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The Mediterranean is an area where the balance between water demand and abstractions vs. water availability is often under stress already, as demonstrated here with the Water Exploitation Index. In this work, model estimates on how different proposed measures for water resources management would affect different indicators. After a review of the current water resources status in the Mediterranean and the definition of indicators used in this study, aspects interlinked with water in the Water-Energy-Food-Ecosystems Nexus are briefly discussed, focusing on problems linked with water scarcity and depletion of groundwater resources as well as with climate change projections. Subsequently, the proposed measures for water efficiency are detailed—irrigation efficiency, urban water efficiency, water reuse and desalination—that might be effective to reduce the growing water scarcity problems in the Mediterranean. Their effects that result from the LISFLOOD model, show that wastewater reuse, desalination and water supply leakage reduction lead to decreased abstractions, but do not affect net water consumption. Increased irrigation efficiency does decrease consumption and reduces abstractions as well. We deduct however that the current envisaged water efficiency measures might not be sufficient to keep up with the pace of diminishing water availability due to climate change. More ambition is needed on water efficiency in the Mediterranean to keep water scarcity at bay.
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INTRODUCTION

The Mediterranean region has already long been recognized as a region where water resources are limited by the climate. Already in their “Blue Plan—Futures for the Mediterranean Basin” Grenon and Batisse (1989) stated that “solutions (for inland waters) are rather well known” and “adaptations” would be “necessary sooner or later.” They also warned to “closely follow the consequences of the trend toward a heating up of the climate due to the greenhouse effect,” already more than three decades ago (1989!). The “Blue Plan” also recognized the interconnections between climate, soils, water constraints, the energy sector, agriculture, demographics and economics. But actually, already the Romans found a way to thrive in the water-limited environment of the Mediterranean with smart agricultural practices and water transfers (Dermody et al., 2014).

This is exactly what the Water-Energy-Food-Ecosystem Nexus (WEFE) approach aims to demonstrate: energy production and food production depend on available water resources, and they need to be examined together. Once water is abstracted and consumed by one sector it is not available anymore for the other sectors: the ecosystem, energy sector, agricultural sector, industrial sector, and the public sector (for drinking water and sanitation). Water abstraction as such needs to be differentiated in water that is eventually returned to the hydrological system—e.g., return flows of cooling water from thermal power plants, deeper infiltration of irrigation water in soils, treated waste water return flow to rivers -, and water that is “lost” to the atmosphere by evaporation of cooling towers or irrigation water.

WEFE—sometimes called Water, Energy and Food Security (WEF) Nexus, but we added the “Ecosystem” here—originated from a conference in Bonn in 2011, after which the concept was followed on by several organizations, including the UNECE, FAO, World Economic Forum (2011) and the JRC. WEFE builds on the Integrated Water Resources Management (IWRM) principles, but differs from IWRM by not explicitly focusing on water, and takes food security and energy security on board as well.

Studies in the past, have focused on a more systemic approach of the nexus in a river basin (Lawford et al., 2013; Shi et al., 2020), or a whole country (Daher and Mohtar, 2015), but in this study, a different approach starts from a physically based model, to ensure the best available precision of water availability and irrigation requirement. This precision is necessary to subsequently being able to simulate different scenarios with exact locations of measures. The focus on water related indices in this study does not mean that the other components of the WEFE Nexus have been neglected. On the contrary, based on previous experience (De Roo et al., 2020), the model incorporates data or modules for climatic projections, energy production, agricultural practices, land use, data concerning planned interventions on infrastructure (e.g., urban efficiency) at a very detailed scale throughout the European Union.

Especially where water resources are scarce during—parts of—a year, it is of crucial importance that we understand the water interdependencies of the various WEFE sectors with respect to the availability of water resources. Timely adaptation to future challenges of climate change and its effects on water resources is essential. How will economic growth and demographic changes influence public and industrial water demand? Will the energy transition toward renewable sources have an effect on water demand and consumption? Will the climate get wetter or drier and are there seasonal variations that affect water availability? Will agriculture practices under a warmer climate lead to increased irrigation water demand, or can farmers change to less water-demanding crop-types?

This paper aims to provide insight in some of the current water resources problems focusing on the Mediterranean—as a WEFE hotspot in Europe -, with areas of groundwater depletion, and rivers with low flow issues. We describe projections of future water resources as a consequence of climate change comparing them to current water resources, and envisaged changes in water demands due to higher temperatures and population changes. Thereafter, we describe possible measures in the field of agriculture and energy that might reduce water scarcity and would help to adapt to the changing water resources, and we demonstrate their effects on water resources in the Mediterranean.



CURRENT WATER RESOURCES IN THE MEDITERRANEAN

The water cycle in the Mediterranean is characterized by dry summers frequently associated with long drought episodes, alternated by autumn and winter rainfall that can be very intense at times (Ducrocq et al., 2016). Precipitation but also seasonal mean temperature have a high spatial and temporal variability.

Water scarcity was and is a situation familiar to the entire Mediterranean region. However, a lack of water is also for growing concern in many other EU Member States, many of which until recently believed to have sufficient water. At present, there are ~52 million people or 11% of the population of the 27 states of the European Union plus the United Kingdom living in water scarce regions (Bisselink et al., 2020). This means that at least during part of the year, water demand can scarcely be satisfied by the available freshwater. Of the aforementioned 52 million people, the majority live in Southern European countries including Spain (22 million; 50% of the national population), Italy (15 million; 26%), Greece (5.4 million; 49%) and Portugal (3.9 million; 41%). Furthermore, the entire population of Cyprus and Malta is considered to be living in conditions of water scarcity. During the summer, the exploitation of water in the Mediterranean area approaches 100%, meaning that all possible freshwater is being used, often including a substantial amount of fossil groundwater resources, causing groundwater depletion.

Water is being employed not only for drinking and sanitation, but also for agricultural irrigation, the cooling of electricity-production facilities, for industrial manufacturing (e.g., paper, textiles, soft drinks) and for the rearing of livestock. Furthermore, water is required to produce hydropower, while sufficient water needs to remain in rivers, lakes, and groundwater for ecological reasons. During episodes of low water availability, the demand for water may exceed the capacity to supply, which can lead to a series of conflicting situations.



INDICATORS OF QUANTITATIVE PRESSURES ON WATER RESOURCES

We express the ratio between water consumption and water availability with the so-called Water Exploitation Index (WEI+). WEI+ illustrates the pressure on renewable freshwater resources due to water demand.
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Water availability in a region is the local precipitation minus the evapotranspiration, but if appropriate added with river inflow coming from upstream countries. Best example here is Egypt, which has few annual runoff from local precipitation, but does have inflow water through the River Nile.

Net water consumption equals all water abstractions minus return flows. Water used for cooling power plants is partially returned back to the hydrological system, be it slightly warmer. Drinking water abstractions in the end typically largely flow back as treated wastewater.

WEI+ values above 20% (we use fraction in this paper, thus WEI+ >0.20) are generally considered as an indication of water scarcity, while values equal or bigger than 40% (WEI+ > 0.40) indicate situations of severe water scarcity (EEA, 2015). In the case of WEI+ values larger than 40%, the use of freshwater resources is likely unsustainable, with likely areas of groundwater depletion.

In this paper, we also use the WEI indicator, which the Water Exploitation Index based on abstraction vs. availability, which we will also refer to as WEIabstraction to distinguish it from WEI+. WEIabstraction is always larger than WEI+. The difference between them is the accounting for the return flows of irrigation, cooling water, and wastewater.

In Figure 1 we have estimated the WEI+ using the pan-European version of the integrated agro-hydrological LISFLOOD model (De Roo et al., 2000; Van Der Knijff et al., 2010; Burek et al., 2013; Gelati et al., 2020) forced with observed weather data 1990-2018, water demand data, and relevant soils, land use and vegetation data. The latest version of LISFLOOD has an integrated irrigation and crop yield module, thus irrigation water demand is estimated from the specific crop demand. LISFLOOD is calibrated and validated using observed river flows from more than thousand gauging stations, and is constantly updated with improved data and physics. LISFLOOD uses an ecological flow threshold—in this study set as the local 10th percentile of river flow—below which abstractions are interrupted to allow for minimum flow conditions of a river.


[image: Figure 1]
FIGURE 1. The Water Exploitation Index (WEI+) for present day climate (1990–2018) as simulated with the LISFLOOD model.


WEI+ is calculated monthly at sub-riverbasin district level, as visible by the regions in Figure 1.

Figure 2 shows a country average WEI+ values, indicating the countries with the largest values: Cyprus, Spain, Greece, Italy, Malta, and Portugal. Several other European countries have local hotspots of increased WEI+ values. In this paper, we will focus on the Mediterranean countries.
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FIGURE 2. The Water Exploitation Index (WEI+), estimated using the LISFLOOD model, averaged for European countries for 1990–2018.




WATER SCARCITY AND GROUNDWATER DEPLETION

The WEI+ calculations show that in several parts of Europe, the annual renewable freshwater is used in an unsustainable way, and this is thus further confirmed by the estimates of groundwater depletion.

In addition to the WEI+ indicator, we have been assessing possible areas of longterm groundwater depletion with the LISFLOOD model (Gelati et al., 2020). LISFLOOD consists of a groundwater storage component, fed by recharge, and releasing water as baseflow to the river system. From the groundwater storage, water abstractions are possible. We use FAO Aquastat and Eurostat data to compute percentages of surface and groundwater being abstracted in a country. For irrigation, such percentages are available at sub-national administrative level (Eurostat, 2021). The various sectorial water demands determine then where water is abstracted.

Groundwater depletion is deducted in the model if there is a statistically significant decreasing trend in groundwater storage over the 1990–2018 simulation period, using the Mann-Kendall trends test. This test not only accounts for differences in groundwater resources at the end of the simulation vs. the start of the simulation, but also for the variability of the time series. Gelati et al. (2020) also evaluated the likely source of groundwater depletion. When we excluded irrigation—and separately also other water abstractions—from the model simulation, only a few areas were left with some groundwater depletion, which we assume to originate from climatic changes between 1990 and 2018.

Figure 3 shows estimates of groundwater depletion for Europe averaged over sub-riverbasin districts, with some major groundwater depletion regions in southern Spain, Sicily, Greece, Turkey and Cyprus. We estimate rates of depletion up to 92 mm water per year (Crete). Gelati et al. (2020) compared these groundwater depletion estimates with reported groundwater level measurements in Spain and found a reasonable agreement between large scale patterns.


[image: Figure 3]
FIGURE 3. Groundwater depletion between 2018 and 1990, as estimated with the LISFLOOD model (from Gelati et al., 2020).




CLIMATE CHANGE PROJECTIONS OF WATER RESOURCES

While we already demonstrated issues of water scarcity and groundwater depletion, with some major challenging areas in the Mediterranean for present climate, we assessed that climate change might result in even larger problems (Bisselink et al., 2020). While forcing the LISFLOOD model with 11 Euro-Cordex climate scenarios and various RCP emission scenarios, we deducted that the Mediterranean is projected to face diminishing water availability.

In a projected future climate, the southern part of Europe shows a strong increase in annual average temperature with an even stronger increase in summer temperature. For most parts of the Mediterranean, the annual precipitation is projected to decline with a much stronger decrease in summer precipitation. More details about future climate projection for Europe can be found in Dosio (2020).

The projected change in meteorological conditions results in an increase of the frequency and severity of hydrological droughts with a progressively decrease in water availability in the southern European regions.

Figure 4 represents the spatial pattern of change in WEI+ for the global warming level of 2°C relative to the baseline (Figure 1). The largest increases in WEI+ of 30% or more take place in the Mediterranean region with WEI+ values exacerbating in already existing water scarce areas. Apart from an intensification of water scarcity under global warming, the duration of the water scarcity period in a year is projected to increase as well with an increase up to more than 1 month per year for the southern part of Spain.


[image: Figure 4]
FIGURE 4. Changes in Water Exploitation Index (WEI+) due to a 2-degree warmer climate as compared to the 1981–2010 climate (from Bisselink et al., 2020). Ratios are shown here, indicating increases in WEI+ due to climate change (ratios larger than 1) or decreases in WEI+ (ratios smaller than 1).


Consequently, Spain sees the largest absolute increase in the number of people living in areas considered to be water scarce. In the 2°C warming scenario these amount to over 1 million additional people relative to present. In other countries around the Mediterranean, an increase in the number of people is projected to have serious water scarcity exposure as well (Bisselink et al., 2020).



MEASURES OF WATER EFFICIENCY

With the balance of water demand and water availability changing toward increased water scarcity in various parts of Europe, measures need implementing that reduce net water consumption. From Eurostat reported data on water abstractions (Figure 5) we can deduct that the agricultural and energy sector are major water abstractors. A part of the abstracted water is returned to the hydrological system, which is especially the case in the energy and industrial sector, where cooling water—depending on the cooling method applied—is returned with a slightly higher temperature to surface water bodies.


[image: Figure 5]
FIGURE 5. Reported water abstractions (left, source Eurostat) and estimated net consumption.


If we therefore look at net water consumption—abstractions minus return flows—we estimate that the agricultural sector is by far the largest net consumer of water, mainly for crop irrigation, and a small part for livestock.

Therefore, measures of water savings would likely be most effective in the agricultural sector, and next in the energy sector.

In this paper, we evaluate four different measures that may reduce water abstraction and net water consumption:

• Increasing irrigation efficiency in agriculture

• Re-using treated urban wastewater for irrigated agriculture

• Increasing urban water efficiency by reducing leakage

• Use of desalination of sea water for public water use

We describe the measures below. In the next chapter we will then evaluate the impact of these measures on water resources in Europe, with a special focus on the Mediterranean.


Irrigation Efficiency

As part of the European Member States (MS) River Basin Management Plans and Regional Investment Plans, countries are planning to invest in their irrigation areas to make them more water efficient, often changing the irrigation method from surface and sprinkling toward drip irrigation. The reported investments in irrigation efficiency as planned by MS and collected by Benitez Sanz et al. (2018) were used in the LISFLOOD model (Gelati et al., 2020), where we can distinguish between the type of irrigation applied: surface including rice paddies, sprinkling and drip. Within LISFLOOD we account in every single model pixel of 5 × 5 km for the percentage of forests, urban area, open water, crops (32 crops including paddy rice), and other land uses. For each crop in each pixel we can indicate rainfed and irrigated areas and, within the latter, the extent to which each irrigation method is applied.

Figure 6 shows the areal percentage of planned irrigation efficiency improvements in the most relevant European countries up to 2030. Most MS plan only marginal new investments in irrigation efficiency up to 2030. We have implemented these changes as shifts from sprinkling irrigation toward drip irrigation. Spain, Greece, Italy, and Portugal plan more changes, but still restricted to 5–10% of the total irrigated area.


[image: Figure 6]
FIGURE 6. Planned investments in irrigation to improve water efficiency (source data from Benitez Sanz et al., 2018).




Water Re-use

The second type of measure we considered in this work is water re-use. Reuse of treated wastewater for agricultural irrigation is a possible measure to reduce water stress. In a European scale hydro-economic analysis, Pistocchi et al. (2017) quantified the volumes of treated domestic wastewater that could be reused in agriculture at a cost below given thresholds. The costs were appraised including the additional treatment of wastewater effluents in order to meet European quality standards, as well as the cost of transport and storage of water. The volume of wastewater that may be reused economically depends for a large part on the distance between a wastewater treatment plant and the irrigated areas, and varies significantly across Europe. Pistocchi et al. (2017) estimated the volumes of treated wastewater available for irrigation in all European regions at leveled costs—including Capital expenditure (CAPEX) and Operational Expenditure (OPEX)—below 0.25, 0.50, 0.75, and 1.00 euro/m3. The scenario with costs not exceeding a threshold of 0.25 euro/m3 yields in very little water re-use, and has been omitted in this study. In this study, we evaluate the amount of water re-use with costs not exceeding a threshold of 0.50 euro/m3 (Figure 7), which is still a rather conservative scenario.


[image: Figure 7]
FIGURE 7. Amounts of water re-use (m3 per 25 km2) under the 0.50 euro/m3 scenario. See text. Data from Pistocchi et al. (2017).


If the treated wastewater to be reused is taken from freshwater bodies, reuse reduces abstractions. However, in principle it does not affect the overall consumptive water use. Therefore, water re-use will not effect the WEI+ (consumption), but it will reduce the WEIabstraction.



Desalination

A net reduction of consumptive water use is provided by desalination. Although largely regarded as a “brute force”—last resort solution—until recent times, desalination is increasingly affordable and may be turned into a sustainable solution with appropriate planning (Pistocchi et al., 2020).

Pistocchi et al. (2018), estimated the cost of supplying desalinated water across the Mediterranean region, taking into account the costs of developing and maintaining the infrastructure, and of pumping desalinated water inland from coastal areas. While desalinated water is in principle unlimited, its supply is constrained by the acceptable costs. The authors estimated the population potentially served by desalination in all European regions, at levelized costs not exceeding 0.50, 1.00 Euro/m3, and higher costs. This corresponds to a volume of wastewater potentially available for reuse, determined by the supply per capita and the percentage of the supply that ends up in the wastewater treatment plant. In this exercise, we estimate the supply per capita at 200 l/person/day, and the percentage ending in wastewater at 80%.



Urban Water Use Efficiency: Leakage Reduction

The fourth measure to potentially reduce water scarcity issues that is considered in this study is a reduction of leakage of the public water supply network. Losses from urban water networks in Europe range from around 5% in Germany and The Netherlands up to 40–50% in Malta and Ireland (Benitez Sanz et al., 2018). Water scarce countries such as Spain (29% leakage), Italy (38%), Greece (21%) and Cyprus (24%) all lose considerable amounts of water in the public supply network.

Benitez Sanz et al. (2018) used the public investments plans by the European countries envisaged between 2016 and 2027 to estimate the efficiency improvements that could be reached in the urban water supply. We have been using the baseline and leakage reduction scenario here to assess the potential improvement in water efficiency that could be achieved.




EFFECTS OF MEASURES ON WATER RESOURCES

With the LISFLOOD model we have assessed the reference water resources situation 1990–2018. For this reference period, LISFLOOD is calibrated against observed discharge using 1,137 gauging stations from 215 river basins in Europe. State of the art observed meteorological data and water demand datasets are used.

For this paper, we assessed the measures individually, to examine their effects on water resources. Simulations with combined measures, which will have some cross over effects, will be dealt with in a subsequent paper.

Figure 8 shows the effect of the four examined measures on the WEIabstraction. While the WEI and WEI+ are calculated on a sub-riverbasin basis (see Figure 1), the results are averaged here per country to achieve a better insight in the results.


[image: Figure 8]
FIGURE 8. Effects of four water efficiency measures on WEI-abstraction, as estimated with the LISFLOOD model.


What can be deducted from the results in Figure 8 is that irrigation efficiency improvements and desalination—in sea bordering countries—are the most effective measures. Water reuse is helpful in some countries to reduce the WEIabstraction, in particular Italy, Portugal, Spain and France. Increasing urban water efficiency—reducing leakage—is on country scale little effective, but might help at local level.

Evaluating the effects of the four measures on net consumption, as visualized with the WEI+ indicator (Figure 9), we see that water re-use is not reducing net consumption. Water re-use is reducing new abstractions needed for irrigation, by double using the urban water later for irrigated agriculture. Leakage reduction also does not help to reduce net consumption, as the leakage is entering the subsurface hydrological system and eventually will be part of the soil and groundwater resources.


[image: Figure 9]
FIGURE 9. Effects of three water efficiency measures on WEI+ (consumption) as estimated with the LISFLOOD model. Note: water reuse does not influence WEI+ as it is used by irrigation.


Increasing irrigation efficiency and desalination are effective measures to reduce the WEI+ in various countries. Particularly in Malta, Bulgaria, Croatia and Slovakia the WEI+ could be reduced by 10–40% applying these measures. In many other countries however, the effect of the measures on net water consumption and thus reduction of the WEI+ is in the order of 4% (Greece) to 6% (Italy, Portugal). It should be noted that these are country averages, and local effects may be larger.



CHALLENGES FOR THE MEDITERRANEAN

The Mediterranean is already under current climate and water use conditions a water scarce region with high values of WEI+ and regional groundwater depletion issues, as demonstrated above. With climate change projections of a 2°C climate indicating that the water availability in the Mediterranean could decrease by 10–30% locally, we estimate consequently that the WEI+ indicator could increase by that same amount (Figure 4).

Given the results on potential measures presented in this paper, we observe that investments in irrigation efficiency in this decade will likely reduce the WEI+ only by 3–4% in countries such as Italy, Spain, and Greece. Desalination is as yet not much implemented. Water re-use could reduce new abstractions—and thus the WEIabstraction–but will not reduce consumption—the WEI+.

Depending on how fast we will reach the 2° global temperature increase, there might still be time to implement one or more additional cycles of investments of increasing irrigation efficiency and other effective water efficiency measures. In case the 2° warming is reached already earlier, the current level of investments on water efficiency might need to be increased to keep up with the decreasing water availability caused by global warming. Alternatively, farmers might need to be stimulated to change to different crops or crop varieties that consume less water, and require less irrigation.

In ongoing work we are assessing these additional investments in measures combined with the climate change signal, and we will report on that in subsequent papers and reports.



CITIZEN ENGAGEMENT, KEY TO SOLVE THE RIDDLE

Scientific studies such as these are helpful to convince policy makers at national and perhaps regional level, but different efforts are needed to convince and engage the layperson. If knowledge is power, as scientists we must share this power and allow the interested layperson to access it. Indeed, the aforementioned interconnections are at the heart of the climate change debate and the Mediterranean is one of the regions which lives the direct consequence is the most dramatic way.

Just to illustrate, the WEFE nexus affects other socioeconomic factors such as health, mass migration, conflict and gender inequality to name but a few. Science and technology are part of the solution, but require a broad understanding, and awareness in the society affected. Awareness leads to concern, concern leads to engagement, engagement leads to consensus and consensus leads to continuity of potential solutions. But awareness must be based on knowledge, engagement must be the route to solutions and consensus must be founded on an understanding of society's scientific and technological capacity to support what has often been considered as simply a socio-political debate (Elelman and Feldman, 2018).

Technology centers and research institutions in Europe are beginning to recognize that through its scientific and technical investigations they have a social responsibility to work in close collaboration and cooperation with society as a whole, to join forces and unite the so-called Quintuple Helix: Research and academia, the public and private sectors, and even arts and ultimately the citizen (Carayannis and Campbell, 2011; Gawlik et al., 2018).

The Gateway to the Future of the Mediterranean (Gawlik, 2021) is a unique experience that aims at explaining the complex nexus between water, energy, food and ecosystems in the Mediterranean region using a language accessible to the interested layperson and engaging with the public using novel techniques of communication made accessible through printed media. It offers both a scientific but also cultural perspective regarding the issues addressed while demonstrating that the most important challenge that the region faces, i.e., the lack of water, can become a source of dialogue and peace rather than conflict and confrontation.

The Gateway provides hard sciences: a spatial baseline analysis and projection of water-energy-food requirements of agricultural and urban areas in the Mediterranean region, but also technological solutions and non to face the challenge. The approach, addresses inter-sectorial flows of energy and water as sources of stability and socio-economic development in the Mediterranean area, and relates it to its historic past. Case studies and solutions are then evaluated through an SDG framework (Malagó et al., 2021). A series of interactive tools given access to further, animated information, illustration, arts and social media opens then a two way channel of engagement with the reader.



CONCLUSIONS

The Mediterranean is already under current climate and water use conditions a water scarce region with high ratios of water abstraction and consumption as compared to water availability, expressed here with the Water Exploitation Index (WEI and WEI+). Regional groundwater depletion is already an issue in the Mediterranean, and becoming an issue elsewhere in Europe as well.

With climate change projections of a 2°C climate indicating that the water availability in the Mediterranean could decrease by 10–30% locally, we estimate consequently that the WEI+ indicator could increase by that same amount.

In this paper, we assess that investments in irrigation efficiency in this decade will likely reduce the WEI+ only by 3–4% in countries such as Italy, Spain, and Greece. Desalination and water re-use are as yet not much implemented. Planned investments in urban water efficiency might reduce local water scarcity issues, but hardly reduce the WEI+ at larger scale. Water re-use could reduce new abstractions—and thus the WEIabstraction–but will not reduce consumption—the WEI+.

Depending on how fast we will reach the 2°C climate change situation globally, there might still be time to implement one or more additional cycles of investments of increasing irrigation efficiency and other effective water efficiency measures. In case the 2°C warming is reached already earlier, the current level of investments on water efficiency might need to be increased to keep up with the decreasing water availability in the Mediterranean, as caused by global warming. Alternatively, farmers might need to be stimulated to change to different crops or crop varieties that consume less water, and require less irrigation.

Water reuse can be an important measure to reduce abstractions, hence protect ecosystems. The costs of treatment for reuse—as per the new EU standards—may however exceed the current willingness to pay for water in agriculture. However, the current price of water very often does not reflect its actual costs (Pistocchi et al., 2017).

Desalination could be an increasingly central option. It is essential that it is put on track to be carbon-neutral—which is feasible—and coupled with re-use for irrigation in order to maximize its benefits (Pistocchi et al., 2020).

A stronger citizen engagement, as attempted with the Gateway to the Future of the Mediterranean, is required to bridge the gap between science and technology and public awareness of the water nexus issues.
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