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Abstract
[bookmark: _GoBack]Spatial differences in the supply and demand of ecosystem services such as water provisioning often imply that the demand for ecosystem services cannot be fulfilled at the local scale, but it can be fulfilled at larger scales (regional, continental). Differences in the supply:demand (S:D) ratio for a given service result in different values, and these differences might be assessed with monetary or non-monetary metrics. Water scarcity occurs where and when water resources are not enough to meet all demands, and this affects equally the service of water provisioning and the ecosystem needs. In this study we assess the value of water in a Mediterranean basin under different global change (i.e. both climate and anthropogenic changes) and mitigation scenarios, with a non-monetary metric: the S:D ratio. We computed water balances across the Ebro basin (North-East Spain) with the spatially explicit InVEST model. We highlight the spatial and temporal mismatches existing across a single hydrological basin regarding water provisioning and its consumption, considering or not, the environmental demand (environmental flow). The study shows that water scarcity is commonly a local issue (sub-basin to region), but that all demands are met at the largest considered spatial scale (basin). This was not the case in the worst-case scenario (increasing demands and decreasing supply), as the S:D ratio at the basin scale was near 1, indicating that serious problems of water scarcity might occur in the near future even at the basin scale. The analysis of possible mitigation scenarios reveals that the impact of global change may be counteracted by the decrease of irrigated areas. Furthermore, the comparison between a non-monetary (S:D ratio) and a monetary (water price) valuation metrics reveals that the S:D ratio provides similar values and might be therefore used as a spatially explicit metric to valuate the ecosystem service water provisioning.
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Introduction
Among all provisioning ecosystem services, supply of clean water has the highest value (Costanza et al., 1997). Its value is even higher in situations of water scarcity, that is where and when there is not enough water resources to meet all demands, including those needed for ecosystems to function effectively (Brisbane Declaration, 2007; Meijer et al., 2012; Rolls et al., 2012). Unlike drought, which describes a natural hazard due to climate variability, water scarcity is typically a management issue related to the long-term unsustainable use of water resources, i.e. more water is being used than that structurally available (Barceló and Sabater, 2010; Van Loon et al., 2012). Water scarcity is common in semi-arid regions, such as the Mediterranean (López-Moreno et al., 2010), but it also occurs in other temperate regions when resources are over-committed (Stahl et al., 2010). Overall, water scarcity depends on both water availability and consumption (supply and demand), and is a fundamental economic problem of having humans with unlimited wants in a world of limited resources (Fisher et al., 2009; Paetzold et al., 2010; Syrbe and Walz, 2012; TEEB, 2010). Supply and demand are defined in this study according to Burkhard et al. (2012): the supply of ecosystem services refers to the capacity of a particular area to provide a specific bundle of ecosystem goods and services within a given time period that is available for human enjoyment; the demand for ecosystem services is the sum of all ecosystem goods and services currently consumed or used in a particular area over the same time period. 
As human population densities increase, there is often a spatial mismatch between the places where humans use services derived from ecosystems and the locations of the ecosystems that produce these services (Brauman et al., 2007; Kroll et al., 2012). This spatial mismatch between service production and the enjoyment of its benefit is a common feature within ecosystem services assessment (Fisher et al., 2009; Hein et al., 2006; Verburg et al., 2012; Willaarts et al., 2012). Furthermore, spatial differences in the supply and demand of services may imply that the demand for ecosystem services cannot be fulfilled at the spatial scale at which management decisions take place (Hein et al., 2006).
The balance between water supply and demand therefore needs to be defined in space and time, as the results might differ depending on the considered spatial and temporal extensions (Syrbe and Walz, 2012). For example, water scarcity might be identified at the seasonal scale when demand is much higher than supplied or stored water, but not at the annual scale, as wetter seasons might counteract dry seasons (Wada et al., 2011) or reservoirs may recover their water reserves. The same applies for space, as the balance between supply and demand might change considerably depending on the considered area in a heterogeneous basin. These changes in space and time can be expressed by the supply:demand (S:D) ratio. This metric summarizes the balance between the maximal potential service provisioning of the ecosystem service with the actual use of the service (Vörösmarty et al., 2000) within a particular time period. Thus, S:D ratios above unity imply that not all the provisioned water is used, while ratios below unity imply that not all the demand can be satisfied. Therefore, the S:D ratio can also be used as a water scarcity index.
At large scale, the water supply mainly depends on climatic factors that cannot be influenced by management, whereas the role of management and policies are important on the demand side (Curran and de Sherbinin, 2004). Freshwater policies are mainly focused on decreasing the demand by improving efficient water use, adjusting land-uses to water availability, or setting water pricing. In Europe, the Water Framework Directive (WFD) (EC, 2000) calls for the full recovery of costs, including environmental and resource costs, in accordance with the “polluter pays principle”, as one of the tools of an adequate and sustainable water resource management system at a river basin level. The actual price of water in a given area, when not subsidised, would be based on the law of supply and demand following market valuation rules (McDonald, 2009; Sagoff, 2011; Sutton and Costanza, 2002). However, water provisioning, just like most ecosystem services, is traditionally public goods. The price of its consumption is regulated, and includes the costs to build and maintain infrastructures that store and divert water to meet different human activities demand in various times and places (Quiroga et al., 2011).
Monetary valuation of ecosystem services, in particular water supply, can be a powerful tool for assessment and policy-making because it provides a common metric with which to make comparisons (Brauman et al., 2007; Everard, 2004; TEEB, 2010). Among the first examples of such efforts is the global monetary valuation done by Costanza et al. (1997) for a wide range of ecosystem services. However, this exercise was shown to be complex and not always efficient (Moran and Dann, 2008; Spangenberg and Settele, 2010; TEEB, 2010). The uncertainty in monetary valuation of many ecosystem services at the landscape scale stresses the need for a non-monetary valuation of ecosystem services in biophysical service units (e.g. cubic meters of water per year) (e.g. Burkhard et al., 2009; Kroll et al., 2012). Although biophysical service units are often unsuited for comparison between services and for trade-off assessment (De Groot et al., 2010), the relative indices, such as the S:D ratio have been widely used to value goods, as well as ecosystem services.
Global change, namely climate change and anthropogenic changes (Pronk, 2002), is expected to have dramatic impacts on global water availability for human uses (Foley et al., 2005). By 2030, half of the European river basins are expected to be affected by water scarcity (EC, 2012). The Mediterranean basin is one of the most vulnerable regions to climate change (Calbó, 2010; Schröter et al., 2005), and several studies have shown that it is already facing the impacts of climate change on water yields (García-Ruiz et al., 2011; López-Moreno et al., 2010; Ludwig et al., 2011). In the Iberian Peninsula, demand for water in different watersheds range between 55% and 224% of water supply (Sabater et al., 2009). Climate change scenarios in that area predict extended droughts (García-Ruiz et al., 2011; Lehner et al., 2006; López-Moreno et al., 2010), that likely will impact ecosystem services such as water provisioning for agriculture, industry or human consumption (Burkhard et al., 2012; De Groot et al., 2010; TEEB, 2010). In the meanwhile, economic growth, and subsequent urbanisation, industrialisation and agriculture intensification, can substantially increase water demand (Farley et al., 2005; Gallart and Llorens, 2004), even outweighing the effects of climate change (Buytaert and De Bièvre, 2012; Vörösmarty et al., 2000).
To date, few approaches exist that deal with the spatial and temporal dependencies between ecosystem service and demand (Seppelt et al., 2011). In our multi-scale approach, we use a non-monetary metric, namely the supply:demand (S:D) ratio, to estimate the value of the service water provisioning. We applied the InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs - Tallis et al., 2011) annual water yield model to the Ebro river basin. Our objectives were to (1) characterize the effect of the considered spatial scale on water scarcity, and define the scale at which water scarcity could be more pronounced; (2) assess the sensitivity of water supply to climate extremes; (3) assess the effect of mitigation land use policies by changing the extension of irrigated agriculture on water scarcity; (4) assess the relationship between the S:D ratio values and the current water prices.

Material and methods
Study area
The Ebro River basin has a drainage size of 85,362 km2. It is situated mostly in North-Eastern Spain (98.9% of the basin area), and partially in southern areas of France and Andorra (1.1% of the basin area). Altitude ranges between 0 m along the Mediterranean coast to 3,404 m in the Pyrenees (Fig. 1). The climate is Mediterranean with continental characteristics in most of the catchment, which becomes semi-arid in the center of the valley (CHE, 2011). The western side (Pyrenees and Iberian mountains) has an oceanic climate. Mean annual precipitation in the catchment is 622 mm (averaged 1920–2000) with high monthly and annual variability. The rainfall mostly occurs in spring and autumn. It is irregularly distributed in the catchment, ranging from 900 mm yr-1 in the Atlantic headwaters to 500 mm yr-1 in the southern Mediterranean zone (Fig. 2(a)). Extreme values of 3,000 mm yr-1 in the Pyrenees and <100 mm yr-1 in the central plain have been recorded (Sabater et al., 2009). In the most arid parts of the valley the water deficit is >900 mm (Cuadrat et al., 2007) regarding the evapotranspiration needs. Table 1 shows the average climate conditions in the Ebro basin (1991–2010), and values for wet (1994, 1995, 1998, 2001) and dry years (1996, 1997, 2003, 2008). Across the basin, climate change models predict that (1) precipitation will decrease in most of the territory (up to –20%) and irrigation demand increases (Iglesias et al., 2007), and that (2) temperature is projected to increase (+1.5ºC to +3.6ºC in the 2050s). The likelihood of droughts and the variability of precipitation – in time, space, and intensity – will increase and directly influence water resources availability (Quiroga et al., 2011).
Historical flow records at the Ebro River mouth show a decrease of nearly 40% in mean annual flow in the last 50 years, resulting from a decrease in precipitation, and an increase in water consumption for evapotranspiration (irrigation and afforestation) (Sabater et al., 2009). The mean annual discharge is 13,410 hm3 (Sabater et al., 2009). The environmental flow requirements, i.e. the ecological minimum flow, defined by the water authority (CHE, 2011), range from 3 hm3 yr-1 at the Ebro source to about 3,000 hm3 yr-1 at its delta. Dams store 8,360 hm3 of water, and pipes and channels divert 290 hm3 to adjacent basins (Nervión, Besaya, and Francolí) (CHE, 2011; MMA, 2000).
Water withdrawal for agricultural, domestic, industrial, hydroelectric and nuclear plants accounts for 50,000 hm3 yr-1 (CHE, 2005). The water used for hydroelectricity amounts 38,000 hm3 yr-1 and that for refrigeration of thermal and nuclear power plants is 3,100 hm3 yr-1 (CHE, 2005). The total water demand for domestic uses is 506 hm3 yr-1 and that for industry is 250 hm3 yr-1. Agriculture, cattle breeding and aquaculture require 7,310 hm3 yr-1 (Álvares and Samper, 2009). The non-irrigated agriculture in the Ebro basin represents 37% of the basin’s land use, whereas irrigated agriculture represents 15%. Forests represent 24% and shrublands and grasslands represent 23%. Urban and industrial areas together with water bodies represent about 2% (Corine Land Cover 2006, European Environmental Agency). In the Aragón region, which covers half the Ebro basin, irrigated areas were extended by 260% from 1978 to 2007 (Lasanta and Vicente-Serrano, 2012). Today, about 70% of the permitted irrigable area (9,000 km2) of the Ebro basin is indeed irrigated each year.
Modelling approach for water balance calculation
The supply and demand of ecosystem services assessed at the different spatial and temporal scales requires linking land cover information from remote sensing, land survey and GIS, with data from field monitoring and modeling (Burkhard et al., 2012). We used the distributed InVEST model version 2.2.1 (Tallis et al., 2011) to calculate spatially explicit water balances, to model and map the water provisioning ecosystem services across the landscape, and to elucidate general patterns and changes in ecosystem services caused by changes in climate and land cover at the basin scale. InVEST runs on an annual basis and is intended for a relatively quick assessment of services across the landscape (Vigerstol and Aukema, 2011).
Model background
In InVEST, the annual water yield Y per pixel is calculated according to:
	
	(1)


where AET is the annual evapotranspiration in the pixel with given Land Use / Land Cover (LULC), and P is the annual precipitation on that pixel. The evapotranspiration partition of the water balance  is an approximation of the Budyko curve developed by Zhang et al. (2001):
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where R is the dimensionless Budyko dryness index per pixel with given LULC, and ω is a modified dimensionless ratio of plant accessible water storage to expected precipitation during the year. The Budyko index R denotes pixels that are potentially arid when R values are greater than one (Budyko, 1974). The index is defined as follows:
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where ET0 is the reference evapotranspiration per pixel, and k is the plant evapotranspiration coefficient for LULC on the pixel.
The ω ratio is a non-physical parameter to characterize the natural climatic-soil properties, and is defined as follows:
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where AWC is the volumetric (mm) water content available for the plant. The soil texture, effective soil depth and root depth define AWC. The factor Z presents the seasonal rainfall distribution and rainfall depths. In areas of winter rains, Z is expected to be ca. 10, while in humid areas with rain events distributed throughout the year or regions with summer rains, Z is on the order of 1. 
In the model, the water balance is completed by subtracting the consumptive use of domestic, industrial and agricultural activities to the water yield. InVEST defines these consumptive use water demand (WD) for each LULC class.
Model inputs
InVEST requires 7 input maps: categorical LULC, precipitation, reference evapotranspiration (ET0), Plant Water Availability (PWA), soil depth, Digital Elevation Model (DEM), and sub-basins definition. LULC map was based on the Corine Land Cover 2006 and classified 7 classes as: urban, industrial, agriculture with irrigation, agriculture without irrigation, forest, grassland (including shrubland), and water bodies (Fig. 2(b)). Climate data were given by the Spanish Meteorological Agency (AEMET) and by the Spanish Ministry of Public Works (MF, 2009). The annual average data of 197 meteorological stations were used for precipitation interpolation (Fig. 2(a)), whereas 26 stations were used for radiation interpolation (map not shown). Both were used for the calculation of ET0 with Penman-Monteith equation. The PWA map was obtained after processing soil data from the National Institute for Agronomic Research (INIA, 2008) with SPAW (Saxton and Willey, 2005). Soil depth was based on data of the European Soil Database (2006). The Digital Elevation Model (DEM) was available from the Spanish Ministry of Agriculture, Fishing and Food (2003) at a 77x77 m resolution, and resampled at a 200x200 m resolution due to computing constraints (Fig. 1). Sub-basins were defined based on the WFD water bodies design. Thus, the original water bodies designed by the water authorities as those to implement the WFD were further sub-divided into smaller sub-basins using the DEM, to identify tributary junctions. As a result, 1,755 sub-basins were defined, with surface areas ranging from 0.04 to 463 km2, with an average of 49 ± 48 km2.
Special attention was paid in building precipitation and evapotranspiration input maps, as those parameters have been described to play a fundamental role in the model outcomes. In fact, a previous study by Sánchez-Canales at al. (2012) concluded that the effect of the Z parameter on the model response was negligible respect to P and ET0 in the Mediterranean Llobregat basin case-study. 
Model calibration
Simulated annual average water yield was compared to observed annual average water yield in 17 gauging stations (Fig. 1) of the Ebro basin. Available water discharge data at the 17 gauging stations were measured daily from 1991 to 2010 by the CHE. Daily discharge data were then calculated as volume per surface unit per year. Simulated water yield at each gauging station was calculated as the sum of the annual water yield of all the upstream sub-basins. Parameters were manually changed for output optimization within a ±10% interval around the default or literature related data (Table 2): the evapotranspiration coefficient (k), the seasonality factor (Z) and the consumptive use water demand (WD) for urban, industrial, and irrigated agriculture LULC classes. The variation of the latter was therefore within the range estimated by the CHE (2011) and the MMA (2000), accounting respectively for 8,185 hm3 yr-1 and 10,378 hm3 yr-1. Determination coefficient R2 was calculated at each step of calibration, comparing the water yield on the 17 gauging stations with the simulation points.
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[bookmark: _Ref329250475]Quantification of water supply
We defined water supply (S) as the available water for human use. It is the difference between water supply by precipitation (SPCP), water used by pristine vegetation for evapotranspiration (ETpristine), and water needs for fluvial ecosystems, i.e. environmental flow (EF) requirements or environmental demand (CHE, 2011; Meijer et al., 2012):
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Therefore, once the water yield was calibrated for actual LULC, the model was run replacing both irrigated and non-irrigated cultivated areas by pristine vegetation such as grassland and shrubland (TEEB, 2010), and this was made by replacing the evapotranspiration coefficient k and root depth. The determination coefficient R2 of the water supply against precipitation was calculated at sub-basin scale.
Quantification of water demand
We estimated the water demand (D) as the anthropogenic demand, i.e. the human demand of water for agriculture, urban (i.e. domestic use) and industrial uses (respectively Dagr, Durb and Dind): 
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Human water demand for agriculture is the water required by irrigated and non-irrigated crops compared to pristine vegetation. The total agricultural water demand (Dagr) of the two was calculated for each sub-basin as the difference between the water yield when cultivated areas were replaced by grassland areas and water yield with actual crop growing (see details in previous section). Dagr therefore included consumptive water use for irrigation. Calibration range of consumptive uses for agricultural, industrial and domestic uses are given in Table 2. The determination coefficient R2 of the water demand against the LULC area percentage in each sub-basin was calculated.
Calculation of the S:D ratio
The S:D ratio was calculated for each sub-basin, irrigation community, province and region, as a metric of water scarcity. The S:D was calculated both with and without considering the environmental flow in the supply part. The determination coefficient R2 of the water supply against the water demand was calculated at sub-basin scale.
Spatial aggregation
To evaluate the spatial dependencies of supply and demand, outputs at sub-basins scale were merged at four observational scales: irrigation communities, administrative provinces, regions and basin. The S:D ratio was analysed for each aggregation, following the hierarchical approach suggested by Lautenbach et al. (2012). The determination coefficient R2 of the S:D ratio against the LULC area percentage was calculated from sub-basin to region scale.
Water scarcity and climate extremes
The sensitivity of water scarcity to precipitation changes was assessed to evaluate the vulnerability of the basin to climate extremes, i.e. the temporal dependencies of supply and demand. The water supply (S) was calculated for three cases of inter-annual average precipitation: 1991–2010, wettest years (1994, 1995, 1998 and 2001) and driest years (1996, 1997, 2003 and 2008 (Table 1 and Fig. 2(a)). Extreme precipitation values for driest years were in the range of possible precipitation predictions under climate change in the Ebro area within a 50-year time frame (Iglesias et al., 2007; Milly et al., 2005). ET0 maps were built for the corresponding cases of climate extremes. For each precipitation case, the S:D ratio was calculated. We assumed that no change in the consumptive use of water demand for urban, industrial and irrigated agriculture occurred.
Water scarcity and management changes
The sensitivity of water scarcity to LULC changes was assessed to evaluate the impact of possible management options. A 20% increase of irrigated area is predicted within 20 years in the foreseen conditions of agricultural and population patterns (EC, 2003). Therefore, the water demand (D) was calculated for three scenarios of LULC: actual, +20% of irrigated areas, and –20% of irrigated areas (Fig. 2(b)), by adding or removing an adequate buffer around actual irrigated area polygons. For each LULC scenario, the S:D ratio was calculated.
Thus, 9 global change scenarios were obtained by crossing the 3 LULC scenarios to the 3 precipitation cases. 
Water pricing for water scarcity
The relationship between the actual water price (defined at the province scale for industrial and household uses) and the S:D ratio for the province aggregation scales (with and without consideration of environmental flow), was estimated for actual irrigated area and by using the average 1991–2010 interannual precipitation conditions (hereafter, the “reference scenario”). The prices include both drinking water and sanitation treatments, but no value added taxes (AEAS and AGA, 2011). The price of water ranges from 0.74 € m-3 in the Burgos province to 1.41 € m-3 in the provinces of Zaragoza, Teruel and Huesca. Reliable data were not available to assess the relationship with agricultural water prices.

Results
Model calibration
Table 2 shows the values of the calibrated parameters. Predictions range between 28 hm3 yr-1 in Escanilla and 10,457 hm3 yr-1 in Ascó. Respective observations range between 19 hm3 yr-1 and 9,901 hm3 yr-1. The relationship between predictions (y) and observation (x) was y = 1.11·x, with R2 of 0.96 (P < 0.05, n = 17). The calibrated model slightly overestimates the water yield, as it does not take into account losses such as water evaporation from the channel, or water diversion to neighbour basins. Although the InVEST model describes the water balance through few simplified equations (Tallis et al., 2011), in which soil properties only rely on soil plant available water content, soil depth and root depth, the simulation of water yield is satisfactory. The total simulated water demand in the Ebro basin is 9,530 hm3 yr-1, a figure that lies in between those estimated by the CHE (2011) and the MMA (2000). The predicted water supply at Ascó under the absence of human uses in the entire basin is 19,926 hm3 yr-1. Finally, the water balance of the basin is 60% green water (water stored in the soil or temporarily on top of the soil or vegetation, available for evapotranspiration) and 40% blue water (fresh surface and groundwater), similar to other Mediterranean basins (Dumont et al., 2012; Willaarts et al., 2012) and global averages (Schiermeier, 2008).
Water scarcity and management scale
Quantification of water supply
The water supply in the model varies with precipitation and land cover type (through the evapotranspiration coefficient). It also varies depending on ET0 and soil characteristics, producing annual supply values ranging from 200 to 14,011 m3 ha-1 (Fig. 3(a)), with an average of 2,657 m3 ha-1. Water supply is higher in mountainous areas, especially in the Pyrenees. It is lower in the semi-arid central part of the basin. Precipitation and water supply are highly related (R2 = 0.78, n = 1,755). Considering the environmental flow, annual water supply values ranges from 0 to 13,540 m3 ha-1, with an average of 2,033 m3 ha-1 (Fig. 3(a)). The determination coefficient between precipitation and supply is high (R2 = 0.69, n = 1,755).
Quantification of water demand
Water demand for agricultural, industrial and domestic uses in the Ebro basin ranges between 0 and 13,295 m3 ha-1, with an average of 1,424 m3 ha-1 (Fig. 3(b)). The water demand is the lowest in the mountainous areas, especially at the Pyrenees. The highest demand is in the semi-arid central part of the basin, where irrigated agriculture concentrates. Water demand and the percentage of the sub-basin area used for irrigated agriculture are highly related (R2 = 0.82, n = 1,755). 
Calculation of the S:D ratio
At the sub-basin scale the supply is negatively correlated to the demand (R2 = 0.12, lowering to 0.10 when not including the environmental flow in the supply). At the scale of irrigation community, province and region, the supply becomes positively correlated to the demand, and the respective R2 rise to 0.52 (n = 18), 0.60 (n = 19) and 0.91 (n = 11). Considering the environmental flow requirements, the respective R2 are 0.41 (n = 18), 0.54 (n = 19) and 0.86 (n = 11). Values of the S:D ratio across the Ebro basin for the different scenarios are illustrated in Fig. 4 and Fig. 5. In the reference scenario, the supply (without consideration of environmental flow) does not meet the annual water demand in 590 sub-basins out of 1,755 (736 considering environmental flow), mostly in the areas of irrigated agriculture.
Spatial aggregation
Aggregating the sub-basins to larger spatial scales smoothes the S:D ratio values differences between spatial entities (Fig. 4). At the regional scale, all the area has an S:D ratio above 1 in the reference scenario (with and without consideration of environmental flow). 
The S:D ratio for every spatial entity in the reference scenario was driven by the percentage of area covered by irrigated agriculture, both at the scales of the irrigation community (R2 = 0.38, n = 18) and of the region (R2 = 0.52, n = 11). The S:D ratio was driven by the percentage of area covered by forest (R2 = 0.61, n = 19) at the province scale. Rates and drivers are similar considering environmental flow. The S:D ratio at basin scale is over 1 for the reference scenario (Table 3), with and without environmental flow, and despite the rate of areas with S:D ratios below 1 at smaller spatial scales.
Water scarcity and climate extremes
Water supply rises with precipitation (Fig. 2(a) and Fig. 3(a)). The water supply across the basin during the wettest years is about 57% higher than the 1991–2010 average (precipitations = +23%), whereas it is about 22% less during the driest years (precipitations = –17%). When considering the environmental flow, water supply from the 1991–2010 precipitation average is 23% less than the reference scenario. During the wettest years, the water supply across the basin is about 33% higher than the reference scenario, whereas it is about 43% less during the driest years. The Fig. 4 shows the S:D ratio in the three precipitation cases. During the wettest years, sub-basins with S:D ratio below 1 were 430 out of 1,755, whereas they were 754 during the driest years. Including the environmental flow, sub-basins with S:D ratio below 1 were 516 during the wettest years, whereas they increased up to 957 during the driest years. Despite the many areas of S:D ratio below 1 at smaller scale, the S:D ratio at the basin scale is over 1 with and without consideration of environmental flow during the driest years, and for actual LULC (Table 3).
Water scarcity and management changes
Land use change scenarios show that increasing the irrigated area also raises the demand (Fig. 3 (b)). For the –20% scenario, the water demand across the basin is ca. 17% lower than for actual irrigated area, whereas it is 16% higher for the +20% scenario. The precipitation case in the dry extreme (Fig. 5) shows that for the –20% of irrigated surface area scenario, sub-basins with S:D ratio below 1 were 722 out of 1,755, whereas they increased to 788 for the +20% scenario. Considering the environmental flow, sub-basins with S:D ratio below 1 were 942 for the –20% scenario, whereas they were 985 for the +20% scenario. Despite the many areas of S:D ratio below 1 at smaller scale, the S:D ratio at the basin scale is over 1 for each scenario of LULC, with or without considering environmental flows, even in the driest conditions (Table 3).
Water pricing for water scarcity
Results show that the water price and the S:D ratio are significantly correlated regardless of the consideration or not of the environmental flows (R2 = 0.23 and 0.28 respectively, P < 0.05, n = 15) (Fig. 6), meaning that the price decreases when the S:D ratio increases.

Discussion
This study brings together objective insights of possible trends regarding the particular ecosystem service of water supply with its demand. Even though some proxies (e.g. 20-year annual precipitation average without consideration of the actual land use changes done across the basin) have been used, the mapping of the ecosystem service supply and demand allow applying the ecosystem service approach in science as well as in practice (Burkhard et al., 2012).
Water scarcity as a management issue
The study shows areas where water is in excess together with areas where water is in deficit considering the water demand. This highlights the existence of spatial mismatches in ecosystem service provisioning and its demand across a single hydrological basin. This is a rather common feature for ecosystem service assessment, as is shown by Burkhard et al. (2012) for energy supply and demand in the rural-urban region of Leipzig-Halle. The analysis of the different spatial scales highlights that the larger the spatial scale considered to calculate the S:D ratio, more easily approachable can be the problems caused by water scarcity. Water scarcity was only an issue at the province or region levels, but not at the basin level, the current level of management in the Ebro basin.
The vulnerability to climate change of areas where water is in deficit is highlighted by the sensitivity of the S:D ratio (i.e. water scarcity) to climate extremes in those areas. Dry years implied an overall decrease of the S:D ratio from 1.61 to 1.18, whereas wet years implied an increase to 2.78. The driest year case indicates the potential S:D ratio across the Ebro basin in the most likely scenario of climate change, that is that precipitation would decrease within a 50-year time frame (Iglesias et al., 2007). Vulnerability of southern Europe basins to water scarcity has been thoroughly described (Bangash et al., 2013; Marquès et al., 2013; Schröter et al., 2005; Terrado et al., 2013; Weiß and Alcamo, 2011). Our approach does not consider the existence of lower time scales, e.g. monthly changes, that can be significant both with respect to supply (seasonal variations of precipitations) as well as to demand (e.g. irrigation period, summer or winter tourism) (Wada et al., 2011). This can be highly relevant in Mediterranean rivers (Sabater et al., 2009), but in the Ebro basin seasonal water scarcity is mostly regulated by dams and water demand is mostly fulfilled at the annual scale. However, in the case of long-lasting droughts, extending for several years, water storage and transfer infrastructures can appear inadequate to meet the demand without consumption restrictions.
At the annual scale, the effect of a change of precipitation can be compensated by a change in land use. Among water scarcity mitigation measures (Falloon and Betts, 2010; Pfister et al., 2011), the reduction of the irrigated areas at the basin scale (or its shift to crops not requiring irrigation) can be an appropriate measure to counteract the impact of dry conditions (similar to that predicted from climate change). Specifically, in order to preserve similar S:D values as the current ones (1.43), the irrigated area should decrease at least 20% to compensate a 17% precipitation decrease. A conservative increase of the irrigated area of 20% (compared to the predicted increase of up 60% within 20 years (EC, 2003)) is more likely to happen than such a decrease across the Ebro basin. This prevision could be according to the given social-economic demand for irrigated agriculture products (mostly alfalfa (1,173 hm3), corn (871 hm3) and rice (693 hm3) (CHE, 2011)). The most likely scenario (precipitation decrease and irrigation area increase) resulted in a S:D ratio near 1 basin-wide (Table 3). Overall, studies considering both demand and supply seem to be necessary to properly forecast challenges faced by water managers in the near future. Envisioned management actions include the consideration of the S:D as a tool to determine water price, as we discuss below.
The S:D ratio as a management tool for a sustainable use of water
The S:D ratio meets two of the recommendations published by TEEB (2010) for ecosystem assessment: (1) using the ratio allows to determine the service delivery in non-monetary terms, and (2) the ratio is spatially explicit, thus allowing to take into account the spatial heterogeneity of the service flow and of the economic value that can be assigned to them. The value of the S:D ratio actually depends on the considered spatial scale.
Ecosystem service monetary valuation assigns a monetary value to an ecosystem based on the supply of market and non-market ecosystem services, and this is done by identifying the total cost of the service using a readily comparable metric (Costanza et al., 1997; Jenerette et al., 2006). We linked the S:D ratio to the price of water in order to draw an outline of a monetary valuation of the S:D ratio. The price of water is inversely correlated to the S:D ratio, meaning that the price of water actually reflects the balance between the supply and the demand, in spite of an 11% bias due to deductions commanded by the various administrative levels involved in the water provisioning (MMA, 2000). As the S:D ratio, the monetary value of the water provisioning service depends on the considered spatial scale. Therefore, although the spatial and temporal dependencies of water supply and demand are only slightly reflected in actual water price, the trend of the relationship showed that the S:D ratio was a relevant proxy for the full recovery of costs evaluation. In this very first attempt to compare two water provisioning valuation metrics, it appears that the S:D ratio is valuable to be implemented in the price elaboration, at least for industrial and domestic water uses. That way, it better reflects the spatial and temporal scale dependencies, as asked by the WFD. In comparison, the price of water for the full recovery of costs in Spain, as it has been demanded by the WFD, was estimated at 1.43 € m-3 (MT Brown et al., 2010) which is in the range of current prices in the Ebro.
The spatially explicit S:D ratio concept could also be implemented for the same purpose in spatially explicit models, such as InVEST, which assumes linear transformations from biophysical to monetary values, ignoring therefore the effect of market fluctuations in terms of production and consumption (S:D) of services. For instance, water supply might experience large fluctuations in space (throughout a basin such the Ebro) and time (along the year or over a decade), therefore determining large differences in the S:D ratio and on its value. The use of the S:D ratio would allow a better valuation of the service water provisioning in such models because of the consideration of the non-linearity caused by the variation of supply and demand over space.
The way ecosystem services are valued affects how a resource is managed over time and thereby affect the stock of that ecosystem resource at any point in time (Brauman et al., 2007; Garmendia et al., 2012). Each sector or organisation is likely to use water in a number of different ways and valuation methods may differ in the type of water use that they value (Moran and Dann, 2008). The S:D ratio is a non-monetary metric that may be applied to several further ecosystem services, thus allowing standardized objective comparisons between ecosystem services, consequently allowing trade-off assessments. Trade-off assessment is essential to provide optimal information to stakeholders (LE Brown et al., 2010; Lautenbach et al., 2012; Lautenbach et al., 2013). In the case of basins where agriculture is the main water user, such as the Ebro basin, it becomes relevant to assess the value of irrigated crop production compared to the value of environmental flow-dependent in-stream ecosystem services. It also becomes relevant to assess the benefit of supplying water to users without consideration of the environmental flow compared to the benefits supplied by other fluvial environmental flow-dependent ecosystem services (Sabater and Tockner, 2010) such as fish production (Rolls et al., 2012; Whittaker, 2005), contaminant dilution (López-Serna et al., 2012) or chemical degradation (Boithias et al., 2011; López-Serna et al., 2012). Water security (Vörösmarty et al., 2010), or the supply of enough water of satisfying quality for the various uses, is actually essential, even more when threatened by global change.


Conclusions
We used the S:D ratio to valuate the ecosystem service of water provisioning, at any point of a Mediterranean river basin and considering different spatial aggregation scales. This study shows that spatial management at larger scales minimize water scarcity local issues. Furthermore, the impact of global change on water scarcity may be counteracted by the decrease of irrigated areas. Worst case scenario of precipitation decrease and irrigation increase resulted in supply:demand (S:D) ratio near 1, indicating that water resource management problems could occur in the near future. The comparison between the S:D ratio and the actual water market prices showed that (1) the value of both the ratio and the water price were depending on the considered spatial scale, and that (2) the ratio was a suitable, spatially explicit, proxy to assess the water price. This approach might therefore help managers to estimate the price of water to assess the full recovery of water provisioning costs, as stated by the Water Framework Directive. The S:D ratio used in this study for water supply can be implemented for the valuation of further ecosystem services, thus allowing to assess trade-offs occurring between ecosystem services.
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[bookmark: _Ref339992276]Table 1. Average climate conditions in the Ebro basin: average precipitations (PCP, mm y-1), minimal temperature (Tmin, ºC), maximal temperature (Tmax, ºC), radiation (Rad, MJ m-2 d-1), and respective standard deviations (SD) (AEMET 1991–2010). Values are given from the entire period studied (1991–2010), and separately for wet and dry years for which data were available. 
	
	Average (1991–2010)
	Wet years (1994, 1995,  1998, 2001)
	Dry years (1996, 1997, 2003, 2008)

	
	PCP
	Tmin
	Tmax
	Rad*
	PCP
	Tmin
	Tmax
	PCP
	Tmin
	Tmax

	Mean
	597
	7
	19
	15
	737
	8
	19
	496
	7
	19

	
	Reference
	
	
	+23%
	
	
	–17%
	
	

	SD
	299
	2
	2
	1
	330
	2
	2
	295
	2
	2

	*source: MF (2011)
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[bookmark: _Ref339903010]Table 2. Parameters used for calibration, the calibration range, and the calibrated values of the seasonality constant (Z), the evapotranspiration coefficient (k), and the consumptive use water demand (WD).
	Parameter
	
	Calibration range
	Calibrated value

	Z
	
	7–9
	8.5

	k †
	Industrial
	1
	1

	(x 0.001)
	Urban
	1
	1

	
	Non-irrigated agriculture
	760–950
	942

	
	Irrigated agriculture
	800–1000
	992

	
	Forest
	1000–1250
	1240

	
	Grassland & shrubland
	650–813
	806

	
	Water 
	1
	1

	WD‡
	Industrial
	0.423–0.532
	0.532

	(hm3 yr-1)
	Urban
	0.176–0.221
	0.221

	
	Irrigated agriculture
	0.195–0.244
	0.244

	†(Tallis et al., 2011)
‡(Álvares and Samper, 2009)
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[bookmark: _Ref345670205]Table 3. Supply:demand (S:D) ratio throughout the Ebro basin. Values are given at basin scale for the 18 combinations of land use changes, precipitation changes, and with the inclusion or not of the environmental flow (EF). All S:D ratios are above 1, indicating that at the basin scale no water scarcity was observable.
	
	
	Precipitation

	
	
	1991–2010
	Wet (1994, 1995, 1998, 2001)
	Dry (1996, 1997, 2003, 2008)

	Irrigated Area
	
	Without EF
	With EF
	Without EF
	With EF
	Without EF
	With EF

	
	Actual
	2.09 
	1.61 
	3.27 
	2.78 
	1.63 
	1.18 

	
	–20%
	2.53 
	1.95 
	3.96 
	3.37 
	1.98 
	1.43 

	
	+20%
	1.80 
	1.39 
	2.82 
	2.40 
	1.41 
	1.02 
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[bookmark: _Ref345586534][bookmark: _Toc338858531]Fig. 1. Digital Elevation Model (DEM) of the Ebro basin (Ministerio de Agricultura, Pesca y Alimentación, 2003). The river network, dams (indicated as water bodies), artificial irrigation channels, and pipes transferring water between sub-basins (CHE 2011) are outlined. The 17 gauging stations (CHE 2011) used in the study are also indicated.
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[bookmark: _Ref348547565]Fig. 2. (a) Annual precipitation averages (mm) in the 1991–2010 average (left), wet conditions (middle), and dry conditions (right). Wet conditions were calculated based on the 4 wettest years during the 1991–2010 period (1994, 1995, 1998, 2001) whereas dry conditions were calculated based on the 4 driest years during the 1991–2010 period (1996, 1997, 2003, 2008); (b) Actual land use and land cover (LULC) map of the Ebro basin (Corine Land Cover 2006) (left). The middle map is the scenario describing the effects of decreasing the irrigated agriculture area by 20%. The right hand side map is the scenario describing the effects of increasing the irrigated agriculture area by 20%.
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[bookmark: _Ref345586638][bookmark: _Toc338858534]Fig. 3. (a) Interannual average simulated water supply (m3 ha-1) in the Ebro basin under the assumption that agriculture is replaced by pristine vegetation, for three cases of annual precipitation averages: 1991–2010 average, wettest years (1994, 1995, 1998, 2001) and driest years (1996, 1997, 2003, 2008), including or not environmental flow; (b) Interannual average simulated water demand (m3 ha-1) across the Ebro basin for 3 scenarios of irrigated area: actual area, actual area –20% and actual area +20%.
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[bookmark: _Ref345586773]Fig. 4. Interannual average simulated supply:demand (S:D) ratio throughout the Ebro basin for 3 cases of annual precipitation average (1991–2010, Wet (1994, 1995, 1998, 2001), Dry (1996, 1997, 2003, 2008)) and at 4 spatial scales, (a) for supply not considering environmental flow and (b) for supply considering environmental flow. Areas with a S:D below 1 indicate water scarcity at the particular spatial scale. 
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[bookmark: _Ref345586678][bookmark: _Toc338858537]Fig. 5. Interannual average of the simulated supply:demand (S:D) ratio throughout the Ebro basin in the case of a dry climate extreme (annual precipitation average of years 1996, 1997, 2003, and 2008), for 3 scenarios of land use regarding changes in the irrigated area (actual, –20% and +20%) and at 4 different spatial scales, (a) for supply not considering environmental flow and, (b) for supply considering environmental flow. 
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[bookmark: _Ref345586855][bookmark: _Toc338858538]Fig. 6. Relationship between the price (€ m-3) of water for industrial and household uses, including both potabilisation and sanitation, and the interannual average simulated supply:demand (S:D) ratio throughout the Ebro basin at the province scale, (a) for supply not considering environmental flow (EF) and (b) for supply considering environmental flow (EF).
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