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• Modern cities score well regarding wa-
ter management in international city
rankings.

• They are however dependent on exter-
nal water resources for the food they
consume.

• Mediterranean urban citizens eat too
many animal products and sugar.

• They can save a lot of water by shifting
to a healthy diet.
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Providing the sustainable development goals (SDGs) water, food and energy security to cities relies strongly on
resource use outside city borders. Many modern cities have recently invested in a sustainable urban water sys-
tem, and score high in international city rankings regarding water management and direct urban water use.
However, these rankings generally neglect external resource use for cities. Here we quantify thewater resources
related to food consumption in thirteen cities located in Mediterranean countries, by means of the water foot-
print (WF) concept. TheseWFs amount from 3277 l per capita per day (l/cap/d) to 5789 l/cap/d. These amounts
are about thirty times higher than their direct urbanwater use. We additionally analyse theWF of three diet sce-
narios, based upon a Mediterranean dietary pattern. Many authors identify the Mediterranean diet as cultural
heritage, being beneficial for human health and a model for a sustainable food system. The first diet scenario, a
healthy Mediterranean diet including meat, leads to WF reductions of−19% to−43%. The second diet scenario
(pesco-vegetarian), leads to WF reductions of −28% to −52%. The third diet scenario (vegetarian), leads to WF
reductions of−30% to−53%. In otherwords, if urban citizenswant to savewater, they need to look at their diets.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Providing the sustainable development goals (SDGs) water, food
and energy security to a rapidly increasing and urbanising global
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Fig. 1. Location of the 13 cities in the Mediterranean countries.
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population in a sustainable way, is one of the largest challenges human-
ity faces (UN, 2014; Vanham, 2016). How many and which resources
urban citizens consume, is key to achieve this goal. It is however unlike-
ly that cities can ever be fully self-sufficient to provide its populations
with water, food and energy security (Elmqvist, 2014). They import
most of the resources they consume. This fact is generally ignored in
current international sustainability rankings for cities, like the Green
City Index (Economist Intelligence Unit, Siemens, 2012) or the City
Table 1
Mediterranean cities assessed in this study, with population statistics and data on direct urban

Country City

Population

Comment
Total

%
women

%
men

Croatia Dubrovnik 42,615 52.7 47.3 Year 2011 statistics, source (DZS, 20
France Lyon 1,584,738 52.1 47.9 Year 2012 statistics on the “urban u

source (INSEE, 2016). The municipa
496,343.

Greece Athens 3,090,508 52.3 47.7 Year 2011 for the metropolitan area
Greater Piraeus), part of the Attica a
(population of 3,828,434), source (H
2016). The municipality of Athens h

Israel Jerusalem 914,500 50.3 49.7 Year 2009 statistics, source (CBS, 20

Italy Genova 592,507 53.0 47.0 Year 2015, source (ISTAT, 2016a). G
zone “North-West”, Pisa in “Center”
“North-East”. These zones are also i
national nutrition survey INRAN-SC
2009)

Italy Pisa 89,523 52.8 47.2

Italy Bologna 386,181 53.0 47.0

Italy Reggio
(nell')Emilia

171,655 51.5 48.5

Slovenia Ljubljana 287,283 52.0 48.0 Year 2015, source (SURS, 2016)

Spain Manresa 74,655 51.2 48.8 Year 2015, source (INE, 2016)

Spain Zaragoza 664,953 51.9 48.1

Turkey Ankara 5,270,575 50.3 49.7 Year 2015, source (TURKSTAT, 2016

Turkey Istanbul 14,657,434 49.8 50.2
Blueprint (Koop and van Leeuwen, 2015; Koop and van Leeuwen,
2016; van Leeuwen et al., 2012), where many European cities tend to
receive high scores. Such indices are generally based only on – though
very important – direct urban best practices such as waste collection,
energy efficiency of city buildings or efficiency in water management.
They generally neglect the dependency of cities on resources outside
city borders. To communicate the full picture of resource consumption
to citizens, stakeholders and policy makers, indicators on external
water use.

Urban direct water use

16)
nity” (l'unité urbaine) of Lyon,
lity of Lyon has a population of

Water use of 173 l/cap/d (Koop and Van Leeuwen,
2015)

of Athens (Greater Athens and
dministrative region
ellenic Statistical Authority,
as a population of 664,046.

Water use of 293 l/cap/d (Economist Intelligence
Unit, Siemens, 2012), domestic water use 125
l/cap/d (Koutiva and Makropoulos, 2016)

16) Water use of 160 l/cap/d (Koop and Van Leeuwen,
2015)

enova is located in the Italian
, Bologna and Reggio Emilia in
dentified in the third Italian
AI 2005–06 (Leclercq et al.,

Water input to a municipal distribution system in
2012 = 384 l/cap/d; domestic water use 163
l/cap/d (ISTAT, 2016b)
Water input to a municipal distribution system in
2012 = 410 l/cap/d; domestic water use 180
l/cap/d (ISTAT, 2016b)
Water input to a municipal distribution system in
2012 = 308 l/cap/d; domestic water use 161
l/cap/d (ISTAT, 2016b)
Water input to a municipal distribution system in
2012 = 241 l/cap/d; domestic water use 132
l/cap/d (ISTAT, 2016b)
Municipal water use 198 l/cap/d in 2011, of which
157 l/cap/d domestic water use (City of Ljubljana,
2013)
Water use of 341 l/cap/d (Koop and Van Leeuwen,
2015)
Water use of 227 l/cap/d (Koop and Van Leeuwen,
2015)

) Water use of 205 l/cap/d (Koop and Van Leeuwen,
2015)
Drinking water supply in 2010 of 188 l/cap/d (van
Leeuwen and Sjerps, 2016)

Image of Fig. 1
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resource usage need to be employed (Vanham et al., 2016), as most re-
sources consumed in cities originate from outside city borders.

In this paper, we focus on the resource water, which urban dwellers
consume in a direct but also indirect way. In the past, water use aware-
ness campaigns have focused only on direct household water use. Indi-
rect water use refers to the water required to produce the goods urban
citizens consume, quantified by means of the water footprint concept
(Hoekstra and Mekonnen, 2012). The WF is an indicator of direct and
Fig. 2. Current food intake (kg/cap/yr) in the 13 Mediterranean cities for selected product grou
FBDG).
indirect water use. More particularly, we quantify the water resources
required to produce the food consumed (for different diet scenarios)
in thirteen cities located in eight Mediterranean countries (Fig. 1 and
Table 1). In the framework of the forthcoming Pan-European Atlas of
Urban Water Management of the European Commission, the Joint Re-
search Centre analyses the water footprint (WF) related to food con-
sumption in selected, mostly European, cities. In this paper, we
analyse the WF of the Mediterranean cities to be displayed in the
ps, with an indication of healthy intake amounts (red=Mediterranean diet; blue Turkish

Image of Fig. 2
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atlas. We quantify the water footprint related to food consumption for
different diet scenarios:

• The reference period or REF
• A healthy meat dietary pattern (HEALTHY-MEAT) based on the Med-
iterraneandiet dietary recommendations (Bach-Faig et al., 2011a). For
the two Turkish cities Ankara and Istanbul of this study, we addition-
ally used Turkish Food-Based Dietary guidelines (FBDG) (Ministry of
Health of Turkey and HUNDD, 2006)

• A healthy pesco-vegetarian diet (HEALTHY-PESCO-VEG) based on
Bach-Faig et al. (2011a) and Ministry of Health of Turkey and
HUNDD (2006)

• A healthy vegetarian diet (HEALTHY-VEG) based on Bach-Faig et al.
(2011a) and Ministry of Health of Turkey and HUNDD (2006)

The Mediterranean diet is identified by many authors as beneficial
for human health (Sofi et al., 2014). During the last decades, diet behav-
iour inMediterranean regions has however graduallymoved away from
the traditional Mediterranean diet to a more Western-style diet
(Bach-Faig et al., 2011b; Dubuisson et al., 2010; Trichopoulou et al.,
2003; Varela-Moreiras et al., 2010). This trend is generally more pro-
nounced in young adults than in the elderly (Dubuisson et al., 2010).
As such, there is now aneed for better adherence to the traditionalMed-
iterranean diet. We identified this diet for our healthy diet scenario, as
all cities are located in Mediterranean countries. According to the Inter-
national Foundation ofMediterranean Diet (IFMeD, 2016), theMediter-
ranean diet is:

• cultural heritage that looks at the future
• a healthy and contemporary life style
• scientifically tested and proved benefits on human health
• a sustainable dietary pattern

The environmental sustainability of the Mediterranean diet has al-
ready been subject of other research, e.g. Burlingame and Dernini
(2011), Dernini and Berry (2015), Germani et al. (2014) and Tukker et
al. (2011).

As such, our aimwas to demonstrate the dependency of cities on re-
sources outside city borders and the possibility to reduce this depen-
dency by changing food consumption behaviour.

In order to obtain sustainable food security within local and global
freshwater boundaries, diet shifts and the reduction of food loss and
waste are a necessity (Gerten et al., 2013; Steffen et al., 2015). During
recent years, part of WF research has therefore focused on these topics.
The WF of food loss and/or waste has been assessed on a global level
(FAO, 2013; Jalava et al., 2016; Kummu et al., 2012), regional level
(Vanham et al., 2015) and national level, e.g. the UK (WRAP, 2011)
and China (Liu et al., 2013).

Another promising strategy to allow for the more efficient use of
water resources is adjusting diets to become lesswater-intensive. Glob-
al assessments on diet change and its relation towater resources and/or
water scarcity have been made, e.g. Jalava et al. (2016) and Jalava et al.
(2014). For the EU theWF for different dietswas analysedwith different
geographical boundary settings: Vanham et al. (2013b) for the EU as
one entity; Vanham et al. (2013a) for four EU zones and Vanham and
Bidoglio (2014a) for EU river basins. On the national level, theWF relat-
ed to different diets has been assessed e.g. for Austria (Vanham, 2013),
China (Liu and Savenije, 2008; Sun et al., 2015), the UK (Hess et al.,
2015) and the USA (Gephart et al., 2016; Marlow et al., 2009; Tom et
al., 2016). On the city level, very recently such assessmentswere carried
out for Milan (Vanham and Bidoglio, 2014b) and selected Dutch cities
(Vanham et al., 2016).

In general, WF assessments on the city level have not been the focus
of research in the past (Paterson et al., 2015). Due to the importance of
cities in global sustainability however, WF assessments have recently
been conducted for selected cities, e.g. Hoff et al. (2014) or Ma et al.
(2015).

2. Methodology

2.1. Accounting framework

To quantify WF amounts, the approach of the Water Footprint Net-
work or WFN (Hoekstra et al., 2011; Hoekstra and Mekonnen, 2012)
is applied. We use blue and green WF components. Blue water refers
to liquid water in rivers, lakes, wetlands and aquifers. Green water is
the soil water held in the unsaturated zone, formed by precipitation
and available to plants (Rockström et al., 2009). Irrigated agriculture re-
ceives blue water (from irrigation) aswell as green water (from precip-
itation), while rainfed agriculture receives only green water. The
inclusion of green water in integrated water resources management is
a necessity and now recommended by most authors (Gerten et al.,
2013; Hoekstra, 2016; Jalava et al., 2014; Karimi et al., 2013; Miina et
al., 2016; Ran et al., 2016; Rockström et al., 2014; Schyns et al., 2015;
van Eekelen et al., 2015; Vanham, 2012).

To compute thewater footprint of consumption related to food con-
sumption, we use national FAO Food Balance Sheets (FBS) for the Med-
iterranean countries the cities are located in, for the reference period.
We obtain WFcons amounts from Mekonnen and Hoekstra (2011b),
based upon Mekonnen and Hoekstra (2011a) and Mekonnen and
Hoekstra (2012). We include a WF for fish and seafood, based upon
Pahlow et al. (2015).

2.2. Food intake in cities

To compute food intake amounts in cities, we base ourselves firstly
on national FAO FBS values. These are data on food supply, i.e. food
reaching the consumer in private households, as well as that in the
non-household sector (e.g. catering establishments, schools, hospitals).
The data are given on an “as purchased” basis, i.e. as the food leaves the
retail shop or enters the household by other means. Quantities are pro-
vided on the basis of “primary equivalents”. E.g., instead of listing flour
of wheat, bread or pasta separately in the FBS, they are quantified as
wheat equivalent. WF amounts in our study relate to food supply,
which is the sum of food intake and food waste.

The reference period REF is 1996–2005. However, when a trend in
change in food supply of a particular product group within a country
was observed (Fig. S1), we adapted food supply amounts, as listed in
Table S1.

In order to compute national food intake amounts (food quantities
people actually eat) based upon FAOSTAT FBS food supply amounts,
two correction factors are necessary. The first one (corr1) computes
food consumption (retail product) amounts from food supply amounts.
The second one (corr2) accounts for consumer food waste (both at
home and at the food service/catering level) and computes food intake
amounts from food consumption (retail product) amounts. This meth-
odology is explained in detail in Vanham et al. (2015), Vanham et al.
(2013a) and Vanham et al. (2013b). For corr1 we use the same values
as displayed in Vanham et al. (2015). For corr2 we use average EU
values based upon Vanhamet al. (2015) for all cities. For the Turkish cit-
ies, we additionally use data from Pekcan et al. (2005).

To compute food intake values for cities based upon national FAO
FBS amounts, we evaluated national nutrition surveys and used them
when regional data were available. These are:

• For Croatia: We used the Croatian Household Budget 2005 (Croatian
Bureau of Statistics, 2016) to validate computed national food intake
data. Although regional information on food intake is available
(Jelinic et al., 2009), we were not able to acquire these data.

• For France: We used the national nutrition survey INCA 2, 2006–2007
(Bénetier et al., 2009). These data are readily available from the open
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data platform of the French government (Etalab, 2016). Data on food
intake are available according to the population in an agglomeration
(“catégorie d'agglomération”) and according to different regions (“ré-
gions”) in France. In our study, we used the differentiation in 9 ag-
glomeration categories, according to the population amount. Lyon
falls in category 8 (more than 200,000 inhabitants). Only Paris has cat-
egory 9.

• For Greece:We used the data from the EPIC-Greece prospective study
(Trichopoulou et al., 2003). Regional data are not available. The re-
ports of the latest National nutrition and Health Survey (HYDRIA)
conducted in 2013–2015 are currently not finalised and were there-
fore not used.

• For Israel: We used the first national health and nutrition survey
(MABAT) (Keinan-Boker et al., 2005; Ministry of Health, 2016) to val-
idate computed national food intake data. Regional food intake data
are not available.

• For Italy: We used the third Italian national nutrition survey INRAN-
SCAI, 2005–06 (Leclercq et al., 2009), which provides nutrition data
with a differentiation between four Italian regions or zones: North-
West, North-East, Centre, South and Islands. This provides the oppor-
tunity to quantify food intake of the four Italian cities in this study ac-
cording to the region they are located in.

• For Slovenia:We used the Sloveniannutrition survey of 2008, as avail-
able in the EFSA comprehensive European food consumption database
(EFSA, 2016), to validate computed national food intake data. To our
knowledge, regional food intake data are not available.

• For Spain: We used the food surveys conducted for almost 30 years
(since 1987) by the Ministry of Agriculture, Food and Environment
(MAGRAMA) (del Pozo et al., 2015; MAGRAMA, 2016;
Varela-Moreiras et al., 2010), to validate computed national food in-
take data. The reports and databases of the MAGRAMA also provide
food intake data on regional levels. However, only average values
are provided. As such,we cannot analysewhether regional differences
are statistically significant.

• For Turkey: We used the national Turkish nutrition survey (Health
Ministry and Hacettepe University, 2014). We also used an unpub-
lished study of a dietary survey for Ankara (Pekcan et al., 2014). We
assumed the latter study to be representative for food intake in the
two Turkish cities of our study.

When relevant data were available, we analysed whether product
group food intake differences between regions are statistically signifi-
cant. We e.g. analysed for each product group, whether food intake in
the French agglomeration category 8 (to which Lyon belongs) differs
from the other agglomerations. We analysed for each product group,
whether food intake between the four Italian zones differs statistically.
When data allowed us, we differentiated between male and female. As
such, based on population statistics within cities, we were able to calcu-
late new food intake values for a city based upon FAO FBS amounts.

2.3. Diets

Apart from the reference situation (REF), we analyse three diet sce-
narios, based on the Mediterranean diet dietary pattern (Bach-Faig et
al., 2011a). We also add some input from Italian national FBDG
(INRAN, 2007), as listed in Table S2. We additionally used Turkish
FBDG (Ministry of Health of Turkey and HUNDD, 2006) for Ankara and
Istanbul.

For each food product group, recommended intake values are listed
in Table S3. Based on city specific population statistics and resulting cal-
culated average daily energy and protein requirements, these amounts
Fig. 3. TheWF related to food consumption in 8 selected Mediterranean cities for different die
can differ slightly for a specific city. As an overview, we have the follow-
ing scenarios:

• The healthy diet which contains meat (scenario HEALTHY-MEAT).
• The healthy pesco-vegetarian diet (scenario HEALTHY-PESCO-VEG):
identical as HEALTHY-MEAT, but all meat and offals are substituted
with products from the product group fish, cereals and pulses. Animal
fats are not substituted. All these substitutions results in the same
total kcal and protein values.

• The healthy vegetarian diet (scenario HEALTHY-VEG): identical as
HEALTHY-PESCO-VEG, but all fish and animal fats are substituted
with products from the product group pulses and cereals (with the
same kcal and protein values).

2.4. Direct household water use

There is an important distinction between water abstraction (water
withdrawal) andwater consumption (consumptive water use). The dif-
ference between both is returned water. Urban direct household water
use (or domestic water use) refers to blue water use by households in a
city. Municipal water use includes domestic water use and commercial
water use (or water for services). Commercial water use includes the
water use of small businesses, hotels, offices, hospitals, schools and
other institutions. Municipal water use also represents water for non-
permanent residents (like commuters or tourists). Other water users
in a city include large industries. We assembled urban water use statis-
tics through different sources (Table 1).

3. Results

3.1. Urban water use

Direct municipal and domestic water use (blue water abstractions)
in Mediterranean cities (Table 1) is generally higher than in western
or northern European cities. For Amsterdam e.g., domestic water use
equals 131 l/cap/d and municipal water use 193 l/cap/d (Van Leeuwen
and Sjerps, 2015; Vanham et al., 2016). Higher water use in Mediterra-
nean cities can largely be attributed to a different climate, as water is
used for irrigation of public urban spaces or by citizens for swimming
pools or watering the garden (Vanham and Bidoglio, 2014b). Regarding
water use, western or northern European cities therefore generally have
better scores in international city rankings (Economist Intelligence Unit,
Siemens, 2012; Koop and Van Leeuwen, 2015; Koop and van Leeuwen,
2016).

3.2. The reference situation

Current food intake patterns are rather similar in the assessed Med-
iterranean cities of this study (Fig. 2 and Table S1). There are of course
some differences, like for alcoholic beverages, which are consumed in
much lower quantities in Ankara, Istanbul and Jerusalem as compared
to the other cities. The same is e.g. true for pork, which is consumed in
high quantities in all assessed cities, excluding Jerusalem, Ankara and
Istanbul.

For Lyon, Ankara, Istanbul and the Italian cities, we were able to
quantify regional food intake amounts as relevant data were available.
The differences with national food intake amounts are listed in Table
S1. These differences are minimal. Only for the Turkish cities important
differences are observed. Food intake can be characterised by a more
western style diet, with a higher intake of animal products and sugar.
ts (in l/cap/d).
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WF amounts related to food consumption range from 3277 l/cap/d
to 5789 l/cap/d. In all cities, the product group meat accounts for the
highest proportion of these total amounts. It is clear that these amounts
exceed municipal/domestic water use substantially. As an example, the
food-relatedWF of Bologna 4933 l/cap/d exceeds its domesticwater use
of 161 l/cap/d more than 30 times.

3.3. Diet scenarios

Fig. 2 shows that for Mediterranean cities:

• The intake of following food product groups should be decreased:
meat; sugar; crop oils and animal fats; alcoholic beverages. According
to Turkish FBD,meat intake in Turkish cities is as recommended. Only
in Turkish cities and Jerusalem, the intake of alcoholic beverages is not
too high.

• The intake of following food product groups should be increased: veg-
etables; fruit; fish and seafood. Only in Turkish cities, the intake of
vegetables is as recommended. Only in Spanish cities, the intake of
fish and seafood is as recommended.

• As both the energy and protein intakes in the cities are too high in the
current situation, also the intake ofmilk andmilk products needs to be
reduced in particular cities.

Regarding the food related WF of the different diet scenarios, Figs. 3
and 4 show that for Mediterranean cities:

• All three diet scenarios lead for each city to a lower WF.
• HEALTHY-MEAT based on the Mediterranean FBDG leads to a reduc-
tion of −19% to −43%. Especially the recommended reduced intake
of meat leads to high WF reductions.

• For the two Turkish cities, there is a difference in WF reduction for
HEALTHY-MEAT based upon the choice of the FBDG. Based on the
Mediterranean FBDG, a reduction for Ankara of −29% is observed.
For Istanbul, this value is−28%. However, for the Turkish FBG, this re-
duction is much smaller (−5%). This is due to the fact that national
Turkish FBDG recommend higher intakes for the sum of meat, fish
and seafood.

• HEALTHY-PESCO-VEG leads to a reduction of −28% to−52%.
• HEALTHY-VEG leads to the largest reductions: −30% to −53%. This
reduction is in close proximity to the HEALTHY-PESCO-VEG diet sce-
nario.

• From a water resource perspective, the HEALTHY-VEG scenario is
therefore the most beneficial, followed by the HEALTHY-PESCO-VEG
scenario.

4. Discussion

Our analysis shows that water quantities related to food consump-
tion in selected Mediterranean cities are of a whole other magnitude
than the quantities required for direct water use. Domestic water use
is in the range 125 l/cap/d to 200 l/cap/d, whereas the WF related to
food consumption is in the range 3277 l/cap/d to 5789 l/cap/d. The latter
is minimum 20 times larger than direct domestic water use. In cities,
water for direct use is mostly an external resource, as it originates gen-
erally from outside city borders. In Istanbul e.g., water is also transferred
from basins just outside city borders (Baykal et al., 2000; van Leeuwen
and Sjerps, 2016). In Vienna, the urban water supply system is fed to
an extent of 95% with mountain water originating more than 150 km
from the city (Dirnböck and Grabherr, 2000). Israel uses increasingly
desalinated water for its municipal water supply. However, water
Fig. 4. TheWF related to food consumption in 5 selected Mediterranean cities for different die
required to produce food consumed in cities, is generally exclusively
an external resource. Urban farming produces some small quantities
of food, but the bulk of food consumed in cities is produced elsewhere
and imported (Billen et al., 2012; Seto and Ramankutty, 2016).

Therefore current rankings that assess the (environmental) sustain-
ability of cities display only part of the picture. Generally, European cit-
ies score high on such rankings, definitely as compared tomany cities in
developing countries. We argue that such rankings need to include ex-
ternal resource use. We displayed such resource use by means of
water for urban food consumption. We show that urban citizens can
save a lot of water by looking at their diets. Indeed, global blue and
green water resources are limited in their availability (Gerten et al.,
2013; Hoekstra, 2014; Hoekstra and Wiedmann, 2014; Mekonnen and
Hoekstra, 2016; Steffen et al., 2015), and therefore solutions in integrat-
ed water resources management and the sustainable use of water re-
sources need to come from both the supply and the demand side.
Supply-side options include efficiency in urban water supply and ener-
gy production, measures to close yield gaps and an increase in agricul-
tural water efficiency (van Ittersum et al., 2013; Vanham and Bidoglio,
2013). Demand-side options include efficiency in urban water use
(Koop and van Leeuwen, 2016), the reduction of food losses and food
waste (Aschemann-Witzel, 2016; Kummu et al., 2012; Liu et al., 2013;
Vanham et al., 2015) and an adequate consumption of water-intensive
products like meat (Jalava et al., 2014).

Our analysis shows that in the thirteen selectedMediterranean cities
people eat too many livestock products and sugar and not enough fruit,
vegetables and fish and seafood, as compared to the Mediterranean di-
etary pattern. The traditional Mediterranean diet is valued as a healthy
and sustainable lifestyle model as well as cultural heritage (IFMeD,
2016). Indeed, our analysis confirms that with respect to the resource
water, the Mediterranean diet is less resource intensive than e.g. the
Turkish national FBDG. The latter recommends the intake of more
meat, the product group which is the most intensive in water require-
ments to produce. The analysis for the Turkish cities shows that the
WF of HEALTHY-MEAT is higher for Turkish FBDG as compared to the
Mediterranean diet.

Our analysis only focuses on the resourcewater. To achieve a holistic
assessment, also other resources need to be taken into account, like land
and nutrients, and also GHG emissions related to food consumption
needs to be quantified. This is subject to further research. In a next
step also the sustainability of this water use should be assessed, by ad-
dressing (blue and green) water scarcity (Schyns et al., 2015; Vanham
and Bidoglio, 2013) and potentially looking at product benchmark
values (Mekonnen and Hoekstra, 2014). We display separate blue and
greenWF values of our analysis in Table S3 and the blueWF for different
diets for all cities in Figs. S2 and S3. Generally, the same observations in
WF reduction with diet scenarios can be made for the green and blue
WF components separately as compared to the green + blue WF. The
%-reductions tend to be higher for green than for blue water though.

Only by assessingholistic approaches addressing thewater-food-en-
ergy nexus (Vanham, 2016), integrated policy recommendations can be
made. Nevertheless, our analysis provides valuable information that can
be used for consumer awareness raising in the framework of the forth-
coming Pan-European Atlas of Urban Water Management of the Euro-
pean Commission.
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