and average winter temperature 9.1 ◦C and remarkable annual 

variations in precipitation [24]. Average precipitation in the river basin is 902.7 mm, evaporation level 

is 497.1 mm, environmental demand is 205.0 mm and returned water 12.3 mm [25]. 
 

Figure 3. The Evrotas river basin [26]. 



  
 

 

The Evrotas river basin appears to have ample resources and relatively stable water needs across 

the various economic sectors, ensuring a satisfactory water balance at least in the mid-term. Agriculture 

accounts for 89% of the water use in the river basin, using 330 mil. m3 of water annually, while total 

water use accounts for 373 mil. m3. Groundwater pollution in the area is also linked to agricultural 

and food processing activities, and the increased levels of Fe, Mn, SO4, as a result of natural infiltration 

processes. The overall annual surface loads from diffuse and point sources, as well as atmospheric 

depositions are 2773.5 tons/year BOD, 701.9 tons/year N and 52 tons/year P. During the summer 

period, the relevant pollutant loads are 935.5 tons/year BOD, 230.1 tons/year N and 16.8 tons/year P 

respectively. The over-exploitation of water resources for agricultural use (agriculture comprising the 

biggest economic activity in the region and the highest water consumer), in combination with a range 

on varying factors such as point and diffuse sources of pollution and the climate change effects are 

disturbing the supply-demand balance. Furthermore, they result in disturbances of the surface and 

groundwater resources, desiccation of large parts of the hydrological network, artificial intermittence 

of the catchment streams [27,28], and drought incidents [29]. 

As a response, the Special Secretariat of Water of the Ministry of Environment Energy and Climate 

Change drafted a drought and water scarcity management plan for the Peloponnese River Basin 

Districts within the implementation of the Water Framework Directive 2000/60/EC in Greece [25]. 

3.1.2. Measures as a Response to Water Availability Issues 

The Program of Measures at the Evrotas river basin includes a wide range of regulatory 

interventions to address the principles of the WFD with emphasis on monitoring and protection of 

surface water bodies, groundwater, drinking water, bathing waters, biodiversity, reduce pollutant 

loads, eliminate risks, provide for wastewater treatment. Technical measures related to pollution 

emission control (establishment of protection zones around existing active and inactive sinkholes; 

enhancement of existing water supply network; incentives to promote organic farming; motivation for 

promotion of tertiary wastewater treatment where applied; protection measures for geothermal hot 

springs; groundwater quality monitoring for salinization), abstraction control (annual quantitative and 

qualitative controls of groundwater bodies; control of abstraction projects), educational and raising 

awareness measures to enhance sustainable use of natural resources, recreation and restoration of 

wetland areas and of parts of the river with emphasis on biodiversity, and economic measures 

(strengthening the credibility of estimation of full cost of water, including environmental and 

resource costs). Additional technical measures include the foreseen reconstruction and restoration 

of wetlands areas, abstractions control, demand management measures, measures of efficiency and 

reuse, construction projects, such as desalination plants, rehabilitation projects, artificial recharge of 

the groundwater aquifer, and sediment controls [30]. Although the regulatory measures are fully 

implementable and in place, some of the technical measures, such as restoration measures require 

more effort. The reason is related to the cost of the technical measures and not to their efficiency. 

3.1.3. Climate Change Projections on Water Scarcity 

Climate projections following 12 individual simulations undertaken within the framework of the 

Globaqua project, foresee an increase in temperature in the Evrotas river basin of about 2◦–3◦ during 

the period 2036–2065. The same simulations foresee decrease in precipitation by 10–20% over the entire 

Evrotas catchment. Analysis of the precipitation rates seems to reach the same results. These results 

are also in line with an assessment of past ‘historical’ scenarios for the years 1900, 1960, and 1980, 

which shows a clear decrease in the discharge in the river in comparison to the previous century [31]. 

Even with a remarkable spread in the magnitude of change, all 12 individual simulations show 

a prominent decrease in precipitation for the Evrotas basin, which seem to be followed by remarkable 

decrease in the total runoff in the future that may reach even 30%, if the issue is not adequately dealt with. 

However, these results are valid under the scenario RCP 8.5 that shows a pathway of high greenhouse 

gas emissions, linked to high climate change [32], while the scenario RCP 4.5, a stabilization scenario 



  
 

 

that assumes that climate policies, are invoked to achieve the goal of limiting emissions and radiative 

forcing [33], does not demonstrate significant changes throughout the catchment. The ensemble shows, 

therefore, at least for RCP 8.5, clear climate change by the end of the 21st century associated with 

increase in temperature and decrease in precipitation and annual runoff that impose high stress on 

the water resources and increased water scarcity and drought. These results are combined with the 

downscaling of the socio-economic scenarios that sees an increase in urbanization and in the irrigated 

land, while intensive crop production will decrease due to turn towards organic crops. Despite their 

differences, both scenarios, the ‘sustainable’ and the ‘myopic’ foresee changes in the water resources 

and future Program of Measures that should focus primarily on the protection of ecosystems and water 

resources, on revised water pricing schemes to fully incorporate environmental and resource cost, 

and on securing water supply that covers the demand. A different hydrological analysis of the Evrotas 

river basin, where two similar socio-economic scenarios, ‘sustainable’ and ‘worst-case’ were assessed 

for 2050 and for the end of the century, shows changes in the intensity of rainfall events, increase in 

evapotranspiration over summer and extensive spring dry periods and all year dry periods also linked 

with increased water scarcity [34]. 

3.2. Souss Massa, Morocco—A Case of Severe Water Scarcity 

3.2.1. Physical Characterization of the Region 

The Souss-Massa river basin is located in southwestern Morocco, covers an area of 27,000 km2 

(Figure 4), serves a population of 2.33 million (54% rural and 46% urban) and comprises one of the 

country’s most important hydrological catchments, with high elevation differences ranging from 0 m 

at the Atlantic Ocean to 4168 m at the Toubkal peak in the High Atlas Mountains. The watershed of 

the study area comprises 25% of plains and 75% of mountains. It is located within four geological 

features that regulate the climate, the Atlantic Ocean to the west, the High-Atlas Mountains to the 

north, the Anti-Atlas Mountains to the east and Sahara to the south. Cold fronts are blocked north by 

the High Atlas, while ocean breeze forms mild climatic conditions in the coastal zone [35]. 

 

Figure 4. The Souss-Massa river basin [36]. 



  
 

 

The climate in the region is semi-arid to arid, characterized by high fluctuation in humidity 

between the mountainous region and the plains and by large spatial and temporal variability in 

precipitation from 300 to 600 mm in the High Atlas, to approximately 200 mm/yr in the plain, further 

influenced by climate change [37,38]. Climate in the region is affected by spatial characteristics, 

the distance from the Atlantic, and the anticyclone of the Azores, the frequency and intensity of which 

has increased significantly and are expected to further increase affecting temperature, precipitation and 

weather extremes [39], phenomenon which is also linked with the North Atlantic oscillation [35,40]. 

The average evaporation potential ranges from 1400 mm in the mountains with proximity to the 

Atlantic coast to 2000 mm in the plain. The hydrological regime of two main rivers, Souss and Massa, 

is characterized by strong seasonal and interannual irregularity, with the maximum inflow occurring 

during January, February and March, and the minimum inflow in August. The entire hydrologic 

basin shows a discharge shortfall, with 20% decrease in rainfall during the last 30 years. The overall 

balance between water supply and demand is negative due to the increasing demand to cover domestic 

and agricultural needs, and the considerable degradation of the water resources due to pollution. 

The groundwater aquifer is affected by overabstraction; the drop of the water table averages 3 to 

5 m annually. Overall, the Souss-Massa basin is facing considerable water scarcity due to the limited 

precipitation level, the constantly increasing water demand to cover the intensive agriculture that uses 

92.33% of the natural water resources and comprises the main economic activity in the region and 

the increase in tourist activity [41]. At the same time the groundwater abstractions to cover primarily 

the agricultural water demand, result in severe depletion of the groundwater aquifer associated with 

saltwater intrusion and groundwater salinization [36]. Consequently, the Souss-Massa basin is facing 

increasing water shortages. The estimated water shortage in 1990 appeared to be 60 Mm3 per year [42] 

while the annual water deficit in 2005 has reached 260 Mm3 [43], and 283 Mm3 in 2007 [36]. 

3.2.2. Measures as a Response to Water Availability Issues 

As a response to water scarcity at Souss Massa and in line with the WFD, a Program of Measures is 

in place aiming to resolve issues related to covering the water demand and eliminating risk of flooding 

and droughts, as well as resolving water governance issues. The PoMs focuses on the agricultural 

sector and on enhancing the hydrogeomorphology of the region to cover the increasing water demand. 

The technical measures addressing the agricultural pressures focus on reduction/modification of the 

fertilizer and pesticide application, on supporting low-input farming (organic farming), monitoring 

of hydrogeomorphological parameters aiming to support changes in farming practices, improved 

irrigation efficiency (more than 90% of farmers have turned from surface irrigation to drip irrigation) [44] 

and multi-objective measures such as crop rotation, creation of enhanced buffer zones/wetlands, 

or floodplain management. Economic instruments are in place to support the technical measures and 

include pricing specifications for irrigators, land cover compensation, taxation for the application 

of fertilizers and pesticides. The legal instruments aim to support the implementation of existing 

legislation, to enhance controls, support institutional change, introduce codes of agricultural practice, 

enable zoning (e.g., designating land use based on GIS maps) for improved land use planning, introduce 

specific action plans and programs. In addition, emphasis is paid on enabling environmental permits, 

licensing, raising public awareness and enhance knowledge on farming practices [36]. 

The hydrogeomorphological measures are aiming at (i) river restoration works (restoration 

of banks and degraded bed structure, lowering of river banks, reconnection of meander bends or 

side arms, remeandering of formerly straightened water courses, restoration of transitional and/or 

coastal waters, operational modifications, reduction or modification of dredging hydropeaking, 

sediment/debris management, removal of structures: weirs, barriers, bank reinforcement), at (ii) 

enhancing river flow performance to ensure uninterrupted flow and flood protection (bypass channels 

inundation of flood plains, setting minimum ecological flow requirements, construction of retention 

basin), at (iii) conserving biodiversity (habitat restoration, building spawning and breeding areas, 

fish ladders) [36], and at (iv) supporting water supply through a series of measures, such as the 
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construction of numerous dams to mobilize 1.7 billion m3/year, transfer of water volumes from the 

North basin to the South (800 Mm3/year), use of unconventional water resources (wastewater treatment 

and reuse, rainwater harvesting, and seawater desalination) [44]. Hydrogeomorphological measures 

are not fully implemented due to high cost. Still some of the technical measures, such as the turn from 

flood irrigation to drip irrigation, have demonstrable positive results that equal 90% of reduction in 

water consumption. 

3.2.3. Climate Change Projections on Water Scarcity 

Future projections on climate in the river basin are made on the basis of the demand–supply 

relation, information from literature and current measurements on demand, supply, precipitation 

and temperature. The current analysis identified decrease in precipitation levels and increase in 

temperature for the end of the21st century. The industrial water use is also expected to increase by 

about 31.12 %, based on data from 2009 to 2012, while the overall water uses will follow a stable annual 

increase of about 9%. To cover the demand, the supply will continue to depend on the abstraction from 

the groundwater aquifer resulting at overexploitation of the resource, possibly linked to sea water 

intrusion and salinization. The overall water balance is expected to face a deficit of −617 Mm3 in 2030 

and of −657 Mm3 in 2050 under conditions of no change in climate and of −811 Mm3 in 2030 and 

1003 Mm in 2050 under climate change conditions [45]. An interesting finding from the same study 

is the projected groundwater deficit, which is 155.8 Mm3 and 50 Mm3 for 2030 and 2050 respectively 

under conditions of zero climate change, and 188.6 Mm3 and 119.5 Mm3 for the same years under 

climate change conditions. Other pressures that are expected to rise are related to diffuse pollution 

(nutrient pollution) from the agricultural activity [45]. A different study [46], using different prediction 

models, estimated a temperature increase of 2 ◦C for the period 2030–2050, and up to 4 ◦C during 

2090–2100 under the RCP8.5 scenario, associated with precipitation decrease, that reaches up to −53% 

at high altitudes, by the end of the 21st century. 

4. Discussion 

The multidisciplinary analysis undertaken as part of the currently presented work, attempted 

to identify current and future water scarcity stresses in two Mediterranean river basins, facing 

similar yet different levels of water scarcity, from high in Souss-Massa to moderate seasonal in 

Evrotas, which however, affect water availability and have significant impacts in the economic 

sector. Both examined Mediterranean case studies face seasonal increased water stress, due to the 

prolonged summer dry periods, the high agricultural activity with agricultural water use comprising 

the biggest water consumer in both areas, and the tourist influx in summer months, a significant 

stress particularly in the Evrotas region. The presented framework entails analysis of background 

conditions, responses/measures to tackle water stress, and climate projections using climatic models 

and socio-economic scenarios that foresee an overall increase of the water scarcity levels, in the mid to 

end of the 21st century. The reasons behind the expected water stress are related to temperature increase, 

precipitation decrease and the socioeconomic changes in the Mediterranean region. The foreseen 

changes are expected to intensify further due to the rising rate of urbanization, the increased water 

demand for crop irrigation to cover the needs of the increasing population, particularly true for the 

Moroccan case, and the projected climate change. Climate projections identify further intensification 

of seasonal stress in the water resources. There is, therefore, prioritization of the responses regarding 

water saving in the agricultural sector; irrigation has been identified as the biggest water consumer in 

both regions. Efforts focus on control of the water scarcity and drought, factors that clearly influence the 

physicochemical and the ecological status of water bodies [47] and form central issues for the well-being 

of water resources and human societies. The means to address and eliminate water scarcity, according 

to Article 11 of the WFD, is the formation of informed responses via the Program of Measures [12], 

as a first step towards the River Basin Management Plans, in accordance to Article 13 of the WFD [12]. 

The timeline for the PoMs includes 3 cycles, 2009–2014, 2015–2021, and 2021–2027. Under the pressure 



  
 

 

of economic constraints in Europe, the end of the 1st cycle of implementation finds most EU member 

states in search for alternative sources of funding and cost-effective solutions. As a general criticism on 

the PoMs one could claim that measures are not always adequately linked to water bodies and lack 

clarity on the economic pressures they address. Criticism on the applicability and efficacy of measures, 

however, should also take into consideration the fact that we are currently half-way through the 2nd 

cycle of PoMs implementation. The foreseen measures although targeted and informed have not been 

fully implemented and would have to be judged accordingly, also under the economic conditions and 

constraints in the Mediterranean region. 

In the currently described Case Studies the   related   PoMs   classify   responses   as 

technical, socioeconomic and legislative measures, all together addressing physicochemical, 

hydrogeomorphological, and societal issues. Central measures in the described PoMs examined 

within Globaqua, in the Evrotas and the Souss-Massa river basins, are those aimed to address the 

pressures linked with the agricultural water use, as the main water consumer, stressor and driver behind 

the increasing water stress. A more elaborate classification of measures could be based on responses 

that are aimed at ‘achieving the environmental objectives’, ‘satisfying water demand’, ‘addressing risk  

management to reduce floods and droughts’ and ‘at informing governance’. It is, however, difficult to 

estimate the level of achievement of environmental and water demand objectives under the stress of 

climate change conditions. In addition, the flood and drought reduction objectives should be further 

stressed and linked to awareness raising and governance issues. Awareness raising in combination 

with economic measures/initiatives seem to have increased water saving in the agricultural sector, 

with obvious positive impact on reducing water scarcity, as agricultural water demand accounts for 

the massive 92.33% of natural water resources in Souss-Massa and over 80% of water use in Evrotas. 

In Souss-Massa, a river basin facing severe water scarcity issues, modernization of irrigation takes 

a significant percentage of the budget of the measures; drip irrigation has replaced the traditional 

flood irrigation in 90% of farms, providing an instant relief on the scarce water resources and clearly 

contributing towards achieving the WFD objectives. An overview of the PoMs selected in the 2 case 

study regions and their level of applicability and future potential are summarized in Table 1. 

 

Table 1. Instruments to address water scarcity and level of applicability [31,36]. 
 

INSTRUMENTS LEVEL OF APPLICABILITY 
 

Regulatory and Legal Instruments 

Monitoring and protection of water bodies, protection of biodiversity, 
reduction if pollutant loads, elimination of risks, regulation of 

wastewater treatment. 

Technical Measures 

Establishment of protection zones around sinkholes; Enhancement of 
existing water supply network; Support of organic farming; Support 
tertiary wastewater treatment; Protection of geothermal hot springs; 
Groundwater quality monitoring; Prioritization on full cost recovery 

Hydrogeomorphological Measures 

Foreseen reconstruction and restoration of wetlands areas; Artificial 
recharge of the groundwater aquifer; Demand management measures; 

Measures of efficiency and reuse; Construction projects such as 
desalination plants; Extensive abstractions control; Rehabilitation 

projects; Sediment control 

 

High level of applicability through 
national legislation 

 

 
 

Ongoing processes 

 

 

 

Long-run measures - Financial 
constraints affect applicability 
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Table 1. Cont. 
 

INSTRUMENTS LEVEL OF APPLICABILITY 
 

Regulatory and legal Instruments 

Enhance controls; Support institutional change; Introduce codes of 
agricultural practice; Enable zoning (e.g. designating land use based on 
GIS maps) for improved land use planning; Introduce specific action 

plans and programs; Environmental permits and licensing 

Technical Measures 

Reduction of the fertilizer and pesticide application; Support of organic 
farming; Monitoring of hydrogeomorphological parameters; Improved 

irrigation efficiency; Creation of enhanced buffer zones/wetlands or 
floodplain management; Codes of agricultural practice; Zoning; Pricing 

instruments in irrigation; Land cover compensation 

Hydrogeomorphological Measures 

Restoration of bank and degraded bed structure; Lowering of river 
banks; Reconnection of meander bends or side arms and remeandering 

of formerly straightened water courses; Restoration of transitional 
and/or coastal water through operational modifications; Modification of 

dredging hydropeaking; Sediment/debris management; Removal of 
structures: weirs, barriers, bank reinforcement; Bypass channels 

inundation of flood plains; Construction of retention basin; Habitat 
restoration (building spawning and breeding areas, fish ladders); 

Dam construction; Wastewater treatment; Measures to enable water 
reuse (rainwater harvesting); Seawater desalination 

Applicability through national 
legislation – ongoing progress 

 

 

 
High level of applicability of 

interventions in the agricultural sector. 

 

 

 

 

 
Long-run measures - Financial 
constraints affect applicability 

 
 

 

The measures outlined for each case study, as part of the respective PoMs, cover a broad range of 

interventions that can adequately address water scarcity at present conditions. The legal instruments 

can have a more direct implementation and effect depending on enforcement; the level of efficiency 

being moderate to high in both case studies. Technical and hydrogeomorphological measures present 

different applicability levels that are related to financial constraints. The technical measures aiming at 

improving water efficiency of agricultural practices and at supporting organic farming, demonstrate 

high applicability and efficiency levels. In the Moroccan case in particular, adaptation to new water 

saving practices that reliefs significant stress from the depleted surface and groundwater resources, 

demonstrates remarkable results. The hydrogeomorphological measures comprise a big challenge for 

both case studies as the financial and time investment is very high. Those measures are applicable 

in the long run and demonstrate moderate levels of applicability and efficiency due to financial 

constraints. The WFD alongside with the EC Communication and Guidance Documents could, 

therefore, be characterized as adequate in covering the requirement for water resource management 

through informed measures. The WFD requirement for good ecological status of all water bodies is 

undeniably a target that tackles water scarcity and drought issues and comprises a non-stop quest 

for improved services and measures that satisfy this condition. The main challenge is, therefore, 

to cover the financial cost of construction and maintenance of big interventions. Another major 

challenge is to plan for reducing water scarcity under the increasing pressures of climate change 

projections. In the examined cases, water scarcity is expected to increase by the end of the 21st century; 

there is projection for temperature increase in the Mediterranean basin of up to 2 ◦C associated with 

significant decreases in precipitation, posing massive stress on the water bodies and introducing new 

hydrogeomorphological alterations. Drought of the foreseen extent is linked with severe water supply 

issues, groundwater aquifer depletion, changes in the physicochemical conditions and deterioration of 

the ecological status of water bodies, impacts in biodiversity, erosion and severe economic impacts 

primarily associated with the agricultural production. The projections on temperature increase are 

linked with intensification of extreme storm events, which when combined with the expected soil 

erosion, desertification and deforestation are expected to increase the intensity and frequency of 

flooding. The proposed measures would, therefore, have to address the new challenges, thus introduce 

structural measures, such as additional geomorphological alterations, climate resistant infrastructure 
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that are studied for extended return periods under the new conditions of water scarcity. Under current 

climatic pressures, water scarcity and drought have become increasingly frequent and widespread 

in the European Union. By 2007, more than 11% of Europe’s population and 17% of its territory had 

been affected by water scarcity, fact that increases dramatically the cost of combating the impacts of 

drought with EU [48]. Along this line, and as an effort to focus on water scarcity issues, the EC issued 

the Communication document on “Addressing the challenge of water scarcity and droughts" adopted in 

2007 [13], followed by the “Policy Review for water scarcity and droughts” in 2012 [14], which forms part 

of the "Blue Print for Safeguarding European Waters" also adopted in 2012 [15]. The aforementioned 

policy documents provided the framework of tools, to adequately fulfill the requirements of the PoMs 

and of the River Basin Management Plans with regard to water scarcity and drought. The measures 

outlined in the PoMs are consequential, thoughtful and comprehensive, still they are not yet fully 

implemented with their implementation being subject to covering the relevant costs. Criticism would 

consequently, lie on how could the river basin authorities ensure coverage of costs (capital, operation 

and maintenance) for the measures aimed to combat water scarcity particularly under the projected 

changes in climate. Furthermore, the development of a drought-resilient society requires long term 

strategies and commitment [49]. Integration, preparedness and mitigation as well as understanding of 

risks are keys to the successful implementation of plans [16]. 

Critique to the WFD implementation would be based on the fact that although it promotes 

extensive public and stakeholder involvement in the decision making process towards selecting the 

most appropriate and applicable measures, and it allows for continuously informed choices throughout 

the 3 implementation cycles, it does not guarantee how the new requirements, can be subject to adequate 

funding, especially under urgent or crisis conditions. Funding sources to support new interventions 

targeting to reduce vulnerability, to provide technical assistance and to support stakeholder awareness 

raising, yet have to be identified and ensured through the national legislation and regulatory schemes. 

5. Conclusions 

The WFD although does not directly and clearly address water scarcity issues, is supported by the 

associated regulatory documents and eventually set a complete/holistic framework for combating water 

scarcity and drought. In addition, the requirement to ensure good ecological status places a timeless 

and on-going target that can only be achieved if action is taken to combat major water stress issues and 

τo ensure adequate water flow and availability to cover the demand. The WFD, as a groundbreaking 

piece of legislation, through the instruments it has introduced, namely the PoMs as part of the RBMPs, 

provides the framework to achieve good status of water resources. The 3 cycles of implementation 

provide opportunities for improvement. The PoMs in the examined case studies provide technical and 

hydrogeomorphological measures, as well as regulatory and legal instruments to enable the timely 

implementation of interventions and improve awareness levels on water management. Water scarcity 

conditions on the other hand are expected to intensify in the near future. Future climate change 

scenarios impose an increasing stress on the water resource management sector as indicated in the 

examined case studies. Predictions for the examined cases see decrease on precipitation of about 10–

20% in the catchment areas with parallel changes on the intensity of rainfall events, increase on the 

average temperature also associated with increased rates of evapotranspiration. Uncertainties impose 

additional stress and are linked to unforeseen climate alterations, i.e. temperature increase above the 

threshold of 1.5 ◦C by 2050 [50], change in precipitation and evapotranspiration patterns, increased 

flooding and drought incidences, changes in the size of the estimated carbon budget, changes in the 

political and socioeconomic conditions in the regions also associated with budget allocation. 

Implementation constraints for the PoMs are significant and are subject to the time required for the 

completion of all implementation cycles and to financial constraints. Budget constraints and funding 

issues would also have to be addressed especially regarding future water scarcity towards reaching 

the WFD environmental objectives. The timely implementation of water scarcity related measures 

requires for funding to support adaptation of measures especially under economic recession conditions, 



  
 

 

as currently experienced in Greece. New sources of funding and technical assistance could be sought in 

order to reduce vulnerability and support successful and timely implementation. The implementation 

of the ‘user pays’ principle as a means for effective water pricing policies comprises as a main challenge 

towards full implementation of the WFD. This principle has the potential to enhance water savings 

and move towards a related culture. Furthermore, policy action on water scarcity and drought has to 

fill-in knowledge gaps and ensure data comparability across EU. Thus, emphasis should be paid on 

the strengthening of the monitoring programs, research and high quality national assessments. 

Measures that receive public acceptance and promote changes in attitudes, such as adoption of 

water saving techniques and initiatives (i.e., changes in technologies used by individuals, replacement 

of old meters, economic measures to reduce consumption) should also be prioritized. Such measures, 

despite having a significant contribution into relieving stress from water resources, do not succeed 

unless stakeholders and the public are convinced and actively involved in all stages of implementation. 

Along this line, monitoring and implementation results should be adequately communicated to 

stakeholders whom would have to actively participate in co-formulating responses throughout the 3 

cycles of implementation. Moreover, a comprehensive critique to the efficiency of the WFD in addressing 

water scarcity could be formulated at the completion of all implementation cycles; the implementation 

outcomes will inform next implementation steps and regulatory requirements. 
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