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This paper focuses on the quantitative assessment, on a local scale, of the environmental sustainability of agricultural
activities. To compare the supply and demand of natural resources in a local agricultural system, a methodology based
on the ecological footprint approach was adopted. The condition of (strong) sustainability of an agricultural system is
established through an ecological balance where the availability of natural capital, expressed in terms of biocapacity
(BC), is compared to its demand by agricultural activities, expressed as ecological footprint (EF). The viability of
this methodology was tested in the agricultural area of Viterbo municipality (central Italy).
The results of this study provide interesting points of departure for further research regarding the possibility of defin-
ing an agricultural production system as “sustainable” and of introducing a regional sustainability brand as a key for
local development.
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1. Introduction

The studyof theenvironmental sustainability of agricultural activitieshas
long been a subject of interest for scholars and its importance and popularity
currently showno signs of waning. The extensive literature dealingwith this
topic can be divided into different strands: (i) the object of the study, (ii) the
methods and indicators used, and (iii) the purpose of the studies.

As regards the object (i), a fairly clear differentiation can be observed;
environmental sustainability in the agricultural sector can refer to products,
processes, farms, supply chains and, as is the case of this study, specific
areas. As for methodologies (ii), and their indicators, the literature on envi-
ronmental sustainability is very wide-ranging. Among the many reviews
carried out in the last twenty years, the following may be cited: McCool
and Stankey (2004), Ness et al. (2007), Moldan et al. (2012), Singh et al.
(2012), Waas et al. (2014), Dizdaroglu (2017). In terms of the purposes
(iii) for which a study on the environmental sustainability of agricultural
activity is being conducted, two main objectives, in addition to the
theoretical-methodological one, can be distinguished even if they are not
always explicitly mentioned. On the one hand, there are studies that intend
to provide deeper knowledge to guide public interventions (based on agri-
cultural or local development policies) towards a reduction in the impact of
agricultural activities on natural resources (Pacini et al., 2004; Dominguez
Gómez and Relinque, 2014; Paolotti et al., 2019). On the other hand are
studies looking at environmental sustainability as a possible “brand” that,
if properly declared and communicated to consumers, can characterize
ier B.V. This is an open access artic
agro-food products by increasing their perceived value (Reisch et al.,
2013; Grunert et al., 2014; Franco and Cicatiello, 2018).

Within suchabroadanddiversified framework, thispaper focuses on the
environmental sustainability of agricultural activities on a local scale,
adopting the ecological footprint methodology (Wackernagel and Rees,
1996) and looking at the results of the analysis in a perspective able to
guide local environmental and development policies. In the first part of the
paper, the definitionof environmental sustainabilityof a region is discussed,
with particular reference to its agricultural activities, and the use of ecologi-
cal footprint as amethodology to assess sustainability. The positive implica-
tionsof a sustainable agricultural systemon local economicdevelopment are
also highlighted. The second part describes themethodology used to assess
the sustainability of a local agricultural systemwithin a given region. In the
thirdpartof thepapera case studybasedon theenvironmental sustainability
assessment of an Italianmunicipality agricultural system is presented. The
paper endswith somefinal remarks concerning a discussion about the limits
of the study, possible developments of themethodology and some observa-
tions concerning sustainability and policy implications.

2. Background

2.1. Defining a region as “sustainable”: How to do it

In recent decades the concept of sustainability has gained considerable
attention in many sectors of contemporary society and the use of the terms
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“sustainability” and “sustainable” has become more widespread. This has
led to a general ambiguity over the definition of sustainability, a concept
that nowadays can easily be adapted to a broad range of contexts and situ-
ations; this is true in general (see, for example, the reviews by Mebratu
(1998) and Bolis et al. (2014)), and with regard to the agricultural sector
(Velten et al., 2015). However, when taking a scientific approach with an
economic perspective, the definition of sustainability narrows to a quality
that can characterize a specific object through the attribute of being
“sustainable”.

To verify the effectiveness of this attribute for a certain object, some key
conditions must be met (Rennings and Wiggering, 1997): (i) an unambigu-
ous definition of sustainability; (ii) one (or more) indicator(s) able to trans-
late such a definition in operative terms; (iii) the possibility of correctly
assessing this (these) indicator(s) with reference to the object under
consideration.

As regards the first condition, the economic approach to the concept of
sustainability focuses on natural capital - i.e. the range of functions pro-
vided by the natural environment (Ekins et al., 2003) – distinguishing
between two different positions: strict preservation or the possible substitu-
tion with man-made capital. These two alternatives mark the difference be-
tween strong and weak sustainability paradigms (Dietz and Neumayer,
2007). Strong sustainability requires the natural capital to be preserved in
physical terms, so that its functions remain intact (Barbier and Burgess,
2017). Every analysis aimed at establishing a sustainability condition
needs to refer to an assessment of natural capital availability and its exploi-
tation by economic activities. The indicators that can be used to carry out
such an assessment are many and the literature on this topic is extensive
(see, among others, McCool and Stankey, 2004; Hezri and Dovers, 2006;
Moldan et al., 2012; Singh et al., 2012). Among them, one of the most pop-
ular is the ecological footprint (Wackernagel and Rees, 1996). Indeed, in
line with the principles of sustainability (Daly, 1992), the ecological foot-
print methodology is able to take account of the supply and demand of
the natural resources a community requires to support its activities
(Mancini et al., 2017).

The ecological footprint approach establishes the sustainability of a re-
gion by assessing an indicator, named the Ecological Footprint (EF), which
measures the equivalent biologically productive area required to produce
the renewable resources and ecological services exploited by human activ-
ities that take place in such an area. This value should be related to
BioCapacity (BC), the indicator that tracks the ecological assets available
in a region and their capacity to produce renewable resources and ecologi-
cal services (Galli et al., 2014; Mancini et al., 2017). The comparison be-
tween BC and EF produces the indicator named Ecological Balance (EB),
which represents the environmental surplus/deficit of a region. EB ex-
presses the notion of carrying capacity in terms of land area by translating
economic activity into the area required to produce the resources consumed
and to assimilate the waste generated by a given region. (Neumayer, 2013).
This is the reason whymany scholars agree that the ecological footprint is a
coherent approach to assess (strong) sustainability (Dietz and Neumayer,
2007; Monfreda et al., 2004; Mori and Christodoulou, 2012; Huang,
2018). In particular, it can be applied at a local level to evaluate regional
sustainability (Graymore et al., 2008; Graymore et al., 2010; Knaus et al.,
2006; Scotti et al., 2009; Wackernagel and Yount, 1998; Wilson and
Grant, 2009).

The ecological footprint methodology for sustainability assessment can
also be applied to a single economic sector within a region, namely the ag-
ricultural sector, evaluating its specific resource consumption (measured by
EF) and supply (expressed by the associated BC). Once an agricultural sys-
tem has been spatially defined, EF is represented by the bio-productive area
required to support the production activities carried out by the local farms
as a whole; BC is determined by the biocapacity supplied by the total
amount of farmland in the region (Loiseau et al., 2012; Ghosh and
Chakma, 2018).

There are numerous studies that have addressed the assessment of sus-
tainability in agriculture, with particular reference to crops, in various
countries: China (Li et al., 2020; Xun and Hu, 2019; Wang et al., 2019;
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Bai et al., 2015), India (Ghosh and Chakma, 2018), Italy (Blasi et al.,
2016; Passeri et al., 2016) and Nicaragua (Cuadra and Björklund, 2007).
In the study presented in this paper, the environmental sustainability of
the agricultural system of the Viterbo municipality (central Italy) is
assessed.

2.2. Defining a region as “sustainable”: Why do it?

Agriculture, and more generally food production processes, have a
major global environmental impact on biodiversity, greenhouse gas emis-
sions and pollution due to fertilizers, other external inputs and agricultural
practices (Tilman et al., 2011). Consequently, the demand for food whose
production has a limited impact on the environment is growing rapidly, to-
gether with the spread of sustainability-related information about food. Ac-
cording to a survey developed by Nielsen (www.nielsen.com) in 2015,
involving 30,000 respondents in 60 countries, consumers' food choices
are highly influenced by sustainability-related issues. At the same time,
consumers are increasingly exposed to labels, logos and messages which
convey the environmental and ethical values of food products, providing
clear information on the processes of all the food production chain. The lit-
erature on the concept of sustainability in the food sector is abundant; an
exhaustive review on this topic can be found in Gruner (2011) and, more
recently, in Bollani et al. (2019).

From amarketing perspective, sustainability can be conceived as a form
of branding, which is linked to a product having a (or a set of) credence at-
tribute(s). Indeed, when a product carries with it an idea of sustainability,
consumers assign a credence attribute to the product, according to the ex-
tent to which they understand and share such an idea (Verain et al.,
2012; Palmieri and Perito, 2020). So, similarly to other brands, a “sustain-
ability-related” brand starts to take shape and its incorporated value influ-
ences the consumer's perception of quality and choices (Franco and
Cicatiello, 2018). A key concern of food marketing should focus on the ef-
fects of sustainability branding on consumers' attitudes and their intention
to buy the product. These effects are: to stimulate consumer interest in pur-
chasing the product; to increase consumer willingness to pay for the prod-
uct; to raise consumer satisfaction of the purchase and consumption; to
establish a long-term relationship with the consumer, resulting in customer
loyalty to the sustainability brand (Bartels and Hoogendam, 2011).

In considering these effects, an important issue in the food sector is the
so-called attitude-behaviour intention gap. This is the presumed gap
existing between a favourable attitude towards sustainable behaviours
and the actual intention to purchase sustainable food products (Vermeir
and Verbeke, 2006). Indeed, although general interest in sustainability is
increasing, and consumer attitude towards sustainable behaviour can be
considered positive, the actual purchase behaviour is not univocally consis-
tent with such an attitude. Vermeir and Verbeke (2006) demonstrated that
attitude towards buying sustainability branded products is positively af-
fected by both the individual involvement with sustainability and the de-
gree of certainty regarding sustainability claims.

The main tools available for this purpose are sustainability labels on
food products, as they allow consumers to consider the environmental
and ethical impact of a product while making food choices (Grunert et al.,
2014). However, informing consumers on product sustainability does not
imply that they will actually prefer them; it depends on their motivation
for sustainability and onwhether they understand themeaning of the labels
themselves, recognizing the kind of sustainability they care about (Grunert
et al., 2014). It follows that the presence of a sustainability label on food
products expands the attributes considered by consumers in food choices,
especially when consumers are motivated and have an understanding of
the issues. The presence of both motivation and understanding in the
consumer's mind determines their awareness of a sustainability brand,
which is the necessary premise for sustainability to be integrated into the
food purchase choices.

Considering the intrinsic territorial nature of agro-food products, the
idea that an agricultural system can be declared sustainable using an easily
understandable and communicable evaluation scheme can significantly

http://www.nielsen.com
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contribute to increasing consumers' motivation and understanding. The
possibility of characterising local products with a regional eco-label
(Jad'ud'ová et al., 2020) can generate a virtuous circle that increases con-
sumer satisfaction, leads producers towards production methods with a
lower environmental impact and promotes an effective sustainable devel-
opment of the whole region.

From a more general perspective, the growing attention towards sus-
tainability in the agri-food sector from public institutions, and in particular
the European Union, cannot be ignored. The European Green Deal
(European Commission, 2019) and the Farm to Fork strategy (European
Commission, 2020) confirm that environmental sustainability of agricul-
tural production has become a key issue in the agenda of policy makers.
In this regard, the possibility of assessing the sustainability of an agricul-
tural system, both at farm level or on a regional scale, can provide impor-
tant indications to assist the design of a policy framework able to achieve
compatibility between agricultural activities and environmental priorities
(Passeri et al., 2016).

3. Methodology

3.1. Sustainability assessment of agricultural systems

The process adopted to assess the condition of sustainability of a local
agricultural system through the ecological footprint approach is summ-
arised in Fig. 1.

This process is based on three main steps.
1. Evaluation of total biocapacity (BCTOT), based on the different land
types within the agricultural area of the region: crop land under
Fig. 1. Outline of the process for the assessm
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agricultural production (BCC), and other bioproductive areas – forest
land, grazing land, built-up land, other arable land – (BCA).

2. Evaluation of the total ecological footprint (EFTOT), caused by the differ-
ent production processes (crops and livestock) and other management
tasks directly linked to agricultural activity.

3. Calculation of the ecological balance (EB = BCTOT - EFTOT), which rep-
resents the value of the synthetic indicator able to establish the local ag-
ricultural system sustainability.

3.2. Calculation of biocapacity

As shown in Fig. 1, and according to the standard ecological footprint
approach, four land types contribute to biocapacity: crop, forest, grazing
and built-up land. Starting from the agricultural census data, the total
land given over to farms located in the region can be calculated. From the
same source, the total crop, grazing and forest land can be derived, while
the built-up land is the remaining area after subtracting crop, grazing,
and forest land from total land. Total crop land can be divided in two
parts: land under crops and arable land which is temporarily fallow, or
for mixed production, such as family gardens.

The biocapacity associatedwith the agricultural land is evaluated apply-
ing the ecological footprint standard methodology. The area of each land
type, expressed in hectares (ha), is converted into biocapacity, expressed
in global hectares (gha), by applying two conversion factors: the yield fac-
tor (YF), based on the ratio between the local average yield of each land
type (Yn) and the corresponding world average yield (Yw), and the equiv-
alence factor (EQF), a scaling factor that converts one hectare of world-
ent of agricultural systems sustainability.
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average land into an equivalent number of global hectares (Wackernagel
and Rees, 1996).

For forest, grazing, and built-up land, three single YF (Yn/Yw) and EQF
can be considered to determine the BCF, BCG and BCB components of the
total biocapacity. In contrast, for crop land, the local and world average
yield is different for each cultivation. It implies that the average productiv-
ity of all the crops present in the considered region should be evaluated on
the base of available data (Blasi et al., 2016); in the EU, for example, the
FADN (Farm Accountancy Data Network) can be used to gather such infor-
mation. Aggregating the biocapacity of all the crops, the BCC component
can be determined. The contribution to biocapacity from crop land not
under a specific crop (BCO) is calculated using the local average crop land
productivity.
3.3. Calculation of ecological footprint

Fig. 1 shows that the total ecological footprint of the local agricultural
system consists of three components generated from crop production, live-
stock management and other farming activities. For the calculation of the
EFC associated with cultivation activities, the methodology proposed by
Passeri et al. (2013) can be used. It evaluates the EF of each crop as the
sum of two components, the first linked to the inputs used in the process
(EFinp) and the second derived from the soil overexploitation (EFovp) due
to the increase in productivity compared to the hypothetical yield attain-
able in “natural conditions”, i.e. when no human intervention, except for
harvesting, is provided.

To calculate the first component, technical coefficients of the crop pro-
duction processes must be derived, concerning, in particular, fertilisation,
pest management, irrigation, farm machine utilisation and labour. Once
this data is available, the EFinp for each crop present in the region can be
evaluated. For the component related to overproduction, the observed
crop yield needs to be compared with that obtainable under a minimum
or no inputs technique, which can be evaluated as proposed in Passeri
et al. (2016); on the basis of these two values, the EFovp for each crop can
be determined. Then, multiplying the ecological footprint of each crop
(EF=EFinp+EFovp), expressed in gha/ha, for the area under the crop itself
within the region and adding all these results, the EFC is obtained.

For the ecological footprint of livestock, only the component relating to
the GHG emissions of the animals has to be assessed, having already in-
cluded in EFC the impact of the crops cultivated for their feed. Therefore,
the EFL component can be calculated according to the following steps:
1. collection of data on CH4 and N2O emissions (due to enteric fermenta-
Table 1
tion and manure management) of individual types of animals (IPCC,
1997);

2. conversion of emissions calculated in step 1 in terms of carbon dioxide-
equivalent (CO2-eq) emissions (tons/head per year);

3. evaluation of total CO2-eq emissions in the region due to livestock, cal-
culated considering the total heads for each type of animal;

4. conversion of total CO2-eq emissions in terms of ecological footprint ac-
cording to Mancini et al. (2016).
The ecological footprint of farm activities that are not directly associ-

ated with crops and livestock management is mainly due to machinery
utilisation; if this data is not available, it can be derived by subtracting
the number of hours employed for crops and livestock management from
the total amount for farm machine utilisation. Once this data is estimated
for one hectare, it can be expanded to the entire territory and translated
in terms of EFM using the appropriate conversion factors.
Biocapacity assessment based on different land types.

Built-up
Land

Grazing
Land

Forest
Land

Crop Land
(2)

Crop Land
(1)

Total

Area (ha) 1632 2366 3637 596 19,062 27,294
YF 0.679 1.908 1.679 0.679
EQF 2.493 0.458 1.276 2.493

BC (gha) 2765 2069 7790 1010 48,004 61,637

Source: our elaboration on ISTAT (2011), CREA (2020) and GFN (2020) data.
4. Sustainability assessment of the agricultural system of Viterbo
municipality

Viterbo is a small town of about 60,000 inhabitants located in central
Italy 80 km north of Rome. The territory of the Viterbo municipality is
mainly hilly; it covers an area of 40,620 ha at 300m a.s.l. It has a strong ag-
ricultural tradition and the local agro-food sector is quite dynamic, with
4

some quality typical products that are mainly sold on the local market, de-
spite appreciation for these products.

Data from the last census records total agricultural land of 27,300 ha
and about 2500 farms (ISTAT, 2011). The principal cultivations are cereals,
mainly durum wheat and barley, olive trees for oil production, clover and
alfalfa. As for livestock, the most important are sheep and poultry; in addi-
tion, the breeding of rabbit, which is one of the best known typical prod-
ucts, is also worth mentioning.

4.1. Calculation of BCTOT

Table 1 reports data and results of the biocapacity assessment of the Vi-
terbo municipality agricultural system. For each land type - built-up, graz-
ing, forest and crop (2) - the total area was obtained by processing the
most recent census data (ISTAT, 2011), while the conversion factors (YF
and EQF) were extracted from the Global Footprint Network database
(GFN, 2020).

Regarding the biocapacity associated with single crops, indicated in the
table as “crop land (1)”, the total valuewas obtained considering the contri-
bution of each crop; this was calculated considering YF as the ratio of the
average local yield (Yn), calculated using the Italian FADN database
(CREA, 2020), to the world yield (Yw) available in the FAOSTAT database
(FAO, 2020). The value of BC, expressed in gha/ha, is reported in the sec-
ond column of Table 2.

4.2. Calculation of EFTOT

To assess the EFC component within the total ecological footprint of the
local agricultural system, the area under each crop present in themunicipal-
ity was assessed (ISTAT, 2011). Then, the average technical coefficients of
the crop production processes were calculated using the Italian FADN data-
bases (CREA, 2020). In particular, with reference to one hectare of each cul-
tivation, the following coefficients were calculated:
- Amount of fertilizer, in terms of principal active ingredients (N, P, K);
- Amount of pesticides, divided in fungicides, insecticides and herbicides;

- Amount of water and electricity (only for irrigated crops);
- Hours of farm machinery utilisation;
- Hours of labour;
- Yield;
- Minimum input yield.

These coefficients were entered in an Excel spreadsheet, to obtain the
EFinp and EFovp values. The sum of these two components for each crop con-
sidered is recorded in the third column of Table 2.

In the same table the ecological balance (EB) of each crop on a one-
hectare base and its contribution to the total value of BCC (48,004 gha)
and EFC (37,305 gha) are presented.

To evaluate the ecological footprint of livestock in this area, the first
step, as described in the methodology, was the quantification of carbon
dioxide-equivalent emissions for each type of farm animal. The first two
columns of Table 3 give the CH4 and N2O emission per head (Coderoni
and Bonati, 2013), while the third column shows the corresponding
amount in terms of CO2-eq emissions. Multiplying these last figures for
the related head number in Viterbo municipality area (ISTAT, 2011) the
total carbon footprint of livestock can be obtained (37,418 tons CO2-eq
per year).



Table 2
BC and EF assessment for crops of Viterbo agricultural system.

Crop Area
(ha)

BC
(gha/ha)

EF
(gha/ha)

EB
(gha/ha)

Total BC
(gha)

Total EF
(gha)

Durum wheat 2728 2.50 1.48 1.02 6807 4030
Wheat 403 2.98 1.61 1.37 1200 647
Barley 1149 3.01 1.83 1.18 3460 2101
Corn 366 8.50 5.91 2.58 3107 2162
Oats 145 2.21 1.53 0.68 320 221
Other cereals 125 2.66 1.67 0.99 333 209
Legumes 123 3.13 3.04 0.09 387 376
Potato 50 3.46 3.87 −0.42 174 195
Tobacco 207 2.75 0.66 2.09 570 137
Other industrials 369 2.06 0.52 1.54 761 192
Tomato 43 3.14 4.43 −1.28 134 188
Other vegetables 347 1.36 2.94 −1.58 472 1020
Alfalfa 1927 1.71 1.17 0.54 3299 2256
Other forages 7501 1.90 1.47 0.43 14,241 11,015
Vineyards 270 1.89 2.79 −0.90 511 753
Olive trees 2472 3.84 3.55 0.30 9501 8771
Hazelnut 268 5.45 3.85 1.60 1458 1031
Chestnut 333 1.39 1.70 −0.32 462 568
Kiwifruits 69 2.03 2.93 −0.90 141 204
Other tree crops 168 2.04 2.93 −0.90 342 493
Set aside 359 0.10 37
Other crops 238 1.36 2.94 324 700

Total 19,659 48,004 37,305

Source: our elaboration on ISTAT (2011), CREA (2020) and GFN (2020) data.

Table 4
Ecological balance of Viterbo municipality agricultural system.

Biocapacity gha Ecological Footprint gha

Built-up Land 2765 Crops 37,305
Grazing Land 2069 Livestock 17,978
Forest Land 7790 Other activities 3084

Crop Land (2) 1010 Total 58,367

Crop Land (1) 48,004

Total 61,637 Ecological Balance +3270

Source: our elaboration.
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To convert the carbon footprint into ecological footprint, the approach
proposed by Mancini et al. (2016) was adopted. This methodology, consis-
tent with the basic ecological footprint framework (Wackernagel and Rees,
1996), is based on the idea of quantifying the bioproductive area able to
capture and stock the quantity of carbon associated with the amount of
CO2-eq emissions.

Considering that the average capacity of carbon sequestration of one
hectare of forest is equal to 0.730 tons/year (Mancini et al., 2016), which
corresponds to 2.677 tons CO2-eq per year, it can be estimated that, on av-
erage, it takes 0.374 ha of forest to sequester one ton of CO2 emissions. This
figure was then converted to global hectares, taking into consideration the
related equivalent factor (EQF= 1.276 gha/ha; GFN, 2020). Applying this
coefficient to the value previously calculated, the ecological footprint of
livestock in the local agricultural system is EFL = 17,978 gha.

To determine the component of EFTOT associated with farm activities
not directly linked to agricultural production processes, an analysis based
on FADN data was carried out (CREA, 2020). More specifically, for farms
located in the municipality of Viterbo included in the FADN database, the
difference between the total use of machinery and labour and the sum of
machinery and labour used in the single production process was evaluated.
The average of all these differences amounts to about 60 h/ha of labour, 15
of which carried out using machinery. These activities generate an
Table 3
Assessment of total CO2 emissions from livestock in the municipality of Viterbo.

Type of animals CH4 emissions (kg/head year) N2O emissions (kg/head year)

Dairy cows 128.04 1.484
Other cattle 52.82 0.430
Buffalo 74.60 1.265
Sheep 8.22 0.324
Goats 5.15 0.324
Horses 19.48 1.000
Other equines 10.84 1.000
Sows 21.10 0.028
Other pigs 8.29 0.013
Laying hens 0.08 0.012
Broilers 0.08 0.007
Other poultry 0.08 0.011
Rabbits 0.16 0.020

Total

Source: our elaboration of data extracted from ISTAT (2011), Coderoni and Bonati (201
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ecological footprint of 0.113 gha/ha that, multiplied by the total area of
the agricultural system (27,294 ha), produces a total EFM of 3084 gha.

4.3. Ecological balance

Table 4 collects all the data needed to provide the ecological balance of
the Viterbomunicipality agricultural system. In the left column of the table
all the contributions to the total biocapacity BCTOT, which is 61,637 gha,
have been summarised. In the right column the three components (EFC,
EFL, EFM) of the total ecological footprint EFTOT which is 58,367 gha, are
summarised.

The difference between these two figures represents the EB, which gen-
erates a positive value of 3270 gha, establishing an environmental surplus
and consequently a condition of (strong) sustainability of the local agricul-
tural system.

4.4. Discussion

Analysing the results of the Viterbo case study, interesting insights
emerge related to the composition of the BCTOT and EFTOT indicators and
to the extent of their difference. As can be observed, the total biocapacity
comes mainly from the crop land (about 78%); this data, which is unsur-
prising considering that the assessment referred to an agricultural system,
can be analysed further by looking at the contribution of single crops to
the total value. At the same time, the total ecological footprint of the Vi-
terbo agricultural system comes from cultivation activities (64%) and, to
a lesser extent, from livestock (31%). There are several reasons for this:
the significant proportion of traditional cultivations (mainly cereals and
olive trees), the widespread presence of extensive livestock (sheep and, in
part, cattle), and also the fact that the impact of forage cultivation was in-
cluded in the crops category, even if a considerable part of that production
is intended for farmed animal feed.

In interpreting these data a limitation of the study, associated with the
livestock GHG emissions calculation, has to be considered. Indeed, this im-
pact was assessed applying national standard emission factors without
CO2-eq emissions (kg/head year) Heads number CO2-eq emissions (tons/year)

3148.9 2082 6556
1242.4 6267 7786
1958.9 272 533
273.1 49,332 13,471
208.5 661 138
719.1 359 258
537.6 35 19
451.8 858 388
178.0 12,329 2195
5.5 928,951 5084
3.9 175,131 681
4.9 40,263 199
9.7 11,469 111

37,418

3).
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taking into consideration local production techniques, as was done for the
crop EF evaluation. To overcome this limit, municipality-specific emission
factors related to local breeding techniques should be estimated (Baldoni
et al., 2017).

The main result of this study is the value of the ecological balance,
which in our case takes on a positive value, establishing a condition of sus-
tainability of the local agricultural system. The small value of EB, which
represents 5% of BC, suggests how easily this situation may be reversed.
In this regard, all the information provided by the model can drive targeted
local policies (of both an agricultural or environmental nature) tomaintain,
and possibly increase, the current value of ecological balance. For this rea-
son, the EB values of single crops (listed in Table 2) represent very useful
information, either to promote targeted modifications of some production
techniques, or to support / discourage specific crops. Likewise, the farms
with the greatest unsustainability can be identified and, consequently,
this knowledge could drive the proper process aimed at reducing their en-
vironmental impact.

In terms of policy, an aspect that deserves attention is the role of organic
farming in influencing the sustainability of the agricultural system. As
regards cultivations, the effect of organic farming techniques on EB is gen-
erally ambiguous, considering: (i) the implications of different inputs typol-
ogies and quantities on EFinp, and (ii) the possible effect of the expected
yield reduction in decreasing both EFovp and BC. The impact on livestock
management is more predictable, considering the organic farming con-
straints on the number of animals per unit area, resulting in a reduction
of the EF caused by GHG emissions. However, even if a greater presence
of organic farming might be expected to produce an EB improvement, the
extent of this possible improvement is strictly site-specific and hence not
easy to quantify.

Once the positive ecological balance condition has been maintained
over a sufficient period, it will be possible to declare and, under the appro-
priate conditions, to certify the sustainability of the local agricultural sys-
tem. Targeted and efficient communication of this special characteristic
of the region, as discussed in the background section, can have positive im-
plications for single actors in the local agro-food sector and,more generally,
can lead to an effective sustainable development of the area.

5. Conclusions

The methodology proposed for the assessment of the sustainability of
local agricultural systems, as shown by the case study, provides an effective
synthetic indicator able to describe the balance between supply and de-
mand for environmental services in a defined region. Despite the advan-
tages of a relatively simple calculation of the ecological balance indicator
and the clarity of its meaning, there is no doubt that the proposed approach
can be subject to some criticisms.

A first element of discussion concerns the actual ability of the ecological
footprint approach to describe and quantify the complex relationships be-
tween economic activities and the environment; in this regard, in present-
ing the methodology we have tried to argue how, despite some objective
limitations, many authors agree in considering the ecological footprint as
one of the most suitable indicators to obtain an operational assessment of
sustainability.

A second aspect concerns the calculation method used to assess the sup-
ply of natural resources (biocapacity) for agricultural activities and the de-
mand for those resources (ecological footprint) by agricultural activities
within a given region. The assumptions underlying the methodology,
some related to data availability and some to simplify the calculations,
are certainly a matter for further discussion. From this point of view,
there are significant opportunities for improving themodel; for example re-
fining the evaluation of the livestock environmental impact or adopting
more reliable yield factors by considering the characteristics of the region
analysed. These improvements on the analysis represent a crucial point
for further extensions of the study.

Despite these limitations, it is reasonable to say that this tool can offer a
useful contribution to drive local policies towards a more environmentally
6

compatible agriculture and to communicate a brand of environmental sus-
tainability. To this end, the calculation methodology could be applied to
simulate the impact of different policy scenarios – such as the one linked
to the targets posed by the recent EU Farm to Fork strategy - on cultivation
and breeding activities and, consequently, on the sustainability of local ag-
ricultural systems.

Moving on to considerations about the effects of sustainability brands
raised in the background section, we can state that when food products
from a sustainable agricultural system reach consumers, the value of such
products is likely to increase, thus improving both the economic perfor-
mance and the environmental quality of the territory. For this to happen,
the sustainability of the production systemneeds to be effectively verifiable
and clearly communicated to consumers. In fact, the presence of both
motivation and understanding in the consumer's mind determines their
awareness of a sustainability brand, which is the necessary premise for en-
vironmental issues to be integrated into their food purchase choices.
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