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Immediate action is required in the Mediterranean to address environmental degradation that is mainly driven by consumption patterns. Increasing stress on biological and
social systems is put by unsustainable consumption patterns. Food consumption patterns
are important drivers of environment degradation. The objective of this review paper is
to explore natural resources-food nexus in the Mediterranean region by highlighting the
environmental footprints of the current consumption and production patterns. Secondary
data from different sources such as FAOSTAT, the World Bank, Water Footprint Network
(WFN), and Global Footprint Network were used to analyze the situation in 21 Mediterranean countries. The region faces many environmental challenges, e.g., land degradation,
water scarcity, environment pollution, biodiversity loss, and climate change. The current
consumption patterns imply high ecological, carbon, and water footprints of consumption
and unfavorable national virtual-water balances. Food Balance Sheets data show that the
contribution of vegetal and animal-based food product groups to food supply is variable
among the Mediterranean countries. This has implications also in terms of the WF of food
supply, which was calculated for Bosnia, Egypt, Italy, Morocco, and Turkey. The WF of the
current diet resulted lower than that of the proposed Mediterranean one in the case of
Italy. There is a strong scientific evidence supporting assumption that it is so also for other
Mediterranean countries. The Mediterranean is characterized by a high resource use intensity that is further exacerbated by food losses and waste (FLW). In fact, FLW implies the
loss of precious resources (water, land, energy) and inputs (fertilizers). Therefore, it is crucial to increase adherence to the traditional Mediterranean diet and to reduce FLW in order
to foster transition to more sustainable food consumption patterns thus reducing pressure
on the scarce resources of the Mediterranean region.
Keywords: natural resources, environmental footprints, dietary patterns, Mediterranean region, water footprint

INTRODUCTION
In the Mediterranean, immediate action is required to address
environmental degradation that is mainly driven by population
and consumption. Increasing stress on biological as well as social
systems is put by unsustainable consumption patterns, in particular food consumption patterns that are important drivers of
environment degradation, e.g., unsustainable water use, declining soil fertility, marine environment degradation, biodiversity
loss, climate change (CC), etc. Much of today’s discourse about
environmental problems revolves around reducing greenhouse gas
(GHG) emissions and water usage.
Mediterranean region’s development cannot be “sustainable”
except if the fundamental common goods are protected and
improved. Protection of the coast, sea, climate and air quality,
soil and biodiversity, water resources, cultural and landscape heritage, and traditional knowledge of nature are the priorities to be
focused on. It is very important to break the joints that make economic development reliant on an intensive exploitation of natural
resources and to promote changes in consumption and production
patterns (1).
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In this context, the current food system delivers low cost food
at a high cost to the environment (2) and this cost includes also
environmental impacts of food production, distribution and consumption (3). As a very important factor in critical sustainability
issues (4) diets affect different factors (social, cultural, agricultural,
environmental, nutritional, and economic) which interact with
one another. In fact, in the Mediterranean region, many issues
(water, biodiversity loss, scarcity, soil erosion, etc.) are linked to
food consumption patterns, and it should be addressed as priorities (5). There are signs that diet has an impact on health (4), but
the sustainability of food consumption and food systems regards
also environmental impacts.
If no changes are implemented in the coming years, there is
a high risk of further deterioration of the global food system
with consequent degradation of the environment and the natural
resource base. This alarming trend can jeopardize the capacity of
the worldwide ecosystems to generate enough resources, especially
food, to feed the growing world population within the planetary
natural limits. Another issue that should be highlighted the externalities of the current food systems. As a matter of fact, food
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production patterns release huge amounts of GHG and other toxic
pollutants (6). Sustainable diets have been defined by FAO and
Biodiversity (7) as those that ensure food for future generations
without compromising the natural resources and the environment
(7). These diets are based on locally produced food that is available, affordable, nutritious, and safe. Furthermore, they keep the
farmers’ incomes, cultures of consumers, and local communities’
lifestyles and traditions. A sustainable diet puts food, biodiversity
and nutrition at the core of sustainable development and the right
to food.
The Mediterranean Diet (MD), in fact, is widely recognized
as a healthy dietary pattern. Furthermore, it was inscribed by
UNESCO on the Representative List of intangible cultural heritage of humanity. For these reasons the MD, in its diversity, was
chosen by the Food and Agriculture Organization of the United
Nations (FAO) as its first case study to develop a methodology
for diets sustainability assessment [e.g., Ref. (7–10)]. In fact, the
importance of the MD as a case study is due not only to its specific
foods and nutrients but also to the sustainability philosophy that
is one of the most important features of this lifestyle pattern (11).
Adherence to the MD has been linked to health benefits and
considerable nutrition (12–17).
Thus, MDs, to be considered sustainable, should respect and
protect biodiversity and ecosystems, have low environmental
impact, and optimize natural resources.
Recommendations for lowering GHG emissions and energy
inputs from household food consumption include diets with more
locally produced and fresh foods and less meat and dairy products
and more in-season vegetables (18–20).
So, it is important to stress how sustainability, diets, food security, and water are closely connected. With urbanization and rising
incomes, typical dietary patterns are shifting toward consumption
patterns based on animal products (21, 22) requiring more water,
land resources, and energy (23, 24).
In the Mediterranean region, there are at least four main
environmental challenges related to the current Mediterranean
production and consumption patterns that should be addressed:
water scarcity, land degradation, CC, and biodiversity loss.
The first constraint in the Mediterranean area is represented
by water scarcity that represents the most critical development
problem and by consequence it is the main limit for agricultural
growth. In Mediterranean region, since the late 1950s water availability has been declining steadily. By opposite, during the second
half of the twentieth century, water demand has doubled and agriculture is the main water-consuming sector accounting for 64%
of total water demand. The irrigated land accounts for 20% of
all arable land and produces 40% of food production. Half of
the “water poor” world population is concentrated in the Southern Mediterranean region (25) and it has been estimated that by
2025 potentially 180 million people will be affected by water problems (26). Demographic pressures, together with the economic
development of non-agricultural sectors, will further deteriorate
water balance in many Mediterranean countries where the water
exploitation index is already a matter of serious concern.
The second constraint concerns the various forms of land
degradation, particularly erosion (27). Land degradation is as old
as the region but new threats have appeared in modern times in
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connection with the economic and social upheavals of recent years,
poor farming intensification in certain sectors, urban and industrial waste pollution, encroachment on space by urbanization and
infrastructures, and so on. The Mediterranean region possesses
about 854 million ha of total land, but only 118 million ha of
them are suitable for agricultural production. Contrary to tropical
countries, options for agricultural expansion are extremely limited and if land is reclaimed for agriculture, costs are high and
the newly reclaimed soils result of poor quality needing further
investments to keep their productivity.
Land degradation in the form of salinization, water and wind
erosion, sand encroachment, compaction, organic matter decline,
sealing, and coastal littoralization are severe in many Mediterranean countries. Soil salinization and alkalization are forms of
soil degradation that represent the major causes of desertification in the Mediterranean (28). Human-induced salinization has
expanded mostly due to poor quality irrigation water and irrigation management, especially along the coasts where seawater
intrusion into the fresh water aquifers is a common problem.
While analyzing the status of land resources, particular attention should be given to agriculture land. In the Mediterranean
EU countries, the average agricultural land per capita is 0.30 ha
and the agricultural land per agricultural worker is 11.4 ha, while
in the Middle East and North Africa (MENA) countries (including Turkey) the first value is 0.25 ha and the second is only 1.9 ha,
indicating that land available for agriculture is much less. Other
indicators link population increase with availability of agricultural land. It is estimated that in 2020, compared with 1961, the
Mediterranean population would more than double while agricultural land area will shrink by losing 8.3 million ha (7%) if the
actual rates of urbanization and land degradation will remain the
same (29). Consequently, the agricultural land (ha/capita) region
wide would drop from 0.48 ha in 1961 to 0.21 ha in 2020. Considering that the MENA region would have more than 300 million
people in 2020 this last ratio becomes particularly relevant.
Another important aspect treated in this paper concerns CC.
In fact, in the Mediterranean region, it is affecting food security
and agriculture in the region mainly through changes in precipitation, temperature, sea level rise, and extreme climatic events (30).
Furthermore, CC may affect deterioration of land degradation
water scarcity, crop failures, fisheries production, livestock deaths,
and quality decline. In the Southern and Eastern Mediterranean
countries (SEMCs), desertification is one of the biggest constraints
to productivity. In fact, in the dry areas people mainly depend
on natural resources and on agriculture for their livelihood and
desertification hits them hard. So, CC refers to any change in climate over time which, triggered with other expected and plausible
changes (e.g., population growth and migrations, social, economic
and technological development, political, financial and cultural
setup, consumption and living habits, dietary preferences) will
create new scenarios that will affect the availability and quality of
water and land resources used in agricultural production and the
biodiversity of ecosystems. Therefore, the Mediterranean might be
a particularly vulnerable region to CC and especially in the areas
already characterized by water scarcity and land degradation. In
fact, the warming trend and changes in precipitation pattern might
further affect the water balance and composition and functioning
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of natural and managed ecosystems. In particular, CC impacts on
agriculture could be relevant with interrelated effects on the biophysical factors (physiological effects on forests, crops, pasture, and
livestock; changes in water resources, soil and land; increased weed,
and pest challenges, etc.) and socio-economic impacts (changes in
yields and food production, fluctuations in world market prices,
etc.). Moreover, besides the changes in food availability, the collateral effects of CC could be expected over the whole chain of
food system stability, accessibility, and utilization, including the
water and energy used in food processing, storage, and transport,
as well as the consideration of environmental services (31) and on
biodiversity.
In fact, as for biodiversity, in the Mediterranean basin, there is
wide climatic, geographic, and topographic variability resulting in
an enormous range of habitat diversity and species. The region
scores third in biodiversity richness at world level (32) as it hosts
30% of endemic fauna and 60% of all unique flora species, about
8% of the known marine species and with 30,000 plant species
(33). The Mediterranean Sea, in fact, contains 8–9% of all marine
species in the world (34). Its geo-morphological and geological
history and the position of the biomes from temperate to tropical,
enable it to accommodate both species affinities hot and cold (35)
and to host a strong proportion of all endemic species (over 25%).
The importance of the Mediterranean is stressed by the fact that
Mediterranean region provides about one-third of the foodstuffs
used by humankind (36). Wheat, barley, oats, grapes, olives, figs,
almonds, peas, dates, and other huge amount of fruits and vegetables as well as aromatic herbs or medicinal derived from wild plants
are found in the Mediterranean region (34). But changes in diet in
the Mediterranean region are having an impact on biodiversity.
The first main cause of reduction of biodiversity is the habitat
loss and/or fragmentation and the factors contributing to habitat loss are: land use competition, overpopulation, deforestation,
pollution (air, water, soil), and global warming due to CC. Many
Mediterranean lagoons and deltas are disappearing and for surface coastal ecosystems, the most serious threat is posed by the
construction of facilities and coastal artificialization. Such typology of “urbanization” leads to the loss of ecosystems with a high
level of biodiversity (35). The other main cause of biodiversity
reduction and loss is the natural resources over-exploitation. In
the case of forests or pastures, there is currently a huge disparity
between the situations prevailing on the two banks of the Mediterranean (37). To the north, biodiversity is at risk in areas of extreme
farm intensification and increasing urbanization. The nature of the
pressure in the south of the Mediterranean region is different as
there is still very strong over-exploitation of forests and shrubs for
firewood. Also the over-exploitation of the Mediterranean marine
biodiversity currently appears to be one of the major threats to
fish, in particular to the migratory ones and to some mollusk, sea
urchin, and shellfish species. CC appears to encourage the geographic spread of the exotic invasive species in the Mediterranean
Sea. Little is known about the possible impact of CC on many
marine species, but as a consequence of it many aquatic permanent
and ephemeral ecosystem might disappear (35).
Biodiversity is closely associated to agriculture. It is clear that
CC will induce changes in agricultural areas suitable for cultivation of specific crops, especially those that are characteristic of
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Mediterranean area such as olive. CC may increase temperature
and changes in rainfall regimes anticipate both an increase and
decrease in precipitation, and an increased frequency of dry spells
and floods (38). These changes will impact both rainfed and irrigated agriculture. According to Jarvis et al. (39) CC will increase the
genetic erosion of landraces and threatening wild species including
crop wild relatives.
Given the above-described environmental challenges, the
objective of this review paper is to explore natural resources – food
nexus in the Mediterranean region by highlighting the environmental footprints of the current consumption and production
patterns. In fact, it is assumed that only by decreasing the environmental impacts of the current food consumption patterns, a
concrete transition to a more environmentally sustainable food
system can be fostered in the area. Indeed, environment is one
of the most important pillars of sustainability, therefore, a sustainable food system should rely mostly on the regional domestic
biocapacity and natural resource base.

MATERIALS AND METHODS
The review paper is based on secondary data from different databases and sources such as FAOSTAT, World Development Indicators (WDI) of the World Bank, Water Footprint Network (WFN),
Global Footprint Network (GFN), UNEP/MAP-Plan Bleu, European Commission (DG ENV), CIHEAM (International Centre for
Advanced Mediterranean Agronomic Studies), Barilla Centre for
Food & Nutrition (BCFN), Critical Ecosystem Partnership Fund
(CEPF), Intergovernmental Panel on Climate Change (IPCC),
Italian Institute of Food Science (La Sapienza university), Stockholm International Water Institute, World Resources Institute,
WWF, etc.
The geographical coverage of this study is similar to that of the
Mediterranean Strategy for Sustainable Development (1) including 11 Northern Mediterranean Countries (Albania, Bosnia and
Herzegovina, Cyprus, Spain, France, Greece, Croatia, Italy, Montenegro, Malta, and Slovenia) and 10 SEMCs (Algeria, Egypt, Israel,
Lebanon, Libya, Morocco, Palestinian territories, Syria, Tunisia,
and Turkey). The UE-28 Mediterranean countries gather eight
countries: Croatia, Cyprus, Spain, France, Greece, Italy, Malta, and
Slovenia. In addition to these countries data were collected and
analyzed as well for Portugal, Serbia and Macedonia (FYROM).
Standard impact data (per kilogram or metric ton of food
product and/or food group) were used to calculate and discuss
the environmental impacts and footprints of food consumption
patterns. This paper focus on ecological footprint (EF), carbon
footprint (CF), and water footprint (WF) of consumption.
The EF method allows knowing how much of the biosphere
regenerative capacity is occupied by human-related activities (40).
Regenerative capacity or biocapacity refers to the capacity of
ecosystems to produce useful biological materials and to absorb
waste generated by human activities (41). Ewing et al. (42, 43)
described the methodology for the calculation of the EF on a
national scale. The EF measures biocapacity (in global average
bio-productive hectares) across six major land use types: cropland,
fishing grounds, grazing land, forest land, CF, and built-up land.
The EF methodology uses a consumer-based approach to keep
track of both direct and indirect biocapacity needed to support
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consumption patterns. The EF of consumption (EFC) is calculated for each land use type as: EFC = EF of production + EFI-EFE;
where EFI and EFE refer to the EFs embodied in imported (EFI)
and exported (EFE) commodities. Comparison was made between
the following regions: Middle East (Egypt, Jordan, Lebanon, Occupied Palestinian Territory, Syria, Turkey), North Africa (Algeria, Libya, Morocco, Tunisia), Northern Mediterranean countries
(Cyprus, France, Greece, Italy, Malta, Portugal, Slovenia, Spain),
Central and Northern Europe (Austria, Belarus, Belgium, Denmark, Estonia, Finland, Germany, Iceland, Ireland, UK), and North
America (Canada and USA).
The CF is a measure of the exclusive total amount of CO2 emission directly and indirectly caused by an activity or accumulated
over the life stages of a product (44). In the methodology of the
GFN, the CF as well is expressed in global hectares. Carbon dioxide emissions are the only waste product included in the National
Footprint Accounts. The CF is calculated as the amount of forest land required to absorb given carbon emissions. In particular,
the CF is the total amount of anthropogenic CO2 emissions (e.g.,
land use change, deforestation, etc.) minus the amount of CO2
absorbed by oceans in a given year translated into the amount
of bio-productive forest that would be needed to store it that
year (42).
As for the WF, definitions of the Global Water Footprint Standard of the WFN are used (45). The WF of a product is similar to
what has been called alternatively product’s embedded, embodied,
exogenous water; “virtual-water content” of a product or shadow
water (46). The WF represents a measure of human’s appropriation
of freshwater resources and refers to water resources required to
produce goods and services. Measurement of freshwater appropriation takes into consideration volumes of water consumed
(evaporated or embodied into a product) as well as that polluted
per unit of time (47). The WF concept takes into account the use
of blue water (surface and ground water), green water (moisture
stored in soil strata and rain water), and gray water. The last is
defined as the volume of freshwater that is required to assimilate the load of pollutants given existing water quality standards
and natural background concentrations (45). The WF of consumption (WFcons) of a country is the sum of direct and indirect
use of domestic and foreign freshwater resources to produce the
goods consumed by its inhabitants (48). Secondary data from the
WFN were used to analyze WFs of consumption and virtual-water
balances in the Mediterranean countries.
Water footprints of food supply were calculated for five Mediterranean countries: Bosnia, Egypt, Italy, Morocco, and Turkey. These
countries were selected as representatives of different Mediterranean macro-regions: Italy (Northern Mediterranean), Egypt and
Turkey (Eastern Mediterranean), Bosnia (Balkans), and Morocco
(Southern Mediterranean). The methodology used in the present
paper for the calculation of the WF of national food supply is
similar to that used by Sáez Almendros et al. (49) for the analysis
of the Spanish dietary pattern environmental footprint. WFs of
animal products as well as crops and derived crop products were
obtained from Mekonnen and Hoekstra (50, 51). WF of food supply in each country was calculated using average WF per ton of
commodity per country, weighted based on food product origin
(47). Adopting a consumption perspective, the paper identifies
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the consumed food products driving pressure on water resources
in the five Mediterranean countries and makes comparison with
Northern Europe (Finland) and North America (USA). The main
problems faced were related to the management and processing of
data thus some simplification was necessary. There were also some
difficulties about the availability of data regarding footprints of
some food products or food product groups.
Food supply data from the Food Balance Sheets (FAO-FBS)
were used to characterize the Mediterranean dietary patterns
(MDPs). Data regarding food consumption patterns in the USA
and Finland, that exemplify the western dietary patterns (WD),
were obtained as well from the FAO-FBS (52). According to Zessner et al. (53), the conversion of food product supply values (as
given by the FAO-FBS) to actual consumption values implies two
correction factors: the first factor accounts for food components
not eaten and the second for food waste and feed to domestic
animals. The share of vegetal-based components in total energy consumption represents the contribution, in terms of energy supply, of
the following food groups: cereals (excluding beer), starchy roots,
sugarcrops, sugar and sweeteners, pulses, treenuts, oilcrops, vegetable oils, vegetables, fruits (excluding wine), stimulants, spices,
alcoholic beverages, and aquatic products (other than fish and
seafood). Meanwhile, the share of animal-based energy in total
dietary energy reflects, in relative terms, the energy supply of
the following food groups: meat, offals, animal fats, eggs, milk
(excluding butter), fish, and seafood.
Environmental cost, in terms of water use, of non-adherences
to the Mediterranean dietary pattern was analyzed in the Italian
context by comparing the WF of the MD and that of the current
dietary pattern in Italy. The dietary composition of the MD in
the Italian context was obtained from diet proposed by the Italian
Institute of Food Science of the La Sapienza University (54). Two
independent data sources were used to estimate the current Italian
diet: FAO-FBS and the Italian Food Consumption Survey 2005–
2006 carried out by the Italian National Institute of Research for
Food and Nutrition (55).
The paper analyses also fertilizer and mineral nitrogen consumption, as proxy indicators for resource use intensity related to
food consumption patterns. Fertilizer consumption measures the
quantity of plant nutrients used per unit of arable land. Fertilizer
products cover nitrogenous, potash, and phosphate fertilizers (56).
Data are available for the period 2002–2009 from the WDI. Mineral nitrogen consumption accounts for nitrogen input that implies
the use of nitrogen fertilizers in agricultural production. It is calculated as the average quantity of mineral nitrogen (in kilogram)
used per hectare of national agricultural land. Data are available
for the period 2002–2010 from FAOSTAT – Resources database.

RESULTS AND DISCUSSION
ECOLOGICAL AND CARBON FOOTPRINTS OF CONSUMPTION

Regarding the EF of production, the resources used in 2007 by
Mediterranean countries need, in order to regenerate, a period
that range from 1 year and 3 months to 5 years and 5 months in
Albania and Libya, respectively. Regarding the EFC, the period
that is needed to regenerate the resources consumed ranges from
1 year and 6 months to 8 years and 6 months in Croatia and Jordan, respectively. Therefore, the Mediterranean countries have a
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net demand greater than their respective biocapacity: expressed in
average values, 2 years and 3 months are needed to regenerate the
resources used for production, whereas 3 years and 4 months are
required to regenerate the resources that are effectively consumed.
As shown in Figure 1, the EFC in the Mediterranean are always
higher than the EF of production, except for the case of Serbia.
The CF alone is generally higher than the biocapacity, except for
Albania, Bosnia, Croatia, France, Morocco, Tunisia, and Turkey.
Generally speaking, the northern Mediterranean countries
present a higher EF with respect to North Africa and Middle
East ones. EFs of production and consumption and CF of North

American countries are higher than those recorded in Mediterranean countries even the Northern ones. In the Mediterranean
context, the northern region present higher CF (mainly Greece
and Spain) and EF of production and consumption (mainly Spain,
Greece, and France) with respect to North Africa and Middle East
regions (Table 1).
In the period 1961–2007, the EF per capita in the Mediterranean
has increased except in Albania, Jordan, and Morocco, while the
biocapacity has decreased as shown in Figure 2, thus the ecological
deficit increased. On average, the EF has increased by 47.4% while
the biocapacity has decreased by 36.4%.

FIGURE 1 | EF of production, EF of consumption, Biocapacity, and Carbon footprint in the Mediterranean region [Source: adapted from Ref. (42)].

Table 1 | Ecological footprints of production and of consumption, biocapacity, and carbon footprint (in global hectares per capita) in the
Mediterranean countries.
Geographical areas

Nation

North Africa

Algeria

1.18

1.59

0.59

0.63

Libya

2.4

3.05

0.44

1.92

Morocco

0.93

1.22

0.61

0.33

Tunisia

1.42

1.9

0.98

0.68

Middle East

Balkan area

North Mediterranean

North America

EF of production

EF of consumption

Biocapacity

Carbon footprint

Egypt

1.29

1.66

0.62

0.62

Jordan

1.18

2.05

0.24

0.83

Lebanon

1.18

2.9

0.4

1.43

Palestine

0.4

0.74

0.16

0.34

Syria

1.4

1.52

0.7

0.8

Turkey

2.13

2.7

1.32

1.24

Albania

1.05

1.91

0.87

0.77

Bosnia-Herzegovina

2.47

2.75

1.6

1.17

Croatia

3.21

3.75

2.5

1.81

Macedonia

2.12

5.66

1.43

3.94

Serbia

2.44

2.39

1.16

1.27

Slovenia

3.88

5.3

2.61

3.42

France

4.27

5.01

3

2.51

Greece

3.94

5.39

1.62

2.92

Italy

3.08

4.99

1.14

2.66

Portugal

2.99

4.47

1.25

2.07

Spain

4.13

5.42

1.61

2.73

North America

8.39

7.9

4.93

5.42

Source: adapted from Ref. (42).
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FIGURE 2 | Evolution of the EF and biocapacity in the Mediterranean countries from 1961 to 2007 (*data shows change between 1992 and 2007)
[Source: adapted from Ref. (42)].

FIGURE 3 | Ecological footprint (in global hectares per capita) by land use type in the Mediterranean [Source: adapted from Ref. (42)].

Taking into consideration land use types (cropland, grazing
land, forestland, fishing grounds, and built-up land), Figure 3
shows that the EF of cropland is highest in North Mediterranean
countries and in central and northern Europe, while the EF of
forestland is highest in North America. The average EF in Northern Mediterranean countries is at least 1.5 times the EF of North
Africa and the Middle East. The fact that cropland EF is the highest
in the Mediterranean highlights the relevance of food production
(agriculture) and consumption patterns in terms of land use in
the region. It implies that moving to more sustainable dietary patterns in the Mediterranean can have positive effects in terms of
pressure reduction on land resources with a consequent decrease
of the ecological debt and deficit of the countries of the region
especially the northern Mediterranean ones.
WATER FOOTPRINT OF CONSUMPTION AND VIRTUAL-WATER
BALANCE

From 1996 to 2005, WF of consumption varies widely among
Mediterranean countries as shown in Figure 4, in particular the
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internal and external WF of consumption. In fact, the share of
the external WF of consumption ranged from 7.3 to 91.8%,
in Palestine and Malta, respectively. The WF of national consumption ranges between 1055 m3 /year/capita in Palestine and
2505 m3 /year/capita in Portugal. Northern Mediterranean countries present higher WF of consumption compared to SEMC and
the Balkan countries. The WF per capita in the Mediterranean,
especially in SEMC, are lower than in North America but higher
than the WF of consumption of Finnish citizens.
Most of the WF of consumption is due to the consumption
of agricultural products (Figure 5). The share of the WF of agricultural products consumption in the total WF of consumption
ranges from 61.8% in Serbia to 97.7% in Tunisia. The average rate
is about 91% of the total WF of consumption.
Only Tunisia, Serbia, and Syria, present a negative total net
virtual-water balance (Table 2). The other Mediterranean countries present a positive net virtual-water balance. The main reason
is that most of Mediterranean countries are not self-sufficient for
many products so they import them. Doing so, they import also
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FIGURE 4 | Water footprint of national consumption [Source: adapted from Ref. (47)]. NA, North America; NE, North Europe.

FIGURE 5 | WF of agricultural products consumption in Mediterranean countries [Source: adapted from Ref. (47)].

virtual water. The other Mediterranean countries show water savings that range from 340 Mm3 to 62,157 Mm3 , in Macedonia and
Italy, respectively. This is due to the fact that the production of
agricultural/industrial goods is very water efficient in NMC as
compared to the other SEMC, i.e., virtual-water contents of goods
are relatively lower.
WATER FOOTPRINT OF FOOD SUPPLY

Food supply in the Mediterranean region

According to FAO Food balance sheets (57), the dietary energy in
the Mediterranean, in 2009, ranged between 2130 kcal/day/person
in Palestine and 3666 kcal/day/person in Turkey. Generally speaking, in northern Mediterranean countries, the dietary energy
is higher. FAO Food Balance Sheets show that dietary energy
increased in all the SEMCs in the period 1990–2009, except in
Turkey, Libya, and the Palestinian territories. In the Mediterranean, the share of plant-based energy in the diet is usually
higher than 50%. In general, it is higher in eastern and southern Mediterranean countries with respect to northern ones, while
intermediate values are recorded in the Balkan countries. The
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share of plant-based energy in the diet is higher in the Mediterranean than in Northern Europe and America. Taking into consideration 2009 data, the shares of vegetal-based energy in the
diet is 66.5% in France and 88.8% in the Palestinian Territories.
The largest share of plant-based energy is derived from cereals. In general, that share is higher than in northern Europe
and North American (e.g., USA). Moreover, the contribution
of vegetal-based products to the total dietary energy decreased
between 1990 and 2009 in most of the Mediterranean countries
(Table 3).
According to Vanham et al. (58), for a healthy diet in the EU28
(EU27 and Croatia), including Northern Mediterranean countries,
the intake of some product groups should be reduced (i.e., crop
oils, sugar, animal fats, and meat), and the intake of other product
groups like vegetables and fruit should be increased.
In Italy, dairy products are the largely consumed foods, while
in Egypt and Morocco, cereals are the most consumed food
item. Whereas, a different situation exists in Bosnia and Turkey,
where vegetables are the most consumed food products. This has
implications in terms of WFs of food consumption.
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Table 2 | Net virtual-water balance (in million cubic meters per year).
Regions

Countries

Total net virtual-water balance
(green + blue + gray)

SEMC

Algeria

17,311

Egypt

9,051

Israel

7,411

Jordan

5,667

Lebanon

4,057

Libya

9,559

Morocco

8,337

Syria

−2,267

Tunisia

−1,666

Turkey

5,786

Balkan

Albania

1,165

countries

Bosnia and Herzegovina

1,891

Croatia

1,973

Macedonia
Serbia
Slovenia
NMC

340
−1,780
1,415

Cyprus

1,173

France

12,822

Greece
Italy
Malta

6,903
62,157
529

Portugal

10,246

Spain

24,203

Source: adapted from Ref. (47).

Water footprint of food supply in Italy, Bosnia, Morocco, Egypt, and
Turkey

Among the five considered Mediterranean countries, the lowest WFs of food supply are recorded in Egypt (1194.70 m3 /
capita/year) and Turkey (1291.65 m3 /capita/year) while the highest is recorded in Bosnia (1849.70 m3 /capita/year), which is slightly
higher than the WF recorded in Italy (1848.29 m3 /capita/year)
and in Morocco (1644.85 m3 /capita/year). The average WF of an
Italian citizen is 35.36, 30.12, 11.01% higher and 0.08% lower
than that of an Egyptian, a Turkish, a Moroccan, and a Bosnian
one, respectively. Regarding the Southern Mediterranean countries, the average WF in Morocco is 37.68% higher than the one
recorded in Egypt. The total WF of food supply in the USA
(2198.66 m3 /capita/year) is higher than in the other five Mediterranean countries while the Finnish WF (1116.69 m3 /capita/year)
is lower.
According to Vanham et al. (58) and Vanham and Bidoglio
(48), the total current WF of consumption in EU28 is 4815
liters/capita/day (lcd) (i.e., 1757.47 m3 /capita/year). Of the latter 40% is external to Europe. The WF of agricultural products
contributes the largest fraction, about 89% of the total WF of
consumption (48). Edible products account for the largest fraction of the total WFcons, i.e., 4032 lcd (1471.7 m3 /capita/year).
This shows that by changing the diets the WFcons can be largely
reduced (58).
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From a country to another, the shares of the three components
of the WF (green, gray, and blue) change. In all the Mediterranean countries, except for Egypt (green: 40.3%, gray: 17.7%,
blue: 42.0%), the highest WF is the green one, followed by the
gray for Bosnia (green: 88.0%, gray: 9.0%, blue: 3.0%) and Italy
(green: 84.0%, gray: 8.8%, blue: 7.2%), and the blue one in the case
of Morocco (green: 83.4%, gray: 4.5%, blue: 12.1%) and Turkey
(green: 80.6%, gray: 8.2%, blue: 11.2%). As for Egypt, the first
component is the blue one while the green one is ranked second.
The reason why the highest share of the blue water component in
the total WF is recorded in Egypt is mainly due to the fact that
water is used in irrigation.
Meat products’ contribution to the total WF is the highest in
Bosnia and Italy where about a third of the total WF is due to the
consumption of meat products. While the contribution of cereals
to the total WF is the highest in SEMCs (Egypt, Morocco, and
Turkey), where they account for more than a third of virtualwater use. The contribution of vegetable oils (e.g., olive oil) to
the WF is relevant in Italy but not in the other countries. When
considering both dairy products and meat, they represent more
than a half of the total WF of food supply in Bosnia and Italy
(Table 4).
The food product with greatest impact is the red meat, while
fruit and vegetables have definitely limited footprints (59–61).
Generally speaking, when the consumption of animal products
is lower (especially beef meat) environmental impact is also lower.
Meat production generates high environmental impacts (62–64).
According to Vanham et al. (58), the consumption of animal
products accounts for high WF amounts.
Intensive livestock production system has several negative
impacts on the planet’s resources and ecosystems, and for this
reason it is necessary to switch to a more resource-efficient and
healthier vegetable-rich diet (48). At local and global level, the livestock industry is one of the largest contributors to environmental
degradation (65, 66).
With traditional water use statistics, awareness campaigns and
policy have always focused on increasing water efficiency in
domestic and industrial water use. However, by reducing food
waste and by changing the diet, much more water can be saved in
agricultural production processes (48).
The top 10 products contributing to the total WF of food supply change from a country to another (Table 5). Wheat is the first
of the list in the case of Egypt, Morocco, and Turkey, while the top
products are bovine meat for Italy and milk for Bosnia. In the case
of Italy, the top 10 products are, in descending order: bovine meat,
milk, wheat, coffee, poultry meat, cocoa beans, sunflower seed oil,
offals, potatoes, and maize.
WATER FOOTPRINT OF THE CURRENT AND PROPOSED FOOD
CONSUMPTION PATTERNS IN ITALY

The total water of the diet proposed by the Italian Institute of
Food Science of La Sapienza University is 964.29 m3 /capita/year:
79.10% green, 11.46% blue, and 9.44% gray. Fruit and meat are the
most significant contributors to the total WF of the proposed diet.
These two food product groups represent about 50% of the total
WF of the proposed Italian diet. Each of milk, extra-virgin olive
oil, meat cuts, and bread represents more than 5% of the total WF.
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Table 3 | Changes of dietary energy and share of vegetal-based energy in the diet in the Mediterranean in the period 1990–2009.
Country

1990
Food supply

2009
Vegetal

Food supply

Change in the period 1990–2009 (%)

Vegetal products

Food

contribution of vegetal-based

(Kcal/capita/day) products (%) (Kcal/capita/day) (Kcal/capita/day) supply products to the total dietary energy
Albania

2656

82.38

2903

70.34

9.3

Algeria

2855

88.83

3239

89.10

13.5

0.27

Bosnia (1992)a

2419

88.84

3070

82.67

26.9

−6.17
−3.05

−12.04

Croatia (1992)a

2412

76.24

3130

73.19

29.8

Cyprus

2685

72.70

2678

73.97

−0.003

Egypt

3154

93.34

3349

91.40

6.2

France

3515

62.02

3531

66.50

0.5

4.48

Greece

3539

78.89

3661

76.70

3.4

−2.19
−2.41

1.27
−1.94

Israel

3398

80.69

3569

78.29

0.05

Italy

3584

73.91

3627

74.28

1.2

0.36

Lebanon

2965

86.17

3153

82.97

6.3

−3.20

Libya

3222

86.56

3157

87.58

−2.0

1.02

Macedonia (1992)a

2418

81.64

2957

81.50

22.3

−0.14

Malta

3078

74.72

3438

73.59

0.12

Montenegro (2006)a

2681

71.54

2887

72.19

7.7

0.65

Morocco

3073

93.20

3264

91.54

6.2

−1.65

Palestinian Territories

2321

87.72

2130

88.87

−8.2

1.15

−1.13

(1996)a
Portugal

3393

76.66

3617

70.86

0.07

Serbia (2006)a

2696

77.11

2823

78.07

4.7

Slovenia (1992)a

2670

73.90

3275

71.42

0.23

−5.80
0.96
−2.48

Spain

3279

74.69

3239

74.50

−1.2

−0.19

Syria

2896

87.15

3212

85.62

10.9

−1.54

Tunisia

3124

91.33

3314

89.50

6.1

−1.83

Turkey

3766

89.03

3666

88.38

−2.7

−0.65

a

In case data for 1990 are not available the reference year is put in brackets after the country name.

Source: FAO Food Balance Sheets (57).

The seven previously mentioned food products represent about
80% of the proposed diet WF (Table 6).
The contribution of different food product groups to water footprint of the current Italian dietary pattern changes depending on
the component that is taken into consideration, i.e., green, blue, or
gray (Table 7). Bakery products and cereals are the main contributors to the total WF; actually, they contribute more than two-fifths
to the WF of the current Italian food consumption pattern. Combined with pulses, these products represent more than 50% of the
total WF. While fruits and vegetables – the most consumed food
groups – contribute less than a fifth to the total WF.
The current Italian food consumption pattern presents a WF
(1638.30 m3 /capita/year: green: 84.9%, gray: 8.2%, blue: 6.9%),
that is about 70% (i.e., 674 m3 /capita/year) higher than that of the
proposed diet (964.29 m3 /capita/year: green: 79.1%, gray: 9.4%,
blue: 11.5%).
That means that a full adherence to the proposed MD for the
last 6 years (from 2006 to the end of 2011) would have allowed
saving more than 152,749 million cubic meters of water (Table 8).
This water saving represents about 294 times the blue domestic water consumption in Italy in 2005 (47). In other words, the
estimated water saving, generated by the adult Italian population’s
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adherence to the proposed MD, is enough to cover domestic water
consumption for almost 294 years in Italy.
Taking into consideration that the average total abstraction of
freshwater in Italy is around 42 km3 /year (67), this water saving
represents total water abstraction (including household, industry, agriculture, and energy water demands) for more than 3 and
4 years.
Vanham et al. (58) showed that different EU28 diets – a healthy,
combined, and vegetarian diet – as compared to the current average diet would substantially reduce the EU28 WFcons for agricultural products. Of the diets analyzed, the vegetarian one present
the lowest WFcons. Meat intake reduction has the biggest impact
on the reduction of the WF due to the high WF per caloric value
of meat products.
FERTILIZER CONSUMPTION AND NITROGEN FERTILIZERS USE TRENDS

Fertilizer consumption indicator gives an idea about the level
of intensification of agricultural production as it assesses input
use intensity. Fertilizers can have detrimental impacts on natural
ecosystems if they are not properly and rationally used.
During the period 2002–2009, fertilizers consumption ranged
from 6.0 kg/ha of arable land recorded in Algeria (2003) to
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Table 4 | Contribution of food product groups to the total water

Table 6 | Contribution of different food products to the total water

footprint of food supply in Bosnia, Italy, Turkey, Morocco, and Egypt;

footprint of the proposed diet in Italy.

2006.
Products
Food products
Meat
Vegetable oils
Milk
Cereals
Stimulants

Total water footprint

%

(m3 /capita/year)

Bosnia

Italy

Turkey

Morocco

Egypt

31.81

39.62

16.57

27.28

31.51

Fruits

262.57

27.23

4.01

14.54

7.35

5.68

1.81

Meats

215.27

22.32

21.92

12.22

12.56

7.60

6.29

Extra-virgin olive oil

94.93

9.84

9.13

11.01

40.07

37.56

33.42

Meat cuts

78.53

8.14

10.03

6.84

2.15

2.78

0.40

Milk

52.30

5.42

Fruit

5.97

3.62

4.49

4.92

6.80

Bread

51.02

5.29

Sugar and sweeteners

4.57

3.10

3.12

2.56

3.85

Vegetables

43.64

4.53

Alcoholic beverages

2.30

1.99

0.39

0.20

0.14

Pasta

35.22

3.65

Animal fats

2.18

1.88

1.00

2.53

1.39

Cheese

28.23

2.93

Vegetables

2.47

1.87

3.48

1.88

5.31

Yogurt

23.62

2.45

Offals

0.84

1.01

0.54

0.99

2.40

Rice

14.20

1.47

Others

4.78

2.31

8.30

6.03

6.68

Butter

11.05

1.15

Eggs

0.31

0.80

3.06

2.87

0.86

Juice

10.66

1.11

Oil crops

0.11

0.56

2.36

0.31

1.89

Cookies

10.27

1.07

Pulses

2.02

0.46

2.00

2.05

1.78

Pulses

9.75

1.01

Starchy roots

0.04

0.42

0.60

0.49

0.85

Eggs

8.39

0.87

Spices

0.00

0.07

0.29

0.30

0.66

Sugar

6.72

0.70

Sugar crops

0.00

0.00

0.00

0.00

0.64

Potatoes

4.53

0.47

Salad

2.01

0.21

Honey

1.39

0.14

Table 5 | Top ten contributing products to food supply water footprint
(%) in Italy and Turkey; 2006.
Table 7 | Contribution of different food product groups to the green,
blue, and gray water footprints of the current dietary pattern in Italy.

Items

Italy

Items

Turkey

Bovine meat

14.0

Wheat

37.0

Total water footprint

Milk

12.2

Milk

12.6

(m3 /capita/year)

Wheat

10.2

Bovine meat

8.0

Coffee

5.1

Poultry meat

5.9

Poultry meat

1.9

Sunflower seed oil

1.8

Cocoa beans

1.7

Maize

1.1

Sunflower seed oil

1.3

Coffee

0.9

Offals

1.0

Potatoes

0.6

Potatoes

0.4

Offals

0.5

Maize

0.2

Cocoa beans

0.5

696.6 kg/ha recorded in Egypt (2008). In the same period, average fertilizers consumption ranged between 11.6 kg/ha recorded in
Algeria and 563.0 kg/ha recorded in Egypt. Fertilizer consumption
in Egypt is even 4.5 higher than that recorded in the European
Union. That can be explained by the fact that almost the whole
arable land in Egypt is irrigated and agriculture is intensive. In the
period 2002–2009, the average fertilizers consumption in the 21
target Mediterranean countries was 188.0 kg/ha, so higher than the
worldwide average (116.3 kg/ha of arable land). During the same
period, the average fertilizers consumption in the Middle East &
North Africa (90.6 kg/ha) was lower than the levels of fertilizers
consumption in the Euro area (179.9 kg/ha) and the European
Union countries (155.5 kg/ha).
Considering the period 2002–2009, fertilizers consumption
decreased in almost all target Mediterranean countries. In fact,
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Green

Blue

Cereals and bakery products

587.95

49.32

48.52

Pulses, fresh and preserved

297.73

19.81

31.63

Vegetables

155.34

5.66

19.41

Potatoes

110.82

8.30

1.06

Fruit

79.63

9.87

12.96

Meat

68.77

3.66

4.62

Milk, derivatives and substitutes

32.56

8.47

5.53

Oils and fats

26.22

5.70

3.89

Alcoholic beverages and substitutes

14.38

1.15

3.14

Confectionery (sweets) and substitutes

8.33

0.86

1.25

Eggs

5.14

0.09

0.92

Water and soft drinks

2.12

0.72

0.78

Others

1.68

0.11

0.19

1390.68

113.72

133.90

Total

Gray

it increased only in Egypt (70.3%), Cyprus (22.3%), Montenegro (11.3%), Tunisia (18.3%), and Turkey (23.7%). The highest decrease was recorded in Lebanon (−188.9%) and Slovenia
(−161.6%).
In the period 2002–2010, mineral nitrogen consumption
ranged between 0.1 kg/ha recorded in Algeria in 2005 and 468.9 kg
of mineral nitrogen/ha of agricultural land recorded in Egypt in
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Table 8 | Water saving assuming a 100% adherence of the Italian population to the proposed Mediterranean diet during the last 6 years (from
2006 to the end of 2011) (in million cubic meters – Mm3 ).
Years

2006

2007

2008

2009

2010

2011

Total water
saving (Mm3 )

Italian adult population (18–64 years) (ISTAT datab )
Water saving by the Italian population

(Mm3 /year)

37,250,394

37,523,477

37,760,955

37,906,233

38,095,091

38,095,091

a

25,106.8

25,290.8

25,450.9

25,548.8

25,676.1

25,676.1

152,749.5

a

Work hypothesis: It is assumed that the food consumption pattern has not changed meanwhile so that the same annual amount of water is saved per person.

b

Population at January 1st was considered that of the previous year. Data referring to January 1st, 2011, were considered for 2010 and 2011.

Table 9 | Mineral nitrogen consumption in some Mediterranean countries (kilograms of mineral nitrogen/ha of agricultural land).
Country

2002

2003

2004

2005

2006

2007

2008

2009

2010

Albania

33.3

33.1

31.9

34.2

26.8

27.7

23.8

27.9

25.7

Algeria

0.7

0.4

2.5

0.1

1.1

0.9

0.6

0.5

1.1

Bosnia

8.8

5.0

15.5

11.4

7.2

10.0

5.5

10.7

8.4

Croatia

109.9

103.3

123.7

103.1

155.4

176.7

204.4

135.0

50.1

Egypt

312.5

468.9

396.4

416.7

293.9

312.7

441.2

326.8

388.2

France

74.5

80.0

78.5

74.6

74.7

81.7

71.6

65.2

70.3

Greece

32.2

62.2

27.0

51.3

20.9

29.1

21.3

16.1

17.9

Israel

79.4

91.1

102.0

94.8

93.4

114.6

89.0

69.1

58.4

Italy

55.3

56.8

58.2

54.3

56.2

57.4

46.4

34.9

34.8

Lebanon

31.9

26.8

27.4

13.4

11.8

19.5

14.7

19.0

23.6

Libya

4.9

2.1

3.0

4.8

2.4

4.4

2.7

3.0

3.0

Malta

59.8

50.1

64.3

62.2

100.7

61.4

36.5

41.9

32.3

Montenegro

−

−

−

−

3.4

2.7

2.6

2.1

2.7

Morocco

8.2

6.7

7.7

11.2

10.7

10.2

9.2

6.5

4.5

Portugal

42.6

28.9

33.0

26.9

23.2

30.3

25.7

26.8

34.4

Slovenia

65.3

66.7

60.9

56.7

61.0

58.7

50.6

59.9

56.1

Spain

34.9

41.1

36.9

31.7

33.9

35.2

26.3

27.9

34.2

Syrian

16.1

17.5

16.3

19.3

19.9

18.9

19.4

15.1

8.6

Tunisia

3.8

5.4

4.9

6.3

6.6

4.0

5.9

7.8

6.9

Turkey

29.1

33.0

33.2

33.3

34.7

34.4

29.0

36.3

34.4

Mediterranean

54.5

61.8

57.2

56.4

50.0

53.7

54.7

44.7

43.4

Source: Authors’ elaboration based on data from FAOSTAT.

2003. In the Mediterranean region are used on average 52.9 kg
N/ha. During the same period, the highest average nitrogen use was
recorded in Egypt (373.0 kg N/ha) while the lowest was recorded
in Algeria (0.9 kg N/ha) (Table 9).
In the period 2002–2010, average mineral nitrogen consumption decreased in the Mediterranean area from 54.5 to 43.4 kg
of mineral nitrogen/ha of agricultural land. Mineral nitrogen
consumption decreased in all Mediterranean countries except in
Algeria (+0.4 kg N/ha), Tunisia (+3.1 kg N/ha), Turkey (+5.3 kg
N/ha), and Egypt (+75.7 kg N/ha). The highest decrease was
recorded in Croatia (−59.8 kg N/ha).
Mineral nitrogen trade balance (export – import) is negative in the Mediterranean area. Considering the period 2002–
2010, mineral nitrogen trade deficit increased from −1,275,809
to −1,441,037 tonnes of nitrogen, i.e., +165,228 N tonnes. As
of 2010, almost all the Mediterranean countries are net mineral
nitrogen importers except Israel, Jordan, Tunisia, Croatia, Libya,
Morocco, and Egypt. The top net mineral nitrogen exporters
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are Egypt (1,381,065 tonnes of nitrogen) and Morocco (327,023
tonnes of nitrogen). Meanwhile, the top net mineral nitrogen
importers are France (−1635 N tonnes), Turkey (−967175 N
tonnes), Italy (−409540 N tonnes), Spain (−369243 N tonnes),
and Greece (−124780 N tonnes).
High fertilizers, especially nitrogen ones, use calls in question
the environmental sustainability of the current Mediterranean
food consumption patterns.
ENVIRONMENTAL IMPLICATIONS OF FOOD LOSSES AND WASTE

Food losses and waste (FLW) reduction is now considered as essential to reduce the environmental footprint of food systems (52,
68–72). In fact, this is presented as crucial for reducing the emission of GHGs, thus slowing the pace of CC, and des-intensifying
natural resources use.
The long food products journey involves consumption of
resources, labor, and, consequently, of GHG emissions. So, when
considering a foodstuff throughout its life cycle, one must also
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take into account the water, energy, and resources consumed, and,
therefore, wasted when this food becomes refuse (73).
Food losses and waste have two major direct environmental impacts: waste of the resources that are used to produce
the food lost and wasted (use of 1.4 billion hectares of arable
land) and major source of negative impacts including emissions of GHG at disposal (3.3 billion tons of GHGs released
into the atmosphere) (74, 75). Indirect environmental externalities include unnecessary ground and surface water pollution
caused by the intensive use of nitrogenous fertilizers in agriculture. FLW negative externalities include also those that agriculture
expansion into wild areas and mono-cropping create in terms of
loss of biodiversity (74). Approximately, one-third of food produced for human consumption that is lost or wasted globally
every year is estimated to be equivalent to 6–10% of humangenerated GHG emissions (76). A recent study estimated that
food waste in the EU27 generates about 170 Mt of CO2 eq. each
year (77).
Many recent scientific studies have attempted to analyze environmental impacts of FLW usually addressing categories such as
GHG emissions (CF) [e.g., Ref. (78)], WF [e.g., Ref. (48, 79, 80)],
nitrogen [e.g., Ref. (81)], and land use (EF) [e.g., Ref. (82)].
Food loss and waste account for more than 25% of the total consumptive use of vulnerable and limited freshwater resources and
more than 300 million barrels of oil per year (22, 83). Globally, the
blue WF of food wastage is about 250 km3 (74, 75). Minimizing
waste can reduce water demand; a decrease about 50% in FLW at
the global level would save 1,350 km3 a year (52).
Most of the WF of consumption in the Mediterranean countries is due to the agricultural products’ consumption. The share of
the WF of agricultural products consumption in the total WFcons
ranges from 61.8% in Serbia to 97.7% in Tunisia. The average value
is approximately 91% of the total WF of consumption (47). Taking into account the WF of agricultural products consumption
(47), considering the conservative FLW percentage of 30% [cf.
Ref. (84)] and assuming that the same amount of water is wasted
whenever food is lost and/or wasted [cf. WWF (85)], it can be realized that from 294 (Palestinian territories) to 706 m3 /capita/year
(Portugal) of water are lost or wasted by Mediterranean people
(Table 10).
Reducing the quantity of food required, by reducing waste,
could mitigate the negative effects of land use change, and CO2
emissions from agriculture (86). Making the food chain more efficient through waste reduction measures will reduce pressure on
resources required for food production and lower GHG emissions
(6). In fact, reducing the amount of food wasted throughout the
food chain in the entire Mediterranean area would help improving food and nutrition security and contribute to easing pressure
on natural resources especially water. Reducing waste across the
whole food system will increase the amount of food available for
human consumption for the given level of inputs, thereby improving input use efficiency (3). Reducing food loss and wastage will
reduce water needs in agriculture (22) as well as environmental
impacts (22, 87). Interventions to reduce waste in the food chain
will have a greater impact on availability of freshwater resource
as other measures of water use efficiency in agriculture and food
production (88).
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CONCLUSION
References linking food and environment can be found going back
millennia. Food and nutrition has always straddled sectors such
as agriculture and environment. Recent formalized manifestations
include sustainable consumption and production and sustainable
diets.
For addressing the challenge of feeding the growing Mediterranean population, especially in southern Mediterranean countries, new strategies to ensure food and nutrition security while
allowing natural resources conservation are required. Population
increase, industrial development, globalization, and urbanization
have dramatically affected Mediterranean food production and
consumption patterns with impacts on natural ecosystems as well
as diets. Consequent trends in terms of human health and ecosystem integrity degradation are alarming. The present food system
is unsustainable and is putting increasing stress on ecosystems –
in terms of the supply of resources, goods, and services – and
human social systems. Food consumption patterns are considered important drivers of environmental pressures and footprints.
Food production systems, i.e., agriculture sector (including crop
production, fisheries, and animal production), holds much of the
blame for environment problems (loss of agro-biodiversity, water
resources depletion, groundwater and soil contamination, land
degradation, GHG emissions, etc.).
For fostering and speeding up transition toward more sustainable food consumption patterns profound changes in both food
consumption and food production are necessary. Efforts relating
to the promotion of sustainable agriculture should be complemented by consumption-related measures. In fact, developing a
sustainable food system requires transformative and simultaneous interventions covering all phases of the food chain, i.e., from
field to fork. It also requires unprecedented, large-scale behavior
change. Sustainability in food systems means addressing coherently and simultaneously the consumptive demand and productive
supply elements by fostering smarter and efficient food production
systems and diets.
Improving food consumption patterns in the Mediterranean
region implies minimizing pressure on natural resource and
externalities over the life cycle. Sustainable food consumption
encompasses sustainable diets, water consumption decrease, waste
reduction, sustainable supply chains, and energy use efficiency
improvement. Preference should be given for diets that have low
environmental impacts, but provide the required amount of nutrients (including micronutrients) and energy for a healthy life and
a sustainable lifestyle. These diets should be based on local, seasonally produced, minimally processed, ecologically packed, and
tasteful foods.
Pressure on the scarce natural resources, especially water, is
expected to increase due to demographic changes in SEMCs. Food
demand increase will have effects on volumes of irrigation water.
Nowadays, almost 65% of Mediterranean freshwater resources are
used in irrigated agriculture. The ecological deficit and debt of the
Mediterranean region will further increase in the coming years
as the EF per capita is increasing while the biocapacity, i.e., the
regenerative capacity of Mediterranean ecosystems, is decreasing.
Resource use intensity is still high in Mediterranean countries. The average fertilizers consumption in the Mediterranean
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Table 10 | Estimates of water losses and wastage in the Mediterranean countries.
Mediterranean regions

Countries

WF of consumption

WF of agricultural

Water losses and wastage due to food

(m3 /capita/year)

products consumption (%)

losses and waste (m3 /capita/year)

Southern and Eastern

Palestine

1055

93

Mediterranean countries

Egypt

1341

90

364

Turkey

1642

92

453

Algeria

1589

97

463

Jordan

1678

95

478

Morocco

1725

98

505

Libya

2038

93

571

Balkans

294

Lebanon

2112

94

593

Syria

2107

95

600

Tunisia

2217

98

650

Israel

2303

94

650

Macedonia

1348

84

340

Bosnia

1256

95

358

Albania

1555

86

401

Serbia

2390

62

443

Croatia

1688

93

471

Slovenia

2012

85

513

Northern Mediterranean

France

1786

87

466

countries

Malta

2216

90

599

Italy

2303

89

617

Greece

2338

91

636

Cyprus

2385

89

640

Spain

2461

94

692

Portugal

2505

94

706

Source: Authors’ calculation based on data from Mekonnen and Hoekstra (47).

countries is higher than the worldwide average. Mineral nitrogen consumption remains high in many Mediterranean countries especially those that rely on intensive irrigated agriculture
(e.g., Egypt). The Mediterranean region is a net mineral nitrogen
importer.
The WF of consumption varies widely amongst Mediterranean
countries. Nevertheless, more than 90% of the total WF of consumption in the Mediterranean region is due to agricultural
products consumption. Meat, dairy products, and wheat represent more than a half of the WF of food supply in Mediterranean
countries. The contribution of meat and dairy products is higher
in northern Mediterranean countries with respect SEMCs. Cereals
supply accounts for more than a third of the WF of food supply in
some SEMCs such as Egypt, Morocco, and Turkey.
The enhancement and promotion of the MD is crucial for food
consumption environmental sustainability. MD promotion measures can contribute to sustainable natural resources management.
The Italian case study shows clearly that a significant water saving
can be yielded thanks to adherence to the Mediterranean dietary
pattern. In fact, the WF of the current Italian dietary pattern is
much higher than that of the suggested MD.
It is important, furthermore, to reduce food wasted throughout the food chain to make the Mediterranean food system more
sustainable. For this reason it is of paramount importance to alert
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consumers to the environmental implications of their food-related
behavior (e.g., diets, overeating, wasting food). FLW reduction can
ease pressure on natural resources and free up water resources and
land for other development purposes, societal needs and economic
sectors.
Transition toward a sustainable food system in the Mediterranean region requires developing integrated, coherent, comprehensive and holistic policies dealing with nutrition, health, agriculture, environment and natural resources, economy, society, and
culture. Multifaceted actions and interventions should be implemented as a package to yield the desired sustainable changes. Policies and actions at all levels require more and better intersectoral
research to simultaneously address food and environmental sustainability. In particular, it is important to assess the environmental
sustainability of the Mediterranean food consumption patterns
taking into account the different environmental footprints (e.g.,
CF, nitrogen footprint, WF, EF, energy footprint). Food waste is
another issue that should be taken into account for assessing more
accurately the environmental sustainability of diets.
These activities require a shared regional multi-actor governance model involving policy makers, academia, and scientific
community as well as representatives of farmers, the food industry, the civil society and consumer organizations. Coordinated
actions are needed at all levels (local, national, and regional). Local
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multi-actor partnerships and initiatives to achieve sustainable
food systems can be scaled up within sound regional regulatory
frameworks.

REFERENCES
1. UNEP/MAP. Mediterranean Strategy for Sustainable Development: a Framework
for Environmental Sustainability and Shared Prosperity. Athens: Tenth Meeting of
the Mediterranean Commission on Sustainable Development (MCSD) (2005).
2. Kickbusch I. The Food System: A Prism of Present and Future Challenges for Health
Promotion and Sustainable Development. Bern: Triggering the debate – white
paper. Promotion Santé Suisse (2010).
3. Ingram JSI. From Food Production to Food Security: Developing Interdisciplinary, Regional-Level Research. PhD Thesis. Wageningen: Wageningen University
(2011).
4. Reddy S, Lang T, Dibb S. Setting the Table – Advice to Government on Priority Elements of Sustainable Diets. Sustainable Development Commission, UK
(2009).
5. Lacirignola C, Capone R. Mediterranean diet: territorial identity and food safety.
New Medit (2009) 4(8):2–3.
6. Foresight. The Future of Food and Farming: Challenges and Choices for Global
Sustainability. Executive Summary. London: The Government Office for Science
(2011).
7. FAO and Bioversity. Report of the International Symposium on Biodiversity
and Sustainable Diets. Rome (2010). Available from: http://www.fao.org/ag/
humannutrition/28506-0efe4aed57af34e2dbb8dc578d465df8b.pdf
8. Lacirignola C, Dernini S, Capone R, Meybeck A, Burlingame B, Gitz V, et al.
Towards the Development of Guidelines for Improving the Sustainability of Diets
and Food Consumption Patterns: the Mediterranean Diet as a Pilot Study.
CIHEAM/FAO – Options Méditerranéennes, Series B: Studies and Research, N°
70. Bari (2012). 67 p. Available from: http://om.ciheam.org/om/pdf/b70(en)
/b70(en).pdf
9. Dernini S, Meybeck A, Burlingame B, Gitz V, Lacirignola C, Debs P, et al. Developing a methodological approach for assessing the sustainability of diets: the
Mediterranean diet as a case study. New Medit (2013) 3:28–36.
10. Capone R, El Bilali H, Debs P, Cardone G, Driouech N. Mediterranean food
consumption patterns sustainability: setting up a common ground for future
research and action. Am J Nutr Food Sci (2014) 1:37–52. doi:10.12966/ajnfs.04.
04.2014
11. Burlingame B, Dernini S. Sustainable diets: the Mediterranean diet as
an example. Public Health Nutr (2011) 14(12A):2285–7. doi:10.1017/
S1368980011002527
12. Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, et al.
Mediterranean diet pyramid: a cultural model for healthy eating. Am J Clin Nutr
(1995) 61(Suppl):1402S–6S.
13. Menotti A, Kromhout D, Blackburn H, Fidanza F, Buzina R, Nissinen A. Food
intake patterns and 25-year mortality from coronary heart disease: cross-cultural
correlations in the seven countries study. The Seven Countries Study Research
Group. Eur J Epidemiol (1999) 15(6):507–15. doi:10.1023/A:1007529206050
14. Serra-Majem L, Roman B, Estruch R. Scientific evidence of interventions
using the Mediterranean diet: a systematic review. Nutr Rev (2006) 64:S27–47.
doi:10.1301/nr.2006.feb.S27-S47
15. Sofi F, Cesari F, Abbate R, Gensini A. Adherence to Mediterranean diet and
health. BMJ (2008) 337:1136–344. doi:10.1136/bmj.a1344
16. Maillot M, Issa C, Vieux F, Lairon D, Darmon N. The shortest way to reach
nutritional goals is to adopt Mediterranean food choices. Evidence from
computer-generated personalized diets. Am J Clin Nutr (2011) 94(4):1127–37.
doi:10.3945/ajcn.111.016501
17. Estruch R, Ros E, Salas-Salvadó J, Covas M-I, Corella D, Arós F, et al. Primary
prevention of cardiovascular disease with a Mediterranean diet. N Engl J Med
(2013) 368(14):12. doi:10.1056/NEJMoa1200303
18. Carlsson-Kanyama A. Climate change and dietary choices – how can emissions
of greenhouse gases from food consumption be reduced? Food Policy (1998)
23:277–93. doi:10.1016/S0306-9192(98)00037-2
19. Carlsson-Kanyama A, Gonzalez AD. Potential contributions of food consumption patterns to climate change. Am J Clin Nutr (2009) 89(Suppl):1704S–9S.
doi:10.3945/ajcn.2009.26736AA

Frontiers in Nutrition | Nutrition and Environmental Sustainability

Food-related environmental footprints in the Mediterranean countries

20. Carlsson-Kanyama A, Pipping Ekstrom M, Shanahan H. Food and life cycle
energy inputs: consequences of diet and ways to increase efficiency. Ecol Econ
(2003) 44:293–307. doi:10.1016/S0921-8009(02)00261-6
21. Renault D, Wallender WW. Nutritional water productivity and diets. Agric Water
Manag (2000) 45:275–96. doi:10.1016/S0378-3774(99)00107-9
22. Lundqvist J, de Fraiture C, Molden D. Saving Water: From Field to Fork, SIWI
Policy Brief. Stockholm: Stockholm International Water Institute (2008). Available from: http://www.siwi.org/documents/Resources/Policy_Briefs/PB_From_
Filed_to_Fork_2008.pdf
23. Pimentel D, Pimentel M. Sustainability of meat-based and plant-based diets and
the environment. Am J Clin Nutr (2003) 78(3):660s–3s.
24. Gerbens-Leenes W, Nonhebel S. Food and land use. The influence of consumption patterns on the use of agricultural resources. Appetite (2005) 45:24–31.
doi:10.1016/j.appet.2005.01.011
25. Mediterra. The Future of Agriculture and Food in Mediterranean Countries. Paris:
CIHEAM – Presses de Sciences Po (2008).
26. UNEP/MAP-Plan Bleu. State of the Environment and Development in the Mediterranean. Athens: UNEP/MAP-Plan Bleu (2009).
27. Blue Plan. Threats to Soils in Mediterranean Countries. Document Review. Sophia
Antipolis: Plan Bleu Papers 2 (2003).
28. Zdruli P, Lacirignola C, Lamaddalena N, Trisorio Liuzzi G. The EU-funded
MEDCOASTLAND thematic network and its findings in combating land degradation in the Mediterranean region. In: Sivakumar MVK, Ndiang’ui N, editors.
Climate and Land Degradation. New York, NY: Springer (2007).
29. Zdruli P. Land resources of the Mediterranean: status, pressures, trends and
impacts on regional future development. Land Degrad Dev (2012) 25:373–84.
doi:10.1002/ldr.2150
30. Skuras D, Psaltopoulos D. A Broad Overview of the Main Problems Derived from
Climate Change that will Affect Agricultural Production in the Mediterranean Area.
Rome: FAO/OECD Workshop: Building Resilience for Adaptation to Climate
Change in the Agriculture Sector (2012).
31. FAO. Climate Change and Food Security: a Framework Document. Rome: FAO
(2008). 107 p.
32. Critical Ecosystem Partnership Fund (CEPF). Ecosystem Profile – Mediterranean
Basin Biodiversity Hotspot. Arlington, TX: Critical Ecosystem Partnership Fund
(CEPF) (2010).
33. Radford EA, Catullo G, Montmollin B, editors. Important Plant Areas of the
South and East Mediterranean Region: Priority Sites for Conservation. Gland:
International Union for Conservation of Nature and Natural Resources (IUCN)
(2011).
34. Sundseth K. Natura 2000 in the Mediterranean Region, European Commission
Environment Directorate General, Luxembourg. Luxembourg: Office for Official
Publications of the European Communities (2009). doi:10.2779/77695
35. Pergent Martini C. Marine Ecosystem in UNEP/MAP-Plan Bleu: State of the Environment and Development in the Mediterranean, UNEP/MAP-Plan Bleu. Athens:
UNEP/MAP-Plan Bleu (2009). p. 53–9.
36. Harlan JR. Agricultural origins and crop domestication in the Mediterranean
region. Diversity (1995) 11:14–6. doi:10.1073/pnas.0801317105
37. De Montgolfier J. Natural Terrestrial Eco System in UNEP/MAP-Plan Bleu: State
of the Environment and Development in the Mediterranean, UNEP/MAP-Plan
Bleu. Athens: UNEP/MAP-Plan Bleu (2009). p. 61–5.
38. IPCC (Intergovernmental Panel on Climate Change). Summary for policymakers. In: Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, et al.
editors. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge: Cambridge University Press (2007).
39. Jarvis A, Lane A, Hijmans RJ. The effect of climate change on crop wild relatives.
Agric Ecosystem Environ (2008) 126:13–23. doi:10.1016/j.agee.2008.01.013
40. Schaefer F, Luksch U, Steinbach N, Cabeça J, Hanauer J. Ecological Footprint and
Biocapacity: The World’s Ability to Regenerate Resources and Absorb Waste in a
Limited Time Period, Working Papers and Studies, European Commission. Luxembourg: Office for Official Publications of the European Communities (2006).
41. GFN. Footprint Basics Overview, Global Footprint Network (GFN). (2011).
Available from: http://www.footprintnetwork.org/en/index.php/GFN/page/
footprint_basics_overview
42. Ewing B, Moore D, Goldfinger S, Oursler A, Reed A, Wackernagel M. The Ecological Footprint Atlas 2010. Oakland: Global Footprint Network (2010). 113 p.

December 2014 | Volume 1 | Article 23 | 14

Lacirignola et al.

43. Ewing B, Reed A, Galli A, Kitzes J, Wackernagel M. Calculation Methodology for the National Footprint Accounts. Oakland: Global Footprint Network
(2010).
44. Wiedmann T, Minx J. A definition of ‘carbon footprint’. In: Pertsova CC, editor.
Ecological Economics Research Trends: Chapter 1. Hauppauge, NY: Nova Science
Publishers (2008). p. 1–11.
45. Hoekstra AY, Chapagain AK, Aldaya MM, Mekonnen MM. The Water Footprint
Assessment Manual: Setting the Global Standard. Water Footprint Network. London: Earthscan (2011). 224 p.
46. Hoekstra AY, Chapagain AK. Globalization of Water: Sharing the Planet’s Freshwater Resources. Oxford: Blackwell Publishing (2008).
47. Mekonnen MM, Hoekstra AY. National Water Footprint Accounts: The Green,
Blue and Grey Water Footprint of Production and Consumption. Value of Water
Research Report Series No. 50. Delft: United Nations Educational, Scientific
and Cultural Organization (UNESCO) – Institute for Water Education (IHE)
(2011).
48. Vanham D, Bidoglio G. A review on the indicator water footprint for the EU28.
Ecol Indic (2013) 26:61–75. doi:10.1016/j.ecolind.2012.10.021
49. Sáez Almendros S, Obrador B, Bach-Faig A, Serra-Majem L. Beyond the health
benefits of the Mediterranean Diet: environmental sustainability. Environ Health
(2013) 12(118):1–8. doi:10.1186/1476-069X-12-118
50. Mekonnen MM, Hoekstra AY. The Green, Blue and Grey Water Footprint of Crops
and Derived Crop Products, Value of Water Research Report Series No. 47. Delft:
UNESCO-IHE (2010).
51. Mekonnen MM, Hoekstra AY. The Green, Blue and Grey Water Footprint of Farm
Animals and Animal Products, Value of Water Research Report Series No. 48. Delft:
UNESCO-IHE (2010).
52. FAO. Towards the Future We Want: End Hunger and Make the Transition to Sustainable Agricultural and Food Systems. Rome: Food and Agriculture Organization (FAO) (2012). Available from: http://www.fao.org/docrep/015/an894e/
an894e00.pdf
53. Zessner M, Helmich K, Thaler S, Weigl M, Wagner KH, Haider T, et al. Nutrition
and land use in Austria. Österreich Wasser Abfallwirtschaft (2011) 63:95–104.
doi:10.1007/s00506-011-0293-7
54. Italian Institute of Food Science. Piramide Alimentare Italiana (Italian Food Pyramid). Rome: Istituto di Scienza dell’Alimentazione, University “La Sapienza”
(2005). Available from: http://www.piramideitaliana.it/
55. Leclercq C, Arcella D, Piccinelli R, Sette S, Le Donne C, Turrini A. Italian national food consumption survey INRAN-SCAI 2005-06: main results
in terms of food consumption. Public Health Nutr (2009) 12(12):2504–32.
doi:10.1017/S1368980009005035
56. World Bank. World Development Indicators: Agriculture and Rural Development.
(2013). Available from: http://data.worldbank.org/indicator/AG.CON.FERT.ZS
57. FAO. Food Balance Sheets. (2012). Available from: http://faostat.fao.org/site/368/
default.aspx#ancor
58. Vanham D, Mekonnen MM, Hoekstra AY. The water footprint of the EU for
different diets. Ecol Indic (2013) 32:1–8. doi:10.1016/j.ecolind.2013.02.020
59. Baroni L, Cenci L, Tettamanti M, Berati M. Evaluating the environmental impact
of various dietary patterns combined with different food production systems.
Eur J Clin Nutr (2007) 2:279–86. doi:10.1038/sj.ejcn.1602522
60. Duchin F. Sustainable consumption of food: a framework for analyzing scenarios about changes in diets. J Ind Ecol (2005) 9(1–2):99–114. doi:10.1162/
1088198054084707
61. EC/JRC. Environmental Impacts of Diet Changes in the EU. Technical Report,
European Commission (EC), Joint Research Centre (DG JRC). Seville: Institute
for Prospective Technological Studies (IPTS) (2009).
62. Foster C, Green K, Bleda M, Dewick P, Evans B, Flynn A, et al. Environmental
Impacts of Food Production and Consumption: A Report to the Department for
Environment, Food and Rural Affairs (DEFRA). London: Manchester Business
School. DEFRA (2006).
63. Nguyen TLT, Hermansen JE, Mogensen L. Environmental consequences of different beef production systems in the EU. J Clean Prod (2010) 18:756–66.
doi:10.1016/j.jclepro.2009.12.023
64. Tukker A, Huppes G, Guinée J, Heijungs R, De koning A, van Oers L, et al. Environmental Impacts of Products (EIPRO). Analysis of the Life Cycle Environmental
Impacts Related to the Final Consumption of the EU25 Draft Report. Seville: The
Institute for Prospective Technological Studies (IPTS)/the European Science and
Technology Observatory (ESTO) (2005).

www.frontiersin.org

Food-related environmental footprints in the Mediterranean countries

65. Steinfeld H, Gerber P, Wassenaar T, Castel V, Rosales M, de Haan C. Livestock’s
Long Shadow: Environmental Issues and Options. Rome: Food and Agriculture
Organization of the United Nations (FAO) (2006).
66. Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman J, et al. Tackling Climate Change Through Livestock – A Global Assessment of Emissions and
Mitigation Opportunities. Rome: Food and Agriculture Organization of the
United Nations (FAO) (2013).
67. Scardigno A. Water use efficiency and economic approach: National study, Italy.
Final version. Sophia Antipolis: Plan Bleu UNEP/MAP Regional Activity Centre
(2011).
68. HLPE. Price Volatility and Food Security. Rome: A report by the High Level Panel
of Experts on Food Security and Nutrition (HLPE) of the Committee on World
Food Security (2011).
69. FAO. Greening the Economy with Agriculture. (2012). Available from: http:
//www.fao.org/docrep/015/i2745e/i2745e00.pdf
70. FAO. SAVE FOOD: Global Initiative on Food Losses and Waste Reduction: Key
findings. (2013). Available from: http://www.fao.org/save-food/en/
71. UNEP. Avoiding Future Famines: Strengthening the Ecological Foundation of
Food Security Through Sustainable Food Systems. A UNEP Synthesis Report
(2012). Available from: http://mahb.stanford.edu/wp-content/uploads/2013/
02/2012-UNEP-Avoiding-Famines-Food-Security-Report.pdf
72. UNEP. The Critical Role of Global Food Consumption Patterns in Achieving Sustainable Food Systems and Food for All. Paris: A UNEP Discussion Paper. UNEP
(2012). Available from: http://fletcher.tufts.edu/CIERP/~/media/Fletcher/
Microsites/CIERP/Publications/2012/UNEPGlobalFoodConsumption.pdf
73. BCFN. Food Waste: Causes, Impacts and Proposals. Parma: Barilla Center for
Food & Nutrition (BCFN) (2012).
74. FAO. Food Wastage Footprint: Impacts on Natural Resources. (2013). Available
from: http://www.fao.org/docrep/018/i3347e/i3347e.pdf
75. FAO. Food Wastage Footprint, Impacts on Natural Resource. Rome:
FAO (2013). Available from: http://www.fao.org/fileadmin/templates/nr/
sustainability_pathways/docs/Factsheet_FOOD-WASTAGE.pdf
76. Vermeulen S, Campbell B, Ingram S. Climate change and food systems. Ann
Rev Environ Resourc (2012) 37:195–222. doi:10.1146/annurev-environ-020411130608
77. Monier V, Mudgal S, Escalon V, et al. Preparatory Study on Food Waste Across EU
27. Brussels: Technical Report. European Commission (DG ENV) (2011). Available from: http://ec.europa.eu/environment/eussd/pdf/bio_foodwaste_report.
pdf
78. Garnett T. Where are the best opportunities for reducing greenhouse gas emissions in the food system (including the food chain)? Food Policy (2011) 36(Suppl
1):S23–32. doi:10.1016/j.foodpol.2010.10.010
79. Chapagain A, James K. Accounting for the impact of food waste on water
resources and climate change. In: Kosseva M, Webb C, editors. Food Industry
Wastes: Assessment and Recuperation of Commodities. San Diego: Academic Press,
Elsevier (2013). p. 217–36.
80. Ridoutt BG, Juliano P, Sanguansri P, Sellahewa J. The water footprint of food
waste: case study of fresh mango in Australia. J Clean Prod (2010) 18(16–
17):1714–21. doi:10.1016/j.jclepro.2010.07.011
81. Grizetti B, Pretato U, Lassaletta L, Billen G, Garnier J. The contribution of food
waste to global and European nitrogen pollution. Environ Sci Policy (2013)
33:186–95. doi:10.1016/j.envsci.2013.05.013
82. Wirsenius S, Azar C, Berndes G. How much land is needed for global food production under scenarios of dietary changes and livestock productivity increases
in 2030? Agric Syst (2010) 103(9):621–38. doi:10.1016/j.agsy.2010.07.005
83. Hall KD, Guo J, Dore M, Chow CC. The Progressive Increase of Food Waste in
America and its Environmental Impact. Bethesda, DC: Laboratory of Biological
Modeling, National Institute of Diabetes and Digestive and Kidney Diseases
(2009).
84. Gustavsson J, Cederberg C, Sonesson U, van Otterdijk R, Meybeck A. Global
Food Losses and Food Waste: Extent, Causes and Prevention. Rome: FAO (2011).
85. Italia WWF. Quanta Natura Sprechiamo? Le Pressioni Ambientali Degli Sprechi
Alimentari in Italia. Rome: WWF Italia Ong-Onlus (2013).
86. Schott ABS, Vukicevic S, Bohn I, Andersson T. Potentials for food waste minimization and effects on potential biogas production through anaerobic digestion. Waste Manag Res (2013) 1–9. doi:10.1177/0734242X13487584
87. Nellemann C, MacDevette M, Manders T, Eickhout B, Svihus B, Prins AG, et al.
The Environmental Food Crisis: The Environment’s Role in Averting Future Food

December 2014 | Volume 1 | Article 23 | 15

Lacirignola et al.

Crises. Arendal: UNEP rapid response assessment, United Nations Environment
Programme, UNEP/GRID-Arendal (2009).
88. Ridoutt BG, Juliano P, Sanguansri P, Sellahewa J. Consumptive water use associated with food waste: case study of fresh mango in Australia. Hydrol Earth Syst
Sci Discuss (2009) 6:5085–114. doi:10.5194/hessd-6-5085-2009
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 28 April 2014; accepted: 22 November 2014; published online: 12 December
2014.

Frontiers in Nutrition | Nutrition and Environmental Sustainability

Food-related environmental footprints in the Mediterranean countries

Citation: Lacirignola C, Capone R, Debs P, El Bilali H and Bottalico F (2014) Natural
resources – food nexus: food-related environmental footprints in the Mediterranean
countries. Front. Nutr. 1:23. doi: 10.3389/fnut.2014.00023
This article was submitted to Nutrition and Environmental Sustainability, a section of
the journal Frontiers in Nutrition.
Copyright © 2014 Lacirignola, Capone, Debs, El Bilali and Bottalico. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

December 2014 | Volume 1 | Article 23 | 16

