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Abstract
Making global food systems more sustainable is a top priority. To this end, this paper focuses on assessing the water-related implications of food consumption and the waste of Spanish consumers for the period and discern possible policy recommendations. Specifically, we estimated the water footprint (WF) of the diet and associated food waste of Spanish households for the period October 2014-September 2015, distinguishing the source of water and its geographical origin. Our results showed that the WF of food consumption in Spain is 52933 hm3, equivalent to 3302 liters per person and day. The products that contribute are meat, fish and animal fats (26 %) and dairy products (21 %). Likewise, roughly 41% of the total WF linked to household diets is external. The WF of food waste of Spanish households represents 2095 hm3. A shift back towards a Mediterranean diet will deliver greater water savings. 
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1. Introduction
Global food production will have to increase by 70-100% in the next decades (Godfray et al. 2010), due to the increasing worldwide population and raising living standards. Agriculture is having increasingly global impacts in both environment and global health (Tilman & Clark 2014; Tilman et al. 2001). This converts food "problem" (how much, what type, how or by whom this food is produced), a global obsession in recent years (Garnett 2014). The way we eat has large implications on resource use, being an upcoming increasing competition for land, water, energy, and other inputs (Garnett et al. 2013; Tilman et al. 2001). Water competition leads into increasing water scarcity problems in many parts of the globe (Jalava et al. 2014; Wada et al. 2011), being water one of the most limiting factors to agricultural production (Yang & Cui 2014). This will require a rethinking of possible approaches to achieve healthy, but at the same time, sustainable and less water consuming diets.
Many studies in the past years have addressed the relationship between diets and associated water impacts, using the WFA methodology. Moreover, there is a growing awareness in the last few decades, of knowing and quantifying global food waste in the actual society. This is motivated partly by the need to link and highlight the relation and scale of waste and global malnutrition (Parfitt et al. 2010). Although the importance of avoiding food waste and investigate at which steps occurs, is a major concern, little work has been done.
Very few studies has analyze this issue, at a national household level using water footprint evaluation, for both food consumption and food waste. Accordingly, the main objectives of this study is to identify and analyze the consumption patterns and food waste of Spanish consumers using household data for 1 year (October 2014-September 2015). To trace the water impacts of Spanish households, this study also explores the water footprint and origin of the consumed and/or wasted products. Also, evaluating the water footprint of this household consumption and food waste, in order to evaluate water consumption and savings at a home level.

2. Methodology
To estimate the Water Footprint (WF) and Virtual Water of Spanish household´s food consumption and waste we relied in the global WF database of crops (Mekonnen & Hoekstra 2011), and livestock products (Mekonnen & Hoekstra 2012). Both databases provide average worldwide values of green, blue and grey WF of each product (in m3/t) for the time series 1996-2005. The first step was to analyze food waste data per household. Spanish government has been doing in the last four years an effort to quantify all food waste in households, industry and field, with the program called "More food, less waste". Only the date of the first two semesters was considered (October 2014 through September 2015).
Food consumption statistics per household were also collected for the period October 2014 to September 2015, and they were extracted from the program "Consumption, commercialization and food distribution: Household consumption database". To estimate the origin of the virtual water embedded in food consumption and waste, we analyzed the matrix of trade food products (exports and imports) of Spain.  We analyzed the origin of the products that accounted for the most part of the final household consumption (70%); a total of 84 products from 199. To determine the origin of the most consumed food products, we used the trade information from Datacomex.
Finally, we estimated the WF of food consumption and waste in Spanish Households from October 2014 to September 2015. We took into account for this calculation the proportion of food consumed and waste linked to national production, but also linked with the imports (international production).

3. Results
Spanish household food consumption differ from a recommended and traditional Mediterranean diet pyramid, where fruits and vegetables have a leading role. Our calculations show that livestock products are as consumed as the groups of vegetables and fruits together. As other studies highlighted (Bonaccio et al. 2012; Serra-Majem et al. 2004), although Mediterranean diet still exists, actual Spanish consumption patterns are changing to a more meat and sugar products based diet. The total imported virtual represents the 41% of total water consumed, which highlights the importance of the up growing global food trade and its volume of water associated. Western Europe is the region of the world where more water is imported from, and Tunisia (because of olive´s oil importation and high WFs values, specially the green one), Portugal and France the most important countries. 
The total water footprint of Spanish households during one year, taking into account imported food products (and therefore imported water) was 1205 m3/ person, equivalent to 3302 liters/per person and day (Graphic 1).

Graphic 1. Annual Water Footprint (green, blue and grey)  for the different food groups of Spanish household consumption (Oct. 2014 - Sep. 2015).
[image: ]
In absolute terms, the WF of Spanish household food consumption was 52,933 million m3.The products which account the most to the water footprint of Spanish households food consumption  are the ones of livestock origin; meat, animal fats and dairy products. These means that consumption patterns based in vegetarian or greater vegetables, fruits and legumes consumption leads to mayor water savings that the ones based in the consumption of livestock products.
Regarding food waste, in Spanish households during one year it has been wasted the 4% of the total food consumed. There is a big difficultness of comparing the quantitative data with other studies, due to the different methodology and definitions applied in their measurements. Still, low wasted food data can be explained because of good consumer´s behavior, or large food loss in other parts of the food chain. Total imported water of Spanish household food waste is 848 million. Because of the tons wasted in Spanish households during one year, 2095 million m3 of water are thrown away. Meaning that each person per day misspend 131 liters, representing a 4% of the total WF of consumption. 

4. Conclusions
The importance of saving freshwater by reducing food waste or consuming those with less water needs, will be crucial in the next decades to affront water scarcity problems in all around the globe. A shift back towards a Mediterranean diet will deliver greater water savings. 
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