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Abstract

:

This study develops water footprint scenarios for Europe for 2050, at the country level, based on projections regarding population and economic growth, production and trade patterns, consumption patterns (diets and bioenergy use) and technological development. The objective is to estimate possible future changes in the green, blue and grey water footprint (WF) of production and consumption, to analyze the main drivers of projected changes and to assess Europe’s future dependence on water resources elsewhere in the world. We develop four scenarios, considering globalization versus regional self-sufficiency, and development driven by economic objectives versus development driven by social and environmental objectives. The study shows that the most critical driver of change affecting Europe’s future WF is the consumption pattern. The WFs of both production and consumption in Western Europe increase under scenarios with high meat consumption and decrease with low-meat scenarios. Besides, additional water demands from increasing biofuel needs will put further pressure on European water resources. The European countries with a large ratio of external to total WF of consumption in 2000 decrease their dependencies on foreign water resources in 2050.
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1. Introduction


Availability of freshwater in sufficient quantities and adequate quality is a prerequisite for human societies and natural ecosystems. In many parts of the world, excessive freshwater consumption and pollution by human activities put enormous pressure on this availability as well as on food security, environmental quality, economic development and social well-being. Today’s water problems related to freshwater scarcity may be aggravated in the future due to increases in demands for water and decreases in water availability and quality. Many authors have estimated that our dependency on water resources will increase significantly in the future and this brings problems for future food security and environmental sustainability [1,2,3,4].



Population and economic growth, changes in production patterns and trade relations, the allocation of water to competing uses and the way in which different sectors of society will respond to increasing water scarcity and pollution will be major factors affecting the future of global water resources. These factors are addressed in several water supply and demand scenario studies [3,5,6,7,8].



The current study develops water footprint (WF) scenarios for 2050 for Western and Eastern Europe and for individual European countries based on a number of drivers of change: population and economic growth, production and trade patterns, consumption patterns (diets and bioenergy use) and technological development. It follows the global WF scenario framework and methodology as described in Ercin and Hoekstra [8], which covers the assessment of future WF scenarios for the globe as a whole, distinguishing between 16 world regions. The year 2000 is the reference year. We develop four scenarios S1–S4 with different storylines, based on the dichotomies of ‘economy driven development’ (S1, S2) versus ‘environmental sustainability’ (S3, S4) and ‘globalization’ (S1, S3) versus ‘regional self-sufficiency’ (S2, S4). The study considers three sectors of water use: agriculture, industrial and domestic and distinguishes between green, blue and grey WFs. The green WF refers to consumptive water use of rainwater (green water resources); the blue WF refers to the consumption of groundwater and surface water (blue water resources); the grey WF refers to the amount of water contamination and is measured as the volume of water required to assimilate pollutants from human activities [9]. The objective of this European WF scenario study is to understand the possible future changes in the WF of production and consumption at the country level and to analyze the main drivers of change. In addition, we assess virtual water flows between Europe and the rest of the world and show dependencies of Europe on water resources in other regions of the world under different possible futures.




2. Materials and Methods


2.1. Scenario Description and Drivers of Change


For constructing water footprint scenarios for Europe, we use the four different scenarios as described by Ercin and Hoekstra [8]: global markets (S1), regional markets (S2), global sustainability (S3) and regional sustainability (S4). We first constructed a baseline scenario for 2050 and created four scenarios based on the baseline by using different alternatives for the drivers of change. The first scenario S1, global market, is characterized by high economic growth and liberalized international trade. Meat and dairy products are important elements of the diet of people. Scenario S2, regional markets, is also driven by economic growth, but the focus is more on regional and national boundaries. Regional self-sufficiency increases. Population growth is highest under this scenario. Scenario S3, global sustainability, is characterized by increased social and environmental values, which are integrated in global trade rules. Economic growth is slower than in S1 and S2 and social equity is taken into consideration. Scenario S4, local sustainability, is dominated by strong national or regional values. Self-sufficiency, equity and environmental sustainability are at the top of the policy agenda. We used five main drivers of change in European scenario development: population growth, economic growth, consumption patterns, production and trade pattern and technology development. Detailed description of scenarios, drivers of change, data sources and assumptions are described in Ercin and Hoekstra [8]. Table 1 shows the drivers of change and assumption for each of the four different scenarios.



We use population growth scenarios from the UN [10] and scenarios for the growth of Gross Domestic Product (GDP) per country from the database of the Centre for International Earth Science Information Network of Columbia University [11]. Consumption patterns include both dietary options and bio-energy demand. Two alternative diet options are used based on Erb et al. [12]. Under the ‘western high meat’ scenario, economic growth and consumption patterns accelerate in the coming decades, leading to a spread of western diet patterns. This scenario brings all regions to the industrialized diet pattern. Under the ‘less meat’ scenario, each regional diet will develop towards the diet of the country in the region that has the highest calorie intake in 2000, but only 30% of the protein comes from animal sources.



We integrated three different biofuel consumption alternatives into our scenarios. The baseline scenario is fossil-fuel dominated: biofuel demand remains constant at 2010 levels for most of the countries. This scenario is a conservative plan for biofuel development. Under the biofuel-expansion scenario, it is assumed that there will be an expansion in biofuel demand towards 2050. It is based on current national biofuel plans. Under the drastic-biofuel-expansion scenario, rapid growth of biofuel demand is foreseen.



Production and trade patterns are taken based on Calzadilla et al. [14], who estimated agricultural production changes in world regions by taking climate change and trade liberalization into account. We use two different trade futures as described in their study. The trade-liberalization scenario 1 (TL1) assumes a 25% tariff reduction for all agricultural sectors. In addition, it assumes zero export subsidies and a 50% reduction in domestic farm support. Trade liberalization scenario 2 (TL2) is a variation of the TL1 case with 50% tariff reduction for all agricultural sectors. In addition, Calzadilla et al. [14] elaborated potential impacts of climate change on production and trade patterns, considering IPCC’s A1B and A2 emission scenarios. We considered production changes as estimated in A1B+TL2 and A1B + TL1. We used A2 for the S2 and S4 scenarios but we also used self-sufficiency options to S2 and S4. In self-sufficiency scenario SS1, we assume a 20% reduction in the import of agricultural products (in tons) by importing regions compared to the baseline in 2050. Therefore, exporting regions reduce their exports by 20%. This is applied in S2. Under self-sufficiency scenario SS2, we assume a 30% reduction in imports by importing nations relative to the baseline in 2050. This alternative is used for S4.



Ercin and Hoekstra [8] developed global water footprint scenarios for 16 different regions of the world for the year 2050. In this assessment, we used the results of their global scenarios for estimating virtual water flows between Europe and the rest of the world and applied their framework and methodology at the country level in Europe. We also used the country classification and grouping as described in Ercin and Hoekstra [8], which are: the USA; Canada; Japan and South Korea (JPK); Western Europe (WEU); Australia and New Zealand (ANZ); Eastern Europe (EEU); Former Soviet Union (FSU); Middle East (MDE); Central America (CAM); South America (SAM); South Asia (SAS); South-east Asia (SEA); China (CHI); North Africa (NAF); Sub-Saharan Africa (SSA) and the rest of the world (RoW). In this study, WEU consists of: Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom. EEU consists of: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Hungary, Macedonia, Montenegro, Poland, Romania, Serbia, Slovakia and Slovenia.




2.2. Estimation of Water Footprints


This study follows the terminology of water footprint assessment as described in the Water Footprint Assessment Manual [9]. The water footprint measures water use in terms of water volumes consumed (evaporated or incorporated into the product) and polluted per unit of time. The water footprint of an individual or community is defined as the total volume of freshwater that is used to produce the goods and services consumed by the individual or community. The ‘water footprint of national (regional) production’ refers to the total freshwater volume consumed or polluted within the territory of the nation (region). This includes water use for making products consumed domestically but also water use for making export products. It is different from the ‘water footprint of national (regional) consumption’, which refers to the total amount of water that is used to produce the goods and services consumed by the inhabitants of the nation (region). This refers to both water use within the nation (region) and water use outside the territory of the nation (region), but is restricted to the water use behind the products consumed within the nation (region). The water footprint of national (regional) consumption thus includes an internal and external component. The internal water footprint of consumption is defined as the use of domestic water resources to produce goods and services consumed by the national (regional) population. It is the sum of the water footprint of the production minus the volume of virtual-water export to other nations (regions) insofar as related to the export of products produced with domestic water resources. The external water footprint of consumption is defined as the volume of water resources used in other nations (regions) to produce goods and services consumed by the population in the nation (region) considered. It is equal to the virtual-water import minus the volume of virtual-water export to other nations (regions) because of re-export of imported products.



In the global study [8], Europe is described by two regions: Western and Eastern Europe. To enable us to make a more detailed analysis for Europe, we use country-specific data on population change and per capita food consumption for Western and Eastern Europe. We down-scaled the results given for Western and Eastern Europe to the nations within Europe. To estimate production, trade, virtual water flows, and water footprint of production and consumption per country within Europe, we followed the same methodology as described in Ercin and Hoekstra [8]. The regions in the equations given in the study are replaced by the nations of Europe. The production distribution among the European countries in 2050 is done by taking the production patterns in 2000 [15]. Baseline data on the WF of crop and animal products are taken from [16,17], respectively.





3. Results


3.1. Water Footprint of Production


The total WF of production in Western Europe (WEU) increases by +12% in S1 and +42% in S2 relative to 2000 values. It decreases 36% in S3 and 29% in S4. The green WF of production becomes 17% and 48% larger in S1 and S2 and 38% and 32% smaller in S3 and S4 compared to 2000. The blue component changes in a similar way: increases by 9 and 35% in S1 and S2 and decreases by 11% in S3 and 1% in S4 (Figure 1). The grey component decreases in S1, S3 and S4 by 6, 40, 30% respectively, and increases by 22% in S2.



The WF of agricultural production in WEU increases by 19% in S1 and 51% in S2 and falls by 34% and 28% in S3 and S4 compared to 2000. The industrial WF of production in WEU decreases under all scenarios. The WF of domestic water supply reduces in S1, S3 and S4 but increases in S2 compared to 2000.



Eastern Europe (EEU) increases its WF of total production by +150% and +107% in S1 and S2, respectively, compared to 2000. The increase is lower in S3 and S4 than under the other scenarios, but volumes are 36% and 31% higher, respectively, than in 2000. The grey WF of production in EEU shows the greatest growth: 448% in S1, 174% in S2, 197% in S3 and 179% in S4. The blue WF of production increases significantly as well: 231% in S1, 94% in S2, 93% in S3 and 81% in S4. Increases can also be seen in the green WF of production, which is 51% and 86% larger than 2000 in S1 and S2, respectively. In S3 and S4, the green WF of production decreases (18%–19% lower than 2000).



The WF of industrial production in EEU in S1 becomes 8 times higher than in 2000. The less drastic but still large increase is also detected in the other scenarios. The WF related to agricultural production becomes larger in S1 and S2, by 50% and 85%, respectively. It stays below the 2000 volumes in S3 and S4. The WF of domestic water supply remains at the value of 2000 in S2 and decreases by around 24%–39% for S1, S3 and S4.



Among the agricultural products, the WF related to meat production has the largest share (28%) in the total for S1 and S2 in WEU. The share of meat production decreases to 19%–22% in S3 and S4. Oil crops and cereals increase their share in the total WF of production in S3 and S4 partly due to the high demand for biofuel by WEU. The WF of meat production shows the greatest increase in S1 and S2 but it decreases 20% in S3 and S4 compared to 2000. The WF of vegetable and fruit production increases largely in S1 and S2 and decreases by 20%and 30% in S3 and S4 compared to 2000. For most of product groups, the WF of production increases in S1/S2 and decreases in S3/S4. The total WF of oil crop and sugar crop production increases in S2 and S4 and decreases in S1 and S3, compared to 2000.



The WF of agricultural production increases notably in EEU in S1 and S2 for all product groups. The WFs related to the production of meat, dairy products, vegetables and fruits multiply by more than two times in S1 and S2. However, the total WF of production for these product groups reduces by 30% in S3 and S4. The total WF of sugar crop and oil crop production increases in S1, S2 and S4 compared to 2000. The increase in the overall WF of agricultural production is the highest in S2 because of the large population size and high meat content diet in this scenario.



On a national level, Eastern European countries like Poland, Hungary, Bulgaria and Romania become important producers and significantly increase their WF of consumption in S1 and S2 compared to 2000 (Figure 2). The countries with the largest WF of production in 2000, like France and Spain, continue to have the largest WF of production in 2050. A shift from Southern Europe to Northern Europe is observed in the WF of cereal production. Norway, Luxembourg, Iceland, Cyprus and Malta have the highest increase in the WF of production in S1 and S2 compared to 2000.



All Eastern European countries have a larger WF of production in S3 and S4 relative to 2000, although the increase (around 30%) is smaller than the increases in the WF of production observed in S1 and S2. All of the WEU countries decrease their WF of production in S3 compared to 2000, except Cyprus, Malta, Iceland and Norway. A reduction in the WF of production is seen in the Netherlands, Belgium, Sweden, Germany, the UK, Ireland, Austria, Switzerland and Denmark in S4 compared to 2000. Spain and Italy, two counties with a large WF of production in 2000 in Europe, decrease their WF of production relative to 2000 only in S3 among all scenarios. Low-meat content diets and a shift of production to Central and Eastern Europe are the main reasons for this. Among the WEU countries, the Netherlands and Denmark have the highest reduction in the total WF of production compared to 2000, in S3 and S4. France reduces its WF of production in S3 but increases in S4 compared to 2000. Germany has a smaller WF of production in S3 and S4 compared to 2000.



With respect to the blue WF, the net abstraction from surface water and groundwater, many countries face an increase in all scenarios. This includes the four most northern countries (Norway, Sweden, Finland, Iceland) and most countries in Eastern Europe (Figure 3). Most of the EEU countries double their blue WF of production in S1 and S2. They also have a larger blue WF of production in S3 and S4, except Croatia and Bosnia and Herzegovina. Serbia, the Czech Republic, Slovenia and Macedonia have the highest increase in blue WF of production in EEU. In most of Western Europe—except for the four most northern countries—we see an increase in the blue WF in scenarios S1 and S2, but a decrease in scenarios S3 and S4. In Austria, Switzerland, Belgium and Luxembourg, however, we find an increase in blue WF of production in all scenarios.



An increasing blue WF of production means increasing blue water scarcity. The severity of this water scarcity increase differs per country. Spain, Portugal, Cyprus, Malta, Italy, some parts of France (west and south east), the south-east part of the UK and Greece already experience significant to severe water scarcity at least one month a year under current conditions [18]. The small island countries in Europe, Cyprus and Malta, increase their blue WF of production in S1 and S2 very significantly. These countries already experience high blue water scarcity, so scenarios S1 and S2 will be very problematic for these countries. The blue WF of production in Malta increases significantly in S3 and S4 as well. Scenario S2 shows an increase in blue water scarcity in all countries in Europe; the impacts will be largest in those regions that already experience recurrent or incidental severe water scarcity today, most in particular the countries in southern Europe. Under scenario S2, eastern European countries like Bulgaria and Romania will start facing severe water scarcity.



In a number of countries, water scarcity will decrease under some of the scenarios. Scenarios S3 and S4 show a reduction of blue WFs in the European countries that currently face highest water scarcity, which will reduce the pressure on their water resources and lessen the water scarcity. S3 yields the largest reduction of blue WF, especially for the countries experiencing the severest water scarcity: Spain, Italy and Greece. Pressures on the water resources in these countries will be reduced significantly under this scenario. Spain decreases its blue WF of production by 3% in S1, 27% in S3 and 5% in S4, but increases it by 32% in S2.




3.2. Virtual Water Flows


WEU is a net virtual water importer in 2000 (Figure 4). It will remain a net virtual water importer; however, it decreases its net virtual water import in S2 and S4 compared to 2000. It increases its net virtual water import by +2% in S1 and +10% in S3. The reduction in net virtual water import by WEU is −35% in S2 and −40% in S4. Net virtual water imports to WEU were mainly from SEA, SAM, FSU, CHI and SSA in 2000. Virtual water import from SAM increases by around +200% in S1, S2 and S3 and +120% in S4, which makes SAM the biggest virtual water exporter to WEU in 2050. Although SEA has a large net virtual water export to WEU in 2050, its net virtual water export to WEU decreases by −35% for S1, S2 and S3 and −55% for S4. Net virtual water imports from Canada, EEU and ANZ decrease as well, more than −50% in all scenarios. Net virtual water import from the USA increases more than 10 times in 2050 for all scenarios but remains relatively small compared to the net virtual water exports from other regions. The virtual water import volume from FSU increases by 210% in S1, 100% in S2 and S3 but decreases by 4% in S4. WEU increases its net virtual water import from China by +410% in S1 and more than +100% in S2, S3 and S4. Being net virtual water exporters to WEU in 2000, SSA and MDE become net virtual water importers from WEU in 2050 for all scenarios. WEU is a net virtual water exporter to SAS, MDE, NAF, SSA and JPK in 2050. The largest net virtual water export is to SSA under all scenarios, followed by SAS and MDE. Net virtual water export by WEU to SSA increases significantly in 2050 due to increased trade in animal products.



Eastern Europe (EEU), a net virtual water exporter in 2000, remains so in 2050. It considerably increases its net virtual water export, by +100% S4 up to +500% in S2 compared to 2000 (Figure 5). Its virtual water exports are higher than its imports from all the regions except the USA, Canada, CHI, SAM, FSU, CAM and ANZ in 2050. The largest net virtual water flow from EEU is to SSA, MDE and SAS in 2050. Being a net virtual water exporter to CHI and FSU in 2000, EEU becomes a net virtual water importer from these regions in 2050. Among the scenarios, net virtual water import by EEU is highest in S1 and lowest in S3.



Figure 6 shows the net virtual water flows from/to WEU and EEU by their green, blue and grey components. WEU is a net blue virtual water importer in 2000. In 2050, WEU becomes a net blue virtual water exporter in S2 and S4. By 2050, most of the net blue virtual water flows from WEU are to SSA, SAS and MDE and net blue virtual water imports to WEU are from SAM, the USA and ANZ. From the green water perspective, WEU is a net virtual water importer in all scenarios. As for the grey component, WEU continues to be a net importer in 2050 and increases its net virtual water import by +143% in S1, +29% in S2, +74% in S3. EEU is a net virtual water exporter in terms of green and blue components in 2050. It is a net grey virtual water importer in S1, S3 and S4 and exporter in S2. The green component has the biggest share in net virtual water exports from EEU.



The net virtual water import to WEU is mainly related to crop products and industrial products. The region is a net virtual water exporter considering animal products in 2050 (Figure 7). The net virtual water export related to animal products increases very substantially in EEU as well. Although EEU is a net virtual water exporter in 2000 regarding all product groups, it becomes a net virtual water importer related to industrial products in 2050.



The virtual water export from EEU to WEU is larger than imports, therefore a net virtual water flow from EEU to WEU is observed in 2000. This continues towards 2050 but the net virtual water import by WEU from EEU is reduced largely in S1, by −90%.



Figure 8 shows net virtual water imports per nation in Europe for 2000 and four scenarios. All WEU countries are net virtual water importers in 2000. Countries like France, Spain, Ireland, Denmark, Greece and the Netherlands become net virtual water exporters in S1 and S2. In particular, the change in France is quite large. The UK, Italy, Portugal, Sweden, Norway, Finland, Germany, Austria, Belgium, Switzerland, Malta, Cyprus and Iceland remain net virtual water importers in S1 and S2. The net virtual water flow changes direction for some countries in S3. Spain and the Netherlands are net importers in S3. France, Denmark, Greece, and Ireland are net virtual water exporters in S3 and S4. Romania, Bulgaria, Serbia and Montenegro are net virtual water exporters in 2000 and stay so in 2050. Poland, the Czech Republic and Hungary are net virtual water importers in 2000 and become net virtual water exporters in 2050. Slovakia, Macedonia, Bosnia and Herzegovina, Croatia and Albania are net virtual water importers in 2000 and 2050. Slovenia is a net virtual water exporter in S1 and S2 and a net virtual water importer in S3 and S4.




3.3. Water Footprint of Consumption


The total WF of consumption in WEU increases by 28% and 52% in S1 and S2 compared to 2000. The WF of consumption in WEU decreases by −19% in S3 and −20% in S4. EEU increases its WF of consumption under all scenarios compared to 2000, by +143% in S1, +75% in S2, +17% in S3 and +20% in S4. The WF of consumption per capita in WEU increases by +30% in S1 and +22% in S2 and decreases by −18% in S3 and −28% in S4. EEU has a larger WF of consumption per capita in 2050 than in 2000, with an increase of 186% in S1, 57% in S2, 38% in S3 and 23% in S4. Approximately 70% of the total WF of consumption in WEU is green, in both 2000 and 2050. It is followed by the grey and blue components with shares of 20% and 10%, respectively. The share of green WF of consumption in the total in EEU decreases from 73% in 2000 to 34% in S1, S3 and S4. The share of grey WF of consumption in EEU increases from 23% in 2000 to 60% in S1, S3 and S4. The shares of the green, blue and grey components in the total WF of consumption in EEU in S2 are the same as the shares in 2000.



The WF of consumption per commodity group in Europe is given in Figure 9. Meat (from cows, pigs, sheep and goats) and cereals are the product groups with the largest share in the WF of consumption in 2000. The share of meat consumption decreases in S1 and S2. It decreases considerably under the S3 and S4 scenarios. The WF related to the consumption of industrial products doubles its share in 2050 compared to 2000. Other commodities with a large share in the total WF of consumption in 2050 are cereals and oil crops. In particular, the share of oil crops significantly increases in S3 and S4, due to drastic biofuel expansion.



The blue WF of consumption in Europe is mainly due to industrial products in 2050 (Figure 10). Vegetables and fruits are the second biggest contributor to the total blue WF of consumption in 2050 (14%–16%). The share of oil crops in total blue WF of consumption increases with 9% in S1, 12% in S2, 14% in S3 and 20% S4. The share of the blue WF of meat consumption in the total blue WF of consumption is 12% in S1 and S2, 8% in S3 and 7% in S4. Other product groups with a large share in the total blue WF of consumption are dairy products, domestic water supply and cereals, under all scenarios.



The grey WF of consumption is mainly from industrial products, with a share of 66% in S1 and S2 and 69% in S3 and S4. Domestic water supply is another large contributor to the total grey WF of consumption, i.e., 7% of the total grey WF of consumption under all scenarios. Other product groups with a large share in the total grey WF of consumption are dairy products (6%–7%), cereals (5%–6%), meat (4%–7%) and vegetables and fruits (2%–3%). The composition of the grey WF of consumption does not differ much from scenario to scenario (Figure 11).



The change in WF of consumption per capita relative to 2000 for the nations of Europe is shown in Figure 12. All WEU countries have a larger WF of consumption per capita in S1 and S2 than 2000, except Denmark, Ireland, Luxembourg and the Netherlands. Belgium, Sweden, Cyprus, Iceland and Malta have a larger WF of consumption per capita in 2050 than in 2000. Austria, France, Greece, Italy, Norway, Portugal, Spain, Switzerland and the UK decrease their WF of consumption in S3 and S4 compared to 2000. Italy, the Netherlands, Spain, Switzerland, Luxembourg and the UK reduce their WF of consumption per capita values by more than −20% in S4. Within WEU, Cyprus, Malta and Iceland significantly increase their WF of consumption per capita in S1 and S2. Spain has the largest WF of consumption per capita in 2000. In 2050, Malta has the largest WF of consumption per capita.



In 2050, EEU countries have a larger WF of consumption per capita than in 2000. Bulgaria, Hungary, Croatia, Macedonia and Bosnia and Herzegovina increase their WF of consumption per capita by more than +100% in S1 and S2. Montenegro is the only country in EEU with a reduction in the WF of consumption per capita in S2.



The share of the external WF of consumption in the total WF of consumption increases in WEU in 2050. However, the countries with a relatively large external WF in 2000, like the Netherlands (94% of the total WF), Malta (90%) and Belgium (90%), significantly reduce this ratio, to below 50% under all scenarios. The UK, Switzerland and Luxembourg have an external WF of more than 60% of the total WF of consumption in all scenarios. Spain significantly reduces its share of external WF of consumption in 2050. All of the EEU counties reduce the share of external WF of consumption in S2, S3 and S4.





4. Discussion and Conclusions


This study is the first European water footprint scenario study showing how the water footprint of Europe will change towards 2050 under four scenarios that differ in terms of the directions of a few main drivers of change. We included the major drivers of change, but we excluded the impact of resource availability. Water and land availability constraints are addressed implicitly in the production and trade scenarios. Furthermore, climate change effects on the water footprint per unit of crop are not addressed: we excluded the effect of increased carbon dioxide concentrations on crop yields and climate change effects on crop water use. Another limitation is that we assumed a homogeneous and single industrial sector in estimating the water footprint of industrial production and consumption. Furthermore, we did not include reducing food waste in any of the scenarios, while the potential water saving through reducing food waste is substantial [19].



The study shows that the most critical driver of change that affects the future WF of production and consumption for Europe is the consumption pattern. The WFs of production and consumption in WEU increase under the high-meat scenarios (S1 and S2) and decrease under the low-meat scenarios (S3 and S4). The criticality of meat consumption in Europe’s future water footprint has been noted before by Vanham et al. [20,21]. The additional water demands resulting from growing biofuel needs will put additional pressure on European water resources (S3 and S4), a finding that supports Gerbens-Leenes et al. [22]. The European countries with a large ratio of external to total WF of consumption in 2000 decrease their dependencies on foreign water resources (e.g., the Netherlands, Belgium and Luxembourg).



The findings from this study may provide a further assessment of how we can reduce future freshwater scarcity. We show that reducing Europe’s water footprint to sustainable levels is possible even with increasing populations, provided that consumption patterns change. This study can help to guide policy development at national and European levels, and to set priorities in order to achieve sustainable and equitable use of our limited fresh water resources.
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Figure 1. Percentage change in the WF of total production in WEU and EEU relative to 2000. 
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Figure 2. Percentage change of the WF of total production relative to 2000. 
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Figure 3. Percentage change of the blue WF of production relative to 2000. 
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Figure 4. Net virtual water import by Western Europe (WEU) (billion m3/year), specified by world region. Positive values represent net virtual water import to WEU from other regions; negative values represent net virtual water export from WEU to other regions. 
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Figure 5. Net virtual water import by Eastern Europe (EEU) (billion m3/year), specified by world region. Positive values represent net virtual water import to EEU from other regions; negative values represent net virtual water export from EEU to other regions. 
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Figure 6. Net virtual water import by (a) Western Europe (WEU) and (b) Eastern Europe (EEU) (billion m3/year), specified by green, blue and grey components. Positive values represent net virtual water import; negative values represent net virtual water export. 
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Figure 7. Net virtual water import by (a) Western Europe (WEU) and (b) Eastern Europe (EEU) (billion m3/year), specified by commodity group. Positive values represent net virtual water import; negative values represent net virtual water export. 
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Figure 8. Net virtual water import per European country (billion m3 year). Positive values represent net virtual water import; negative values represent net virtual water export. 
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Figure 9. The composition of the total water footprint (WF) of European consumption by commodity. 
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Figure 10. The composition of the blue water footprint (WF) of European consumption by commodity in scenarios (a) S1, (b) S2, (c) S3 and (d) S4. 
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Figure 11. The composition of the grey water footprint (WF) of European consumption by commodity in scenarios (a) S1/S2 and (b) S3/S4. 
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Figure 12. Percentage change in the water footprint (WF) of consumption per capita relative to 2000 in scenarios (a) S1, (b) S2, (c) S3 and (d) S4. 
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Table 1. Drivers and assumptions per scenario (from Ercin and Hoekstra, 2014).
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Driver

	
Scenario S1

	
Scenario S2

	
Scenario S3

	
Scenario S4




	
Global Market

	
Regional Markets

	
Global Sustainability

	
Regional Sustainability






	
Population growth

	
Low fertility

	
High fertility

	
Low fertility

	
Medium fertility




	
Economic growth *

	
A1

	
A2

	
B1

	
B2




	
Consumption pattern

	
Diet

	
Western high meat

	
Western high meat

	
Less meat

	
Less meat




	
Bio-energy demand

	
Fossil-fuel domination

	
Biofuel expansion

	
Drastic biofuel expansion

	
Drastic biofuel expansion




	
Global production and trade pattern **

	
Trade liberalization (A1B + TL2)

	
Self-sufficiency (A2 + SS1)

	
Trade liberalization (A1B + TL1)

	
Self-sufficiency (A2 + SS2)




	
Technology development

	
Decrease in blue water footprints in agriculture.

	
Decrease in blue water footprints in agriculture.

	
Decrease in green and grey water footprints in agriculture.

Decrease in blue and grey water footprints in industries and domestic water supply.

	
Decrease in green and grey water footprints in agriculture.

Decrease in blue and grey water footprints in industries and domestic water supply.








Notes: * The scenario codes refer to the scenarios as used by the IPCC [13]; ** The scenario codes refer to the scenarios as used by Calzadilla et al. [14].
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