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Water and Carbon footprint perspective in Italian durum wheat
production

Abstract

Agriculture has a strong influence on water consumption; the scarcity of water in some areas is a problem,
which affects the balance of entire production areas. Global water resources are widely used for food
production; some areas of the Mediterranean are scarce in water and the water demand is expected to
increase in the future due to population growth. In addition, carbon emissions related to agricultural
production represent about 35% of total greenhouse gas emissions. Starting from these considerations, this
study investigates Water and Carbon footprint in Italian durum wheat cultivation, taking into account the
production from 2011 to 2015. Results showed an extreme variability of these indicators across the Country.
The Regions below 5,000 m? ha* of water consumption (dedicated to durum wheat production) are located
in the South, whilst the highest values are recorded in the Centre and in the North. With regard to the values
of the water surface consumption, the situation is quite the opposite: indeed, these are mainly the Southern
and the Adriatic regions that have a high value of the ratio between water footprint and total agricultural
area. Carbon footprint showed a similar trend; its highest value was found in Northern Italy (2,462 kgCO2
hat), the ratio between the North and the Centre-North is 1.30. Policy suggestions that address management
of water resources and sources of carbon emissions could increase the environmental sustainability of Italian
durum wheat production.
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1. Introduction

Ryan et al. (2008) predict that the future challenge for agriculture will be to produce without
reducing the capacity of natural resources (soil and water), and to avoid creating a fragile and
uncertain environment for production. In the Mediterranean, cereals account for over half of the
total area of land that is irrigated (Daccache et al., 2014), and although considerable efforts have
been made to develop and disseminate several modern wheat varieties (Shiferaw et al., 2014) to
increase productivity, few studies have been carried out on the environmental sustainability of
cereals production.

The Mediterranean area contributes to 60% of the global production of durum wheat (FAOSTAT,
2013). The production of which is expected to experience an increased variability in yield and
quality as a consequence of climate change (Toscano et al., 2015). Italian wheat production during
2015 covered an area of 1,327,389 hectares and yielded 44,537,266 tons of cereals (ISTAT data).



Water resources are widely used for food production and, consequently, its demand is expected to
increase in the future due to population grows (Bocchiola et al., 2013; Curmi et al., 2013; Khan
and Hanjra, 2009). Agriculture is the main consumer of freshwater in the world, as pointed out by
Rodriguez et al. (2015) and accounts for about 70% of water withdrawals (Chen and Chen, 2013).
Some Mediterranean areas are water scarce, particularly in Southern and Eastern countries (Garcia-
Ruiz et al., 2011). A failure to manage many water systems optimally results in environmental
damage (Xu et al., 2016); this is more evident in the case where activities can cause the degradation
of hydrological habitats (Chapagain and Orr, 2009). Ercin and Hoekstra (2014) predict that
freshwater scarcity and pollution will be worsened in the future and this will decrease its quality.
Moreover, some authors have estimated that human dependency on water resources will increase
significantly in the future (Alcamo et al., 2003; Bruinsma, 2009; Rosegrant et al., 2009). Chapagain
et al. (2006) point out that the majority of costs and impacts of water use and pollution caused by
agriculture and industry is not translated into the price of products. However, it is still possible to
remain at sustainable levels even with increasing populations through changes in water management
(Ercin and Hoekstra, 2014). In order to limit the unsustainable use of global freshwater resources,
indicators are needed, which make consumption patterns transparent (Ridoutt and Pfister, 2010).
Global water cycles and carbon energy cycles are inextricably linked (Khan and Hanjra, 2009).
Scientific evidence has shown that the climate is rapidly changing mainly due to increasing
anthropogenic greenhouse gas emissions (Ruddiman, 2003), which stem from various human
activities, including agriculture (Janzen et al., 2003).

An issue closely linked to the greenhouse gas balance is related to the carbon cycle and the ability
to store it in carbon sinks (IPCC 2014). It is known (Pattara et al., 2012) that carbon dioxide is
absorbed by plant tissue and it is converted into cellulose and lignin and other compounds. The
duration of carbon sequestration outside the atmosphere determines whether the cycle is short or
long. Unfortunately, in the case of durum wheat, all carbon stored in plant tissues is released into
the atmosphere in the timespan of a season or a few years. This implies that in open field crops no
direct benefits can be achieved in terms of carbon sinks. As it is well known (Weidema 2008),
carbon footprint (CF) is a very effective tool from a communication point of view, but within the
complexity of environmental issues it is only one part of the whole. Environmental impact
indicators (fresh water contamination, eutrophication, soil salinisation, etc.) that have developed as
result of the use harmful plant protection products and the mismanagement of fertilisers and plant
protection products should not be neglected.

Directly associated with the theme of changing crops, the possibility of changing dietary habits
towards low CF products can be raised. The issue has been addressed by several authors (Grebitus
et al., 2015, Cerutti et al., 2016, Nijdam et al., 2012); however, it seems clear that the influence
generated by environmental components in labelling of food products is still marginal compared to
product price. There is still not enough done terms of consumer awareness campaigns to clarify
labels relating to environmental issues or performance. Although the European Commission (with



the single market for green products) and other nations around the world are making great efforts
towards a standardisation of environmental certification procedures for products of the same
category and for emission mitigation measures related to food production, consumers are still
largely uninformed when it comes to environmental labels (Grebitus et al., 2015). Furthermore, a
proliferation of environmental labels have contributed to an increase in consumer confusion have
made making product choices even more difficult, needs to be taken into account.

The responsible use of water and the reduction/mitigation of carbon dioxide emissions is important
in the context of social responsibility and of the guidelines aimed at sustainable management of
natural resources. The Water Footprint (WF) has been widely used as an indicator that contributes
to safe and sustainable of water, and CF for as an indicator for carbon dioxide emissions. Although
the various footprint concepts are related, significant differences in origin exist between ecological
WF and CF.

Rural development plan is an extremely important tool to regulate the environmental policy.
Depending on the purpose for which the rural development plan (RDP) model is used, it can be
modulled for specific features, such as the assessment of more complex relations in ecosystems and
in environment-economy and environment-society interactions. Since the late 1990s, Italian
producers have struggled to improve the environmental performance of their production processes,
an objective which has now been extended to the entire supply chain (Bevilacqua et al., 2007).
Regarding products intended for direct consumption (pasta, rice and bread), the phases of the life
cycle considered start from the production of raw materials, and conclude with cooking (as
specified in the studies of Espinoza Orias et al. 2011) and the disposal of packaging.

New policies can make food production more sustainable within the carrying capacity or ecological
threshold of land and water resources (Khan and Hanjra, 2008) and with this in mind, The aim of
this paper is to assess the WF and CF of Italian durum wheat production, identifying both the
location and the character of the impacts.

2. Literature review
2.1 Water use in cereal productions

Allan (1998) introduced the concept of virtual water to describe the total volume of water in
agricultural products; he suggested that regions, which are poor in water, should import water
intensive agricultural products. The water footprint is one of the most common tools used to analyse
water management and the WF of a product is defined as the volume of freshwater used to produce
it and should be measured over the full supply chain. This is more frequently expressed in water
volume per unit of product (m? t'1) (Mekonnen and Hoekstra, 2011).



Hoekstra et al. (2011) define the concept of the Blue, Grey and Green WF. The Blue WF measures
the amount of available water consumed in a certain period and therefore not immediately returned
to the catchment; Grey WF of a process step is an indicator of the degree of freshwater pollution
associated with it and is defined as the volume of freshwater that is required to assimilate the
pollant load; Green WF is an indicator of human water use and refers to precipitationthat does not
run off or recharge the groundwater, but is stored in the soil or temporarily stays on the soil surface
or vegetation. The sum of these three components gives the total WF.

In the agriculture, many studies emphasise the importance of a responsible use of water resources
(Ababaei and Etedali, 2014). The water footprint is also calculated in products derived from durum
wheat, such as pasta (Ruini et al., 2013). The water footprint indicator is a tool that provides
interesting information for policy makers (Steen-Olsen et al., 2012) and economists and is useful for
water management.. Rodriguez et al. (2015) emphasised the relevance of agricultural practices, such
as irrigation and fertilisers on the WF of the crop.

Companies and consumers can be advantaged by finding ways of reducing their environmental
impacts, as well (Ridoutt and Pfister, 2010). In the context of social responsibility, the WF has been
widely used as an indicator that contributes to safe and sustainable use of water (Marano and
Filippi, 2015). Freshwater (adequate in terms of qualities-quantities) is a prerequisite for human
societies and natural ecosystems.

Despite the importance of WF as an environmental sustainability indicator, it should be considered
as a partial tool - one that can be used together with other indicators to allow for a more in depth
look atintegrated policies (Perry, 2014).

2.2 Carbon footprint in agricultural production

The carbon footprint is a versatile tool that can also be used for communication purposes due to its
direct correlation with the phenomenon of climate change (Pattara et al., 2012). It is particular
useful for communication to stakeholder groups who do not have a high-level scientific knowledge.
Its easy use has rendered it quite popular even within the scientific research community, which has
contributed to its application in different fields and sectors (Accorsi et al., 2015).

The CF of a product is defined as the greenhouse gas (GHG) emissions associated with the life
cycle of that product that is calculated from cradle to grave (Pattara et al., 2012; Zubelzu et al.,
2015). As a general rule, it is expressed as the amount of CO.eq for a previously defined unit of
measurement.

In this sense, the CF is part of the Life Cycle Assessment (LCA) method, already applied in many
production sectors and which continues to spread even with analyses of food products. Its
application has been in use in the cereals sector since the 2000s (Brentrup et al. 2000), contributing



significantly to the improvement of information on the environmental impacts related to cereal
production systems.

Along with the spread of LCA, there has been an exponential growth of tools specificly linked to
one particular category of environmental impact (e.g. CF, WF, Ecological Footprint, etc.). In
contrast to LCA (which is more complex and is connected to more environmental impact
categories), these seem to be more easily understood by the media and by the organized retail.

This was precisely what was seen in these indicators, as marketing the tools can encourage public
support. Therefore, brands and standards for CF certification were created all over the world
(Huella de Carbono in Spain, Bilan Carbone in France, CF in the UK, etc.), all regulated nationally
and managed by NGOs. Only after a process that lasted several years, I1SO issued the technical
standard ISO/TS 14067:2013 relating to the accounting and disclosure of GHGs of a product (the
rule relevant to organisations is 1SO 14064:2006) in May 2013.

Moreover, at an international level, several sectoral organisations have attempted to define (even
without a recognised standard) the rules of application (PCR - product category rules) of the various
national standards for GHG emissions accounting. Since 2008, the Organisation International de la
Vigne et du Vin has been working on the definition of a specific protocol for the accounting of
greenhouse gases, both for the company and the product. Furthermore, in the next few months it
will release the these documents with the relevant technical specifications regarding the emission
factors.

Similarly, the 10C (International Olive Oil Council) is in the process of defining the PCR related to
extra virgin olive oil, thanks to a process of consultation carried out with leading international
experts. However, the International Grains Council (IGC) has not yet developed any reference PCR
for the production of cereals. Despite this growing interest in the methodology of CF, CF labelling
for cereal its products is still not widely seen. Noteworthy efforts of this are Barilla and De Cecco
for pasta products (regarding the Environmental Product Declaration standard) and some
certifications carried out by flour mills.

There are many applications of the CF along the supply chain of the cereals sector. The products
that have been considered include pasta, bread, various types of flour and by-products of corn used
as biofuels (Ruini and Marino, 2010; Espinoza Orias et al., 2011). Therefore, the functional unit
(FU) and the phases included within the boundaries of the system and the GHG emissions
associated with them, tend to differ significantly, thus rendering it impossible to make comparisons
between the final emissions associated with the various products.

3. Methodology

3.1 Water use calculation



WF has three components: Virtual Green Water Content (VW<Careen), Virtual Blue Water Content
(VWCa) and Virtual Grey Water Content (VWCearey). WUGgreen, WUgIie, WUerey are the Green, Blue
and Grey Water Use respectively, for a hectare of production (Rodriguez et al., 2015).

WUGreen= Green Water use (m? ha?).
WUgiue= Blue Water use (m® ha't).
WUGgrey= Grey Water use (m® ha?).

The total WF for the process of growing crops or trees is the sum of the Green, Blue and Grey
components in relation to the volume of the WF of the product/mass (Rodriguez et al., 2015):

WEF = VWCGreen + VWCBIue + VWCGrey (VOIUme/maSS).

VWCareen= Virtual Green Water content (m? t).
VWCge= Virtual Blue Water content (m® t ).
VWCagrey= Virtual Grey Water content (m?* t ™).

Water Use in relation to a hectare of production were calculated as follows (Rodriguez et al., 2015):

WUGreen Region i (m3 ha-l)z VWC Green Region i (m3 t-l) X Yp Regioni (t ha-l)-
WUBlue Region i (m3 ha_l): VWC Blue Regionii (m3 t_l) X Yp Region i (t ha‘l).
WUGrey Region i (m3 ha_l): VWC Grey Region i (m3 t_l) X Y Regioni (t ha_l)-

Where:
WU=Water Use (WU=WF x Y,).
Y p region i= productivity of durum wheat per hectare (t ha*) of Region i.

WURegion i= WUGgreen Regioni WUBIue Regioni T WUGrey Region i

WUGgreen, WUgie and WUerey OF @ Region in relation to the TAA (Total Agriculture Area) were then
calculated as follows:

WUGreen Region i X TAA Region i_1 = [VWCGreen Region i (m3 t_l) x D.W. prod Region i (t)] | TAA Region i
(Km).

WU Blue Regioni X TAA Region it =[VWCa|ue Region i (m3 t_l) X D.W. prod Region i ®O1/ TAA Region i (Km
2)_

WUGrey Region i x TAA Region i_1 = [VWCGrey Region i (m3 t_l) x D.W. prod Region i (t)] /| TAA Region i
(Km).



Where:

TAA regioni= Total Agriculture Area of Region i (Km).
D.W. prod Region i= Total durum wheat production of Region i (t).

WU % TAA Region i=Wu Grey X TAA Region i1+ WU Green X TAA Region i+ WU giie x TAA Region it

Data for VWC grey, VWC creen and VWC gye for different areas of Italy were taken from Mekonnen
and Hoekstra (2011), who highlighed in their study Grey, Green and Blue WF in different durum
wheat production areas in Italy. The durum wheat production from 2011 to 2015 in different areas
of Italy (Data ISTAT) was taken into account in the present study.

3.2 Carbon footprint calculation

Cereals represent one of the most important agricultural commodities and their cultivation is
widespread worldwide both in developed and in developing countries. Although the final
destination of cereals can differ, their cultivation practices are quite standardised in the different
geographical areas and involve significant GHG emissions (Notarnicola et al., 2015).

The CF is typically calculated through the application of the LCA method applied to only one
component of the Global Warming. The CF quantifies the greenhouse gases associated with a
product or service in its life cycle considered (Weidema et al., 2008). Its calculation is performed
through the sum of emissions associated with the various phases of the life cycle through this
formula:

CFn= Emission Factor, (kgCOeqg/kg of product) x Mass of product (kg)

CFotal life cycle = CF 1 + CF 2 + CF 3+ CF  where 1,2,3...n are the life cycle phases

Several international studies have made a CF assessment for durum wheat and in general for cereal
crops. This paper will take into account both greenhouse gases emitted by the cultivated areas (kg
CO2eq/ha) and for the final product (kg COzeqg/tonnes of durum wheat). To date, there are no
detailed scientific studies on the CF of durum wheat in Italy. However, EPD certifications of
finished products such as pasta and flour have been made by some major companies in the industry.



Based on the studies found in the literature, the GHG values connected to the production of durum
wheat referring to the Italian context were processed; after which, it was possible to obtain
quantities of GHGs emitted at a surface level by referring to the ISTAT data on production of
durum wheat in the years 2011-2015.

4. Results
4.1. Water footprint in relation to yield production

Water use for durum wheat in different areas of the Italy are shown in Table 1. The highest average
value of WUgrey Was observed in Northern Italy (892 m® hal). WUgreen in the North is 5,170 m® ha”
1. A high standard deviation was observed for WUgreen in the Centre (st. dev.=1337.8). The average
WU of the Italian Regions is 5,327 m* ha!, with a ratio of 1.29 between North and South. WUgiue
presents a negligible value.

Table 1
WUgrey, WUgreen and WU giie 0f durum wheat production in different areas of Italy (m® hal).

WUgrey (M hal) WUgreen (M® ha't) WUgie (M ha't) Total WU (m® ha?)

Mean st. dev. Mean st. dev. Mean st. dev. Mean st. dev.
North 892 133.6 5170 774.3 70 10.5 6132 918.4
Centre 777 223.2 4661 1337.8 63 18.0 5501 1578.9
South 627 93.0 4057 601.6 54 8.0 4738 702.6
Italy 740 177.6 4526 942.4 61 12.9 5327 1130.5

Graphic 1 reported WUgrey, WUgreen and WUgie (m* ha') for Italian durum wheat production.
Umbria, which is located in Central Italy, has the highest value of WUgry (U=1089 m® hal),
followed by Northern Regions, such as Veneto (u=1032 m® ha'!), Emilia-Romagna (u=993 m? ha?)
and Lombardy (u=932 m? ha'l).

Umbria (u=6525=m* ha?), located in the Centre, detains the highest value of WUgreen, While
Sardinia (u=3125 m® ha'l), a southeast Region, holds the lowest one (ratio of 2.1).

WUsgie presents values between 42 m® ha' and 88 m® ha.

Graphic 1
WUgrey, WUgreen and WUgie 0f durum wheat production in different Italian Regions (m?
ha'). From North to South (up to down).
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The Region with the highest value of WU, as a sum of WUagrey, WUGgreen and WUsgiee is Umbria
(7702 m® ha'l); the ratio with the smallest (in Lazio) is 1.81.



Graphic 2
Total WU in durum wheat production in different Italian Regions (m® ha). From North to
South (up to down).
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Figure 1 allows for an easier interpretation of WU in Italian durum wheat production, mapping the
percentile of each Region. It can be observed that until the 50" percentile (less than 4,478 m® ha')
there are no regions located in the North, while between 50-75" and over 75" percentiles represent
Regions mostly located in Northern Italy.



Figure 1. WU of durum wheat production in different Italian Regions at different percentile.

4.2 Water Use in relation to Total Agriculture Area

Unit of measurement= m* ha!
|| 24464 (025" Percentile)
D 4506-4787 (25-50™ Percentile)
D 5058-5582 (50-75™ Percentile)

. >6088 (>75% Percentile)

Table 2 shows WUgrey, WUgreen and WUgge in Italian durum wheat production in relation to TAA
(Total Agriculture Area). The Italian average value of WUarey is 58,681 m® km. The area with the
highest WUgrey and WUareen is the North, with a consumption of 83,456 m® km? and 540,099 m®

km, respectively.

The highest value of Blue water is in the South (7,183 m® Km). With a ratio of 8.7 between the
South and the North, the total WU TAA? in Italy is 433,510 m® km,.

Table 2
WUGgrey, WUGreen and WUgye in differents areas of Italian durum wheat production in relation to TAA (m® km).

WUgrey TAAT (M3 km?2) | WUgreen TAAT (M® km?) | WUgie TAAT (M3 km?) | Total WU TAAL (M3 km?)
Mean st. dev. Mean st. dev. Mean st. dev. Mean st. dev.
North 10549 13991.8 61147 81103.7 826 1095.4 72522 96190.9
Centre 69295 63399.2 415412 380066.8 5583 5108.3 490291 448574.3
South 83456 58977.0 540099 381681.6 7183 5076.0 630738 445734.6
Italy 58681 58166.7 369893 370481.0 4937 4936.9 433510 433522.7




WUgrey, WUareen and WUy in relation to TAA is represented in Graphic 3.

The highest WUgrey TAA™ was observed in Marche (u=164,348 m® km), located in the Centre,
following by Molise (u=159,547 m® km2) and Apulia (u=152,498 m® km), located in the South;
the smallest value was osbserved in Piedmont (u=968 m® km).

The regions with the highest value in WUgrey TAA are Molise (1=1,032,541 m*® km), Apulia (u=
986,923 m® km?) and Marche (u= 985,235 m*® km), while minor Grey Water consuption was
observed in Piedmont (u=5,608 m* km) and in Friuli-Venezia-Giulia (u=10,582 m®km).

Graphic 3
WUgrey, WUgreen and WUgyge in relation to TAA (m® km2). From North to
South (up to down).
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Total WU (the sum of WUgrey, WUgreen and WUaiwe) is shown in Graphic 4. Molise represents the
Region with the highest value (over 1200000 m® km).



Graphic 4

Total WU in relation to TAA (m® km). From North to South (up to down).

Piedmont
Lombardy
Veneto
Friuli-Venezia Giulia
Emilia-Romagna
Tuscany

Umbria

Marche

Lazio

Abruzzo

Molise
Campania
Apulia
Basilicata
Calabria

Sicily

Sardinia

89989

168341

375833

400000

800000

884760

856074

1162825

1205820

152546

1200000

BWU (Grey + Green + Blue) / TAA

Figure 2 showed WU of durum wheat production in different Italian regions at different percentiles
based on Total Agriculture Area (TAA). Areas within the 25" percentile (until 62,744 m® km) are
all located in the North. The second and third percentile comprehend regions that are mostly located
in the Centre, while over the 75" percentile (736,014 m® km) regions are mostly located in the
South.



Figure 2. WU of durum wheat production in different Italian regions at different percentiles
based on Total Agriculture Area (TAA).
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4.3 Carbon Footprint in relation to yield production

In Table 3 the values of CF related to the various national areas arising from the production of
durum wheat, are shown. The highest is found in Northern Italy (2,462 kg CO; ha™), while in
Central Italy the value is 2,283 kgCO, ha* and in the South the value of 1,880 kgCO2 ha™ can be
found.

The greater value for the standard deviation was found in the North (st.dev. = 759), while the
national average is 546.

Table 3
CF of durum wheat production in
different areas of Italy (kg CO; ha?).

Mean st. dev
North 2462 759
Centre 2283 479
South 1880 238
Italy 1958 546




From Graphic 5 it can be seen that Veneto has the highest CF value per hectare (3,032 kg CO; hal),
closely followed by Emilia-Romagna (2,944 kg CO; hat) and Umbria (2,876 kg CO, hal). The
lowest value is that of the Valle d'Aosta (971 kg CO2 ha), which, however, is not significant for
the limited production area. Therefore, the lowest values are those of Apulia and Basilicata (1,666
and 1,665 kg CO; hal).

Graphic 5
CF of durum wheat production in different Italian regions (kgCO ha™). From top to
bottom: North to South.
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Figure 3 shows the CF of durum wheat production in different Italian regions based on the regional
area. It can be observed that the 25" percentile of CF (<1,719 kg ha™) and the 25" -50" percentile
are reflected by regions that are mostly located in the South and one in Central Italy. For values
between 1,907 and 2,020, there are two regions of the Center, one of the North and one of the
South.



Figure 3. CF of durum wheat production in different Italian regions at different percentiles of
production in relation to a hectare (kg CO; ha?).

Unit of measurement= kg CO; ha!
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. >2587 (>75™ Percentile)

4.4 Carbon footprint in relation to Total Agriculture Area

Below are the results from the use of CF in relation to the total regional agricultural area. It can be
deduced from the table that the highest values are found in the southern regions.

Table 4
CF in differents areas of Italian durum wheat
production in relation to TAA (kg CO2 km?).

Mean st. dev.
North 1560 4114
Centre 20760 19028
South 24490 17250
Italy 16078 17145




Graphic 6 shows that Molise and Marche have the highest values (50.54 and 49.20 t CO2eq/km2,
respectively) compared to the rest of the country. Furthermore, it can be noted that in the northern
regions these values are notably lower.

Graphic 6

Total regional CF of durum wheat in relation to TAA (kg CO2 km™).
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The analysis of the percentiles (Figure 4) shows that the Italian territory is divided into three main
areas: the one of the North with values between 0 and 2,300 kgCO2/km?; the Adriatic coast, which
includes regions with values greater than 286,10 kgCO/km? and the Tyrrhenian area between the
values of the Adriatic and the northern Italy.



Figure 4. CF of durum wheat production in different Italian Regions at different percentile of
production in relation to total agriculture area.

Unit of measurement= kg CO; km

D <2.30 (0-25th Percentile)
[ ] 4.11-10.28 25-50th Percentile)
m 10.32-15.57 (50-75th Percentile)

. >28.61 (>75th Percentile)

5. Discussion

Environmental sustainability in agriculture poses an important debate in the world of Policy. The
aim of this paper is to assess the WF and CF of Italian durum wheat production, identifying both the
location and the character of the impacts. New policies can render food production more sustainable
within the carrying capacity or ecological threshold of land and water resources (Khan and Hanjra,
2008).

The water and the carbon cycle are closely connected and a policy could identify common
strategies.

The analysis of the results leads to the conclusion that at a national assumes heterogeneous
characteristic features, in terms of WU and CF in durum wheat production.

The first indicator used, WF and CF in relation to hectares, expressed the potential in terms of water
consumption and GHG emissions for the production of durum wheat in different areas. The regions
that consume below 5,000 m? ha™* of water are all located in the South, while the highest values are
recorded in the North (especially in the middle, landlocked area). In relation to the values of the
water surface consumption, the situation is the opposite: it is mainly the Southern and the Adriatic
regions that have a high ratio between WF and TAA; this can be attributed both to a high value of
WU for the production of durum wheat and to a total agricultural area that is smaller than Northern
Italy. In the same way, a marked distinction between the North and the South (including some
Tyrrhenian regions) can be noted for WF related to durum wheat production. We can also note that



in relation to the area, the regions within the first percentile in terms of value of WF and CF, are all
in the North, while lower values were observed in the rest of Italy. The values of Grey Water show
that the regions, which suffer more from pollution as a result of cereal production, are those of the
North, while the least suffering ones include Sicily, Calabria and Sardinia, all in the extreme South.
Mekonnen and Hoekstra (2014) sustain that if Grey WF in a crop production worldwide is reduced
until the level of 25" percentile of the current global production, water pollution will be reduced by
54%.

The intensification of durum wheat production generally leads to an increase of WF and CF.
However, different strategies can be used at different sites, with the helpof policy instruments; from
this point of view, an important resource would be the training of agriculture producers for the
responsible use of these resources (Vrain and Lovett, 2016; Baird et al., 2016).

The drivers that influence the water consumption for agricultural crops are numerous, but the main
ones include: the use of fertilisers, the type of cultivation (at a water requirements level) and the
characteristics of the terrain (Hatfield et al., 2001; Sadras et al., 2003; Hoekstra et al., 2011). More
specifically, the key factors for proper management of the total water balance are: soil nutrient
management, optimising crop rotation, the use of crop residues, erosion control, appropriate tillage,
proper application and timing of manure or synthetic fertilisers, improved irrigation techniques,
proper tillage, biological pest control, reduction of non-beneficial evapotranspiration. Rodriguez et
al. (2015) adapted the use of fertilisers to the potato production to reduce the Grey WF, depending
on the characteristics of the soil.

Unlike other types of environmental impacts, the GHG emissions are meant -above all- as the
release of CO2, CH4 and N20O into the atmosphere and may not be limited by relevant legislation,
because they are derive from production activities and energy production. The use of agricultural
vehicles cannot be restricted, just as the use of fertilisers or cattle farming cannot be limited.
Nonetheless, improving cropping systems may help mitigate greenhouse gas emissions. The
analysis of the CF values related to wheat production in the Italian regions can provide interesting
indications for environmental policy to assist in making strategic decisions. Although global
warming is one of several environmental impact categories, it should be stressed that in recent years
it has acquired a prominent place in public opinion, due to the IPCC reports (IPCC 2014) and due to
the space that mass media has dedicate to extreme weather events that are often defined as
manifestations of climate change and global warming. Within the durum wheat supply chain, there
are two process inputs that typically determine 90% of the environmental load. The first is the
diesel used by mechanical equipment to till the land (Lal, 2005), while the second is fertiliser use.
The environmental impact related to fertiliser use depends not only on GHG emissions arising from
the production phase, but above all on the release of nitrous oxides after field spreading. This issue
contributes most to the balance of GHGs in the durum wheat.

Reducing in GHG emissions can be achieved through two different strategies. One option is by
lowering diesel consumption through a reduction in the use of machinery (e.g. switching from



conventional to no-till farming . Another option involves reducing the use of nitrogen (N) fertilisers,
by improving N use efficiency, for example foliar and soil application of liquid fertilisers,. In this
way, the quantity of fertilisers used (kg/ha) decreases and its absorption increases, rendering both

quantitative and qualitative benefits (Assimakopoulos etal., 2003).

An alternative approach for reducing the greenhouse gas balance related to the production of

durum wheat at a national level would be to use other cereal types that require less inputs and
therefore provide a low carbon impact. However, this solution is impractical because the Italian
durum wheat is a typical to Italy that cannot be replaced easily.
Among the various possible strategies for the reduction of environmental impacts related to the
production of goods and services, there is also the possibility of taxation, which can find funds to
offset or mitigate the damage arising by the system under study (Franks and Hadingham, 2012;
Descateaux et al. 2016). In the cereal sector and more broadly within the context of basic food
(where a reduced VAT taxation already exists), an additional taxation is inappropriate for ethical
reasons, because durum wheat is considered a staple in the Italian diet and the price must be
maintained at acceptable levels.

6. Conclusion

Over the past 30 years, international environmental policies have been largely driven by increased
public awareness of environmental issues and their linkages with economic and social issues. The
Rural Development Plan of the European Union has initially developed its work on environmental
policies and reporting. It considers that human activities influence the environment and affect the
quantity of natural resources.

Importantly, these considerations are necessary not only from an economic assessment point of
view, but also because of the social impacts that the agricultural production represents at a national
level. On the basis of these guidelines, it is necessary that the aforementioned tools (WF) and, in
general, the LCA method (in its most complete sustainability assessment) be increasingly used as a
policy instrument for the correct management of the territory (not only for the environment, but also
for social and economic issues).

The integration between WF and CF has proved to be a very useful tool for analysing production of
the country and for providing some beneficial indicators.

Major changes in agricultural technology, infrastructure, and farming management practices are
needed now with the aim of ensuring sustainable food production, while at the same timereducing
water consumption and carbon emissions.
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