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H I G H L I G H T S

• Water efficiency is a management tool
to improve performances from an inte-
grated view.

• Theminimum value of cropwater use is
associated with Etna wine, followed by
Dolcetto d'Alba and Nebbiolo d'Alba.

• Differences in economic water produc-
tivity provide information for the choice
of performing vineyards.

• Barolo and Brunello di Montalcino have
the highest value of economic water
productivity among AO wines.

• Policy planning represents a key factor
for AO Italian wine industry
sustainability.

G R A P H I C A L A B S T R A C T

a b s t r a c ta r t i c l e i n f o

Article history:
Received 23 November 2017
Received in revised form 21 March 2018
Accepted 22 March 2018
Available online xxxx

Editor: Simon Pollard

In the agribusiness wine is certainly a very interesting sector to analyze. The specific aim of this work is to assess
water efficiency and economic water productivity for the Italian wines with Appellation of Origin (AO). This as-
sessment could represent a potentialmanagement instrument to improve production performances from amore
integrated perspective, pursuing new market trends. The study is related to Italy, the first worldwide producer,
and analyzes the available data of AO wines, which globally have specific features, being strictly connected
with the territory and its background. The results show the top and bottom five AO wines in terms of crop
water use and economic water productivity and their trends during the period 2011–2015, based on average an-
nual change rates. Results of this study are relevant for the wine sector since they can guide decision makers on
vine variety selection in the context of micro- and macro-level sustainability of water resource use.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Wine history is very ancient and in fact, it dates back to the first ev-
idence of civilization (Sandler and Pinder, 2003). The earliest traces of
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viticulture originate in the sixthmillenniumBC at the Shulaveris-Gora site
in Georgia (Estreicher, 2006). Wine is not a standard product, since there
aremany features that canmake it highly differentiated. A relevant condi-
tioning, from the technical point of view, is determined by cultivar, vin-
tage and climate (Bokulich et al., 2014). From the consumer perspective
it is impossible to list all elements that explain what attributes intervene
in the selection process (Casini et al., 2009). However some of the main
attributes may be prestige, quality, homogeneity among brands from
one region, image, regional labels, origin, grape vintage, purchasing fre-
quency, grade, price and taste (Gil and Sánchez, 1997). There are other
studies that demonstrate the health benefits of wine (German and
Walzem, 2000), contributing to the concept of a non-simple drink. Thanks
to the new generations, newwine aspects, such as environmental, ethical
and social ones, have grownup (Pomarici andVecchio, 2014). Forbes et al.
(2009) specifically showing that consumers now pay particular attention
to wines whose production is carried out through green practices, since
they believe they are of superior quality. Therefore they are willing to
pay a higher price. It is clear that, in the modern era, the challenge in
this sector is in sustainability (Bisson et al., 2002), how to intercept both
newmarket trends (Gabzdylova et al., 2009) and new models of natural
resource utilization (Christ and Burritt, 2013), thereby improving the en-
vironmental performance. A large number of sustainability programs
have been launched in recent years focusing on the environmental as-
pects considering environmental sustainability indicators, greenhouse
gas emissions and the use of Life Cycle Assessment methodology
(Lamastra et al., 2014). The main literature related to the analysis of sus-
tainability inwine production, as noted by Christ and Burritt (2013), is fo-
cused on specific areas such aswater, solidwaste, energy, greenhouse gas,
chemicals, land and the impact on ecosystems (Gabzdylova et al., 2009).

Italianwine production, concerning the broad issue of sustainability,
is a very interesting context to analyze. It is the number one producer;
the synthesis of a complex environment where there is the presence
of almost - both officially and unofficially recognized - 2000 native
vines (Schneider, 2005). This number is clearly superior to the number
in France, the second world producer, where this value is around 400
(Lacombe, 2002). The reason for this particularity can be found in differ-
ent key factors. They are: the geographical position in the central area of
the Mediterranean Sea (which has become, over the years, the cross-
roads of many Mediterranean food species), ecological fragmentation
and also socio-economic fragmentation (Schneider, 2005).

Currently, there are 407 Appellation of Origin (AO) registered wines
in Italy, but not all of these varieties are cultivated in extensive areas.
(Federdoc, 2017).

Therefore Italian production, considering the latest data available, as
abovementioned, is also the first in theworld in volume. Themain pro-
ducers are located in Europe, above all in the Mediterranean area,
underlining the secular tradition in this sector (This et al., 2006).

In this context the weight of AO wines is strategic. Considering the
trend in the last years, they have reached almost 40% of total production,
confirmed by the estimated data related to 2015. Moreover Italian pro-
duction is very well accepted on the international market, In fact, in the
five years 2010–2014, the export value, in volumes, is often close to 50%
of total production (Federdoc, 2017; OIV, 2017).

Currently the real challenge for Italian wine is to reach a good mar-
ket appreciation abroad, above all from the economic point of view.
Therefore, a good connection with sustainability practices could repre-
sent a strategic way to increase revenues (Forbes et al., 2009), consider-
ing the increased willingness to pay.

In the 90s', assessing the alternative solutions to the water scarcity
issues in Middle Eastern Countries, Allan elaborated the virtual water
(VW) concept and defined the latter as the volume of water needed to
produce a commodity or a service, considering its whole supply chain
(Allan, 1998, 2011). TheWater Footprint (WF) is an indicator strictly re-
lated to the concept of virtualwater (Hoekstra, 2003).Moreover theWF
indicator consists of three components: the blue, green and grey WF
that all have different economic, environmental and social impacts.

The blueWF is an indicator of the use of fresh surface water or ground-
water. The green WF is an indicator of human use of water resulting
from precipitation on land that does not feed the runoff or recharging
of groundwater, but remains temporarily on the surface or on the vege-
tation. This is particularly relevant for crop products, where the total
rainwater evapotranspiration plus the rainwater incorporated in the
harvested crop and its inclusion in water management studies is highly
recommended (Falkenmark and Rockstrom, 2006). The grey WF is de-
fined as the volume of freshwater that is required to assimilate the
load of pollutants used in human activity based on natural background
concentrations and on the existing water quality standards in the envi-
ronment (Hoekstra et al., 2011). In the case of agricultural production,
grey WF estimates are calculated as ratios between the leaching-
runoff of chemical substances used as fertilizers or pesticides which ef-
fectively reach freshwater bodies and the difference between the max-
imum permissible concentration of pollutant according to the limits
indicated in regulations and the natural concentration in the receiving
water body (Franke et al., 2013; Miglietta et al., 2017a).

Globally, the wine sector requires a relevant demand of freshwater
resources (Cicchelli et al., 2010). A glass of wine (0.125 l) needs 109 l
of freshwater resources in terms of the average global water footprint,
or 88 l in terms of the average Italian water footprint as reported by
Mekonnen and Hoekstra (2011).

In this perspective, literature studies regarding WF from a regional,
sectorial and trade points of view have been conducted and a number
of case studies are available for the agri-food sector (Cazcarro et al.,
2015; Lopez and Bautista-Capetillo, 2015; Bocchiola, 2015; Lamastra
et al., 2017).

Some other studies analyze water resource pressures associated
with the life cycle of grape-wine production (Herath et al., 2013a) and
the WF of a bottle of wine (Herath et al., 2013b; Quinteiro et al., 2014;
Ene et al., 2013). In this context, new methodological efforts for the
WF assessment in the winemaking industry, with a particular focus on
the grey WF, have been proposed and tested (Lamastra et al., 2014;
Bonamente et al., 2015; Bonamente et al., 2016).

The general aim of the present study is to build a contribution in sus-
tainability wine production analysis through an integrated perspective.
For this reason, considering the dimensions of sustainability (Elkington,
1997) - environmental, economic and social - specific features have
been chosen.

To cover all three areas of sustainability the elements taken into con-
sideration are: the appellation of origin (social), the water footprint (en-
vironmental) and the price (economic). The Appellation of Origin (AO)
is not only a technical aspect but it also has real social meaning since it
is a way to protect rural landscapes, traditional food products and other
central elements of national and regional heritage (Gade, 2004). More-
over Barham (2003) has pointed out that the strong connection with
the territory and its characteristics, even if perceived as legacy, is close
to an active and conscious social construction of the past. It shapes
present placed-based identity and creates new social construction by var-
ious groups concerned with rural areas (social and economic organiza-
tions, state agency personnel, academics), with the intent to recover
and revalorize elements of the rural past to be used in asserting a new vi-
sion of the rural future. The water footprint is clearly an element con-
nected with the natural environment and its utilization, where natural
resources are exploited. The last element considered related to economic
aspect is price. In the wine market, price could have a strong hedonic
function and it is a relevant instrument to increasing the final value of
product (Oczkowski, 1994; Costanigro et al., 2007), ensuring good pro-
spective for revenues and profits.

In this paper, firstly, the general problem of water sustainability in
the wine sector is presented as well as a comprehensive literature re-
view of wine studies and the WF concept. Afterwards, the methods de-
veloped in this research are described with an overview of the variables
used. Finally, the results are discussed, aiming at assessing water effi-
ciency and economic water productivity for the AO Italian wines, as
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