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Abstract 

The LISFLOOD-EPIC coupled hydrological/crop model European setup has successfully simulated for 
Europe using a meteorological reference scenario, and individual and combined water saving measure 
scenarios for the period 1990-2018. In this study, five policy relevant water saving measures are 
considered, i.e., improvement of efficiency scenarios for irrigation, reduction of leakage in the urban 
water supply, re-using treated wastewater, reducing energy water withdrawals and desalination. The 
largest challenge in comparing the what-if and reference scenario is the choice of a single, fit-for-
purpose indicator that can give a qualitative indication on the performance of the scenario, and still 
capture the complexity of the issue. 

In this work, the Water Exploitation Index Plus (WEI+) indicator is used to estimate the impact of water 
saving measures on water scarcity in current climate. It is calculated for the consumption of water 
and is defined as the ratio of the total water net consumption divided by the available freshwater 
resources in a region including upstream inflowing water. The differences in WEI+ between a 
reference scenario and the proposed measure or measures, is a clear indication of the improvement 
this measure is capable of achieving as a percentage of the total water availability. Therefore, in this 
report, the results focus on the differences in WEI+ values, rather than on absolute values. 

The results showed that the scenarios with combined measures are the most effective, and future 
work will focus to estimate if this improvement will be sufficient to tackle water scarcity issues if 
climate change is also taken into account. 
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Foreword 

This report is foreseen in the Deliverable 012020 / (3025770) “Pathways on Water-Energy-Food-
Ecosystems towards reaching the objectives of the Green Deal in Europe”. It builds upon previous, 
more focused publications, like the “Water/marine Zero Pollution Outlook” (JRC131197), the Zero 
Pollution Outlook 2022 (JRC129655) and the “The Water-Energy-Food-Ecosystem Nexus in the 
Mediterranean: current issues and future challenges” (JRC126496), including a wider range of 
scenarios and their detailed results. 

It also shows a wide spectrum of results from scenarios, some of which have already been used in 
the context of the BLUE2.2 project and contributed, by quantifying water quantity, to the reports 
“Blue2.2 Project – Baseline and Scenarios proposal” (JRC127770), “Model development and operation 
in the context of the BLUE2.2 project. Interim report (October 2021)” (JRC127771), “A European 
assessment of freshwater availability and nutrient pollution” (JRC130025), and the related to that work 
scientific article “Recent regional changes in nutrient fluxes of European surface waters”, (JRC130090). 
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1 Introduction 

A lack of water is a growing concern in many EU Member States, many of which until recently believed 
to have sufficient water to supply to a variety of economic activities. At present, approximately 52 
million people, or 11% of the population of the 27 states of the European Union plus the United Kingdom, 
live in water scarce regions (Figure 1). This means that at least during part of the year, the demand for 
freshwater 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; or 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, and often relying on abstraction of a substantial 
amount of fossil groundwater resources, causing groundwater depletion. 

Figure 1. Population in EU and UK living in area with water stress (WEI+ > 0.2, see Section 3.1) and severe water 
stress (WEI+ > 0.4) for different levels of global warming (Source: Bisselink et al., 2020). 

 

The number of people living in areas with water resources under serious or severe stress increases 
above 60 million under a 2°C global warming - a condition that can be reached as early as 2040s. This 
is 8 million (+15%) more than at present. Under a 3°C global warming, this number increases to 65 
million, which is 13 million (+25%) more than at present, with nearly 8 million people more living in 
areas with severe conditions of water stress, or nearly four times more than at present (Figure 1). 
Spain sees the largest absolute increase in the number of people living in areas with water resources 
under stress. In the 3°C warming scenario these amount to over 7 million more than at present. In 
Greece the number of people facing water stress would grow with by 3.5 million to nearly 9 million 
with 3°C warming, or about 80% of the present population. 

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. From Eurostat reported data on water abstractions (De Roo 

et al., 2020) we can derive that the agricultural and energy sectors abstract most of the available 

water. A part of the abstracted water is returned to the hydrological system (‘return flow’), which is 

especially the case in the energy and industrial sector, where cooling water—depending on the cooling 

method applied—is returned at a slightly higher temperature to surface water bodies. Therefore, the 

agricultural sector is by far the largest net consumer of fresh water, mainly for crop irrigation, and a 

small part for livestock. 

Imbalanced water demand can only be alleviated in a sustainable manner by lowering the water 
dependency in water-intensive sectors. The protection of European freshwaters is the subject of 
several EU legislations, such as the Water Framework Directive (WFD) and its related Directives. 
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Managing and coping with hydrological extremes - floods and droughts - are covered under the Floods 
Directive (FD) and EU Action on water scarcity and droughts. Various measures are proposed by EU 
Member States to combat water scarcity and secure water availability for all sectors that require 
water for their operations. The understanding of the effectiveness of these measures and water 
scarcity is essential to inform and support environment and climate policy makers for mitigation and 
adaptation strategies. 

In this study, we use the coupled hydrological-crop modelling system LISFLOOD-EPIC to evaluate a 
set of five individual (policy) measures that may reduce net water consumption: 

o Increasing irrigation efficiency in agriculture 

o Increasing urban water efficiency by reducing leakage 

o Re-using treated urban wastewater for irrigated agriculture 

o Reducing water withdrawals in the energy sector 

o Use of desalination of sea water for public water use 

and the impact on water pressures of the combined measures in. We identified a Business As Usual 
(BAU) scenario, reflecting the WFD being executed until 2027, and a High Ambition Scenario (HAS), 
reflecting the maximum feasible savings option. We assess the impact on water pressures of the 
water saving measures as if they would have been implemented in current climate (1990-2018). In the 
next chapter, we will describe the individual measures and the scenarios identified as a BAU and HAS 
scenario. The results show the effect those measures would have had, if they were executed for the 
current climate. 
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2 Scenarios of measures 

2.1 Individual Measures 

2.1.1 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 infrastructure to make them more water 
efficient, often changing the irrigation method from surface and sprinkling toward drip irrigation. From 
an irrigation efficiency perspective (i.e., how much of the irrigation water is absorbed by the plant), 
drip irrigation is the most efficient, sprinkler is less efficient than drip and surface irrigation is the 
least efficient of all three. The available data included in this analysis consider only improvement of 
irrigation efficiency in already irrigated areas. They do not include Member States’ plans for expansion 
of the irrigated area. 

Input Parameters 

Benitez Sanz et al. (2018) collected the reported investments in irrigated area up to from 2016-2027 
for both the BAU and HAS scenario. In Figure 2 the actual irrigated areas for the 27EU+UK countries 
are given as reported by EUROSTAT. The largest absolute area of irrigation are found Spain, Italy, 
France and Greece, followed by Portugal, Germany and Denmark. The largest irrigated area relative 
to the country area are found in Italy, Greece, Spain, Denmark and Portugal (more than 5%). The 
relative investments in both BAU and HAS scenario are given in Figure 2b with in the BAU scenario 
the largest investments in Bulgaria and for the HAS scenario Slovakia, Poland and Lithuania. 

The investments are then translated into percentage irrigation efficiency gains for the BAU and HAS 
scenario (Figure 2c) compared to the reference situation, using assumed cost of converting surface 
and sprinkler to drip irrigation Note that if a MS only invests in the BAU scenario, the irrigation 
efficiency remains equal for the BAU and HAS scenario (for example in Romania and Cyprus).  

Most MS plan only marginal new investments in irrigation efficiency up to 2027 in the BAU scenario 
resulting in a marginal shift from sprinkler to drip irrigation. For the HAS scenario, additional 
investments show a more stringent shift towards drip irrigation compared to the reference scenario 
with the highest improvements in the Czechia and Poland. 
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Figure 2. Current (Eurostat, 2017), planned and additional investments for the BAU and HAS scenario (a), (b) the 
relative (%) investments in irrigated areas and (c) the relative (%) improvement in irrigation efficiency compared 

to the reference for the BAU and HAS scenarios. 
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Figure 3. Current (Eurostat, 2017) irrigated surface area (a), planned and additional reported MS investments (%) 
for the (b) BAU and (c) HAS scenarios on NUTS2 level.  

 

Irrigation investment information is available at regional NUTS2 level and Figure 3 presents the 
current irrigated, planned and additional investments for the BAU and HAS scenario on the regional 
NUTS2 level. The NUTS2 regions with the highest irrigated surface area are ES61 (Andalucia), ITC4 
(Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-La Mancha) with an irrigated surface larger 
than 4000 km2 (Fig. 3a). In the NUTS2 regions BG41 (Yugozapaden; 131 km2 irrigated surface area) and 
BG34 (Yugoiztochen; 159 km2 irrigated surface area) in Bulgaria the highest relative investments are 
made to improve the irrigation efficiency with respectively 62% and 54% under BAU (Figure 3b). In ES61 
(Andalucia), ITC4 (Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-La Mancha) the investments 
are respectively 4.6%, 1.5%, 10.7% and 3.8%.  

Although the irrigated surface areas are not large, the highest additional investment in the HAS 
scenario are made in BE33 (Prov. Liege), PL62 (Warmińsko-mazurskie), PL84 (Podlaskie) and UKK1 

(Gloucestershire, Wiltshire and Bristol/Bath area) with an investment higher than 80%. In ES61 
(Andalucia), ITC4 (Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-La Mancha) the investments 
are respectively 10.8%, 34.7%, 23.5% and 16.5% resulting in a total investment in the BAU and HAS 
scenario of 15.4%, 36.2%, 34.2% and 16.5%. 

Figure 4. Current irrigation efficiency (a), irrigation improvement (%) for the (b) BAU and (c) HAS scenarios at 
NUTS2 level.  

 

Using the estimated surface improvements (Benitez Sanz et al. 2018) that came from the reported 
investment data in irrigation improvement (Figure 4) results in the highest relative improvement in 
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BG41 and BG34 with respectively 12.5% and 11.5% in the BAU scenario. For the regions ES61 (Andalucia), 
ITC4 (Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-La Mancha) the improvements resulted in 
a small irrigation efficiency increase of 1.0%, 0.4%, 2.3% and 0.9% respectively. In the HAS scenario the 
largest irrigation improvements (>10%) are made in NUTS2 regions in Poland (PL62 (Warmińsko-
mazurskie), PL84 (Podlaskie), PL42 (Zachodniopomorskie), PL22 (Śląskie), PL71 (Łódzkie)), the 
Czechia (CZ03 (Jihozápad), CZ07 (Střední Morava), CZ05 (Severovýchod)), Spain (ES24 (Aragon), ES30 
(Madrid), ES22 (Navarre), ES23 (La Rioja)), Portugal (PT11 (Norte)), UK (UKK1 (Gloucestershire, 
Wiltshire and Bristol/Bath area)), UKD4 (Lancashire)), Bulgaria (BG41 (Yugozapaden), BG42 (Yuzhen 
tsentralen), BG34 (Yugoiztochen)), Belgium (BE33 (Prov. Liege)) and Italy (ITG1 (Sicilia)). For the 
regions ES61 (Andalucia), ITC4 (Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-La Mancha) the 
improvements in the HAS scenario resulted in an irrigation efficiency increase of 3.3%, 7.5%, 7.2% and 
3.9% respectively.  

2.1.2 Urban Water Use Efficiency: Leakage Reduction 

A measure to potentially reduce water scarcity issues that is considered in this study is a reduction 
of leakage of the public water supply network. Figure 5 presents the current leakage fraction, 
averaged at a country scale. In the current situation (REF), 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 their 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 
(BAU). In most cases, the changes in the BAU scenario for reduction of water losses are only marginal 
as compared to the reference situation: less than 1% change in the total water losses.  

For the HAS we assumed here that all MS would reach the lowest level of water losses found in the 
EU (5%; the actual loss percentage of Netherlands). The requirement investment of this water loss 
reduction is calculated in Benitez Sanz et al. (2018) with a regression curve based on population. 
Changes to reach the HAS scenario are substantial, and also require substantial investments. 
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Figure 5. Average leakage fraction in the urban water supply per MS. 

 

2.1.3 Water Reuse 

The third type of measure we considered in this work is water reuse for agricultural irrigation. 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 
levelled costs based on existing plants and irrigation infractructure — including Capital expenditure 
(CAPEX) and Operational Expenditure (OPEX) — below 0.25, 0.50, 0.75, and 1 €/m³. This corresponds 
to a volume of wastewater potentially available for reuse, determined the percentage ending in 
wastewater at 80%. The scenario with costs not exceeding a threshold of 0.25 €/m³ yields in very little 
water reuse, andFigure 6￼, the amounts of water reuse at a cost per m³ are presented at a country 
scale. Water reuse for irrigation can be an important water saving measure in the Mediterranean 
countries (Italy, Portugal, Spain, Greece and France). The reported Benitez Sanz et al. (2018) 
wastewater reuse for irrigation until 2027 covers only Spain. Therefore, we selected the amount of 
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wastewater reuse with costs not exceeding a threshold of 0.50 €/m³, which is still a rather 
conservative scenario. For the HAS scenario we selected the amount of wastewater reuse with costs 
not exceeding a threshold of 1 €/m³. The HAS scenario includes practically all available wastewater, 
in the selected regions, and is more in line with the newly adopted Water Reuse Regulation (EU) 
2020/741. 

Figure 6. Wastewater reuse scenarios in function of the cost per m³. 
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Figure 7. Annual amount (Mm³) of treated wastewater reused for irrigation at NUTS2 level. The regions in white 
have values of zero and from the grey regions no data is available.  

 

At NUTS2 level, the largest annual amount of reused treated wastewater for irrigation (Figure 7) are 
currently found in ES61 (Andalucia), ITH5 (Emilia-Romagna), ITC4 (Lombardia), ES52 (Comunidad 
Valenciana), ITH3 (Veneto), ITG1 (Sicilia) and ITF4 (Puglia) with more than 250 Mm3 reused wastewater 
in the 0.5 €/m³ scenario and more than 300 Mm3 reused wastewater in the 1 €/m³ scenario. Taken into 
account that although the absolute amount of reused treated wastewater for irrigation can be large in 
a NUTS2 region, the relative amount per hectare of irrigated land can be rather small. As an example, 
in Andalusia the amount of reused wastewater per hectare of irrigated land is 819 m3  and 1149 m3 in 
the BAU and HAS respectively, while in Toscany the amount of reused wastewater corresponds to 
4867 m3 and 10046 m3 per hectare of irrigated land. There are regions with a much higher amount of 
reused wastewater per hectare of irrigated land, but the irrigated land area itself is very small to have 
a sizeable expected impact to reduce the WEI+. Some examples of regions with the most reused 
wastewater for irrigation and an irrigated area larger than 10000 ha are Toscany, Marche, Emilia-
Romagna in Italy and Nord-Pas-de-Calais in France in both the BAU and HAS scenarios. 

2.1.4 Water requirements in the energy sector 

Another change in water consumption can be achieved by changes in the energy sector. In the energy 
sector, water is used for cooling (Magagna et al., 2019). Water is used throughout the energy industry, 
and the water system needs energy for collecting, pumping, treating and desalinising water. 
Increasing water and energy needs, or changes in water availability due to climate change could have 
significant effects on the energy system. 

The water requirements for the energy sector are based on the Global Energy Climate Outlook (GECO) 

projections up to 2050 (Hidalgo Gonzales et al., 2020). The projections are available at NUTS2 level. 

The GECO scenarios were modelled using a common set of socio-economic assumptions (population, 

economic growth) and energy resources. The GECOREF scenario used here corresponds to a world 

where no additional energy and climate policies are implemented compared to what was legislated as 

of the end of 2017. 
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Figure 8. Energy sector water withdrawals scenarios in the MS according to the GECO REF scenarios. 

 

In Figure 8 the projected water requirements for the energy sector are presented. The BAU and HAS 
scenarios are corresponding with the years 2030 and 2050 of the GECOREF projections respectively. 
Not shown in the figure, but throughout the 2015-2050 period, a significant part of the freshwater for 
the energy sector is consumed by cooling devices in thermal power plants and evaporative losses of 
water in reservoirs used for hydropower. A much smaller fraction is used for primary energy 
production (biomass production, coal mining coal and extraction of oil and gas), while the freshwater 
needs of oil refineries are negligible in comparison. At a country scale, the water withdrawals are 
concentrated mainly in Germany, France, Spain, Poland and Bulgaria accounting for 74% of the total 
EU freshwater withdrawals for the energy sector in 2015. In these countries the water withdrawals 
are reduced from 50 billion m³ in 2015 to 38 billion m³ in 2030 (24%) and 26 billion m³ in 2050 (48%) 
due to the transition towards renewable energy resources and the decrease of coal and nuclear power 
generation. A drastic reduction is projected for Belgium with a withdrawal of 3.7 billion m³ in 2050 
towards 0.15 billion m³ in 2050. Some countries, like Romania, Croatia and Slovenia show slight 
increases in the projected water withdrawals. 

Water withdrawals at regional level are shown in Figure 9 normalized to surface area. The most 
pronounced regions in 2015 with significant water withdrawals are: DE11 (Stuttgart, 2.2 mm/day), BE33 
(Prov. Liege, 1.6 mm/day), BE23 (Prov. Oost-Vlaanderen, 1.0 mm/day), DE12 (Karlsruhe, 56%), NL32 
(Noord-Holland, 0.87 mm/day), FRF1 (Alsace, 0.67 mm/day) and DE92 (Hannover, 0.67 mm/day).  
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The withdrawals in the regions with the largest contribution are reduced by 2050 in the HAS: DE11 
(Stuttgart, -73%), BE33 (Prov. Liege, almost -100% to zero withdrawals), BE23 (Prov. Oost-Vlaanderen, 
-99%), DE12 (Karlsruhe, -56%), NL32 (Noord-Holland, -48%), FRF1 (Alsace, -49%) and DE92 (Hannover, 
-99%). The worst opposite trend is projected in SI03 (Vzhodna Slovenija) from a water withdrawal of 
0.21 mm/day in 2015 towards 0.44 mm/day in 2030 (+106%) and 0.94 mm/day in 2050 (+394%). Another 
region with a significant increase in water withdrawal towards 2050 is DE21 (Oberbayern,  +119%).  

Figure 9. Current water withdrawals associated with the GECOREF scenario in (a) 2015, and projected 
withdrawals in (b) 2030 (BAU) and (c) 2050 (HAS) scenarios on NUTS2 level. The regions in white don’t have 
water withdrawals for energy. The dark red regions don’t have current water withdrawals, but will withdraw 

water in 2030 and 2050.  

 

2.1.5 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 
in specific regions be turned into a sustainable solution with appropriate planning (Pistocchi et al., 
2020). Pistocchi et al. (2018), estimated the cost of supplying desalinated water, 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 unlimitedly available, its supply is 
constrained by the acceptable costs per cubic meter.  There are six scenarios ranging from 0.5 €/m³, 1 
€/m³, 2 €/m³, 3 €/m³, 4 €/m³ and a scenario where the full desalination production capacity is considered based 
on areas (km2) identified as suitable coastal locations for water desalination and many other criteria as explained 

in Pistocchi et al. (2018). Based on the investment in a region, we estimated the population (200 

l/person/day) potentially served by desalination in all European regions at levelized cost presented in 

Figure 10. For the BAU scenario, desalination is not considered and for the HAS desalination scenario 
a levelized cost not exceeding the 2 €/m³ is used. In the HAS scenario, more than the half of the 

population could be served by desalinated water in Italy, Cyprus and Malta. The scenario with the 
lowest cost is already beneficial for half of the population in Malta.  
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Figure 10. Desalination scenarios at estimated cost of supplying desalinated water expressed as the fraction of 
served population per relevant MS. 
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Figure 11. Desalination HAS scenario where the cost of desalination is not exceeding the 2 €/m³ expressed as 
the fraction of served population per NUTS2 region. 

 

At NUTS2 level (Figure 11), the regions in which more than the half of the population can be served 
with desalinated water are PT17 (Lisboa), PT11 (Norte) and PT15 (Algarve) in Portugal, ES51 (Catalunia), 
ES21 (País Vasco), ES52 (Comunidad Valenciana), ES62 (Region de Murcia), ES12 (Principado de 
Asturias), ES53 (Illes Balears), ES61 (Andalucia), ES13 (Cantabria), ES22 (Comunidad Foral de Navarra) 
in Spain, ITF3 (Campania), ITC4 (Lombardia), ITI4 (Lazio), ITC3 (Liguria), ITG1 (Sicilia), ITH3 (Veneto), 
ITF4 (Puglia), ITI1 (Toscany) in Italy, FRL0 (Provence-Alpes-Côte d'Azur) in France, EL30 (Attiki), EL52 
(Imathia) in Greece.     

Desalination provides a supplementary source of water to the water budget, which helps cover the 
demand when it is most needed. These scenarios are expected to have a positive impact on water 
demand coverage, but they might add to the energy part of the nexus, since desalination requires 
significant amounts of energy, but could be reduced, if combined with photovoltaic electricity 
generation. 

2.2 Combined Measures 

Apart from defining and performing scenario simulations with the individual measures, hydrological 
simulations have been performed with the combined measures as defined in the BAU and HAS 
scenarios. A summary is given in Table 1. 

Table 1. Water saving measures evaluated in the BAU and HAS scenarios as if they would have been 
implemented in current climate. 

Water Savings Measures 

 Irrigation efficiency Urban water savings Wastewater 
reuse 

Energy 
water use 

Desalination 

BAU Planned investment 
2016-2027 

Planned Investment 
2016-2027 

Cost < 0.50 €/m³ GECO REF 
2030 

- 

HAS Additional investment 
2016-2027 

5% losses in all MS Cost < 1.00 €/m³ GECO REF 
2050 

Cost < 2.00 €/m³ 
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3 Methodology 

3.1 The LISFLOOD-EPIC model 

The water resources calculations for the water saving scenarios are done with the distributed water 
resources model LISFLOOD (De Roo et al., 2000; Van der Knijff et al., 2010; Burek et al., 2013; Bisselink 
et al., 2018a) coupled with crop growth processes from the EPIC model (Williams et al., 1989; Williams, 
1995; Sharpley and Williams, 1990) and a newly developed irrigation module. Driven by meteorological 
forcing data, the integrated LISFLOOD-EPIC model simulates dynamically hydrology, crop growth and 
irrigation, accounting for water abstractions for household, livestock, industry and energy sectors at 
a daily time step and every grid-cell defined in the model domain (5x5 km for Europe).  

Processes simulated for each grid cell include snowmelt, soil freezing, surface runoff, infiltration into 
the soil, preferential flow, redistribution of soil moisture within the three-layer soil profile, drainage 
of water to the groundwater system, groundwater storage, and groundwater base flow. Runoff 
produced for every grid cell is routed through the river network, using a double kinematic wave 
approach, one for the main channel, and one for the floodplain. Lakes, reservoirs and retention areas 
or polders are simulated by giving their location, size and in- and outflow boundary conditions and 
steering parameters. Discharges are calibrated and validated on a regular basis from approximately 
1500 gauging stations. 

Although LISFLOOD-EPIC is a regular grid-based model with a constant spatial grid more detailed 
sub-grid land use classes are used to simulate the main hydrological processes. The model 
distinguishes for each grid the fraction open water, urban sealed area, forest area, paddy rice irrigated 
area, other crop irrigation area and other land uses. Within LISFLOOD-EPIC we distinguish 23 crop 
types, both rainfed and irrigated, and the type of irrigation applied: surface, sprinkler or drip irrigation. 
Specific hydrological processes (evapotranspiration, infiltration etc.) are then calculated in a different 
way for these land use classes. Moreover, sub-gridded elevation information is used to establish 
detailed altitude zones, which are important for snow accumulation and melting processes, and to 
correct for surface temperature. 

Static maps used by the model are related to topography (i.e., digital elevation model, local drain 
direction, slope gradient, elevation range), land use (i.e., land use classes, forest fraction, fraction of 
urban area), soil (i.e., soil texture classes, soil depth), and channel geometry (i.e., channel gradient, 
Manning’s roughness, bank-full channel depth, channel length, bottom width and side slope). Soil 
texture and depth data were derived from the ISRIC 1km SoilGrids database (Hengl et al., 2014). 
Elevation data was derived from the Hydrosheds database – using SRTM elevation data - (Lehner et 
al., 2008, http://www.worldwildlife.org/pages/hydrosheds). The river network was taken from the 
work by Wu et al. (2012). 

LISFLOOD-EPIC produces a number of outputs, such as daily river discharge, soil moisture conditions, 
groundwater amounts and water in lakes and reservoirs. In addition, a number of water resources 
indicators are produces, such as flood and low flow extremes, water scarcity days, Eflow breachings, 
water availability per capita, and the water exploitation index. 

The Water Exploitation Index Plus (WEI+) indicator is used to indicate the intensity, duration and the 
socio-economics impacts of water scarcity. WEI+ can be calculated for the consumption of water and 
is defined as the ratio of the total water net consumption divided by the available freshwater resources 
in a region including upstream inflowing water. The total water net consumption is the difference 
between the water abstraction and the return flow. WEI+ is an advanced version of the WEI which 
considers only the ratio of water abstraction divided by the available freshwater resources. Water 
abstractions in LISFLOOD-EPIC consists of five components, from which the irrigation water demand 
is estimated dynamically and crop specific with the coupled EPIC module. The other four sectorial 
component are used as requirement data. These are (manufacturing) industrial water demand, water 
demand for energy and cooling, livestock water demand and domestic water demand. The model 
abstracts the water that is demanded from either surface or groundwater sources. These may include 
lakes, reservoirs, rivers and groundwater aquifers, depending on local information available on 
sources of water. The model takes a local Eflow threshold into account – which may be user defined 
– below which abstraction of water is stopped and flagged as ‘shortage’. The WEI+ includes return 
flow, resulting from drained irrigation water, (warmed up) cooling water returned to the river, and 
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(treated) wastewater returned to surface waters. Per sector, water consumption factors are used and 
applied to split water abstraction into net consumption and return flow (Bisselink et al., 2018). 

Water abstractions take place at regional level, and also the WEI+ is therefore calculated at a River 
Basin District (RBD) level at a monthly timescale to avoid averaging skewed results. WEI+ values have 
a range between 0 and 1. For distinguish water scarcity gradations across Europe, we used the water 
scarcity values as applied by the EEA values between 0-0.1 denote “low water scarcity”, “moderate 
water scarcity” if the ratio lies in the range 0.1-0.2, “water scarcity” when this ratio is in larger than 
0.2, and “severe water scarcity” if the ratio exceeds the 0.4 threshold (Feargemann, 2012). 

Regardless of the classification concerning the absolute values, the differences in WEI+ between the 
reference scenario and the proposed measure or set of measures, is an indication of the improvement 
this measure is capable of achieving as a percentage of the total water availability. Therefore, in this 
report, the results focus on the differences in WEI+ values, rather than on the absolute values of WEI+ 
for each scenario of measures. 

3.1.1 Weather and climate data 

For the meteorological forcing of the LISFLOOD-EPIC gridded observed meteorological data from 
1990-2018, the EMO-5 meteo data set is used. EMO-5 is a pan-European regular 5 km resolution grid 
meteorological forcing dataset obtained by interpolating the spatially irregular observations from 
various sources throughout the continent (Thiemig et al., 2021). 

3.1.2 Socio-economic and land use data 

The land use data in Europe are derived from the LUISA modelling platform (Jacobs-Crisioni et al., 
2017). LUISA translates socio-economic trends and policy scenarios into processes of territorial 
development. Among other things, LUISA allocates (in space and time) population, economic activities 
and land use patterns which are constrained by biophysical suitability, policy targets, economic 
criteria and many other factors. Except from the constraints, LUISA incorporates historical trends, 
current state and future projections in order to capture the complex interactions between human 
activities and their determinants. The mechanisms to obtain land-use demands are described in 
Baranzelli et al. (2014) and Jacobs-Crisioni et al. (2017). Key outputs of the LUISA platform are fine 
resolution maps (100m) of transport networks, population densities and land-use patterns covering 
all 27 EU member states including UK, Serbia, Bosnia Herzegovina and Montenegro until 2050. Corine 
land use maps are used to cover the rest of Europe. Although LISFLOOD-EPIC normally operates on 
a substantially coarser resolution, the larger spatial details of the LUISA output is incorporated due 
to the use of sub-grid fractions in LISFLOOD-EPIC. For a complete description of the LUISA modelling 
platform and its underlying mechanics we refer to (Batista e Silva et al., 2013; Lavalle et al., 2011). We 
performed the model assessment with static socio-economic conditions in Europe during 1990-2018 
with 2010 as the reference year. 

Water demand in LISFLOOD-EPIC consist of five components from which the irrigation water demand 
is estimated dynamically within the model with the EPIC irrigation module. When plant transpiration 
exceeds a threshold, irrigation is required and is represented by four irrigation methods: drip, 
sprinkler, and temporary (surface) and permanent (paddy) flooding. It is fully coupled with the 
hydrologic components through soil moisture, plant water uptake, canopy interception, freshwater 
availability for irrigation and return flows are taken into account. 

The other four sectorial components are based on requirement data. These are (manufacturing) 
industrial water demand, water demand for energy and cooling, livestock water demand and domestic 
water demand. Per sector, water consumption factors are used and applied to split water abstraction 
into net water consumption and return flow (Bisselink at al., 2018).  

In general, water use estimated for these four sectors are derived from mainly country-level data 
(EUROSTAT, AQUASTAT) with different modelling and downscaling techniques as described in 
Vandecasteele et al. (2014). Output of the LUISA platform is used for the spatial downscaling of water 
use trends to ensure consistency between land use, population and water demand. A brief description 
of each sectorial component is given below. Livestock water withdrawals are estimated by combining 
water requirements from literature with livestock density maps for cattle, pigs, poultry, sheep and 
goats. The methods are described in detail by Mubareka et al. (2013).  
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For the energy and cooling demand for the reference scenario, national water use statistics are 
downscaled to the locations of large power thermal power stations registered in the European 
Pollutant Release and Transfer Register data base (E-PRTR). Subsequently, the temporal trend of 
energy water use is simulated based on electricity consumption projections from the POLES model 
(Prospective Outlook on Long-term Energy Systems). Note that for the scenarios with water 
withdrawals for the energy sector and the scenarios with combined measures, the GECOREF 
reference scenario for the year 2015 is used as a reference for compatibility. 

Industrial water demands are based on country-level figures from national statistics offices for the 
total water use by manufacturing industries, mining, construction and services. Water demands for 
the household sector are derived from a specific household water usage module (Bernhard et al. 
2018b) which simulates water use per capita based on socio-economic, demographic and climate 
variables. This model was based on collected data at NUTS-3 from 2000-2013 for all EU27 + UK 
countries on household water use, water price, income, age distribution and number of dry days per 
year. Subsequently, regression models were fitted to quantify relationships between water use, water 
price and the other relevant variables for four European clusters of NUTS-3 regions with similar 
socio-economic and climate conditions. This household water usage module allows us to estimate 
present water use per capita at NUTS3 level using socio-economic, demographic and climate 
projections. The water use per capita are multiplied with population maps from the LUISA platform 
for 2010. Consumptive use for the domestic sector is assumed at 20% (EEA, 2005) meaning that 80% 
flows back in the hydrological system as wastewater. 

Water demands (public water, livestock water, industrial water, cooling water for the energy sector, 
and irrigation) are abstracted from surface and/or groundwater resources (depending on the region) 
when available, taken into account the Eflow threshold in rivers, which is a constant (10th percentile 
of the natural discharge). 

3.2 Current situation without additional measures  

The reference scenario runs from 1990 to 2018 without applied measures is used as a starting point. 
Concerning the input parameters related to the water saving measures, irrigation is at the full extent 
of the capability, with the irrigation efficiency thought to be at 0.75 throughout the modelled area. 
Water from wastewater treatment plants is not used for irrigation and desalination is not considered. 
Baseline scenarios are used for the water use for energy (Hidalgo González et al., 2019) and the 
leakage of public water supply (EC, DG Env, 2011 – Figure 5). 

In Figure 12a, we have estimated the Water Exploitation Index (WEI+) using the pan-European version 
of the integrated agro-hydrological LISFLOOD-EPIC model forced with observed weather data 1990-
2018. In current climate, southern regions of Europe already face water stress conditions, with the 
annual average WEI+ varying between 0.1-0.3 in the Mediterranean region. During up to 4 months per 
year the WEI+ value is higher than 0.2 in the most southern parts of Europe (Figure 12b). The highest 
average WEI+ values, up to 0.5, are found in Spain. These regions presently experience serious and 
severe water stress up to 6 months a year. During summer WEI+ can be close to 1.0, meaning that all 
possible water is being used, and often also a substantial amount of fossil groundwater. 
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Figure 12. (a) Estimated average Water Exploitation Index (WEI+) and (b) the number of days with a WEI+ 
exceeding 0.2 for present day climate (1990-2018) as simulated with the LISFLOOD-EPIC model (source: De Roo 

et al., 2020). 

 

 

Figure 13. Groundwater depletion between 1990 and 2018, as estimated with the LISFLOOD-EPIC model (source: 
Gelati et al., 2020).  

 

In addition to the WEI+ indicator, the possible areas of long-term groundwater depletion with the 
LISFLOOD-EPIC model has been assessed (Gelati et al., 2020). Groundwater depletion is observed in 
the model if there is a difference in groundwater storage at the end of the model simulation in 2018, 
as compared to the start of the model simulation in 1990. Figure 13 shows estimates of groundwater 
depletion for Europe, with some major groundwater depletion regions in southern Spain, Sicily, 
Greece, Turkey and Cyprus.  

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 estimated of groundwater depletion.  
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4 Results 

This section contains the results of all scenarios, single and combined, with a focus on how the water 
saving measures affect the Water Exploitation Index (WEI+), which is the one related to consumption 
(water leaving the water budget). The results show the absolute values of WEI+ but mainly focus on 
the relative difference of each scenario with the appropriate reference scenario. These two graphs, 
when combined, show a full picture on the impact the measure would have on water availability, 
without focusing solely on the absolute value or the relative difference from the reference scenario. 
The reasoning behind needing the combination of the two graphs to get a previous picture is rather 
simple. When looking at absolute WEI+ values, could downplay or even hide a negative trend for 
countries with low WEI+ values, while looking at relative differences might show big changes, which 
in absolute values are not important. 

4.1 Impact of individual measures 

The individual measures results show in detail the effect of each single measure, and are important 
for determining the significance of each single measure, and the necessary degree of implementation. 
The results give an overview of the efficiency of each measure in current climate, but a combination 
of measures is the common sense way to go when planning for future legislation. 

4.1.1 Irrigation Efficiency 

The main findings of the irrigation efficiency scenarios (Figure 14) is that the Business as Usual 
scenario, would give mixed results (Figure 15) with some countries improving and some countries 
slightly worsening their water availability (with very small relative values of less than 1%). The High 
Ambition Scenario, on the contrary, shows improvement (decrease) of WEI+ values in all countries. 
The two countries with the highest WEI+ values (namely Malta and Cyprus) do not show a big potential 
for improvement (probably due to already widespread use of the best available technology, i.e. drip 
irrigation, or lack of investment in the HAS scenario (Figure 2). The next two countries with high WEI+ 
values, i.e. Greece and Spain, show higher potential for improvement with a 2-3% improvement of 
WEI+ in the High Ambition Scenario. 

Figure 14. The absolute average of all monthly WEI+ values for the entire period (1990-2018) of the two irrigation 
systems scenarios. 
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All the other countries are below the 0.2 WEI+ mark, so they are not considered as water stressed on 
the monthly average (1990-2018). The only two MS with WEI+ above 0.1, i.e. Italy and Portugal, show a 
strong potential for improving water availability even in the Business as Usual scenario (approx. 1.5-
2%) and even higher in the High Ambition Scenario (approx. 3%). 

Figure 15. The relative difference of irrigation scenarios compared to the reference scenario. 
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Figure 16. Relative improvement of WEI+ for the Business as Usual and High Ambition Scenario compared to the 
reference. Note that the simulated WEI+ is calculate at a RBD level.  

 

Figure 16 presents the relative improvements of the planned and additional investments for the BAU 
and HAS scenario. The highest relative improvement in irrigation efficiency on the WEI+ is observed 
in regions in Bulgaria, Greece and Portugal which is in agreement with the planned investment on 
current irrigation systems in these regions. The improvements are relatively low in the areas with the 
largest irrigated areas ES61 (Andalucia), ITC4 (Lombardia), ES41 (Castilla y Leon) and ES42 (Castilla-
La Mancha). For the HAS scenario, the regions with the largest improvement in the WEI+ also reflects 
the investments in these regions (RBDs in Bulgaria, Portugal, Slovakia and North Spain). The large 
relative investment made in regions in Poland does not result in a large improvement of the WEI+ as 
the absolute irrigated area in these RBDs are small.   

4.1.2 Urban Water Use Efficiency: Leakage Reduction 

The main finding stemming from the urban efficiency scenarios is that the improvement of WEI+ is 
rather small in most Member States. Figure 18 shows the absolute values of WEI+ for the BAU and 
HAS scenarios of urban efficiency. The results as absolute values are quite close to the reference 
scenario. The countries with WEI+ over 0.4 remain the same (Malta, Cyprus) and there is no country 
from those with WEI+ over 0.2 in the reference scenario, which shows an improved value below that 
threshold. Nevertheless, the HAS results show significant improvement for some countries (Malta, 
Cyprus, Italy) compared to the BAU results. From a relative improvement point of view (Figure 18), the 
values are small, but in some cases not negligible compared to the reference scenario (e.g. Malta has 
over 4% improvement in HAS scenario). The positive value in the HAS results of Slovakia is considered 
to be a numerical glitch in the calculations because of the very small value of Slovakia’s reverence 
value (~0.003) which practically remains unchanged in all three scenarios. 
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Figure 17. The absolute WEI+ values of the two urban efficiency scenarios. 

 

Figure 18. The relative difference of urban efficiency scenarios compared to the reference scenario. 
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4.1.3 Water Reuse 

Figure 19. The absolute WEI values of the three reuse scenarios 

 

Figure 20. The relative difference of three reuse scenarios compared to the reference scenario 
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The treated wastewater to be reused is taken from freshwater bodies and reduces abstractions for 
irrigated agriculture by using (a part) of the abstracted urban water. However, water from water reuse 
or directly abstracted from surface water does, in principle, not affect the overall consumptive water 
use for crops. Therefore, water reuse will not affect the WEI+ (consumption), but it will reduce the WEI 
abstraction. For this reason, the figures in this section show the impact of wastewater reuse on the 
WEI.  

At a country scale, wastewater reuse for irrigation can have a significant impact on the reduction of 
the WEI abstraction in the Mediterranean countries (Figure 19) with the most pronounced relative 
reduction in Italy (Figure 20). Reused wastewater for irrigation has the most impact on the reduction 
of the WEI in Tuscany, Marche, Emilia-Romagna, Abruzzo and Lazio with up to and even more than 
24% improvement in the HAS scenario (Figure 21). 

Figure 21: Relative improvement of WEI for the Business as Usual and High Ambition Scenario compared to the 
reference. 
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4.1.4 Water requirements in the energy sector – Energy Scenarios 

Figure 22. The absolute WEI+ values of the two energy scenarios. 

 

Figure 23. The relative difference of energy scenarios compared to the reference scenario. 

 

Here we assess the GECOREF energy scenarios in terms of water withdrawals due to a scenario with 
a transition towards renewable energy resources and the decrease of coal and nuclear power 
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generation. From these scenarios, the year 2030 represents the BAU and the year 2050 the HAS and 
we assess them as if they would have been implemented in current climate (GECOREF 2015).  

The projections of the change in water withdrawals show hardly differences in the countries with the 
most water scarcity issues. This results in a very limited reduction in the WEI+ in these countries 
(Figure 22). From the countries with the most water withdrawals (Germany, France, Spain, Poland and 
Bulgaria), the impact of the energy projections shows a significant relative reduction in the WEI+ in 
Germany and Bulgaria in both the BAU and HAS scenarios, but to a lesser extent in France and Poland 
(Figure 23). Slovenia and Estonia increase the pressure of water resources resulting in a very limited 
increase of the absolute WEI+, but a high relative change as the absolute WEI+ values for these 
countries are very low. 

At a regional scale (Figure 24), the reduction in water withdrawals projected for both 2030 (used for 
BAU) and 2050 (used for HAS) result that the significant improvement in the WEI+ values are 
concentrated mostly in central and northern Europe with the highest reduction in RBDs in Belgium 
(Prov. Liege, Prov Oost-Vlaanderen) and Germany (Stuttgart, Karlsruhe) in the BAU scenario and 
additionally in the HAS scenario the regions in the west of the Czech Republic (Jihozápad, 
Severozápad). 

The difference between the cooling scenarios (switch to renewable) seem to be too small to have a 
sizeable effect on the water resources. As the return flow is very high compared to the abstraction 
(minimum losses), this measure is more important for ecosystem services (water temperature) then 
for water quantity. 

Figure 24. Relative improvement of WEI+ for the Business as Usual and High Ambition Scenario compared to 
the reference. 

 

4.1.5 Desalination 

From the results of the six desalination scenarios ranging from 0.5 €/m³ (desal05), 1 €/m³ (desal10), 
2 €/m³ (desal20), 3 €/m³ (desal30), 4 €/m³ (desal40) and a scenario where the full desalination 
capacity is simulated (desalmax), we focus on the desal20, since it has been the base of the High 
Ambition Scenario in the combined measures. It is deemed a quite ambitious, but possible to achieve, 
with current technology, scenario. 
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As the study of Pistocchi et al. (2018) is only performed for the countries around the Mediterrannean 
and Black Sea, t only have effect on the reduction of WEI+ in these countries with the most pronounced 
impact in the most water scarce countries Malta and CyprusFigure 25￼). The high relative impact on 
the reduction of the WEI+ in Croatia and SloveniaFigure 26￼) is an artefact as the absolute values of 
the WEI+ are low. 

Figure 25. The absolute WEI+ values of the six desalination scenarios. 
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Figure 26. The relative difference of desalination scenarios compared to the reference scenario. 

 

The regional impact of the HAS desalination scenario on reduction of the relative WEI+ values is most 
significant in the regions in northern Spain, southern France, east of Bulgaria and Croatia (Figure 27a), 
but the most effective impacts on the reduction of the WEI+ are found in the populated areas in 
Catalunia, central and south of Italy (Campania, Lazio, Sicilia) and the Athens metropolitan area (Figure 
27b). 

Figure 27. Relative (a) and absolute (b) difference between the desal20 and the reference scenario. 
HAS scenario includes desal20 as the measure for desalination. 
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(a)

 

(b)

 

4.2 Impact of combined measures 

Figure 28. The absolute WEI+ values of the combined measures scenarios. 

 

Apart from the simulations of the individual measures alone, we also performed simulations of the 
BAU and HAS scenarios combined. The results of these scenarios show that, as expected, the WEI+ 
indices improve, if these measures are taken, mainly because of the additional volume of water that 
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becomes available to cover the demand of all sectors. The water saving measures are reducing the 
WEI+ values and therefore water scarcity is decreasing in the countries with the largest water scarcity 
issues in the BAU scenario (Figure 28). In the Mediterranean countries, the water saving measures 
related to irrigation efficiency do have a significant contribution to the reduction of the WEI+. For the 
countries in central and northern Europe, the reduction in water withdrawals in the energy sector due 
to the shift towards renewable energy is an important measure for, reducing the WEI+ values, although 
in absolute terms the effect are relatively low. The opposite trend is observed in Poland, Estonia and 
Slovenia where the water withdrawals in the energy sector is increasing resulting in a very small 
increase in the absolute WEI+ values, but a very high relative increase in the WEI+ (Figure 29) due to 
very low absolute values of the WEI+ in these countries. This is not a reason for concern, since these 
countries never reach values of WEI+ more than 0.02, ten times lower than the value which 
characterises a country as being under water stress. 

The additional investment in the irrigation efficiency and the increasing water availability by 
desalination are important measures in the HAS scenario for the reduction of the WEI+, especially for 
the countries around the Mediterranean and the Black Sea. 

At a regional scale (Figure 30), the relative WEI+ improvement and therefore the reduction of water 
scarcity can be as high as around 16% in the BAU scenario and more than 24 % in the HAS scenario. 

Figure 29. The relative difference of the combined measures scenarios compared to the reference scenario. 
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Figure 30 Relative improvement of the WEI+ compared to the reference due to the combined water saving 
measures for the (a) BAU and (b) HAS scenario. 

  

 

Future water scarcity projections 

In addition to the already existing pressure on our freshwater resources (Figure 12), climate change 
may further decrease water availability. Figure 31 present the difference between the 30-yr average 
WEI+ centred around the year that global warming reaches 1.5oC, 2oC and 3oC above preindustrial 
temperature and the 1981-2010 control climate window (baseline). The results presented are based on 
11 climate models which project current and future climate under two Representative Concentration 
Pathways (RCPs): RCP4.5 and RCP 8.5 emission scenario. RCP4.5 may be viewed as a moderate-
emissions-mitigation-policy scenario and RCP8.5 as a high-end emissions scenario.  

In general, climate projections reveal a north-south pattern across Europe, with decreasing water 
availability in southern European countries and increases in northern regions. Under the 1.5oC 
warming level, the WEI+ values are increasing with the largest increases in the Mediterranean region. 
For the 2oC and even more pronounced for the 3oC warming level, the WEI+ values are exacerbating 
in already existing water scarce areas and moreover new water scarce areas are created in countries 
further north like Germany, Bulgaria, Romania and France. 

The severity of impacts under the 1.5°C, 2°C and 3°C warming levels suggests that various adaptation 
mechanisms will be needed to lessen the effects of climate change on European water resources, 
particularly in the Mediterranean region.  

The water saving measures proposed in this report can lead to a reduction of water consumption or 
increase of the water availability to lower the pressures on water resources if implemented in current 
climate. However, the combined water saving measures in the BAU scenario are most likely not 
sufficient to compensate for the projected increase in the WEI+. The potential measures in the HAS 
scenario might reduce water scarcity in already water scarce countries around the Mediterranean, 
but that might only happen when desalination is considered. For an authentic impact assessment of 
the water saving measures on future water pressures, the water saving measures should be 
simulated with climate projections which is the objective in a follow up study.   
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Figure 31. Projected change in average WEI+ compared with the baseline for a global temperature increase of (a) 
1.5oC, (b) 2oC, and (c) 3oC (Source: Bisselink et al., 2020). 

 

Figure 32. Absolute improvement of the WEI+ compared to the reference due to the combined water saving 
measures for the (a) BAU and (b) HAS scenario. 

 

 

Limitations of this work 

The level of reporting of the water saving measures by the Member States is on a coarser resolution 
compared to the model resolution. Often investment data is available at a country or NUTS2 scale, and 
specific information of the location, type, or implementation date of a certain measure is not available. 
In the BLUE2 project only sufficient data for the irrigation (both BAU and HAS), urban water loss (BAU) 
and water re-use (only Spain) was available. These limited available data on measures made it 
necessary to make model assumptions about spatial downscaling of the measures or add additional 
data sources.  

The results in this report are based on a single indicator, the WEI+. The WEI+ and the belonging 
thresholds are a widely used indicator in the literature, and by European Commission (EC) and 
European Environmental Agency (EEA). In practise, the WEI+ is a temporal and spatial dependent 
indicator and the threshold values are rather arbitrary chosen. This means that the WEI+ indicator 
does not provide a one-size-fits-all solution and it would be better to include a selection of indicators 
(low flows, groundwater depletion, shortage) to obtain a clearer picture of water scarcity.    
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5 Conclusions 

With the aim to reduce the already existing pressures on Europe’s freshwater resources, EU Member 
States are planning and implementing various water saving measures, as for described in the 
Programs of Measures under the Water Framework Directive (WFD). 

The set of measures are evaluated for the BAU and HAS scenarios. These measures consist of 
increasing irrigation efficiency, treated wastewater re-use for irrigation to reduce new abstractions, 
urban water efficiency measures, energy cooling efficiencies and desalination. 

All these changes interact, and the resulting water resources and locations with water pressures are 
evaluated. Various water saving measures are assessed as if they would have been implemented in 
current climate (1990-2018) and compared with the current situation without measures using 
LISFLOOD-EPIC. 

Changes in irrigation efficiency and desalination prove to be an important measure to reduce water 
quantity pressures presented with the WEI+ and WEI abstraction water scarcity indicator. The changes 
in the indices are a clear sign of the improvement a measure will have, regardless of the initial state 
of the indices in the reference scenario. Since the reference and the additional measures scenarios 
have the same basic input parameters, looking at the change in the indices is more robust than 
evaluation of absolute values of individual scenarios. 

Irrigation efficiency reduces the water abstraction from groundwater- or surface water and 
desalination increases the water availability, particularly for the Mediterranean countries. Other 
measures, such as water reuse and urban water efficiency improvements do have a positive effect for 
the WEI abstraction, but not for the WEI+. The difference between the cooling scenarios (switch to 
renewable) seem to be too small to have a sizeable effect on the water resources. As the return flow 
is very high compared to the abstraction (minimum losses), this measure is more important for 
ecosystem services (water temperature) then for water quantity. 

Although, the water savings measures have a positive effect on the water resources, planned 
investments in the BAU scenario are not sufficient to compensate for the projected reduction in water 
availability. The potential measures in the HAS scenario might reduce water scarcity in already water 
scarce countries around the Mediterranean, but that might only happen when desalination is 
considered and desalination is at yet not much implemented. 

Depending on how fast the global temperature will rise, there might still be time to increase current 
level of investments or implement one or more additional cycles of investments of increasing irrigation 
efficiency and other effective water efficiency measures to keep up with the decreasing water 
availability caused by global warming. 

Since the regional climate change is more important in this case, and it is going fast according to the 
latest reports (see e.g. the Copernicus state of the climate report 2022), future work will focus on the 
time dimension that was not within the scope of this report, but requires urgent analysis. 
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