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Bio-districts and the territory: 
evidence from a regression 
approach

In recent years the bio-districts have been considerably 
spread in Italy. The bio-district can be defined as a lo-
cally rooted multifunctional project with the involvement 
of farms and institutions. Our research aims at assessing 
potential relations between territorial, socio-economic fea-
tures and the presence of bio-districts in an area, by means 
of a logit regression analysis at municipal scale in Italy. 
Data have been collected from several sources, among 
which ISTAT digital databases. Main results show as farms 
with diversification activities and the presence of Local Ac-
tion Groups are factors related to the rising of bio-districts 
in a territory. Moreover, the study highlights the role of 
bio-districts in disadvantageous and mountain areas, in de-
veloping effective territorial governance. In terms of policy 
implication, CAP 2023-2027 can constitute the ideal bench 
for testing bio-districts function playing a crucial role in 
reaching the objective set by the Farm to Fork strategy.

1. Introduction

1.1 Background and research purposes

In recent years the bio-districts have been considerably spread in Italy. Today 
there are at least 51 Italian bio-districts (Dara Guccione and Sturla, 2021) between 
established and in the process of being established, characterized by a different 
level of operations. The bio-district can be defined as a locally rooted multifunc-
tional project (Fanfani et al., 2018) with the involvement of farms and institutions 
(Municipalities, Regions, Associations). Each institution should be the promoter of 
initiatives, discussions, elaborations that will lead to measures, to incorporate and 
coordinate activities meeting the needs of the territory (Sturla, 2018). The objec-
tives are the development of local organic agriculture, the shortening of supply 
chains, food education and continuous training for operators. Moreover, the scope 
is to generate income through local products, to help slow down the progressive 
depopulation phenomena (Mazzocchi et al., 2021) and produce evident benefits 
in social and economic terms, focusing attention on the profitability and organiza-
tion of the supply chain (Arru et al., 2019; Sturla, 2018). 
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The bio-districts have their roots in the concept of industrial districts (Becat-
tini, 1989). After the intuition of Marshall (1842-1924), according to which the 
economies of scale of large companies can be replaced by the external economies 
of the districts in which collaborate small businesses (Giuca et al., 2017), Becattini 
defines the industrial district “as a socio-territorial entity characterized by the ac-
tive coexistence, in a limited territorial area, of a community and several industrial 
companies” (Becattini, 1989). Similarly, the peculiarity of agri-food Italian land-
scapes, consisting of territories with a strong productive specialization and char-
acterized by high concentration of small farms, makes necessary the vertical inte-
gration in a system including the transformation, the marketing of products and 
business management, just like in industrial districts (Sturla, 2020). 

Italian legislative decree 228/2001 “Orientation and modernization of the ag-
ricultural sector”, in article 13, regulates Rural districts and Quality agri-food dis-
tricts, applying for the first time the concept of “district” to the Italian agricultural 
system. Therefore, bio-districts could have an advantage compared to the other 
agricultural districts to foster local development (Carrosio, 2013). According to 
some scholars (Thomaidis and Papathanasiou-Zuhrt, 2018) local development 
should be based on the endogenous potential of the territory with an eye to the 
global system. This neo-endogenous approach, basically consisting in social inno-
vation processes, can be supported by organic agriculture, seen as a complex sys-
tem of cultural and social values. The contribution of organic agriculture to local 
development is twofold: organic farming activates the neo-endogenous potential 
of a territory, involving on the one hand the territorial system in terms of com-
munication of agricultural sustainability, education to respect the environment, 
environmental protection. Moreover, organic farming works as a catalyst for par-
ticipation in a territory, as it promotes not only knowledge and skills, but also val-
ues (Ruggeri et al., 2020). On the other hand, it includes global aspects, addressing 
the growing consumer demand for organic farming products. Finally, according 
to EU, the transition of the European agri-food sector towards a sustainable pro-
duction and consumption model is a key element of the Green Deal which will 
be reached by several agricultural approaches, such as precision agriculture, agro-
ecology, agro-forestry, stricter animal welfare standards and organic farming.

Nevertheless, the bio-districts in Italy are a diversified reality, not based on 
a single model, other than the organic farming values (Sturla, 2020). Italian bio-
districts are born for different purposes, have different agricultural characteristics 
and involve territories that are very diversified one from each other. Our conjec-
ture is that there are common traits that distinguish the bio-districts and some 
characteristics of the territory which can contribute to the rising and maintenance 
of this typology of territorial governance. More in detail, we hypothesize the ex-
istence of external and internal factors to the agricultural sector related to the 
presence of bio-districts in a territory. Anyway, at our knowledge, there is a lack 
of studies focused on bio-districts to analyse the relationship between territorial 
characteristics and presence of districts. Thus, our research aims at assessing po-
tential relations between territorial, socio-economic features and the presence of 
bio-districts in an area, by means of a logit regression analysis at a municipal scale 
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in Italy. The paper is organized as follows. Section 1 details the literature review 
on bio-districts (1.2) and the regulation aspects (1.3). Section 2 presents methodol-
ogy and data. The results are shown and discussed in section 3. Section 4 draws 
conclusions.

1.2 Literature on bio-districts

Following the increase of bio-districts and similar forms of multilevel gover-
nance also in Europe, literature on the subject is being developed. However, to 
date there are still few studies on the subject. The topics dealt with focus mainly 
on narration or the comparison of case studies (Belliggiano et al., 2019; Favilli et al., 
2020; Pugliese et al., 2015; Stotten et al., 2017) on the definition and identification 
of tools to classify bio-districts and eco-regions (Franco and Pacino, 2015; Pugliese 
et al., 2016; Zanasi et al., 2020), on the construction of social networks that charac-
terize the bio-districts (Dias et al., 2021), on the implementation of the bio-district 
tool using the agroecological (Dara Guccione and Sturla, 2021; Gargano et al., 2021; 
Guareschi et al., 2020) and the circular economy approach (Poponi et al., 2021).

Governance and structure of the first bio-district in Cilento have been anal-
ysed by Clemente et al. (2013), eliciting the phases of the organizational and social 
network building, to define some guidelines for other experiences. Other studies 
(Belliggiano et al., 2019) have focused on the comparison between bio-districts 
(Val Camonica, Varese Ligure) highlighting the differences in the agricultural area 
and landscape characterising the territorial context, by using multivariate analy-
sis. More in detail, Belliggiano et al. (2019) give a distinct partition of the regional 
territories where the bio-districts are born, selecting the municipalities with af-
finity to them, for encouraging the replication of bio-districts including them in 
planning strategies for the future. Awareness of the differences among the Italian 
bio-districts and the eco-regions in Europe has led Zanasi et al. (2020) to develop 
an analytical framework in order to find a suitable classification tool to “reorder” 
these multi-actor governance structures. 

In the light of the agroecology concept, some authors have tried to find simi-
larities between Italian multifunctional farms characteristics with agroecologi-
cal principles, confirming some common points between these two approaches 
(Gargano et al., 2021), in a bio-district territory. Similarly, Guareschi et al. (2020) 
investigate if bio-district can contribute to scale-up towards agroecological agri-
culture in the context of Parma bio-district, finding that it facilitates a relationship 
between organic and agroecological agriculture, diffusing organic agriculture al-
though some weaknesses of bio-district tool remain, among which the difficulty of 
governing a territory and participatory processes with many stakeholders. Finally, 
contributions such as that of Poponi et al. (2021), enrich the panorama of literature 
by analysing the existing contributions through the interpretative key of the circu-
lar economy by taking as a case study the Etruscan Roman Bio-District. 
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1.3 Italian regulations on bio-districts

An explicit and formal recognition of agricultural districts is given by Legisla-
tive Decree 228/2001 (Idda et al., 2002). Legislative Decree 228/2001 “Orientation 
and modernization of the agricultural sector”, in article 13 “Rural districts and 
quality agri-food districts” defines rural districts and quality agri-food districts. 
Some researchers (Albisinni, 2010) argue that this decree shows important omis-
sions (e.g., agro-industrial districts (Careri and Saija, 2008)), because it does not 
consider the great diversity of the agri-food sector, the heterogeneity of supply 
chains and the different ways of relating to the territory, environment, and local 
economic system (Sturla, 2019).

The “stability law” n.205, in 2017, tries to fix these omissions. This law estab-
lishes the criteria, methods, and procedures for the implementation of interven-
tions and, in art.1 paragraph 499, creates the food districts. Food districts were 
made for four reasons: firstly, to provide opportunities and resources for the 
growth and enhancement of both supply chains and territories; secondly, to 
give impetus to existing districts; thirdly, to encourage the birth of new realities 
through the possibility of access to dedicated funding; lastly, to highlight the role 
of the local community and the relationships that can weave with agri-food chains 
(Fanfani et al., 2018). This law has a fundamental role in the regulatory history be-
cause, for the first time (Sturla, 2019), the definition of bio-districts and biological 
districts is given in article 2 paragraph 449. Until then, bio-districts had organized 
themselves independently, taking on multiple nuances in the definition and other 
key aspects: identification, characteristics of agriculture, attention given to the link 
with the territory, actors involved (Pugliese, 2016).

In advance of national legislation, some individual regions and provinces have 
made explicit reference to bio-districts, adopting norms that define parametric cri-
teria for their identification, although very different from each other. These regu-
lations have remained in force as established by the above-mentioned law. Cur-
rently, four regions and one autonomous province have specific legislation for 
bio-districts: Liguria (L.R. 66/2009); Sardinia (L.R. 16/2014); Lazio (L.R. 11/2019); 
Tuscany (L.R. 51/2019), and Independent Province of Trento (L.P. 16/2021). Lazio 
and Tuscany have a specific law, while in other regions the definition is put with-
in broader laws on organic agriculture (Liguria and Trento) or agriculture in gen-
eral (Sardinia) (Viganò, 2019). The districts recognized by regional laws respond 
to stringent parametric criteria. This is because the administrations tend to have a 
“classic” (or economic) conception of the biological district, in which the presence 
of productive requirements is the basis for future development actions (Dara Guc-
cione and Sturla, 2021).

The Regional Law 66/2009 of the Liguria Region, the strictest among those is-
sued (Dara Guccione and Sturla, 2021), provides that an organic district to be rec-
ognized has the following requirements: at least 13% of the regional organic opera-
tors must be present in the area; producers must represent at least 75% of the total 
number of organic operators; the percentage incidence of organic farms on total 
farms must be higher than the national and regional incidence of at least 4%; the 
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percentage incidence of the organic UAA on the total UAA of the area must be at 
least 6% higher than the national and regional. Moreover, the district must insist 
on a total area of at least 250 km2. The Tuscan law also requires that at least 30% 
of the UAA of the area is cultivated with organic methods and a minimum num-
ber of operators and municipalities adhering. Including in the development plan 
a forecast of the increase of organic UAA is one of the priority criteria for the rec-
ognition of bio-districts. Other regional laws are less demanding. The L.R. 11/2019 
of the Lazio Region simply establishes a minimum number of partners adhering 
to the District Agreement (2 farms and 2 municipalities) while the L.R. 16/2014 of 
the Sardinia Region emphasizes the need for a “presence on site of an economi-
cally relevant horizontal supply chain, built from organic production with activities 
closely interconnected activities concerning production sectors other than the pri-
mary one, aimed at the marketing and enhancement of organic production”. 

Recently, in Trentino, the legislation on organic production has been issued, 
with the provincial law July 28, 2021, n. 16. Regarding the criteria for the establish-
ment of a bio-district, the law gives only general indications on the characteristics 
of the territory: 
• the significant presence of agricultural products obtained by the organic method;
• the protection of typical local productions and cultivation methods;
• the presence of significant landscape areas, expression of the identity of the ter-

ritory and/or provincial protected areas;
• the limited use of phytosanitary products.

At the national level, institutions are working to create a common discipline. 
On January 13th, 2021 the Senate Committee on Agriculture voted unanimously 
for the approval of the bill on organic farming: ddl n.988 “Provisions for the pro-
tection, development and competitiveness of agricultural production, agribusiness 
and aquaculture with organic method”. Article 13 of this law contains specifica-
tions about the requirements of the bio-district, its constitution and the action of 
the subjects involved. It defines the bio-district as “local production systems, even 
of interprovincial or interregional character, with a strong agricultural vocation in 
which are significant:
• the cultivation, breeding, processing and food preparation of organic products in 

accordance with the regulations;
• organic primary production that is located in a supra-municipal territory”.

They are also characterized by their environmental value. The law provides 
that within them there are “landscape relevant areas”. Lastly, they are assigned 
specific purposes to support organic agriculture, both from the point of view of 
conversion and through the enhancement of local productions.

The experience of bio-districts is not limited to the national territory. Thanks 
to the initiative of IN.N.E.R. (International Network of Eco-Regions) a similar gov-
ernance model is present in other European countries1. 

1 There are currently four eco-regions in Portugal, two in Spain and two in Slovakia that adopt 
IN.N.E.R. guidelines (Dara Guccione and Sturla, 2021). IN.N.E.R. is an international network 
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However, the prototype organic district was born in France, in the Drôme 
river valley, as a joint initiative of four farmers’ cooperatives that have initiated 
a collective program to develop local organic farming (Stotten et al., 2017). But it 
is in German-speaking Switzerland that the concept of the biological district as a 
body capable of initiating an integrated local development process, finds its great-
est expression. In addition to these, there are over twenty eco-regions in Austria, 
although they vary greatly in many ways.

Because of the popularity of this approach, a new regulation on organic farm-
ing has been issued (Reg (EU) n. 848/2018), which will become operational as of 
1st January 2022. It aims to revise and strengthen the EU rules on organic pro-
duction and labelling of organic products. In addition, it introduces major inno-
vations, such as group certification, which may facilitate the achievement of the 
objectives of organic districts and the activities of their operators.

2. Methodology

2.1 Conceptual framework

The study implements an econometric model based on a logit regression, using 
as a dependent variable the presence of bio-district in the municipalities, a dummy 
variable, testing socio-territorial and agricultural factors as explanatory variables. In 
the bio-district the promotion of organic products is combined with the promotion 
of the territory in order to achieve the development of its economic, social and cul-
tural potential (Triantafyllidis et al., 2019). This can be carried on by involving the 
territorial actors, such as farmers, associations, institutions. According to Assiri et al. 
(2021) the presence in a territory of different elements and activities, both material 
and immaterial, allow the success of bio-districts, where biological and environmen-
tal characteristics are immersed in a peculiar economic and social context. Starting 
from this premise, explanatory variables have been selected, considering economic 
and social aspects of bio-districts, together with environmental and territorial factors 
to investigate how these elements are related to the rising of this typology of territo-
rial governance in area. Among explanatory factors, variables related to agriculture 
features of an area are fundamental, being bio-districts tolls funded on the primary 
sector. At the same time, studies on industrial districts confirm the recognition of 
the role played by the territory in development processes and suggest the existence 
of new variables, not strictly technical, which influence the decisions of economic 
agents and condition the dynamics of the local socio-economic transformation (Ro-
mano, 2000). Thus, we include in the model socio-territorial parameters, since bio-
districts start with the aim to develop organic agriculture in areas in which employ-
ment supporting measures can strongly help social development. 

of bio-districts which aims to allow an advantageous exchange of experiences between the ex-
isting district realities on the European territory, established in December 2014.
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Starting from the framework proposed by Assiri et al. (2021), our model com-
prehends explanatory variables regarding economic, territorial, social aspects, that 
are grouped into three sets (Table 1): Control variables, Agricultural variables and 
Socio-territorial variables. Moreover, we included Italian regions as dummy vari-
ables, to test the characteristics of each region influencing the existence of bio-dis-
tricts in municipalities. 

The description of the variables is in Table 1. The Control group includes Pop-
ulation density and per capita income variables, which can be considered territo-
rial/economic variables, useful to assess the stability of the model.  

The Agricultural variables group includes parameters related to the agricul-
tural characteristics of an area: the presence of organic farms, presence of small 
farms, farms producing PGI or PDO, direct selling in farms, farmers’ age, uti-
lized agricultural area (UAA). We take into consideration the presence of organic 
farms in the area where bio-districts have taken place. Organic farming is not only 
a way to produce sustainable food but is the bearer of a value system based on 
healthiness of productions, environmental care, living ecological system and fair-
ness to the environment (Stotten et al., 2017), thus the presence of organic farms 
in an area, could foster territorial projects in which organic principles are founda-
tions of the system, as the bio-districts are. Moreover, the territorial development 
of rural and agricultural areas in Italy could take advantage from organic produc-
tions, given the growing market success that organic products have had in the last 
twenty years, as confirmed by the data regarding the agricultural areas grown or-
ganically and the number of farms in constant increase (Sinab, 2021).  

Small farms practicing livestock and crops cultivations at small scale can in-
fluence the arise of bio-districts, because they are often the target of this kind of 
regulation system (Sturla et al., 2020). In fact, these farms often opt for alternative 
solutions for selling their products and solving competitiveness problems (Corsi 
et al., 2020). According to Mazzocchi et al. (2020), in the past 40 years the Italian 
trend in farm number records a continuous decrease of small enterprises, those 
with less than 5 ha, thus they should be the most interested in searching for alter-
native supply chain system. 

Farms producing PDO and PGI products, as well as direct selling farms, 
should be more sensitive to short supply chains than other typologies of enter-
prises, and interested to diversify their own activities (Mazzocchi et al., 2020; Mo-
naco et al., 2016). Similarly, bio-districts represents a model to manage food supply 
chain involving the promotion of the territory, for example by the co-management 
process between farms and tourist offer in an area (Favilli et al., 2020). So, the ex-
istence of these typologies of productions and services in a territory could encour-
age the bio-districts spread.

Farmers’ age is often impacting on farms innovation for the interest of young 
farmers generation to be involved in new projects having an open-mindedness 
approach (Mazzocchi et al., 2020). As an example, many studies (Meraner et al., 
2015; Rivaroli et al., 2016,) have confirmed a relationship between the young farm-
ers and the diversification degree of farms. Similarly, the young farmers are more 
prone to organic farming than the old ones because they are usually more inter-
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ested to innovative agricultural practices. As a matter of fact, the UAA surface in 
a territory may influence the rising of bio-districts, because of the availability of 
agricultural areas in which bio-districts can take place. 

Socio-territorial factors are: altitude of the municipality, unemployment rate 
of the municipality, presence of non-profit associations, presence of Local Action 
Groups (LAGs). Among the socio-territorial factors, the altitude of the municipal-
ity is a proxy of mountain disadvantageous areas (Mazzocchi and Sali, 2021) and 
can be related to the bio-district localization. Our hypothesis is that municipalities 

Table 1. Description of variables.

Variable name Group Indicator (measure unit) Source

Bio-district Dependent 
variable presence of bio-district in the municipality (dummy) CREA, 2021

Population 
density 

Control 
variable

number of municipality inhabitants/mq of 
municipality (in/mq) ISTAT, 2019

Per capita 
income 

Control 
variable

average income of a municipality 
(€) MEF, 2019

Regions Control 
variable belonging of municipality to a Region (dummy) ISTAT, 2010

UAA Agricultural 
variable

utilized agricultural area in each municipality in 2010 
(ha) ISTAT, 2010

Small farms Agricultural 
variable

farms in the municipality with less than 2 ha of UAA 
(number) ISTAT, 2010

PDO-PGI Agricultural 
variable

farms producing PGI or PDO in a municipality 
(number) ISTAT, 2010

Farmer’s age Agricultural 
variable average of famers’ age of a municipality (years) ISTAT, 2010

Direct selling in 
farms 

Agricultural 
variable direct sale farms in each municipality (number) ISTAT, 2010

Organic farms Agricultural 
variable organic farms in each municipality (number) ISTAT, 2010

Altitude 
Socio-
territorial 
variable

0 = plain municipalities; 1 = hills and mountain 
municipalities (dummy) ISTAT, 2010

Non-profit 
associations 

Socio-
territorial 
variable

non-profit associations in a municipality (number) ISTAT, 2018

LAG
Socio-
territorial 
variable

presence of Local Agricultural Group (LAG) in a 
municipality (dummy) CREA, 2021

Unemployment 
rate 

Socio-
territorial 
variable

number of unemployed / number of inhabitants per 
municipality (index) ISTAT, 2019
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located in mountain disadvantageous areas are more interested in being included 
in bio-districts projects. In fact, the idea is to combine nature protection with eco-
nomic development, for which bio-district approach as a model of territorial gov-
ernance could be winning (Stotten et al., 2017). 

From a socio-economic point of view, rural areas are the most interested in 
finding new forms of territorial economic development, in places where agricul-
tural space is generally available (Mazzocchi and Sali, 2021). The unemployment 
rate can influence the rising of bio-districts in disadvantageous areas, to amelio-
rate working conditions of populations. The presence of non-profit associations 
may be related to the social capital that allows to develop territorial networks and 
start projects. In fact, according to Favilli et al. (2020) a bunch of multiple actors 
work in specific territories to collaborate creating networks, making more efficient 
the process to facilitate innovation process.

Lastly, we include in the model the Local Agricultural Group (LAG) because it 
results from a network of active subjects constituting a public-private partnership, 
which could be functional to the rising of other forms of territorial governance, 
such as bio-districts. In fact, the reasons for the growth of some local contexts re-
side precisely in community-type factors (local culture, diffusion of small family 
businesses, etc.) (Sturla, 2020; Cozzi et al., 2020).

Thus, these parameters could have an impact on the presence of bio-districts 
in an area, fostering their diffusion.

2.2 Econometric model and data

Our dependent variable measures the event of bio-district formation at the 
municipality level and this variable is binary in nature (0 = no bio-district pres-
ence, 1 = bio-district presence), thus we estimate the likelihood of bio-district for-
mation using a logit model (Rothaermel and Boeker, 2008). Data have been col-
lected from several sources, among which ISTAT digital databases (VI Census of 
Agriculture, 2010; XV Census of Population and Habitat, 2011), CREA databases 
and MEF.

The logit regression is a nonlinear regression model used when the dependent 
variable is dichotomous, to assess the probability that an observation can gener-
ate one or the other value of the dependent variable. More in detail, the outcome 
variable, Y’, is the probability of bio-district formation /non-formation based on a 
nonlinear function with two outcomes. The logit model is estimated by a maxi-
mum likelihood procedure with which efficient, consistent and normally distrib-
uted estimators are obtained.

We use the following specification:

 (1)

where α is the constant, Xi is the vector of the independent and control variables 
for the municipality i and βi is the vector of coefficients.
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We used the glm command from the Stats package in the R 4.1.1 software2 to 
estimate the logit model.

As a baseline model to which compare our results against, we present the 
outcome with only the control variables and Regions dummy variables. Indeed, 
Model 1 in Table 3 reports the effect of the control variables on the dependent 
variable. Moreover, we have included Italian regions as dummy variables, to 
test the characteristics of each region influencing the existence of bio-districts in 
municipalities. Abruzzo region has been selected by the software as the refer-
ence level for comparing the results of other Regions. Thus, the results mean 
the deviation of regions from the baseline. The choice of the Region’s dummy 
variable to be eliminated is made automatically by the software because the re-
sults do not change. The elimination of a level from the regression, in our case 
the Abruzzo dummy variable, is employed exclusively to obtain a baseline from 
which to comment on the other levels, in our case the other Regions’ dummy 
variables. Furthermore, Abruzzo is one of the Regions with average values as 
regards the dependent variable, i.e., the presence of bio-districts, so it fits well 
as baseline. 

Model 2 shows the effects of the control variables and Regions dummy vari-
ables plus the Agricultural variables group on the dependent variable. The results 
of the controls and Regions dummy variables plus the Socio-territorial indepen-
dent factors on the dependent variable are pointed out in Model 3. Finally, Model 
4 presents the results for the full model with odds ratios when all variables are 
included (Regions dummy variables, control variables, agricultural variables, and 
socio-territorial variables).

The coefficients from the models can be difficult to interpret because they are 
scaled in terms of logs. Another way to interpret logistic regression models is to 
use the antilog to estimate the coefficients into odds ratios. This procedure allows 
for a better understanding and comparison of coefficients in the full model (see 
Model 4 in Table 3).

We measured the Akaike Information Criterion (AIC) and the log-likelihood to 
assess the goodness of fit of the logit models. A common way to compare models 
is using the Likelihood Ratio (LR) test. The LR test evaluates the evidence in the 
data to support the extra complexity of nested models. 

3. Results and discussion

Our sample includes 8,094 Italian municipalities and the descriptive statistics 
of explanatory variables are shown in Table 2. 

In the model all the continuous variables have been considered in their natu-
ral logarithm form; for the other variables, we employ the dummy form (LAG, Al-
titude) or the interval 0-1 (Unemployment rate).

2 R is a language and environment for statistical computing and graphics.
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The correlation analysis between explanatory variables results in a strong cor-
relation between Income and Non-profit associations variables, and UAA and Or-
ganic farms variables, suggesting a similar influence on the dependent variable – 
bio-district formation; thus, to avoid multicollinearity issues, we have eliminated 
Non-profit associations and UAA variables from the models. 

We have carried out additional tests (see Table 3) to detect possible multicol-
linearity problems by means of Variance Inflation Factors (VIFs) for all the models 
and have found multicollinearity not to be a problem, being them lower than the 
cut-off point of 5 (O’Brien, 2007). 

Regressions results are shown in Table 3, with the four models calculated, 
Model 1, 2, 3 and 4. As highlighted in par. 2, the robustness of our findings is 
tested by the use of alternative model specifications. As highlighted in Table 3, 
Model 2, including the Agricultural group variables, performs better than Model 
1 (LR test: 42.324(5); AIC: 4,137.68). Similarly, Model 3, comprehending the Socio-
territorial group variables, improves significantly compared to Model 1 and also 
to Model 2, resulting in LR: 97.091(3); AIC: 4,078.92. This means that Socio-terri-
torial group variables have a higher influence than the other group of variables 
on the dependent, and a better fitting model. Lastly, Model 4 shows the best per-
formance among the alternative specifications, with LR: 152.82(8); AIC: 4,033.19. 
Thus, Model 4 is the best fitting model of our work.

Following the comments to the result of the full model, starting from Regions’ 
dummy variables. We have included in the models Italian regions, with the aim 
to assess the influence of the characteristics of each region on the presence of bio-

Table 2. Descriptive statistics.

Variables min max mean standard 
deviation

variance 
coefficient observation

Bio-districts 0 1 0.09 0.28 3.28 8094

Population density 0 12224 297.42 634.89 2.13 8094

Per capita income 481920 49314358907 105007624.18 755169820.40 7.19 7854

UAA 0 44973 1588.35 2736.54 1.72 8094

Small farms 0 4599 101.23 222.55 2.20 8094

PDO-PGI farms 0 1023 22.36 55.27 2.47 8094

Farmers’ age 0 72 5.49 16.93 3.08 8094

Direct selling farms 0 1069 33.43 64.41 1.93 8094

Organic farms 0 446 5.58 15.92 2.85 8094

Altitude 0 2035 357.53 297.56 0.83 8094

Non-profit associations 0 12436 37.21 203.32 5.46 8094

LAG 0 1 0.62 0.49 0.79 8094

Unemployment rate 3 29.5 9.04 5.21 0.58 7843
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districts in an area. In fact, Regions are characterized by different administrative 
and legal principles governing the entire regional area, thus potentially influenc-
ing the rising and maintenance of bio-districts. As shown in Table 3, several Re-
gions’ variables resulted to be significant. Concerning these factors, the regression 
coefficients show the deviation of each region from the baseline, which in our 
model is Abruzzo. 

Only two regional areas result to have negative signs of the coefficients, Sar-
dinia and Calabria, meaning that belonging to these two regions does not influ-
ence the presence of bio-districts in an area if compared to the baseline. In fact, 
Sardinia counts only one bio-district in its territory, although a second bio-district 
is now being defined (Sinab, 2020). Other Region variables have coefficients with 
positive signs. More in detail, we can note a great attention to the bio-district op-
portunity by many Northern Italian regions, as Lombardy, Piedmont, Veneto, Fri-
uli-Venezia Giulia, and Liguria, resulting in positive coefficients. That is, being in 
the territory of these Regions positively influences the existence of a bio-district in 
an area, if compared to the benchmark. Probably, also the geography of these Re-
gions plays a role in influencing the rising of bio-districts, mainly referred to the 
fact that Northern Regions are characterized by large mountain areas, classified as 
disadvantageous territories, where bio-district can lead to economic development. 
Moreover, Liguria is the first Region in which a regional law regulating bio-dis-
tricts was approved (L.R. 66/2009). 

Among the regions of the Central Italy, Tuscany and Marche show a signifi-
cant positive deviation from the baseline.  Tuscany has approved in 2019 its re-
gional law on bio-districts and counts 7 bio-districts in its area, and in Marche re-
gion is placed the largest bio-district in Italy and Europe (Federbio, 2021). 

Going to the south of the peninsula, among Southern regions only Molise 
shows a positive deviation from the baseline, probably because it has a small ter-
ritory extension with a high percentage of rural areas, where 2 bio-districts are 
born. 

The Control variables group includes Population density (coefficient: -0.001; 
odds ratio: 0.999) and per capita income (coefficient: 0.000; odds ratio: 1.000), re-
maining stable in all the four models. Only the population density variable shows 
a negative relationship with the dependent variable, demonstrating a higher prob-
ability that bio-districts arise in a territory with low density population. This result 
is linked to the fact that bio-district is a tool conceived with the aim of developing 
the rural territory, often characterized by low population density. The urgency to 
create new economic opportunities in rural areas is also attested by the fact that 
40% of the European territory in which 30% of the population lives, is affected, 
or will be affected by demographic decline in the coming decades, as found by 
the research project ‘Escape’, of the ESPON study program (Escape, 2020). Policy 
actions for declining rural areas should reflect broader social objectives than eco-
nomic growth, such as inclusion, well-being, community services and an ecologi-
cal transition, which are objectives very close to those of bio-districts.

Among agricultural factors, PDO-PGI farms and Direct selling in farms have 
a relationship with the dependent. PDO-PGI variable (coefficient: 0.004; odds ra-
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tio: 1.004) includes farms particularly interested in the valorisation of their produc-
tions, because they strongly invest in quality (Mazzocchi et al., 2020). Then, farms 
producing PDO and PGI are more interested in territorial projects that can revital-
ize the area in which they work, promoting the territory. In fact, as highlighted by 
Galli et al. (2010) among the objectives included in Reg. 510/2006 denomination of 
origin productions indirectly should favour the local development of the territory 
of origin, especially in rural areas, safeguarding their identity and the continua-
tion of traditions and cultural activities related to the product. 

Direct selling in farms (coefficient: 0.002; odds ratio: 1.004) variable indicates 
the farms interested in developing new market channels to implement their in-
come, that can be interested in new socio-economic projects, as bio-districts. 
Moreover, this variable represents the proximity between producers and consum-
ers and the arising of personal relationships between them (Corsi et al., 2020), 
which can be the basis for the development of networks capable of supporting the 
creation and maintenance of bio-districts. The positive relation between this vari-
able and the presence of bio-districts confirms these remarks.

Socio-territorial group includes three statistically significant factors: Altitude 
(coefficient: 0.001; odds ratio: 1.147), LAG (coefficient: 0.520; odds ratio: 1.682) and 
Unemployment rate (coefficient: -0.137; odds ratio: 1.682). 

Confirming our hypothesis, Altitude is positively related to the bio-districts 
presence, thus the localization in disadvantageous areas (Mazzocchi & Sali, 2021) 
seems to influence the rising of this territorial governance structure. In fact, on 
one hand, bio-district is born to support small farmers, rural communities, rural 
areas suffering depopulation process, as the mountain and hill areas can be. On 
the other hand, several mountain areas need a new economic model based on en-
dogenous characteristics of the territory, such as nature, environment, extensive 
agriculture, traditions; bio-district model comprehends both the involvement of 
the territorial community carrier of identity, tradition, culture and the issue of na-
ture by stimulating the adoption of organic agriculture techniques. 

LAG variable is strongly and positively related to the dependent, thus a net-
work of active subjects as the LAGs encourages the bio-district presence. The pres-
ence of LAGs guarantees the development of social networks that connect inter-
est groups, associations, local institutions present in the territory, thus can serve 
as a basis for the development of bio-districts, confirming our hypothesis. The 
LAGs are local partnerships functional to the implementation of LEADER actions. 
Over the years, the LEADER approach to local development “has proved to be 
an effective tool for promoting the development of rural areas, fully suited to the 
multisectoral needs of endogenous rural development thanks to its “bottom-up” 
approach” (Reg UE 1305/2013). In fact, the LEADER approach is also confirmed 
in the 2023-2027 programming. The bottom-up approach, the need for a public-
private partnership, the network of stakeholders and actors that it puts in place 
for local economic development, makes LEADER a valuable tool for planning and 
territorial governance.

Lastly, according to the idea that bio-districts should produce evident bene-
fits in social and economic terms, the Unemployment rate is negatively related to 
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the dependent: that is, where a social fragility in economic terms exists, is more 
probable the development of bio-districts. In fact, in some areas with bio-districts, 
there are very important unemployment phenomena, especially among young 
people (Sturla, 2020). In some cases, the problem of unemployment is strictly 
linked to legality, also due to the strong presence of migrants who can easily fall 
prey to the phenomena of illegal hiring. Sturla et al. (2020) affirm as in the case of 
Valle del Simeto bio-district, one of its objectives is to encourage greater involve-
ment of young people and migrants in the management of farms.

4. Conclusions

At our knowledge few contributions in literature try to assess the characteris-
tics of bio-districts also because they are new governance tools that, most likely, 
will further be implemented, thanks to the new legal framework of Reg. (EU) No 
848/2018 that will be effective from 2022. Main results regard agricultural and so-
cio-territorial factors, because the presence of PDO-PGI productions, Direct selling 
in farms and presence of LAGs are related to the rising of a bio-district.

 The reason is probably because the development of new market channels 
for better income and being part of a new socio-economic project, such as bio-
districts, are crucial factors for these farms, and the presence of LAGs can be the 
basis for the development of networks capable of supporting the creation and 
maintenance of bio-districts. As a matter of fact, whenever a bio-district is not a 
direct expression of a LAG’s development strategy, it is anyway the result of a so-
cio-economic milieu conducive to territorial collaboration, attested by the presence 
of the LAG. Similarly, the disadvantageous areas as the mountain territory, are the 
ideal place for the rising of bio-districts, as confirmed by the Altitude variable. Ac-
cording to our results, bio-districts, besides pursuing their core mission of spread-
ing organic production method and supporting small farms, can address different 
functions and scopes, more related to territorial management and development, 
thus reinforcing the idea that they could become a reliable subject for the gover-
nance of local development according to more inclusive, multi-actor and transdis-
ciplinary approaches. 

The upcoming CAP programming period will constitute the ideal bench for 
testing these functions, although some bio-districts have been already proved as 
capable of fostering valuable cooperation initiatives to the benefit of the organic 
supply chain and its actors already in the programming period 2014-2022 (e.g., 
Val di Vara, Bio Venezia, Colli Euganei). Even though one could argue that bio-
districts are not the only type of territorial partnership in the wide panorama of 
Italian rural development that deserves policy makers’ attention, they must be ac-
knowledged as the only cooperation initiatives that is based on a specific set of 
values (those of organic farming) and, as such, capable of activating actors that go 
well beyond the agro-food supply chain at the point of involving local administra-
tions, schools, and consumers. This is a point of strength that make them instru-
mental in connecting local supply chains to local demand, for instance, or for the 
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adoption of an integrated approach to development policies, where different tools 
(smart villages, strategies for inner areas, etc) could converge pivoting around the 
development of organic supply chain and their integration with other economic 
sectors (Ho.Re.Ca., handicraft and healthcare).

 Moreover, bio-districts could play a crucial role in reaching the objective set 
by the Farm to Fork strategy, by supporting the conversion of small farmers and 
easing group certification as operationalized by the Reg (EU) No 848/2018. Fur-
thermore, the contents of the EU Biodiversity Strategy also start from a premise: 
farmers play an essential role in preserving biodiversity. Thus, since organic ag-
riculture also means a bigger environmental protection than conventional agri-
culture, the diffusion of bio-districts also fulfils the function of putting the EU 
Biodiversity Strategy into practice. As the bio-districts are gaining greater con-
sideration among policy makers, the analyse proposed in this paper provides 
the bio-districts analytical bases on which builds their strategies. This work is 
a first step in this direction, although limited by the scarce availability of up-
dated databases and difficulty in finding deeper information about existing bio-
districts. The next step can be the implementation of the model with panel data, 
once they will be available, in order to be more effective in the investigation of 
bio-districts dynamics. 
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The hidden value of non-
timber forest products: income 
contribution of the Basilicata wild 
truffle

The Basilicata region (South of Italy) is land of truffles 
where the gastronomic, economic and cultural awareness 
has developed for this non-timber forest product only in 
the past decade. Little is known about truffle production 
and its social, economic and environmental implications. 
In this article we investigate the Basilicata truffle sector by 
devoting particular attention to the truffle hunters who 
gather the truffles from the forests. The data for the anal-
ysis were collected through a survey with the aim of de-
scribing the gathering activity (people involved, specie and 
quantities collected, etc.) and assessing its significance as 
a source of income. Results show that truffles can provide 
local communities with earning opportunities. However, 
the truffle sector needs to be protected and enhanced.

1. Introduction

Non-timber forest products (NTFPs), such as berries, mushrooms, nuts, saps 
and resins, aromatic, medicinal and decorative plant material, can represent an 
important source of income for rural and forest-dwelling (Angelsen et al., 2014; 
Shackleton and Pandey, 2014). NTFPs can also improve food security by off-setting 
seasonality of other food sources both in rural (Tata Ngome et al., 2017) and urban 
contexts (Clark and Nicholas, 2013), and play an important cultural and spiritual 
role (Shackleton and Pandey, 2014). In Europe, collected NTFPs represent a total 
economic value of 23.3 billion euro per year (Lovrić et al., 2020), with a high po-
tential for new income generation, especially in Eastern European countries (Cai 
et al., 2011; Lovrić et al., 2020) and in Mediterranean region (Blondel, 2006; Masie-
ro et al., 2016). Mainly collected for self-consumption, the total value of sold NT-
FPs in Europe is estimated at 3.5 billion euro per year, with the highest proportion 
of value made up of truffles (1.2 billion €·yr-1), followed by forest nuts (775 million 
€·yr-1), wild berries (685 million €·yr-1) and wild mushrooms (518 million €·yr-1) 
(Lovrić et al., 2020).

Truffles are one of the most famous and the most expensive foods in the 
world, with prices up to 4000 €·Kg-1 (Oliach et al., 2021). Specific growing habitat, 
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unpredictable growth patterns and growing seasons, unique harvesting methods, 
limited natural resources, distinctive, desirable flavours highly appreciated in culi-
nary and limited shelf life, altogether strongly contribute to the outstanding eco-
nomic value of truffles and consequently truffle-based food products (Beara et al., 
2021; Patel et al., 2017; Wang and Marcone, 2011). At least 180 species of truffles 
belonging to the genus Tuber (even if only about 13 have any commercial interest) 
are distributed in Europe, South-East Asia, Australia and North America, while 
desert truffles (genus Terfezia and Tirmania) grow mostly in the Middle East region 
(Patel et al., 2017; Reyna and Garcia-Barreda, 2014). In Europe and Australia, truf-
fles are a multi-million euro industry (Reyna and Garcia-Barreda, 2014), whose im-
portance is demonstrated by the growing diffusion of new activities such as truffle 
cultivation (Garcia-Barreda et al., 2018; Reyna and Garcia-Barreda, 2014; Samils et 
al., 2008), truffle tourism (Buntgen et al., 2017), production of new truffle products 
(Beara et al., 2021; Patel et al., 2017), technical consulting (Samils et al., 2008), not 
to mention the capacity to stimulates interdisciplinary research (Garcia-Barreda et 
al., 2019), and the increase of land value in rural areas (Samils et al., 2008). 

Italy is one of the main countries for truffle production, processing and trade 
worldwide, with the largest number of edible truffles of commercial interest (nine 
species and varieties belonging to the genus Tuber), including the well-known 
Alba white truffle (Tuber magnatum Pico) and Norcia black truffle (Tuber melanos-
porum Vittad.). The Italian truffle market stands out locally and internationally 
(Pampanini et al., 2012), playing an important role for regional economies (Brun 
and Mosso, 2010; Marone, 2011). The local market refers to traditional food and 
wine specialties and its territories of origin. Today, truffle represents one of the 
main products of food and wine tours promoted by different Italian regions. Re-
cent market research conducted by JFC1 reports that truffle tourism generated a 
turnover of almost 63 million euro in 2018, due to the presence of foreigner tour-
ists and activities related to truffle gathering and consumption. International trade 
also represents an important share of the Italian truffle market. In 2018, the eco-
nomic value of export was about 49.2 million euro for “fresh or chilled truffles” 
and about 13.7 million euro for “prepared and/or preserved truffles” (ISTAT, 2019).

Despite that, the social, economic and environmental implications of the truf-
fle sector are largely unknown because of a substantial lack of data. Official statis-
tics are scarce and, in any case, not very representative. Indeed, truffle production 
is represented under the heading “Mushrooms and truffles” without any distinc-
tion between the two product categories. According to different authors, a lack of 
systematic data on NTFPs leads to a lack of awareness of their importance, which 
leaves them not being fully considered in rural development, forest and land-use 
related plans and policies (FAO, 2014; Lovrić et al., 2020). For example, Lovrić et 
al. (2020) highlight that “If forest management is geared towards optimizing only wood 
production, this may lead to sub-optimal solutions as this typically involves different man-
agement decisions than co-production of wood and of NWFPs”. In the case of truffle, 

1 JFC is a tourism consultancy and territorial marketing company (online: https://www.jfc.it).
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the knowledge of the market and actors involved is fundamental to implement 
adequate actions to preserve, promote and enhance products and territories (Ma-
rone, 2011). Past studies tried to give a comprehensive picture of truffle supply by 
evaluating national production and its distribution among Italian regions. Accord-
ing to Pampanini et al. (2012), truffles production in Italy was about 81.4 tons in 
2007; Umbria and Abruzzo, with annual productions estimated at 25.2 and 21.6 
tons respectively, are the most important producing regions, representing 57% of 
the total. Similar results are reported in Brun and Mosso (2010), that indicated a 
national production of about 82.2 tons in 2007 with 55 % of the total represented 
by Umbria and Abruzzo, followed by Marche (9%), Lazio (8%), Toscana (6%) and 
Molise (6%). However, the available data are underestimated and not updated. 
Firstly, they mainly refer to formally marketed truffles, and do not take into ac-
count informally marketed and those used for self-consumption. Moreover, in the 
last years, new areas of production are gaining attention and new regions partici-
pate in the market.

The Basilicata region (South of Italy) is a land of truffles (Pomarico et al., 2007; 
Rana et al., 2015), whose gathering, cultivation and trading is regulated by the 
National Law no. 752 of December 16th 1985 and by the Regional Law no. 35 of 
March 27th 1995. However, gastronomic, economic and cultural awareness has de-
veloped for this NTFP only in the past decade, as demonstrated by the high num-
ber of badges issued for gathering activities (constantly growing in recent years) 
and the presence of truffle hunter associations that count numerous members. As 
for other Italian regions, the truffle sector can represent an important opportunity 
for the regional economy. However, little is known about truffle production and 
its social, economic and environmental implications. For this reasons, in line with 
other studies conducted in Piemonte (Brun and Mosso, 2010), Toscana e Abruzzo 
(Marone, 2011), and more recently in Sicilia (Calvo et al., 2020), our work aims to 
investigate the truffle sector in the Basilicata region, devoting particular attention 
to the truffle hunters who gather the truffles from the forests. The truffle hunter 
includes very diversified profiles, from the hobbyist to the professional one (Ma-
rone, 2011), according to the aim of the gathering activity and the truffle hunter 
behavior (types of gathered truffles, occasional versus more constant activity, in-
come function of this activity). In such context, we try to answer the questions 
(I) who is involved in gathering activity, (II) which truffles and what quantity are 
collected in terms of weight and economic value, and (III) can truffle represent 
an important source of income? To that, we conducted a survey involving truffle 
hunters of Basilicata. The survey was designed to account for one year of truffle 
gathering in the region. Because the availability of truffle is intrinsically variable, 
a survey of the truffle hunters may produce estimates of quantities collected that 
are remarkably different depending on whether the research hits a favourable or 
an unfavourable year. In this respect, the 2018 season was average and, to some 
extent, can be taken as representative of a typical year. This can help to provide 
some useful insights to promote the truffle sector in Basilicata.
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2. Materials and methods

2.1 The Basilicata truffle sector: the context

Basilicata is an Italian region located in the south of the country, rich in natu-
ral resources, ecosystems with a high value and high amenity landscapes, where 
the agri-food (Viccaro et al., 2018) and forestry (Viccaro et al., 2019) sector play an 
important role for the rural economy. The region, characterized by a very hetero-
geneous territory for cenotics diversity deriving from its great geomorphologic 
complexity, has been lately discovered to be rich in truffle species (Pomarico et al., 
2007; Rana et al., 2015). In the last two decades, several researches have been car-
ried out on biodiversity of hypogeous fungi of Basilicata that, according to Rana et 
al. (2015), now occupies the first positions among Italian regions for the number of 
Tuber species, varieties or forms (up to 29 of non-edible and edible Tuber taxa) nat-
urally growing in its woodlands and Mediterranean scrubland areas (Fig. 1). All 
the commercial species, varieties and forms of truffles are present in the region, 
namely T. brumale Vittad. and T. brumale var. moschatum De Ferry, T. aestivum Vit-
tad. and T. aestivum var. uncinatum Chatin., T. borchii Vittad., T. macrosporum Vittad., 

Figure 1. Basilicata forests by type, management systems and protected areas (source: Viccaro et 
al., 2019) (Note: forests cover a surface of 354,895 ha, with an index of woodiness equals 35.6%, 
consisting mainly of oak (51.8%), followed by beech (10%) and Mediterranean scrubland (7.9%)).
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T. mesentericum Vittad., as well as the prized black truffle T. melanosporum Vittad. 
and white truffle T. magnatum Pico.

However, in line with the rest of the country, the social, economic and envi-
ronmental implications of the truffle sector are unknown because of a substantial 
lack of data. The available data on productions date back to 2007, indicating a to-
tal amount of about 1.4 tons (Brun and Mosso, 2010), while information about the 
final destination of the product – species and relative quantities self-consumed or 
sold (not only informally but also formally marketed) – is completely missing.

As for the market, the only available data are limited to the number of the 
main players operating on the supply side, namely the truffle hunters that, based 
on the number of badges issued for gathering activities, rise from 215 in 2005 to 
1652 in 2016, and five industries engaged in truffle collection, processing and sale. 
However, it is important to point out that we don’t know if all the truffle hunters 
participate in the market due to the presence of possible hobby activities. More-
over, no information about the demand side, represented by catering activities 
and final consumers, is available.

2.2 Questionnaire preparation and data collection

Whether they are hobbyist or professional truffle hunters, very little is usually 
known about their socio-economic characteristics, their practices, and any return 
from the activity. So, we ran a survey of truffle hunters of the Basilicata region 
to identify what types of people engage in gathering truffle, quantifying the time 
devoted to the activity, the amounts collected, and assessing the economic signifi-
cance of this source of income.

Data were collected using a questionnaire that was structured in 25 questions 
and divided into 3 sections, concerning respectively:
1. the sociodemographic information of respondents and general aspects of the 

gathering activity (personal data, profession, etc.);
2. information on truffle hunting activity (time devoted to and costs incurred in 

the activity, travel distance, species and amounts collected, etc.);
3. information relating to the marketing and/or processing of the product (final 

destination, retail and/or wholesale price, etc.).
The first section aims to outline a general profile of the truffle hunter, based 

on age, profession and motivational characteristics. It also includes questions on 
different activities performed in natural environments (i.e., fishing, hunting, 
mushroom gathering, …). In the next section, all the activities related to research 
and collection are investigated, to know the operating methods and related costs. 
In this part, there is also a question to evaluate the perception of the state of truf-
fle habitats concerning external disturbance (climate change, land-use change, hu-
man activities, etc…). The third part aims to analyse the final destination of the 
product (self-consumption or sale) to be used for some economic considerations. 
Finally, an open question is devoted for collecting suggestions to promote and en-
hance the natural truffle production in the region. The draft questionnaire was 



30 Mauro Viccaro et al.

pre-tested twice, firstly with a group of experts of the truffle sector (mycologists, 
presidents of truffle hunter associations, truffle hunters), and secondly with about 
ten respondents using the online layout of the questionnaire. The purpose of the 
pre-testing (Collins, 2003; Lovrić et al., 2020) was to account for a shared under-
standing of the questionnaires’ text, possible missing response categories, and for 
checking the online version. Pre-testing was performed from September to No-
vember 2018.

The survey of the truffle hunters was conducted from January to June 2019, 
by administering the online version of the questionnaire to members of “Associazi-
one Micologica dei Sostenitori della Cultura Idnologica Lucana” (A.M.S.C.I.L), a truffle 
hunter association that, from 2014, operates to preserve the truffle habitats and 
valorise the truffle sector in Basilicata. Since people collecting NTFPs from the for-
est, including truffle hunters, are unwilling to share information about their ac-
tivities because of a combination of jealously guarding good sites, awareness that 
they access the resource without a required authorization, and worries about pos-
sible changes in regulations (Cai et al., 2011; Marone, 2011), the participation in 
the survey was incentivized with a prize draw, managed separately to maintain 
anonymity. The prize consisted of a “vanghetto”, a special gathering tool similar to 
a small shovel. Of the 112 questionnaires handed out, about 66% were returned, 
but 4 (3.5%) of them were excluded due to incorrect and uncompleted questions. 
Thus, the analysis was conducted on a total of 70 valid questionnaires which 
amounts to a 63% response rate.

3. Results

3.1 Truffle hunters and gathering activity in Basilicata

Table 1 presents summary statistics for key socio-economic characteristics of 
the sample and measures of truffle gathering activity. In line with the total dis-
tribution of regional forest areas, the origin of the interviewed sample is almost 
all of the province of Potenza (94.3%). Almost 93% of the respondents are male 
and, a great part of interviewees (59%) falls within the age range between 36 and 
65 years. The most represented occupations are those of the wages clerk (24%), 
the worker (23%) and the self-employed (18.6%), followed by “Other” professions 
(15.7%), pensioners (13%) and students (6%). The greatest part of respondents 
(64%) has been carrying out truffle hunting for more than 5 years (34% from 5 to 
10 years, 30% for more than 10 years), and about 57% of the interviewees declared 
to be alone when carrying out this activity. 59% of respondents approached the 
gathering activity due to their inclination towards natural environments, declaring 
to practice at least one other outdoor activity such as mushroom picking (38%), 
hunting (14%) or more than one (39%).

As regards the gathering activity, it is carried out only in the province of resi-
dence for 44% of the interviewees and in the whole region for 31% of them; only 
26% state also to go outside the region. This affects the truffle gathering trips to 
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Table 1. General statistics of truffle hunters and gathering activity.

A. Truffle hunters’ characteristics 

Variable Description Relative frequency (%)

Sex Male 92.9
Female 7.1

Age 18 - 35 30.0
36 - 65 58.6
> 65 11.4

Province of residence Potenza 94.3
Matera 5.7

Occupation Self-employed 18.6
Worker 22.9

Wages clerk 24.3
Student 5.7

Pensioner 12.9
Other 15.7

Years of experience < 1 5.7
1 - 3 8.6
3 - 5 21.4
5 - 10 34.3
> 10 30.0

Motivations Delicacy of truffles 7.1
Contact with nature 58.6

Down from parents/relatives 15.7
Profitable business 4.3

More than one answer 10.0
Other (research, curiosity, …) 4.3

B. Truffle gathering activity

Variable Description Relative frequency (%)

Gathering area Province 41.4
Region 32.9

In and outside the region 25.7
Days Up to 10 10.1

10 - 20 15.9
21 - 50 26.1
51 - 100 33.3
> 100 14.5

Hour per day < 1 2.9
2 - 3 64.3
3 - 5 24.3

 > 5 8.6
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the forests which varies from a minimum of 1 km to a maximum of 250 km, with 
an average of 36 km. The time (hours) dedicated to the gathering activity ranges 
from a minimum of 1 hour to more than 5 hours per day. However, a very high 
percentage (64%) declares to devote on average 2-3 hours per day while only 24% 
of the respondents dedicate 4-5 hours per day. One-third of interviewees dedicate 
to gathering activity from 51 to 100 days, while 26% of them engage in it from 21 
to 50 days. A good percentage (14.5%) even exceeds 100 days, a value that imme-
diately suggests more than the recreational activity.

As shown in Figure 2, the region is particularly suited for black truffles, such 
as T. brumale Vittad., T. aestivum Vittad., T. aestivum var. uncinatum Chatin., T. ma-
crosporum Vittad., T. mesentericum Vittad., and T. melanosporum Vittad. No truffle 
hunter claims to collect T. brumale var. moschatum De Ferry. There is a high variabil-
ity of collected truffle amount among truffle hunters. The T. aestivum is the most 
collected species in the region, all the interviewees declare to collect it and for 
13% of them, it represents the only species collected. Quantities range from a min-
imum of 1 kg to a maximum of 200 kg; the average value per truffle hunter is 34 
kg. The T. aestivum var. uncinatum is another species collected by a large percent-
age of the respondents (83%), with an average amount of around 10.5 kg, with 
a minimum value of 0.5 kg and a maximum of 80 kg. The other truffle species 
collected in Basilicata are the T. macrosporum (on average 10.2 Kg per truffle hunt-
er), the T. mesentericum (on average 8.3 Kg per truffle hunter), and the T. brumale 
(on average 6.4 kg per truffle hunter). Only 18.5% of the sample collect the prized 
black truffle (T. melanosporum) from the regional forests. The average quantity of 
the latter is 6.6 kg per truffle hunter. As regards the white truffle species, the T. 
borchii is collected from 51% of the sample with values ranging from 0.1 kg to 30 

Figure 2. Species and amount of truffle collected in Basilicata (data expressed in kg, year 2018) 
(our elaboration on survey data).
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kg (the average quantity is 10 kg), while the T. magnatum, the most valuable spe-
cies by far, is collected by 41% of the interviewees with a minimum value of 0.3 kg 
and a maximum of 30 kg. For this species, the average annual amount collected is 
around 4.6 Kg per truffle hunter.

Although only 4% of the interviewees declared to carry out the gathering ac-
tivity for economic reasons, about 74% of them sell the collected truffles. On av-
erage, hunters sell 46% of the collected truffle (with values ranging from a mini-
mum of 20% to the total), while the rest is self-consumed or given away.

The market tends to develop in two ways: wholesale and retail. The first form 
is the most developed and affects almost all of the products, despite the retail sale 
it is possible to obtain higher prices because buyers usually require truffle of great-
er aesthetic and quality. For wholesale, the main buyers are intermediate figures 
who collect the product subsequently sold to large processing companies, located 
mainly in the areas of central Italy, or to the markets of northern Italy and abroad. 
Both for the wholesale and the retail market (Figure 3a), the buyers are mainly 
local (41% and 50% respectively), followed by regional and national buyers; only 
a small percentage is represented by international ones. The local final consum-
ers (43%) and the catering sector (28%) represents the main customers (Figure 
3b), followed by other figures and tourists. The sale is mainly carried out at home 
(58.4%), sold for the most part fresh (87%) and the remainder processed (9%) and 
frozen/deep-frozen (4%). The wholesale and retail prices are reported in Figure 4. 
There is high variability among species that depends on the characteristics of sold 
truffles (i.e., size. aesthetic and quality). In general, retail prices are twice as high 
as wholesale prices. The average prices per kg are (in decreasing order): 1,473 € 
- T. magnatum; 428 € - T. melanosporum; 164.5 € - T. aestivum var. uncinatum;138 € 
- T. borchii; 137 € - T. macrosporum; 106 € - T. brumale; 74.5 € - T. aestivum; 66 €- T. 
mesentericum.

As regards the main costs associated with the gathering activity (Table 2), they 
are related to the purchase and care of the dog (fixed costs), and the travel costs 
(variables costs), the latter according to the number of gathering trips and relative 
distance. The truffle hunters have declared to have on average two dogs (mini-

Figure 3. Basilicata’s truffle market location (a) and final customers (b) (year 2018) (our elabora-
tion on survey data).

3a

0
10

20
30

40

50
60

Local Regional National International

%

Wholesale Retail

3b

43%

28%

19%

10%
Final consumers

Catering sector

Tourists

Other figures



34 Mauro Viccaro et al.

mum 1, maximum 10). The most represented breed is the “Lagotto romagnolo”: 
76% of the sample replied to have at least 1 dog of this breed. The average cost 
of a trained dog was found to be around 1,017 € (67% of the sample released in-
formation). However, it is an average value that certainly is influenced by some 
characteristics such as the lower/higher ability of the dog, breed, experience, etc. 
The average cost of keeping a dog is around 575 €/year. This value includes the 
expenses for food, veterinary visits and care, and other costs (e.g., clipping, collars, 
etc.). The other fixed costs are the payment of the regional tax (93 €/year) and the 
purchase of the “vanghetto” (about 100 €). 

Figure 4. Wholesale and retail price of truffle species (euro, year 2018) (our elaboration on survey 
data).

Wholesale price

Retail price

Table 2. Fixed and variable costs associated with the truffle gathering activity.

Fixed costs Unit Value

Regional tax €/year 93

Vanghetto* €/unit 100

Dog 

purchase cost* € per dog 1,017

keeping costs €/year per dog 575

Variable costs Unit Value

Travel costs €/km 0.13

*To calculate the annual costs, we considered an amortisation period of 5 years for the vanghetto 
and 8 years for the dog.
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3.2 Truffle hunters’ profiles and economic consideration

Considering the average prices and the number of collected truffles in Basili-
cata in 2018, the economic value (EV) of the collected truffles per hunter is equal 
to 9,436 €, 42% of which is from prized truffles (T. magnatum and T. melanosporum). 
If the truffles collected in other regions are also considered, EV reaches around 
13.6 thousand euro. Net of the quantities self-consumed and/or given away, the 
economic value of the sold truffles is equal 4,341 € (6,264 € with the truffle col-
lected outside the region). However, given the high variability of the quantities 
and species collected among truffle hunters, the economic relevance of the truffle 
gathering activity should be better assessed regarding different hunters’ profiles. 
For this reason, we performed a cluster analysis to identify groups that are homo-
geneous about some truffle gathering characteristics. In particular, we carried out 
a Twosteps cluster procedure2 that uses an agglomerative hierarchical clustering 
method and is adequate when clustering variables are both categorical and contin-
uous. Clustering variables used in the work are the EV of truffle collected, the per-
centage of EV of prized truffle, the percentage of truffle that is sold, area and range 
of days of gathering activity. The optimal number of clusters has been based on the 
Schwarz’s Bayesian Criterion (BIC)3. Based on BIC, three groups of truffle hunters 
were identified that can be characterized by the mean values of clustering variables 
(more frequent values for categorical variables), as well as by the collected socio-
demographic and activity information. They can be named as Professional (Pro 
hunter), Semi- Professional (Semi-pro hunter) and Hobby hunter (Hobbyist) (Table 3).

Pro hunter: young truffle hunter (age 18–35), the professional truffle hunter car-
ries out the gathering activity alone both in the region and outside it, dedicating 
from 50 to over 100 days per year but generally not more than three hours per day. 
With three dogs, the amount collected is approximately 105 kg per year (53% of 
which are for sale). The total economic value is about 20 thousand euro/year, reach-
ing about 33 thousand euro with the amount collected outside the region (56 kg).

Semi-pro hunter: with an age between 35 and 65, the semi-professional truffle 
hunter prefers to carry out the activity alone, but does not despise the company. 
He devotes between 21 and 100 days per year to the gathering activity and, un-
like the pro hunter, sometimes more than 4 hours per day, preferring the regional 
territory. With two dogs and just under half of the quantities collected by the pro 
hunter in the region (about 48 kg), the average EV of collected truffle is equal to 
5,763 €. The semi-pro hunter sells 56% of the truffles.

Hobbyist: the hobbyist limits the gathering activity to the province of residence, 
dedicating no more than 50 days per year and no more than three hours per day. 

2 This procedure was carried out with SPSS 20
3 BIC is log-likelihood value obtained, according to the formula -2*log-likelihood + k*npar, 

where npar represents the number of parameters in the fitted model, and k = log(n) (n being 
the number of observations). BIC is computed for each potential number of clusters: the “best” 
clusters solution has the smallest BIC.
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With an age between 35 and 65, he prefers to carry out the activity with other peo-
ple. With only one dog, the amount collected is equal to about 16 kg (EV equal to 
1,556 €), which is destined almost exclusively for self-consumption and/or as a gift.

The gathering area and the time dedicated certainly affect the species and the 
quantities collected (Table 4) and, consequently, their economic value with strong 
differences between the profiles. Pro hunters collect truffles for an economic value 
almost six and twenty times higher than that recorded for semi-pro hunters and 
hobbyists, respectively. 36% of this economic value is represented by valuable spe-
cies. The pro hunter collects on average more prized truffles (9.35 kg) than the 
semi-pro hunter (1.13 kg) and the hobbyist (about 0.1 kg), demonstrating great-
er specialization. Of course, their effort, as well as the costs (i.e., travel costs and 
costs for dogs), are larger.

It is therefore possible to make some assessments for the economic return of 
the truffle gathering activity, considering revenues and costs related to the differ-

Table 3. Cluster statistic.

Profile n EV 
(€)

% EV 
prized 
truffle

% Sold Gathering area Days

Pro hunter 23 32,778 36.3 53.38 In and outside the region
(100%)

50 - more than 100
(65%)

Semi-pro hunter 30 5,763 19.6 56.17 Region
(87%)

21 – 100
(77%)

Hobbyist 17 1,556 4.2 18.63 Province
(100%)

up to 50
(100%)

Table 4. Species and amount of truffle collected by different truffle hunter profile. Data are ex-
pressed in Kg.

 Pro hunter Semi-pro hunter Hobbyist
Pro hunter

(Outside the 
region)

T. magnatum Pico 5.96 0.88 0.06 3.87

T. melanosporum Vittad. 3.39 0.25 0.03 3.17

T. uncinatum Chatin. 15.91 6.43 3.12 10.39

T. macrosporum Vittad. 7.35 1.14 0.07 6.22

T. borchii Vittad. 11.48 3.05 0.19 9.26

T. aestivum Vittad. 50.65 33.77 9.47 20.26

T. brumale Vittad. 4.83 1.31 0.56 2.52

T. mesentericum Vittad. 5.04 1.00 2.18 0.78

Total 104.60 47.83 15.67 56.47
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ent truffle hunters’ profiles. The annual revenues, namely the economic value of 
sold truffles, the total annual costs and the net income are shown in Table 5. The 
costs include the purchase and care of the dog, the travel cost, the annual regional 
tax and the purchase of a “vanghetto”.

Truffle hunters who spend more time in truffle gathering appear to be driven 
by the possibility of earning some extra income. Time affects results much more 
than the area in which the gathering activity is carried out. Semi-pro hunters, de-
voting up to 100 days per year, earn on average 3,227 € (with a net income of 
1,498 €), while the pro hunters, with over 100 days, earn on average 17,372 € 
(with a net income of 14,585 €). Of course, the semi-pro hunters limit the gather-
ing activity only to the region, but if the revenues deriving from the sale of truf-
fles collected outside the regional borders are excluded, the pro hunters still earn 
on average three times more than the semi-pro hunters (10,628 €), with a net in-
come of 8,923 €. The hobbyists, devoting up to 50 days per year, gather only triv-
ial amounts and their revenues are not even sufficient to cover the costs incurred. 
They mostly self-consume and/or give away the hunted truffle, and appear to 
have mostly recreational motivations, confirming what they stated in the survey, 
that truffle gathering activity is mainly due to their own inclination towards natu-
ral environments.

For young professional hunters, the truffle gathering activity seems to repre-
sent an important source of income that motivates them to dedicate time and go 
beyond the regional borders. However, there is no evidence that the type of occu-
pation engraves to the choice of turning to intensive truffle gathering as a source 
of income.

4. Discussions

The truffle gathering activity in Basilicata can represent, for those who prac-
tice it professionally, an important source of income and, for this reason, the sec-
tor should be protected and enhanced. According to different studies (FAO, 2014; 
Lovrić et al., 2020), a lack of systematic data on NTFPs leads to a lack of aware-
ness of their importance, which makes them not being fully considered in rural 
development, forest and land-use related plans and policies. As a fact, according 
to what was declared by the truffle hunters themselves, the protection actions 
should be implemented by local decision-makers and should particularly concern 

Table 5. Economic results. Data are expressed in euro.

 Pro hunter Semi-pro hunter Hobbyist

Total revenues 17,372 3,227 296

Total cost 2,787 1,729 935

Net income 14,585 1,498 -639



38 Mauro Viccaro et al.

the protection of natural environments. 84% of the interviewees declared to note 
variations in the truffle habitats, with a consequent decrease in truffle production. 
These variations, partly due to climate change, as demonstrated in other studies 
(Thomas and Büntgen, 2019), and to land-use changes, are attributed to a greater 
anthropogenic and wildlife pressure (i.e., wild boars). In recent years, the number 
of badges issued and, therefore, the number of truffle hunters have increased con-
siderably, with greater pressure on the truffle resource which often leads to lower 
levels of care and protection of the truffle habitats. According to 29% of the re-
spondents, it is above all the inexperience of the truffle hunters that negatively 
affects these habitats. The interviewees agreed that to protect the regional truffle 
sector there is the need for greater controls by the supervisory authorities to en-
force current legislation, public interventions to reconstitute and/or improve de-
graded truffle habitats, and the promotion of training courses. In particular, the 
training and knowledge of the truffle resource are very relevant for preserving 
the natural environments and guiding the habits of the truffle hunters so that 
they feel responsible for the truffle resource and its habitats. 

Another critical element that emerged from the survey is the poor organiza-
tion of the actors involved in the collection and marketing of truffles. Most of the 
time, the product ends up in an undifferentiated market without the right en-
hancement. As for other Italian regions (Brun and Mosso, 2010; Marone, 2011), the 
creation of a regional truffle supply chain, which identifies itself with the product 
of the territory, represents an opportunity to protect and promote the local truffle 
sector and, consequently, producers, with adequate remuneration, and final con-
sumers, through the safety of the origin of the product. A future implementation 
of this work could be oriented towards a dedicate marketing plan to promote the 
above-mentioned truffle chains. This could benefit not only the truffle market, but 
in general all related activities able to promote the related ecosystem services (e.g., 
landscape enhancement, biodiversity and hydrogeological protection).

A relevant role for the enhancement of the product and, more generally, of 
the entire supply chain, is represented by the system of associations and coopera-
tives that can create critical mass and increase economic results. It constitutes a 
valid springboard for the development of the sector and can be a useful way to 
organize the enhancement of the truffle (e.g. using fairs, events, etc.), by fram-
ing it in a coordinated pattern of promotion and valorisation of the product and 
defending its origin. A way to enhance the product is the TAP (Traditional Ag-
ri-food Product) recognition, as for it is happening for the “Fragno truffle” in the 
province of Parma (Italy). Some other new initiatives of interest, from which to 
draw inspiration, appear to be those of the “Truffle Roads”. Oliach et al., (2021) 
identified strengthening the link between truffles, tourism, and gastronomy as the 
most important action to be taken. Indeed, tourism and gastronomy linked to pro-
duction are a new opportunity to promote the truffle sector (Buntgen et al., 2017; 
Latorre et al., 2021). Another aspect that could help in the promotion of truffles, is 
the development of the gourmet market, which can be complemented with qual-
ity branding to better identify the product. Ensuring that the product consumed 
comes from a specific territory, understanding the characteristics and expectations 
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of the collectors, as well as the marketing channels, may soon represent forms of 
guarantees for the final consumer as well as the basis for careful planning of the 
production sector. The most suitable tools to achieve these results, therefore, lie 
precisely in the acquisition of ever greater knowledge of the entire supply chain.

One of the strengths of this work is the analysis of a sector where real data are 
lacking (in Italy). Many studies analyse the ecosystem services in Italy (Agnoletti 
et al., 2022; Canedoli et al., 2020; Riccioli et al., 2019, 2020; Salata and Grillenzoni, 
2021). However, national statistics provide silvicultural data that essentially refer 
to timber harvests. Indeed, as stated by Pettenella et al. (2021), for several years, 
the National statistical institute (ISTAT) has stopped collecting data on the produc-
tion of non-wood forest products.

So, the added value of this study is to highlight an hidden sector that has 
been “forgotten” but at the same time is threatened by wildlife. Cozzi et al. (2015, 
2019), point out like wild boars represent a serious problem in Basilicata. There-
fore, urgent actions to stem the problem are needed to protect the truffle sector.

5. Conclusions

The general objective of the research was to broaden the knowledge on the 
truffle sector of the Basilicata region, determine its main characteristics, productive 
and economic consistencies, with the specific aim of providing quantitative ele-
ments of evaluation, useful to regional institutions from a perspective of product 
enhancement. In recent years, in Basilicata, the truffle sector has registered a grow-
ing interest; in just over 10 years we have gone from a few hundred truffle hunters 
with an authorization badge for gathering activities to more than 1600 units. The 
positive trend in the number of people who have approached the truffle sector can 
be associated, in large part, with the search for profit and income. In this direc-
tion, we tried to answer to three main questions: (i) who is involved in gathering 
activity? (ii) which truffles and what quantity are collected in terms of weight and 
economic value? (iii) can truffle represent an important source of income? The an-
swers to these questions reveal the presence of professional truffle hunters in the 
region, for whom the truffle represents an important source of income.

From the considerations of the economic results obtained, it is desirable to 
protect the production sector, through the establishment and strengthening of the 
production and processing chains. These initiatives may be able to connect the 
various actors and create new opportunities for food services and the tourist sec-
tor of the rural areas. A better use of the truffle resource can also be hoped to 
produce additional value and ensure adequate economic development for the ter-
ritory. However, what has been stated is only possible following careful planning 
in the use of this NTFP. A higher level of knowledge, extended in space and time, 
may be able to safeguard and protect the regional truffle heritage. The reconstitu-
tion of degraded truffle fields, improving them with forestation interventions with 
mycorrhizal plants, carrying out more checks to enforce the legislation in force, 
are just some of the initiatives to begin to preserve the resource.
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The most important objectives to be pursued are the following: (i) protection 
and promotion of the local products; (ii) protection and safeguarding of the terri-
tory; (iii) product certification to protect the consumer.

It is not possible to continue to consider the truffle a product of little economic 
interest since it is able to provide a rather significant income. Even if in the forests 
of Basilicata it is present in good quantities and undisputed quality, to date this 
product doesn’t represent an added value for the regional territory and its rural 
contexts.
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Buildings’ energy efficiency may affect real estate prices, but 
the literature suggests that the effects of green attributes and 
Energy Performance Certificate ratings on the value of resi-
dential properties in Europe are still variable across contexts. 
The adoption of methods able to appropriately investigate this 
issue is thus essential. In this framework and to support future 
studies, this paper offers a methodological review of scientific 
works on the topic published in the last five years. Our work 
does not only represent an update of other reviews, but it 
originally analyses the papers by a methodological viewpoint. 
Results highlight a progressive refinement of the research ques-
tions and methods adopted. Then, the increasing importance 
of concepts such as latent variables and green attributes in the 
real estate pricing process is detected and identified as a field 
to be furtherly explored. Finally, Structural Equation Modelling 
is proposed as a promising approach for future studies.

1. Introduction

Residential buildings’ energy consumption represents one of the most relevant 
sources of CO2 emissions (Chen and Marmolejo-Duarte, 2019; Manganelli et al., 
2019; Wilkinson and Sayce, 2020), and the enhancement of energy efficiency has 
progressively become of paramount importance, as shown for instance by the 
2015 UN Sustainable Development Goal 7 – Affordable and Clean Energy, target 
7.3, which recommends doubling the global rate of improvement in energy effi-
ciency by 2030 (United Nations General Assembly, 2015). 

At the European level, the EU has started to systematically tackle the issue 
since the early 2000s, with the release of the first Energy Performance of Buildings 
Directive in 2002 (EPBD-Directive 2002/91/EC). Then, subsequent updates (EPBD-
Directive 2010/31/EU; EPBD-Directive 2018/844/EU) and integrations (Commission 
Delegated Regulation EU, n. 244/2012) aiming at reinforcing and improving the 
framework have progressively followed. 

The urgency of the environmental matter, combined with the enduring exis-
tence of a certain slowness in the performance of energy interventions, have re-
cently led the European Commission to strengthen its commitment towards the 
achievement of a real “green” transition: in fact, the Communication present-
ed from the Commission to the European Parliament on 10th October 2020 and 
named “A Renovation Wave for Europe – greening our buildings, creating jobs, improv-
ing lives” (European Commission, 2020) puts at its core a faster and deeper energy 
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renovation of buildings. Moreover, as outlined by the title of the Communication, 
in the current socio-economic framework – which has been strongly affected and 
weakened by the Covid-19 pandemic – energy retrofit and green constructions are 
valued not only as necessary actions for decarbonization but also as economic le-
verages: this is a statement that thus contributes to possibly increase the market 
value of these buildings.

As underlined by scholars and experts in the field, consumption patterns of 
domestic energy are a multi-dimensional issue involving variables such as climate 
zones (Chiesa and Fregonara, 2019; Dell’Anna et al., 2019; Fregonara et al., 2020; 
Taltavull de La Paz et al., 2019), architectural and technological characteristics of 
the residential units, households’ income, behavioural, demographic and socio-
economic characteristics of inhabitants (Azizi et al., 2019), cost of energy, fuel and 
combustive agents and so on (Kamal et al., 2019).

In this framework, the implementation of measures able to address multiple 
variables can probably represent the most sustainable solution to reach the de-
sired goals; however, it is nonetheless important to underline that the reduction 
of domestic energy consumption related to heating and cooling needs can be 
particularly facilitated by: a) retrofit interventions for what concerns the histori-
cal and existing housing stock; b) construction of “green” and nearly-zero en-
ergy buildings (D’Agostino and Mazzarella, 2019) for what concerns new real 
estate properties. Technical interventions that aim to improve buildings’ energy 
efficiency include, for instance, thermal coating, solar panels, photovoltaic sys-
tems and storage cells, use of insulating materials on horizontal, vertical and 
oblique perimetral surfaces, installation of energy-efficient windows, doors and 
skylights, heat pumps, floor heating and cooling, combination with domotics 
and remote-control systems, etc. (Manganelli et al., 2019). Additionally, it must 
be mentioned that the upscaling of green policies and energy consumption re-
duction from the building to the urban and district-based scale has started to 
emerge (Reynolds et al., 2017).

With exclusive reference to the building level, the implementation of the tech-
nical solutions mentioned above usually implies a considerable initial expenditure 
by households, and in absence of monetary incentives and financial mechanisms 
the economic viability of these interventions cannot be taken for granted (Brown 
et al., 2019). However, it is known that these interventions are associated to dif-
ferent and multiple benefits (Kamal et al., 2019; Kerr et al., 2017), such as an en-
hanced indoor environment (e.g., in terms of thermal comfort, ventilation, acous-
tic insulation, aesthetics, etc.), lower CO2 emissions, and also lower heating and 
cooling running costs during the entire lifecycle of the building. Consequently, it 
has been advanced that energy efficient houses might thus be desirable by own-
ers, occupants and potential buyers also by an economic point of view.

Given these multiple benefits and considering that – especially for what con-
cerns the existing residential stock – sellers might want to recoup previous expen-
ditures, it has frequently been supposed that energy efficient residential units are 
associated to higher real estate prices. In other words, it has thus been advanced 
that higher energy efficiency has a positive effect on properties’ values.
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However, even though this hypothesis sounds strong and reasonable, the 
international literature on the topic has not reached an agreement yet (Bisello 
et al., 2020; Cespedes-Lopez et al., 2019; Marmolejo-Duarte and Chen, 2019; 
Wilkinson and Sayce, 2020). More precisely, the appreciation of buildings’ en-
ergy performance and “green” attributes by the real estate market still appears 
not homogeneous across contexts, and the relationships between energy-related 
characteristics and residential real estate prices have not proved to be straight-
forward up to now (McCord et al., 2020b). In fact, despite the increasing at-
tention towards this topic and the progressive growth of scientific articles ad-
dressing the issue, results obtained by scholars have been extremely variable 
(Cespedes-Lopez et al., 2019; Marmolejo-Duarte and Chen, 2019; Wilkinson and 
Sayce, 2020). This lack of uniformity may be related to contextual factors (e.g., 
country, location and climate zone in which the buildings are located) and to 
specific characteristics of the local real estate markets and stocks (e.g., type of 
buildings, market segments, specific level of energy efficiency considered, etc.). 
Additionally, it must also be recalled that the measurement of buildings’ energy 
performance is still not consistent throughout EU Member States and that the 
research perspectives and methods adopted by existing studies may have over-
all contributed to the variability of the results. Moreover, it is worth mentioning 
that the situation is constantly evolving, also depending on the incentives, regu-
latory frameworks and economic measures set up by governments especially in 
this time of economic crisis. In fact, it is possible that, while the compliance with 
energy requirements becomes stricter, Governments facilitate retrofits through 
economic incentives, the awareness about the advantages of energy-efficient 
buildings increases and the sensitivity towards ecological matters spreads, real 
estate prices will be affected too.

With respect to green policies promoted at the EU level, the European Green 
Deal – i.e. a set of policies aiming at making Europe the first net-zero climate im-
pact continent – represents the framework of reference, and significantly it will 
be financed by one third of the 1.8 trillion euros of the Next Generation EU Re-
covery Plan and the EU’s seven-year budget (European Commission, 2021a). For 
what concerns single EU countries, an exemplificatory case can be mentioned. For 
instance, Italy established the so called “Superbonus” (law n. 77, July 2020) dur-
ing the 2020 Covid-19 crisis, to favour both economic recovery and the achieve-
ment of green objectives: in fact, the “Superbonus” encourages the performance 
of retrofits on buildings respecting given characteristics leveraging on fiscal and 
economic incentives. However, not only emergency measures but also long-term 
strategies and action plans have been developed by single EU countries, as re-
cently outlined and analysed by a working document elaborated by the European 
Commission staff (European Commission, 2021b).

In this framework and through the conduction of a systematic analysis of 
the most recent peer-reviewed literature, this paper aims to identify the research 
methods adopted by scholars to explore the relationships between energy efficien-
cy and real estate prices, in order to:
a) provide a methodological overview useful for future applications;
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b) detect the research lines and methodological approaches that seem particular-
ly worth exploring through future studies;

c) possibly recognize additional methods that may be particularly suitable to face 
emerging and promising research issues.
This contribution will take into account only the European context: in fact, 

whilst different conditions and regulatory frameworks possibly influencing mar-
kets and behaviours exist worldwide, the European Union has progressively es-
tablished for its Member States a set of common directives, as anticipated above. 
Even though full comparability among EU countries is not possible yet, these Di-
rectives nonetheless offer a homogeneous policy background. 

Given that in the European context the official document that expresses the 
energy efficiency degree of a building/building unit is the Energy Performance 
Certificate (EPC), the literature review will mainly include contributions that in-
vestigate the relationships between EPC ratings and real estate prices.

Notice that the work makes reference to the measures taken at the building 
level to ensure energy efficiency. However, as mentioned above, policies are also 
shifting attention to other urban and district-based solutions to reach the targets. 
The reasoning about the potentialities offered by shifting from the single building 
to the district/territorial scale is interesting, particularly in the case, for example, of 
the coexistence of different energy sources and technologies for supplying it. The 
great complexity deriving by enlarging the context can be managed through the 
definition of policies for the territorial governance and for the energy consump-
tions reduction, opening the way to other experiences and researches, mainly 
involving the application of approaches for the evaluation of project energy-eco-
nomic sustainability (De Paola et al., 2021; Del Giudice et al., 2021a; Del Giudice et 
al., 2021b). Thus, the present work will focus on the building scale, demanding to 
future studies the exploration of other scale perspectives.

Overall, this piece of work explores the most recent studies on EPCs and real 
estate prices by a methodological viewpoint, and it can serve both as a literature 
review in itself and as a methodological support for further studies that will aim 
to estimate the effects of energy efficiency on real estate prices. Overall, our work 
does not only represent an update of previous literature review studies, but it 
originally analyses the papers by a methodological viewpoint.

The paper is articulated as follows. Section 2 presents a short overview about 
buildings’ energy efficiency and EPCs in EU, as to frame the context of analysis 
and recall the regulatory framework that is determining energy-related policies in 
EU countries; in this Section some references to the Italian context are performed 
too, to empirically exemplify some concepts and applications of the EU Directives. 
Section 3 describes the materials and methods, while Section 4 illustrates and dis-
cusses the selected contributions and obtained results. Finally, Section 5 outlines 
final remarks and proposes perspectives for future studies.
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2. Background: a short overview on the European Union’s regulatory framework 
and policies about buildings’ energy efficiency

In order to boost decarbonisation and the green energy transition in the real 
estate sector, the European Union has released and progressively updated the 
Energy Performance of Buildings Directive (EPBD-Directive 2002/91/EC). Origi-
nally issued in 2002 and then modified with subsequent versions (EPBD-Directive 
2010/31/EU; EPBD- Directive 2018/844/EU) and supplements (Commission Del-
egated Regulation (EU) n. 244/2012), the EPBD has not only introduced minimum 
energy performance requirements for buildings but it has also established that 
buildings’ energy efficiency is measured and attested by an Energy Performance 
Certificate (EPC). The EPDB prescribes that an EPC is made available whenever 
buildings are constructed, sold or rented out (Bisello et al., 2020): in fact, the pro-
vision, communication and publication of EPC ratings enhance transparency dur-
ing transactions of various kinds and they offer precious information to the sub-
jects involved in the operations (e.g., seller, buyer, tenant, intermediaries, etc.).

As known, EPCs summarise the energy efficiency of buildings through a rat-
ing scheme; with reference to a country such as Italy, energy labels range for 
instance from A4 (very efficient) to G (inefficient). Additionally, the EPC also in-
cludes suggestions on the technical interventions to be performed to improve the 
current rating of the building/building unit under consideration. With the aim of 
improving the rating scheme, the original criteria at the basis of the EPC rating 
were modified in 2018 (EPBD- Directive 2018/844/EU), and changes have been in-
tegrated by Member States in their national legislations in subsequent years.

Then, “A Renovation Wave for Europe” (European Commission, 2020) has re-
cently anticipated that further enhancements to the EPC framework will be 
needed shortly. In fact, the document has underlined that barriers to the ener-
gy renovation of buildings exist at several points of the value chain, and that 
the poor explanation and understanding of the benefits stemming from retro-
fit (including their measurement and monetisation) definitely represent a major 
obstacle to renovation. Consequently, the European Commission has identified, 
among the essential areas of intervention, the strengthening of information, le-
gal certainty (and incentives) for public and private owners and tenants. More 
precisely, the Commission will revise the EPBD in 2021, and it will propose to 
“introduce a stronger obligation to have Energy Performance Certificates alongside a 
phased introduction of mandatory minimum energy performance standards for existing 
buildings […]. The impact assessments accompanying these legislative revisions will 
consider different options in terms of the level, scope and timing of these requirements” 
(European Commission, 2020, p. 5).

Moreover, the European Commission will not only propose mandatory mini-
mum energy performance standards as part of the revision of the EPBD by the 
end of 2021, but it will also propose to update the EPC framework, e.g. encourag-
ing the application of energy performance metering technologies, the creation of 
a uniform EU machine-readable data format for the EPCs, the improvement (in 
terms of both availability and accessibility) of EPCs digital repositories and the 
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possible extension of energy audits requirements to a larger variety of non-resi-
dential buildings.

Coherently with the EU guidelines, a European country such as Italy has for 
instance started to make EPCs mandatory since 2009; additionally, in line with EU 
directives, the publication of the EPC rating has become compulsory in real es-
tate advertisements since 2012 (Fregonara et al., 2017). The contents of the EPBD 
2018 were adopted just recently instead, with the Decreto Legislativo 10/06/2020, 
n. 48. With reference to repositories publicly available, an overview of the number 
of EPCs progressively issued and of associated ratings can be currently freely ac-
cessed on the SIAPE- Sistema Informativo sugli Attestati di Prestazione Energetica 
website (https://siape.enea.it/). As mentioned in the Introduction, other EU coun-
tries have developed frameworks and long-term strategies promoting buildings’ 
energy efficiency too.

Overall, the growing relevance of the topic at the international level has fa-
voured the flourishing of a significant amount of studies focusing on buildings’ 
energy efficiency, including contributions that aim to analyse the effects of EPCs 
and single “green” attributes on residential real estate prices. Recent articles have 
provided comprehensive overviews on the state of the art (Bisello et al., 2020; 
Khazal and Sønstebø, 2020; Marmolejo-Duarte et al., 2020; Marmolejo-Duarte and 
Chen, 2019), but the literature on the topic is still proliferating, and numerous ar-
ticles have been published in the last few years. To pursue the research objectives 
outlined in the Introduction, the rest of the article will investigate the methods 
and results stemming from a systematic review of the most recent peer-reviewed 
contributions on the topic. 

3. Materials and methods

The aim of this piece of work is to highlight the methodological perspectives 
recently adopted by scholars to investigate the relationships between buildings’ en-
ergy performance and real estate prices. In order to reach this goal and capture the 
most updated methodological approaches, we performed a structured literature re-
view, focusing only on scientific works indexed on the Scopus database and pub-
lished in the last 5 years, i.e. between 2016 and 2020. This time frame was selected 
since it is a timespan frequently adopted in literature review studies aiming at in-
vestigating the recent state of the art on a defined topic (see, for instance, Tavares 
Thomé, 2016). Additionally, considering that EU Member States have integrated the 
prescriptions of the EPBD 2010 – which makes EPCs mandatory for all European 
buildings (Barreca et al., 2021) – at a different pace, we supposed that the articles 
published in this timeframe could most likely capture the effects of the energy ef-
ficiency regulations on the real estate markets better than less recent studies.

For the years 2016-2017 we capitalized on the searches already conducted by 
other authors (Bisello et al., 2020; Khazal and Sønstebø, 2020; Marmolejo-Duarte 
et al., 2020; Taltavull de La Paz et al., 2019), who recently integrated a literature 
review section in their empirical works: on the basis of their results, appropriate 
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contributions were thus included in our analysis. With respect to previous studies, 
our work does not provide an in-depth analysis of a single method (e.g. regres-
sion, spatial analysis, etc.), but rather a more comprehensive review of the meth-
odologies recently adopted by scholars in the analysed literature.

For what concerns the years 2018-2020, an original and ad hoc search was per-
formed instead. In line with the work of other researchers (Bisello et al., 2020), we 
retrieved on-topic contributions through a systematic search on the Scopus da-
tabase (https://www.scopus.com, last accessed on 31st January 2021), inputting as 
keywords “Energy Performance Certificates” OR “EPC” AND “price” OR “hous-
ing market”. This initial search returned more than 120 contributions. Obtained 
titles were then screened, and only articles focusing on the European context and 
on the effects of EPC/ “green” attributes on the residential real estate market were 
selected for analysis. Given that the focus of the study is the residential real estate 
market, articles concerning EPCs and the rental sector (Bian and Fabra, 2020; Ca-
jias et al., 2019; Chegut et al., 2020; Collins and Curtis, 201; Cornago and Dressler, 
2020; Franke and Nadler, 2019; Fuerst et al., 2020; Heffernan et al., 2021; Khazal 
and Sønstebø, 2020; Pommeranz and Steininger, 2021) were thus not included in 
the review. However, they represent an interesting and emerging field of research 
and they could constitute the core of a specific contribution on the topic. Articles 
focusing on the cost-effectiveness of the interventions or on contexts other than 
Europe (see, for instance, Baldini et al., 2020 and Dell’Anna and Bottero, 2021 re-
spectively) were not analysed as well. Articles that during the screening phase 
emerged as useful for the contextualisation of the debate (e.g. articles analysing 
the willingness to pay for specific green interventions and attributes) are nonethe-
less cited in the text (see, for instance, Aydin et al., 2019, D’Alpaos and Bragolusi, 
2020; Marmolejo-Duarte et al., 2020d). 

Finally, some contributions published in early 2021 and/or presenting 2021 as 
publication year but already available in late 2020 were included in the analysis, 
with the aim of providing the most updated state of the art. Figure 1 provides an 
overview of the workflow followed to conduct the study. 

Coherently with the research objectives outlined in the Introduction, it was 
decided to analyse the selected contributions according to the following fields: a) 
city and country of application; b) size of the data sample; c) timeframe to which the data 
analysed in the contributions referred to; d) type of real estate price under investigation; e) 
methods adopted by researchers to conduct the study; f) synthesis of major findings. 

The fields a), b) and c), together with the reference to the contribution in the 
form Author-Year, mainly aimed at contextualising the study (e.g., by a geograph-
ic and temporal perspective, as well as at specifying the data under study). d) 
aimed at identifying the type of price considered by authors: in fact, prices are 
not only a very important variable (since in most cases they constitute the depen-
dent variable), but they are also an object of debate in the estimative discipline 
(Curto et al., 2012). Consequently, it was deemed appropriate to specify their na-
ture through a dedicated field. Even though some authors used the log version 
of prices, this was not specified in the analysis. e) aimed at identifying the meth-
ods adopted by researchers and it represents the core of the study. Field f) was 



50 Elena Fregonara, Irene Rubino

included to offer a synthesis of the major findings, without the claim of providing 
a complete account of all the results reported in the contributions. 

Information was overall summarised into a table and then analysed according 
to the research questions of our study.

Figure 1. Workflow followed to perform the literature review presented in the study.

Source: authors’ own elaboration.
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4. The influence of Energy Performance Certificates (EPCs) on real estate prices: 
results from recent studies

Coherently with the methods described in the previous section, a total of 26 
contributions were included in the review. Table 1 functions as reference for the 
analysis and it provides a systematic synthesis of the information collected.

4.1 Location, geographic scale, property types and sample sizes

The examined contributions covered different European countries, ranging 
from Mediterranean to Northern and Eastern Europe (Figure 2). More precisely, 
7 studies analysed Italian cities, 7 addressed Spanish contexts, 3 focused on Bel-
fast (Northern Ireland), 2 on Sweden, 1 on Portugal, 1 on Wales, 1 on Denmark, 
1 on Finland (Helsinki area), 1 on Oslo (Norway), 1 on Dublin (Ireland) and 1 on 
Bucharest (Romania); additionally, one study included a desk review of EU case-
studies (Figure 2). The recent publication of papers focusing on Mediterranean 
countries seems to indicate that a certain gap in the literature evidenced by other 
scholars (Dall’Anna et al., 2019) – i.e. the prevalence of studies focusing on North-
ern Europe – has started to be at least partially reduced. However, the results 
stemming from our research highlighted that a certain unbalance in the litera-
ture still exists, since not all EU countries were equally represented in the works 
emerged from the application of the workflow described in Section 3.

Overall, the geographic scale selected by authors varied: the urban (i.e. sin-
gle cities), intra-urban (i.e. sub-portions of cities), metropolitan (i.e. main city and 
surrounding municipalities), territorial (e.g. province) and national (i.e. country) 
scales were overall explored. Additionally, a couple of studies considered two cit-
ies as object of analysis, especially to perform comparisons (Dell’Anna et al., 2019; 
Manganelli et al., 2019).  

In line with the object of the research, all articles analysed residential units. 
However, some exclusively focused on apartments located in multi-family build-
ings (Chen and Marmolejo-Duarte, 2019; Cespedes-Lopez et al., 2020; Dell’Anna 
et al., 2019; Fuerst et al., 2016b; Marmolejo-Duarte, 2016; Marmolejo-Duarte and 
Chen, 2019; Marmolejo-Duarte et al., 2020; Taltavull et al., 2017), whereas others 
exclusively considered single family-houses (Jensen et al., 2016; Wahlström, 2016; 
Wilhelmsson, 2019). Choices were usually justified by authors in light of the char-
acteristics of the local housing stock (i.e. most frequent type of building).

Sample sizes varied too, and they seemed to depend both on specific research 
questions and available datasets. Considered timeframes were not homogeneous 
as well, and they ranged from one or few months to several years. Contributions 
usually included in the analysis datasets referring up to 2-3 years before publica-
tion, even though some studies analysed older (Evangelista et al., 2020; Fuerst et 
al., 2016b; Jensen et al., 2016; Marmolejo-Duarte and Chen, 2019; Marmolejo-Du-
arte et al., 2020; McCord et al., 2020; Wahlström, 2016) or more recent data (Bot-
tero et al., 2018; Dell’Anna et al., 2019).
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4.2 Price types

With reference to prices, the selected articles largely considered listing prices. 
In fact, as known, listing price is frequently the only variable that stands for the 
value of the real estate asset that can be easily accessed (e.g. through real estate 
agencies and online real estate portals). Since some studies have underlined that 
they can be considered as a proxy for actual transaction prices (Curto and Frego-
nara, 2012; Malpezzi 2003 in Stanley et al., 2016) and that they play an important 
role in price prediction (Knight, 2002 and Horowitz, 1992 in Barreca et al., 2021), 

Figure 2. Effects of EPC ratings on real estate prices in Europe: countries covered by recent peer-
reviewed articles.

Source: authors’ own elaboration.
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they are an appropriate variable to be analysed. However, it might be useful to 
remind that listing prices are especially able to reflect the value of the residential 
unit as either perceived by the seller or calculated by the intermediary: they thus 
particularly report the point of view of the offer/supply side (Taltavull del la Paz et 
al., 2019). Conversely, actual transaction prices are the result of a negotiation pro-
cess, and they might better reflect not only the value of the residential units and 
of its characteristics (including “green” variables) as estimated by the supply side, 
but also the value attributed by the demand side. Thanks to the availability of 
specific data sources, a certain number of articles was nonetheless able to analyse 
transaction prices (Fregonara et al., 2017; Fuerst et al., 2016a; McCord et al., 2020; 
McCord et al., 2020a; McCord et al., 2020b; Whilelmsson, 2019). Interestingly, one 
article included transaction prices derived from a perfectly competitive bidding 
context, where potential “buyers compete with open bids, and the highest wins the auc-
tion” (Olaussen et al., 2017, p. 248). Other authors considered speed of sale (Aydin 
et al., 2019) and time on the market (Fregonara et al., 2017; Fuerst et al., 2016b) as 
dependent variable instead; even though the investigation of these variables is out 
of the scope of this review, it can be stated that they are particularly interesting 
too, since they suggest to what extent the characteristics of the residential unit are 
able to meet the demand’s needs.

4.3 Methods and major findings

With reference to the methods and models adopted, the selected contribu-
tions included the following ones: Hedonic Price Model (Cespedes-Lopez et al., 
2020; Fregonara et al., 2017; Fuerst et al., 2016a; Fuerst et al., 2016b; Marmolejo-
Duarte, 2016; Olaussen et al., 2017; Stanley et al., 2016; Wahlström, 2016; Wilkin-
son and Sayce, 2020), OLS and quantile regression (Evangelista et al., 2020; Mc-
Cord et al., 2020b; Whilhelmsson, 2019), Pooled-OLS and Instrumental Variables 
Hedonic Models (Taltavull de La Paz et al., 2019), regression (Jensen et al., 2016) 
and multivariate analysis (Brounen et al., 2020), categorical regression (Mangan-
elli et al., 2019), binary logit regression models in conjunction with a Polytomous 
Universal Model (McCord et al., 2020a), Evolutionary Polynomial Regression (Mo-
rano et al., 2020), Hedonic Price Model (HPM) combined with spatial specification 
(Barreca et al., 2021; Bisello et al., 2020; Bottero et al., 201; Dell’Anna and Bottero, 
2021; Dell’Anna et al., 2019), Geographically Weighted Regression (Marmolejo-Du-
arte et al., 2020; McCord et al., 2020) and spatio-temporal autoregressive models 
(Taltavull et al., 2017). Overall, HPM and regressions frequently remain the core 
of the methods adopted – in line with what already noted by other researchers 
(Molina et al., 2019) – even though many studies have applied approaches that 
represent an evolution of the basic OLS approach (Figure 3). For instance, spatial 
approaches aim to take into account into regressions possible spatial autocorrela-
tion patterns, and they can generally take the form of either Spatial Lag Models or 
Spatial Error Models. In the considered context of application, quantile regressions 
usually aim at detecting different EPC effects on price distributions instead. 
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The well-established Hedonic Price Method (HPM-OLS) (Curto and Frego-
nara, 2019; Fregonara et al., 2014; Fregonara et al., 2017; Molina et al., 2019) was 
applied for instance by M. F. Cespedes-Lopez and colleagues (Cespedes-Lopez et 
al., 2020); interestingly, these authors found that a positive relationship between 
EPC-labels and prices did not exist for multi-family properties in the province of 
Alicante (Spain), and that sellers tended not to disclose the EPC label of the prop-
erty. This phenomenon was interpreted by authors in light of a variety of reasons, 
including the following ones: owners’ desire to sell their energy-inefficient proper-
ties at prices similar to “greener” comparable assets, lack of sanctions for owners 
not disclosing EPC ratings, absence of compensations for the investments required 
to improve EPC rating, and a generalized negative attitude towards interventions 
aimed at improving energy efficiency.

HPM was also applied in a study investigating the Welsh real estate market 
(Fuerst et al., 2016a): in this case authors highlighted a positive price premium for 
A/B ratings (+12.8%) compared to dwellings rated D. Statistically significant dis-
counts were found for E and F ratings instead (- 3.6% and – 6.5 %, respectively). 

The employment of the HPM to the metropolitan area of Helsinki (years 2009-
2012) pointed out a statistically significant + 3.3% price premium for apartments 
in the top three energy-efficiency categories, reduced to 1.5% when considering 
detailed neighbourhood characteristics (Fuerst et al., 2016b). 

Regression and OLS allowed other authors too to identify various premium 
prices for residential units characterized either by a certain energy efficiency level 
(Jensen et al., 2016; Marmolejo-Duarte, 2016; Stanley et al., 2016) or by housing at-
tributes that improve the energy efficiency (Wahlström, 2016).

Analysing through the HPM approach a Norway real estate dataset covering 
the 2000-2014 period, some researchers did not find a price premium related to 

Figure 3. Methods adopted by recent peer-reviewed articles investigating the effects of EPC ra-
tings on real estate prices in Europe: frequencies.

Source: authors’ own elaboration.
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EPCs instead. Interestingly, they also evidenced the problem of omitted variables 
being correlated with the energy label. Authors then hypothesized a correlation 
between EPC and aesthetics too (Olaussen et al., 2017). 

In the context of a more extensive work focusing on cost-benefit analysis of 
interventions finalized to improve buildings’ energy efficiency, B. Manganelli and 
colleagues (Manganelli et al., 2019) estimated the marginal prices associated to 
different EPC ratings in three different contexts by the means of categorical re-
gressions (i.e. an approach that treats EPC as a categorical variable in the realm of 
an iterative regression model called the alternating least squares model); authors 
found that in the most valuable areas (e.g. city centre of Bari) energy efficiency 
plays only a secondary role in the value formation process, whilst location is of 
primary importance. For what concerns the value increase when shifting from a 
lower EPC rating to the next, authors found that the last jump (i.e. from B to A) 
was the one evaluated by the market as the most important. 

Pooled-OLS and Instrumental Variables Hedonic Models were applied by other 
authors (Taltavull de La Paz et al., 2019) to the entire province of Alicante – which 
extends over different climate zones- instead: researchers found a partial green 
premium when energy-efficiency improvements increased the EPC rating from 
G to F (+1.8%) and from F to E (+1.1%). Additionally, different green premiums 
were found for properties located in different climatic areas, with intermediate 
zones manifesting the highest green premium. For authors, this pattern indicated 
the existence of a higher sensibility in regions with greater weather instability.

OLS and quantile regressions were used for instance by R. Evangelista and 
colleagues (Evangelista et al., 2020) to analyse a large set of sales prices referring 
to Portugal (years 2009-2013). Overall, authors did find a price premium for ener-
gy efficiency, which was more pronounced for apartments (13%) than for houses 
(5 to 6%). Additionally, authors reported that these price premiums tended to in-
crease from 2009 to 2013. Then, conditional quantile regressions were applied to 
detect the impact of energy efficiency over the distribution of residential property 
prices: results highlighted the existence of a price premium for energy efficiency 
across the entire spectrum of prices; moreover, authors reported that the impact of 
energy efficiency seemed quite stable across the quantiles.

Quantile regression was applied also by M. Whilelmsson (Whilhelmsson, 2019) 
when analysing a large data set of real estate transaction prices (more than 100,000 
observations) in Sweden. By a methodological perspective, the author also ad-
dressed the selection bias issue (i.e. risk that there is a different probability that 
observations are included in the sample under study) through the propensity 
score method, considering dwellings with an A-C EPC rating as “treatments” and 
with D-G EPC ratings as control group. Then, spatial autoregressive models were 
applied too. In synthesis, it was found that the price difference between the treat-
ment group and the control group was small and not statistically significant. Ad-
ditionally, the author found that the impact of high energy performance on prices 
was present in all housing price segments and that the percentage was almost the 
same for all segments. With reference to location, a higher impact was found for 
Northern parts of the country instead. 
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OLS and quantile regression have been recently experimented also by M. Mc-
Cord and colleagues (McCord et al., 2020b) in the context of Belfast’s real estate 
market. Like the work presented above (Whilelmsson, 2019), their research stands 
out since the study does not analyse listing prices but actual transacted prices, 
thus offering a perspective that best incorporate the value attributed by the de-
mand side too. Through this approach authors found that the effects of EPC-rat-
ings were not constant or significant across the entirety of the pricing structure, 
with premiums existing in the higher EPC-rated properties at the higher levels 
of the price distribution. The article continues stressing that the relationship be-
tween energy performance and property value is not straightforward, and that 
the market may value not only actual EPC scores but also EPC potential scores; 
in other words, “if the current score is good, purchasers pay a little more than other-
wise. If the current score is poor but potential score is good, they pay up and move on. If 
the current score is poor and potential score is poor, then a discount is evidenced” (Mc-
Cord et al., 2020b, p. 429). With reference to potential scores, authors advanced 
the existence of a “latent” attribute able to both positively affect the highest price 
segments of the B-rated energy-efficient properties (i.e. presence of price premi-
um) and negatively affect the properties with the lowest ratings (i.e. presence of 
a “brown discount”).

Latent relationships between EPC scores and real estate prices were explored 
by the University of Ulster (McCord et al., 2020a) also through binary logit regres-
sion models specified in conjunction with a Polytomous Universal Model; the aim 
of the work was to examine the likelihood of EPC ratings falling within a particu-
lar property type and the likelihood of any pricing effects. Results did not show 
evidence of an increased probability of a growth in sales price for units with high-
er EPC ratings.  Overall, logit and ordinal regression-based methodologies were 
applied to evaluate the inter-relationships between property characteristics, EPCs 
and value; results seemed to suggest the presence of a complex and dynamic rela-
tionship between the nature of the property type (i.e. apartments, terrace houses, 
detached and semi-detached houses, etc.) and its energy efficiency and sales price. 

A. Bisello and colleagues (Bisello et al., 2020) analysed the listing prices of a sam-
ple of residential properties located in Bolzano (Italy) by the means of the Hedonic 
Price Method, then performing spatial specifications: overall, authors found a price 
premium in excess of 6% moving from the worst EPC rating (“G”) to the best (“A”), 
being equal all the other characteristics. Additionally, they detected a spillover effect 
exerted by retrofitted properties on nearby residential units, highlighting that this 
might represent an additional benefit of energy-efficiency interventions. 

A spatial approach was already followed by F. Dell’Anna and colleagues 
(Dell’Anna et al., 2019) for the analysis of a sample of apartments located in the 
cities of Barcelona (Spain) and Turin (Italy); in this case, authors found that in Bar-
celona each step of EPC ranking allowed a + 2% in the total listing price while 
in Turin the calculated percentage was +6.8% instead. Then, the correction of the 
spatial autocorrelation allowed authors to improve the model fitting: corrected 
percentages were 1.88% and 6.33% respectively. Authors also concluded that while 
in Barcelona air conditioning and swimming pool were particularly valued by the 
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market, in Turin (which is characterised by a different climate zone and a cooler 
weather) EPC ratings resulted to have a higher importance instead.

With reference to the effects of EPCs on the real estate market of Turin, other 
authors (Barreca et al., 2021) have more recently found that low EPC ratings (i.e. 
E, F and G) significantly and negatively affected housing prices; high EPC rat-
ings (i.e. B, A1, A2, A3 and A4) had a lower but positive influence instead. Authors 
performed Spatial Error Models, and they found that different spatial clusters re-
sulted to behave as different sub-markets. Interestingly, authors also noted that, 
compared to previous studies (Fregonara et al, 2014; Fregonara et al., 2017), price 
premiums increased: in fact, 

the analysis of 2011-2014 data actually highlighted that EPC labels had no im-
pact on prices of local apartments located in old buildings (Fregonara et al., 2017).

The effects of EPC ratings on the real estate market of Turin were explored 
by the means of spatial econometrics by M. Bottero and colleagues (Bottero et al., 
2018) too: among multiple results, authors particularly underlined that level of 
maintenance plays an important role in the price formation process.

M. McCord and colleagues (McCord et al., 2020) analysed the prices registered 
for real estate transactions in the Belfast Metropolitan Area through a variety of 
methods, including Geographically Weighted Regression and Spatial Lag Models. 
Overall, different EPC effects were detected for different property types, age of 
construction and location. Authors found that a capitalization effect was not always 
present, since high prices did not always connotate superior energy efficiency. Ad-
ditionally, authors found a composite effect of EPC and heating type (gas heating), 
underlining that the actual impact of EPC on prices need to be evaluated carefully.

In a study focusing on Bucharest, some authors (Taltavull et al., 2017) applied 
a spatio-temporal auto-regressive approach and they found that energy efficiency 
was associated to a price premium in two (out of 5) areas of the city. The estimat-
ed green premium for the overall city was +3.5%.

Through a Spatial Error Hedonic Model, A. Chen and C. Marmolejo-Duarte 
(Chen and Marmolejo-Duarte, 2019) found that price premiums were associated to 
“A” ranked homes in 2014 and “B, C, D” ranked homes in 2016 in the Barcelona met-
ropolitan area. Additionally, authors highlighted that “A” ranked homes were locat-
ed in peripheries where new completions were developed; “B”, “C” and “D” were 
found in more central locations in neighbourhoods of wealthy population, instead.

C. Marmolejo-Duarte and colleagues (Marmolejo-Duarte et al., 2020) applied 
a Geographically Weighted Regression approach to the analysis of EPC marginal 
prices for apartments located in the Barcelona area (Spain) and they found a pre-
mium equal to 1.7% for each EPC ranking. However, authors explained that ener-
gy efficiency overall remained one of the less important variables in the real estate 
pricing process. Interesting, authors reported that the premium found when ana-
lysing April 2016 data (i.e. almost three years after the inclusion of EPC ranking in 
real estate advertisements became mandatory in Spain) nearly doubled the premi-
um reported for data referring to November 2014: this seems to reinforce what we 
stated in the Introduction, i.e. that it is likely that the appreciation of buildings’ 
energy efficiency by the market will change coherently with regulatory frame-
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works and the evolving degree of awareness concerning the vast realm of energy 
efficiency. Following a spatial approach, authors also found that the apartments 
registering the largest impact of energy-efficiency were located in peripheral areas 
mainly populated by medium and low-income residents. In wealthier areas, other 
characteristics of the apartments seemed to influence the market instead. On this 
point, C. Marmolejo-Duarte and A. Chen (Marmolejo-Duarte and Chen, 2019) al-
ready warned about the necessity of retrofit subsidies in order to mitigate possible 
negative effects generated by energy requirements on vulnerable social segments: 
in fact, through an OLS analysis applied to a set of 3,479 apartments located in the 
Barcelona area (Spain), they found that the “A” EPC rating exerted the maximum 
effect in the market segment characterized by poor architectural quality and locat-
ed in working-class neighbourhoods, i.e. a context where only few subjects might 
be able to perform interventions finalized to enhance energy-efficiency. 

P. Morano and colleagues (Morano et al., 2020) analysed the contribution of 
the energy performance component on the prices of two hundred residential 
properties sold in 2016-2017 in Bari (Italy) by the means of a data-driven tech-
nique employing a genetic algorithm aimed to identify the best functional expres-
sions. More specifically, authors applied the Evolutionary Polynomial Regression 
approach and the model obtained pointed out that the “extreme” labels (i.e. A and 
G) were the ones which were able to exert the highest contribution on selling pric-
es. Authors also noted that the properties associated to an A-label were either new 
or recently renovated, whereas G EPC labels were associated to properties charac-
terized by a low level of maintenance and/or to be restructured yet.

With reference to the relationship between EPC and another interesting 
variable (i.e. speed of sale), E. Aydin and colleagues (Aydin et al., 2019) high-
lighted that, for what concerns a large sample of single-family homes in the 
Netherlands (i.e. 876,000 observations referring to the period 2008-2016), energy-
rated homes sold faster than non-energy-rated homes. In the case of a sample 
of apartments located in the Helsinki metropolitan area (Fuerst et al., 2016b), it 
was found a slightly shorter time on market for the high-rated units and a lon-
ger period for the E-rated apartments (compared with the average energy class 
D). However, coefficients were statistically insignificant. A very low explanatory 
power of EPCs on the variable time on the market was found by E. Fregonara 
and colleagues (Fregonara et al., 2017) when investigating the 2011-2014 Turin’s 
real estate market instead.

A stated preference approach was then used by some authors to investigate 
the willingness to pay for improving the energy efficiency of homes (Marmole-
jo-Duarte et al., 2020d) in Barcelona (Spain): results overall highlighted divergent 
sensibilities of respondents according to their demographic and socio-economic 
conditions, awareness of EPC scheme and environmental issues and so on.

Then, it must be mentioned that the relationships between green attributes 
and residential real estate prices have been studied considering not only the over-
all energy performance of residential units but also the presence of specific green 
attributes such as -for instance- photovoltaic plants installations. As an example, C. 
D’Alpaos and M. Bragolusi (D’Alpaos and Bragolusi, 2020) investigated the topic 
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through a contingent valuation approach, showing that participants were inclined 
to pay a premium price for solar homes. 

In the context of a study with a broader aim, V. R. M. Lo Verso and colleagues 
(Lo Verso et al., 2014) investigated the willingness to pay an extra price for houses 
characterised by enhanced indoor environmental quality and by attributes allow-
ing energy savings, instead: authors found that nearly 40% of the questionnaire 
participants declared to be keen on paying up to 25% more for a house with char-
acteristics allowing energy savings; the percentage of questionnaire participants 
that expressed to be willing to pay the same extra price (+ 25%) for a house with 
enhanced indoor environmental quality amounted to 26% instead. Interestingly, 
authors overall underlined the rise in the market of a new sensitivity towards en-
vironmental and energy issues.

Building on these findings, it can be advanced that the conduction of stud-
ies able to capture the revealed and/or stated preferences for retrofit or retrofit-
ted residential units (e.g. through the measurement of the willingness to pay for 
specific products/ interventions and/or through the analysis of transacted prices) 
could represent a valuable area of study, especially if investigations are carried out 
taking into account the socio-economic characteristics and green attitudes of the 
subjects involved: in fact, these studies will allow to express in monetary terms 
the multidimensional values associated to green interventions.

4.4 Research trends and perspectives: a synthesis

Overall, the review of the articles included in the analysis seems to highlight 
the presence of some trends in the most recent peer-reviewed literature. A synthe-
sis is presented below, together with some comments for future research:

1) the spatial scale of the studies varies, and analysed samples included data 
at the intra-city and city level, but also at the metropolitan, regional and national 
level. Overall, this variety is a signal of the multiplicity of the research questions 
explored by authors, and future studies should be able to identify the most ap-
propriate geographic scale in relation to the perspectives set by the research ques-
tions. In this process the availability of appropriate datasets is not irrelevant: in 
fact, the nature and extension of datasets can either facilitate or prevent the devel-
opment of specific lines of research;

2) the type of housing solution under study is well explained by some au-
thors, whereas in other cases the composition of the sample appears less detailed. 
Whereas studies focusing on Northern Europe countries have frequently explored 
the relationship between EPC ratings and single-family houses, recent papers on 
Mediterranean countries have particularly analysed apartments located in multi-
family dwellings. In general terms, the future provision of details on the charac-
teristics of the local housing stock and on the prevalent building type would en-
rich contextualisation and the interpretation of results;

3) with reference to the type of residential solution, some authors reported a 
greater effect for apartments with respect to houses (Evangelista et al., 2020), but 
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the relationship between the property type, its energy efficiency and prices seems 
overall complex and it requires further development (McCord et al., 2020a). Since 
single-family houses would be particularly eligible for the integration of renew-
able energy sources, future studies could also try to investigate the relationship 
possibly occurring between this specific green attribute and the appreciation man-
ifested by the market;

4) contributions analyse the relationships between EPCs and real estate prices 
referring to different timeframes (i.e. length of the time span under consideration) 
and different years. The peculiarities of each study seem related to reasons inter-
nal to the research but in some occasions they might also be related to available 
datasets. In general, the reasons behind the selection of certain timeframes should 
be always clarified by authors and reference to the regulatory framework in force 
during the investigated timeframes should be always made explicit too. In fact, 
this would help monitor whether different energy-related policies are associated 
to some effects in terms of real estate prices; additionally, it would be interesting 
to capture the time span that is necessary for the market to acknowledge these 
policies and translate them into detectable price effects;

5) as an extension of the point above, it must be evidenced that in some cas-
es (Barreca et al., 2021; Evangelista et al., 2020; Jensen et al., 2016) authors have 
reported that price premiums for energy-efficient residential units tended to in-
crease through time, especially for what regard certain EPC classes (e.g. units with 
higher ratings). This pattern seems particularly interesting and it would be ben-
eficial to explore whether this trend will expand and grow, also in relation to the 
implementation of new green policies and the possible spread of green awareness. 
In this framework, to perform consistent studies with a diachronic perspective, 
the regular retrieving of data would be recommendable. The exploration of the 
socio-economic and behavioural characteristics of “green-buyers”, as well as the 
monitoring of the evolution of “green value systems” and the detection of possi-
ble “green imitative behaviours” would be interesting too. Additionally, an analy-
sis that combines green attributes, transaction prices and possibly buyers’ profiles 
might help better understand in monetary terms to what extent environmental 
benefits are valued (especially in the case that a clear economic advantage is not 
associated to retrofit interventions);

6) comparative studies – that observe for instance cities located in different 
climate zones (Dell’Anna et al., 2019), cities with a similar environmental context 
(Manganelli et al., 2019), but also different city-areas (Barreca et al., 2021; Taltavull 
et al., 2017)- have started to emerge, thus extending the research perspectives and 
the investigation of differences/commonalities between multiple contexts. These 
types of studies, in addition to enriching the general literature framework, will 
especially allow to better reflect on the role played by variables such as the geo-
graphical and climate zone, the building type, the maintenance level of the hous-
ing stock, the socio-economic characteristics of the neighbourhood etc. However, it 
must be recalled here that housing energy efficiency is calculated and categorised 
heterogeneously by EU Member States, and a step towards additional comparative 
studies would be the development of a standardised EPC rating model (Dell’Anna 
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et al., 2019). Making explicit the regulatory framework in force during the investi-
gated timeframes would be essential for comparative studies analysing cities of dif-
ferent countries: in fact, it is known that the translation of the European Directives 
into national legislations does not occur simultaneously in all EU Member States. 
Then, it must be recalled here that, also at the country level, some differences in 
energy requirements (e.g. at the regional level) may exist; moreover, at the country 
level climate differences commanding different energy needs exist too (Chiesa and 
Fregonara, 2019; Fregonara et al., 2020). As a consequence, when performing com-
parative studies, all these peculiarities should be taken into account;

7) the analysis of listing prices (rather than transaction prices) is still frequent. 
Even though listing prices can be considered as a good proxy for the value of real 
estate assets, this suggests that the studies performed so far have probably main-
ly captured the value of green attributes as perceived by the sellers and/or the real 
estate intermediaries (supply side). This seems to indicate that, apart from research 
questions, elements that may greatly influence the investigation of the phenomenon 
are the nature and availability of data: as a consequence, further studies should try 
to investigate transaction prices whenever possible and, in order to reach this goal, 
partnerships with real estate agencies or other actors (in compliance with privacy 
and local legal regulations) should be encouraged. Other types of studies that have 
estimated the value attributed to green attributes by potential buyers (demand side) 
are the ones that have applied contingent evaluation instead; 

8) the recent literature confirms that homogeneous effects of EPCs on real es-
tate prices have not been detected yet. In some cases, extreme classes (i.e. A and G) 
tended to exert the greatest effects on prices (positively and negatively respective-
ly), but in some occurrences a higher positive effect was progressively registered 
not only for A-rated units but also for units labelled with B, C or D. In other cases, 
a similar increase of value was registered for every jump from one class to the next. 
With reference to transaction prices, some authors found that the effects of EPC-
ratings were not constant or significant across the entirety of the pricing structure. 
These results highlight a great variety of patterns, and the specificities behind these 
phenomena should be deepened, considering a range of different characteristics. 
At the same time, it must be mentioned that recent studies have also started to ex-
plore the role possibly played by single green attributes or by variables related to 
specific energy-related facilities (e.g. air conditioning, type of heating, etc.), thus en-
riching the list of intrinsic characteristics (e.g. brightness, floor, elevator, etc.) usu-
ally investigated in the real estate literature (Lo Verso et al., 2014);

9) even though the Hedonic Price Model-OLS approach still prevails, the 
most recent articles tended to employ methods able to answer more specific and 
refined research questions. For instance, recent studies aimed to explore the spa-
tial dimension (e.g. applying spatial statistics, Geographically Weighted Regres-
sion, spatio-temporal autoregressive analysis, etc.) or the relationship between 
EPCs ratings and specific pricing segments (e.g. employing quantile regressions). 
The further development of these approaches would allow to better articulate the 
discourse on EPCs ratings and real estate prices, possibly identifying differentia-
tion patterns in relation to variables such as location, type of buildings, age of con-
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struction, presence of certain intrinsic characteristics of the residential unit, pricing 
distribution, etc. Future studies could also try to hypothesize and test cause-effect 
relationships between variables; 

10) recent studies have identified new variables that may affect the market, 
such as potential EPC scores (McCord et al., 2020b), i.e. the energy efficiency level 
that could be obtained after retrofit. This variable appears to be of particular inter-
est especially at this specific time, since EU Governments are providing economic 
incentives for retrofit, and the potential EPC scores could thus be particularly val-
ued by potential buyers.

Moreover, some authors have underlined the necessity to investigate whether 
effects on prices are truly exerted by EPCs or rather by the presence of specific 
attributes/green attributes or even by a combination of EPC and specific techni-
cal characteristics (McCord et al., 2020b). Additionally, some authors have high-
lighted the problem of omitted variables possibly correlated with the energy la-
bel (Olaussen et al., 2017). These perspectives of research appear to be particularly 
promising, and the implementation of methods able to calculate the different ef-
fects exerted by a variety of variables and by a combination of variables could en-
rich the research framework and better address refined research questions.

In light of these considerations, a possible path towards the expansion of the 
research perspectives outlined above could be represented by the investigation of 
latent variables possibly affecting real estate prices. More precisely, future studies 
could follow approaches able to explore the relationships between latent variables, 
characteristics of the residential units (included EPC ratings) and real estate prices. 
Among available methods, an approach that seems particularly suitable and worth 
exploring is Structural Equation Modelling (SEM). SEM is a multivariate statisti-
cal approach that allows to study latent (i.e. not directly observable) variables, to 
estimate direct and indirect effects and to test hypothesized cause-effects relation-
ships between variables. SEM capitalises on techniques such as factor analysis, 
path analysis and simultaneous regressions (Bollen, 1991; Corbetta, 1992; Ullman 
and Bentler, 2013; Wang and Wang, 2020). Mainly applied in Econometrics, social 
sciences and economics, SEM is an approach that has already been employed to 
study the real estate pricing process so far (Bravi and Fregonara, 1996; Freeman 
and Zhao, 2019; Liu and Wu, 2009; Manganelli, 2001; Manganelli and Morano, 
2001), but the integration of green attributes and energy efficiency among anal-
ysed variables has not been systematically explored yet. As a consequence, testing 
the potentialities of SEM with reference to the topic mentioned above could rep-
resent an enrichment to this field of research, both in terms of possible results and 
methods adopted.

5. Conclusions

The present article has outlined that, despite homogeneous effects of energy 
efficiency levels on real estate prices have not been detected, some trends in the 
most recent peer-reviewed literature focusing on European contexts can be iden-
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tified. Overall, they mainly regard the refinement of the research questions per-
formed and the research methods consequently adopted, with a special attention 
towards the analysis of the spatial component and the identification of different 
effects on various housing segments and pricing distributions.

If studies on the effects of EPCs ratings have been performed since the estab-
lishment of the first EPBD, the relevance of the topic has progressively assumed 
increasing importance, and the statements presented by the European Commis-
sion in the document “A Renovation Wave for Europe- greening our buildings, creating 
jobs, improving lives” (European Commission, 2020) induce to advance that in the 
near future further studies will be needed, especially to monitor the effectiveness 
of EU and national policies, evaluate concurrent effects (e.g. on real estate values, 
environmental indicators, etc.) and then take further action.

Even though EPBDs have provided a common framework to the European 
context so far, Member States have nonetheless implemented energy efficiency 
guidelines at a different pace and in different ways, making the comparison of 
results hardly straightforward. The revision of the EPCs and the creation of ac-
cessible databases prospected by the Renovation Wave will probably facilitate the 
monitoring of the energy efficiency of European buildings and the provision of 
useful and usable data instead.

Since the Renovation Wave conceives retrofit not only as a set of interventions 
finalised to reach environmental goals and decarbonisation but also as an econom-
ic leverage able to create green jobs, in future studies it will be interesting to anal-
yse whether retrofit will have an economic reflection also on another facet of the 
exchange economy, namely real estate prices. In this context, an area of research 
may regard for instance the identification of green premiums and brown dis-
counts associated to specific EPC ratings, building types and their location. Con-
sidering location not only in terms of geographic and climatic position but also as 
an element to which socio-economic variables are ascribed would allow to extend 
the discourse on a socio-economic level too. In these reflections, considerations 
should be particularly made on the effects that policies and economic incentives 
have on the most fragile segments of the population, which seem to have been af-
fected by brown discounts so far.

The evolution and progressive refinement of research questions have led 
scholars to apply different methods, ranging from the well-established Hedonic 
Price Model to spatial analyses and different regression approaches. Given that ef-
fects on real estate prices might be exerted not only by EPCs as such but also by a 
combination of EPC and other characteristics, future studies could experiment the 
application of Structural Equation Modelling, i.e. a statistical approach that allows 
to estimate direct and indirect effects, as well as to study latent (i.e. not directly 
observable) variables and cause-effects relationships.

Concerning future research, the perspective is threefold. Firstly, a further re-
view work will be done considering the cyclical variability of prices and the mar-
ket dynamics which can influence not only the models results but also the selec-
tion of the appropriate model itself. Specifically, the availability of significant data 
samples, in view of the number of transactions, could allow a comparative explo-
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ration of the models implied and eventually to increase the number of contribu-
tions also from further Member States involved in the academic research. Second-
ly, speaking about the methodological exploration, a further research work will be 
done exploring the potentialities of SEM, which emerged – as said before – as a 
particularly promising procedure. Given its peculiarities, the application of this 
approach could then also be extended to a macro-level, to investigate possible ef-
fects induced by energy-related policies. On the basis of the literature described in 
previous paragraphs, an “Energetic Quality” latent variable (encompassing com-
fort, as well as savings and environmental benefits) could be hypothesized. By the 
means of SEM, future studies could try to investigate this variable through mea-
surable indicators, as well as to detect the effects exerted by identified variables on 
the real estate pricing process.

Thirdly, it must be considered that the present work has assumed the building 
scale perspective and, thus, a wider exploration is necessary considering that the 
issues explored, in many cases, involve the district-territorial scale, and, implicitly, 
the urban governance and policies which are strictly related to the energy-envi-
ronmental sustainability. 

The urban metabolism has to be adaptive to today’s challenges – i.e. environ-
ment, climate change, economy –, and possible solutions for the reuse/retrofit of ex-
isting structures and infrastructures need to be adaptive to today and future chang-
es too. The design of the solutions will include the urban context, considering pri-
vate/public spaces in a sustainable perspective, from the neighbourhood scale to the 
building scale. The balance between architecture and environment will be the core 
for the definition of design strategies and related technologies, including buildings’ 
green attributes. In this framework, their impact on pricing processes and real estate 
market dynamics will need to be detected with the appropriate models.
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Assessing the perception 
of urban visual quality: an 
approach integrating big data and 
geostatistical techniques

Human well-being is affected by the design quality of the 
city in which they live and walk. This depends primar-
ily on specific physical characteristics and how they are 
aggregated together. Many studies have highlighted the 
great potential of photographic data shared on the Flickr 
platform for analyzing environmental perceptions in land-
scape and urban planning. Other researchers have used 
panoramic images from the Google Street View (GSV) web 
service to extract data on urban quality. However, at the 
urban level, there are no studies correlating quality per-
ceptions detected by social media platforms with spatial 
geographic characteristics through geostatistical models. 
This work proposes the analysis of urban quality in differ-
ent areas of the Livorno city through a methodological ap-
proach based on Geographical Random Forest regression. 
The result offers important insights into the physical char-
acteristics of a street environment that contribute to the 
more abstract qualities of urban design.

1. Introduction

It is well known that people live well in environments that they recognize 
and perceive as pleasant, comfortable, and safe. Human well-being is influenced 
by the physical characteristics of the surrounding urban space and how they ag-
gregate with each other (Alexander et al., 1977; Lynch, 1960). European cities are 
generally built in different periods with distinctive architectural styles. The visual 
quality of the urban space for each era and for each zone of the city is influenced 
by different variables. In the various zones of the city, the visual quality of urban 
spaces can be explained by geographical and morphological macro-elements, such 
as coastlines, waterways or hills. These characteristics influence the visual quality 
of urban spaces in limited areas and not of the whole urbanized area.

According to Radovic (2003) the physical structure of the city implies “a com-
plex set of built elements, space and environment, units and assemblages, which 
united and connected in an integrated urban system, create the atmosphere and 
environment for the complex processing of urban life”. Therefore, visual percep-
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tion, understood as the subjective presentation of objective reality, has always 
been a complex and highly sensitive issue in the architectural and urban design 
process. Resources and visual effects play a dominant role in the identification of 
cultural, socio-economic, identity and communal values of the built environment, 
as the value and meaning of the built space is manifested predominantly through 
the subjective view of that space (Perovic & Folic, 2012).

Many studies have focused on researching visual perception using photo-
graphic data shared on social platforms (Alampi Sottini et al., 2018; Dunkel, 2015; 
Quercia et al., 2014; Zhou et al., 2015), others have used indicators to obtain infor-
mation on urban visual quality using panoramic images from the Google Street 
View (GSW) web service (Yin and Wang, 2016), but, at the urban level, there are 
no studies that correlate perceptions of visual quality detected by social media 
platforms with spatial geographic characteristics through geostatistical models.

Therefore, this paper proposes a geostatistical approach using Geographical 
Random Forest regression on the Tuscan city of Livorno. this has been analysed 
city because allows us to assess the visual quality of urban space in very diverse 
geographical areas. In fact, despite its relatively small size, the city of Livorno 
consists of a rather heterogeneous mosaic of neighbourhoods with peculiar char-
acteristics due to different construction periods. For this reason, it is an appropri-
ate study area to test a first version of the model to assess the visual quality of 
urban spaces.

The proposed methodological approach consists of 3 macro-phases: the first 
one aims at obtaining the indices that compose the urban visual quality perceived 
by users using photos shared on Flickr; the second one involves calculating the 
indicators that constitute the urban visual quality using data from both Google 
Street View, LiDAR data and geographic data; the last one consists in applying 
two geostatistical models a global random forest and a geographic random forest 
to differentiate the results for each neighbourhood of the city.

The objective of the study is to test the proposed methodological approach 
by understanding its strengths and weaknesses and to understand what meth-
odological aspects are needed for the spatial component in the regression models 
used. The final goal is to provide useful information not only to researchers but 
also to public and private sectors to develop projects, standards and guidelines to 
improve the visual quality of urban design in cities.

2. Literature review

Many scholars over time have focused on understanding what visual elements 
citizens positively perceive as they walk and experience their cities, in order to ob-
tain the indices that make up an image of spaces in which there was a constant 
observer-environment relationship (Lynch, 1960). The visual perception of ar-
chitecture and urban planning of cities throughout history has been studied by 
multiple theorists (Arnheim, 1977; Cullen, 1959; Ittelson, 1960; Lynch, 1960; Rossi, 
1966; Spreiregen, 1965; Stea, 1978; Winters, 1999), who not only indicated the im-
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portance of the human-environment relationship, but also the importance of cre-
ating images in the memory of the users themselves.

According to Ewing and Handy (2009; 2006), the visual quality of an urban de-
sign depends on physical characteristics such as the sidewalk width, street width, 
traffic volume, tree canopy, building height, and number of people. Gavrilidis et 
al. (2016) selected six urban landscape components for visual assessments and 
used a five-level Likert scale to visually evaluate each of the six landscape com-
ponents. Talavera-Garcia and Soria-Lara (2015) developed an alternative walk-
ing index called the quality of pedestrian level of service (Q-PLOS), based on the 
visual quality of urban design for pedestrians, and its relationship with walking 
needs. However, one major limitation with developing such urban design indica-
tors is that they require unfeasible or inefficient large-scale field observations in 
terms of time and cost. Recently, Yin and Wang (2016) explored the potential of 
big data and big data analytics with respect to the current approaches to mea-
suring streetscape features. By applying machine learning algorithms on Google 
street view (GSV) imagery, the authors objectively generated three measures for 
visual enclosures.

However, there remains a methodological limit in the literature in regard to 
identifying an efficient model for relating the perception of well-being deriving 
from the visual quality of urban space to its physical and architectural characteris-
tics (as measured with the above-mentioned dimensions and indicators).

Lately, with the evolution of Internet, several approaches have been devel-
oped for using the so-called big data (Jin et al., 2010) made available by the “social 
media” platforms. 

The correlation between perceived urban landscape quality and the density 
of photo data shared on the Flickr platform has been demonstrated by numerous 
studies. Dunkel (2015) highlighted the usefulness of information associated with 
photos shared on for analyzing environmental perceptions in landscape and ur-
ban planning. Zhou et al. (2015) automated the detection of places of interest in 
multiple cities based on the spatial and temporal characteristics of Flickr images. 

Some authors used questionnaires as a complementary survey to the density 
of data shared on Flickr. Quercia et al. (2014) correlated the emotions stated by 
the questionnaires with the emotional perception of some paths in London. Simi-
larly, Alampi Sottini et al. (2018) in a research in Livorno used a questionnaire ad-
ministered via virtual reality headset based on differential semantics techniques 
and found a correlation between perceived emotion and snapshot point density 
of shared photographs. Recent studies have used panoramic images taken from 
Google Street View (GSV) web service to extract urban quality data. In a pio-
neering work, Naik et al. (2014) correlated the safety perception in the city with 
indices deriving from Gabor-like filters calculated on a sample of over 1 million 
Google Streetview. Doersch et al. (2012) used linear Support-Vector Machines to 
automatically extract representative architectural elements from Google Street 
View images in Paris and Prague. Steinmetz et al. (2019) used GSV to detect 40, 
mainly binary, micro-scale features, which influence the walkability of a city, and 
used them to create a tool to measure the visual quality of urban space. Zhou et 
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al. (2019) combined street view data with deep learning technologies and mapped 
residents’ perception of walkability in Shen Zhen, China.

Geographic information shared on the internet by different sources (social me-
dia platforms, geographic internet services such as google street view, etc.) is an 
important resource for studying the city’s characteristics, which explain the visual 
perception of urban quality. However, the plethora of existing studies leaves some 
important gaps. First of all, at the urban level, there are no studies that correlate 
the visual perception of quality detected by social media platforms with the geo-
graphical spatial characteristics through geostatistical models. These studies, wide-
spread in natural and rural environments (for a review see Oteros-Rozas, 2018), 
are difficult to carry out in cities as a single model cannot explain the importance 
of the features that define the quality of spaces throughout the urban surface.

While in natural and rural contexts, the statistical model Random Forest (RF) 
has been used in multiple researches due to its excellent performance (Genuer 
et al., 2008; Gromping, 2009; Probst et al., 2019; Strobl et al., 2008), in the urban 
context there are very few studies that manage to apply it, because a single mod-
el cannot explain the importance of the characteristics that define the quality of 
spaces throughout the urban area. 

The most interesting application has been adopted in the field of geography 
with Geographic Weighted Regression (GWR), which is an adaptation of linear re-
gression to be more suitable for spatial data (Fotheringham et al., 2003), 

and later with Geographic Random Forest (GRF), applying the same principle 
to RF (Georganos et al., 2019). GRF is a relatively recent concept used in the envi-
ronmental field, but it has great potential as it allows selecting the most meaning-
ful indicators for different areas of the city.

For these reasons, we proposed a methodological approach that combines two 
versions of the random forest (RF) model: traditional for predictive purposes and 
geographical for exploration purposes. 

3. Materials and methods

3.1 Study area

Livorno is a town in the region of Tuscany, in the central Italy. Until the sec-
ond half of the sixteenth century Livorno was only a small village around a cove. 
In the 16th century the Medici family contributed in a decisive way to the devel-
opment of Livorno and its port system with the intention of making it the main 
seaport of Tuscany. Bernardo Buontalenti was therefore commissioned to design 
a new fortified city around the original nucleus of Livorno, with an imposing sys-
tem of moats and bastions that gave the city a pentagonal shape (Figure 1 number 
1). A following expansion took place at the beginning of the XVII century with 
the realization of a new quarter called Venezia Nuova, because of the presence of 
many canals (Figure 1 number 2). The growth of the city outside the pentagonal 
walls began in 1700, with the duke Pietro Leopoldo (Figure 1 number 3). In the 
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nineteenth century Livorno became a destination for seaside tourism and an ele-
gant waterfront was created that transformed the ancient villages of Ardenza and 
Antignano into neighbourhoods (Figure 1 number 4). In the Fascist period Livor-
no became a city and an industrial port and this made necessary the construction 
of new residential quarters for workers called Sorgenti and Corea (Figure 1 num-
ber 5). In the middle of 1900 there was the last consistent urban expansion of the 
city with the creation of modern suburbs (Figure 1 number 6). 

We believe that Livorno is an appropriate study area for our methodology for 
the following reasons.
1) It is relatively small and this has allowed us to reduce computer processing 

time in the application of Deep Learning based models.

Figure 1. Study area.
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2) It presents a heterogeneous mosaic of neighbourhoods built in different eras, 
thus with peculiar characteristics.

3) Presents macro-spatial characteristics that are found in many other cities, such 
as waterfront. The perimeter of the study area only includes the urbanized 
territory of the municipality, as the topic of this study focuses on urban qual-
ity. Thus, industrial areas to the north of the city have been excluded, as well 
as some neighbouring areas that are too far from the city center, and those 
bordering rural areas.

3.2 Methods

The proposed methodology is synthetically divided into the following four 
macro phases. Each of them is characterized by specific micro phases detailed in 
subsequent sections.
1. Assessment of the perception of urban visual quality: the visual quality of ur-

ban spaces was obtained by calculating of the density map of the photo shoot-
ing points shared on Flickr (variable depending on the geostatistical model).

2. Calculation of the urban visual quality indicators: using different methodolo-
gies to obtain indices that built urban visual quality (dependent variables of 
the geostatistical model). 

3. Geostatistical model estimation: a global Random Forest (RF) model for predic-
tive purposes and a local Geographic Random Forest (GRF) model for explora-
tion purposes, to understand which are the most significant indices of urban 
visual quality for the whole city and which are the most important dimensions 
that characterize the visual perception of the different urban neighbourhoods.
Figure 2 shows a flowchart of the work.

3.2.1 Assessment of the perception of urban visual quality

Previous research showed that the information contained in the social plat-
form of Flickr can be used to assess the perceived quality of urban spaces. The 
download of the geographical coordinates of the photo shotting points shared on 
Flickr is characterized by the following steps.
1) Download through an R language program based on Flickr API the metadata 

of the shooting points of photos shared from 2005 to 2018. The downloaded 
data were: photo code, owner code, geographic coordinates, date, time, title, 
TAG description, geo_context parameter.

2) Selection of photos taken outdoors by setting the “geo_context parameter” in 
the API to “outdoors”.

3) Unification of all photos taken by the same user on the same date and with 
the exact coordinates. 

4) Selection of images not related to urban quality by filtering tags with specific 
keywords.

5) Selection of photos taken with daylight, using the Flickr API to know the date 
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and time of the shot. The time of sunset was calculated using the R {suncalc} 
library. 
The final geo-database of points was transformed into a density surface, using 

a kernel density estimation analysis (KDE) (Chen and Shaw, 2016).
To calculate the probability that a photo could be taken in a given location, we 

performed a kernel density analysis for the data, using the geographical locations 
of the photos. The kernel density was used to estimate the intensity of the points, 
by creating a smooth surface using a bivariate probability density function. The 
kernel estimator is defined as:

 (1)

Here, n is the total number of points, h is the bandwidth that determines the 
amount of smoothing, K is the kernel function, x is the location of the estimation, 
and xi is a known point location.

The kernel function K can have different forms. The triangular function we 
used in the analysis is given below:

 (2)

Figure 2. Flowchart of the work.
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The case under study used a triangular Kernel with a bandwidth b = 50 m. 
The kernel was then overlapped with a 100-meter side hexagonal grid, chosen be-
cause of its topological and geometric properties (Feick and Robertson, 2015; Patil, 
et al., 2000). The size of the grid was identified by applying the Abstract Method 
(Stamps III, 2001) according to the number of blocks in the study area.

 (3)

where r is the radius of the grid, S is the total area of the area, NB is the number 
of blocks.

3.2.2 Calculation of the urban visual quality indicators

In the vast amount of literature on urban design quality and structural prop-
erties, we referred to the classification of the indicators proposed by Ewing and 
Handy (2009). According to their study, visual quality indicators were divided into 
the following five conceptual categories. 

(a) Visual enclosure. Outdoor spaces are defined and shaped by vertical ele-
ments, which interrupt viewers’ lines of sight. Christopher Alexander et al. (1977, 
p. 106) stated that «an outdoor space is positive when it has a distinct and definite 
shape, as definite as the shape of a room, and when its shape is as important as 
the shapes of the buildings which surround it». According to this definition, visual 
enclosure indicators are: sky view factor and enclosure index.

(b) Imageability. Kevin Lynch (1960, p. 9) defines imageability as the quality 
of a physical environment that evokes a strong image in an observer: “it is that 
shape, color, or arrangement which facilitates the making of vividly identified, 
powerfully structured, highly useful mental images of the environment”. 

(c) Human scale. Following Ewing and Handy (2009, p. 77), «Human scale 
refers to a size, texture, and articulation of physical elements that match the size 
and proportions of humans and, equally important, correspond to the speed at 
which humans walk. Building details, pavement texture, street trees, and street 
furniture are all physical elements contributing to human scale». 

(d) Transparency. “Transparency refers to the degree to which people can see 
or perceive what lies beyond the edge of a street and, more specifically, the de-
gree to which people can see or perceive human activity beyond the edge of a

street.” (id., p. 78). 
(e) Complexity. “Complexity results from varying building shapes, sizes, mate-

rials, colours, architecture and ornamentation” (id., p. 79) but also “The presence 
and activity of people add greatly to the complexity of a scene” (id., p. 80). 

According to the above and also using additional indicator classifications 
found in the bibliography (Ewing et al. 2006; Gavrilidis et al. 2016; Talavera-Garcia 
and Soria-Lara, 2015; Yin and Wang, 2016), we selected the following quality indi-
cators in our study (Bernetti et al., 2020):
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(a) Visual enclosure: sky view factor; enclosure index.
(b) Imageability: pedestrian index; distance from churches; pavement index.
(c) Human scale: grass density, hedges density, trees density, green index, side-

walk index.
(d) Transparency: transparency index, distance from coast-line.
(e) Complexity: distance from commercials; distance from accommodation land 

use; distance from buildings with high architectural value.
Most of these indicators selected are based on data available on the Internet. 

The remaining were based on geodatabases made available by public administra-
tions. The methodologies used to calculate our indicators are the following:
– Deep learning segmentation was applied to the enclosure index, pedestrian 

index, cyclist index, road crowdedness index, building crowdedness index, 
and transparency index.

– Landscape ecology indicators for the grass density, hedges density and trees 
density.

– Kernel Density Estimation for urban points of interest (POIs) defined as commer-
cials, accommodations, buildings with high architectural value, and churches.

– Sky View Factor was applied to LIDAR data.
– GIS application for coastline distance.

3.2.2.1 Human Visual Indicators 

To efficiently detect the streetscape of the city of Livorno through images 
taken from the GSV platform, we sampled all the streets of Livorno with a point 
every 15 meters. Adopting a 60° field of view (FOV) (similar to human, Yin and 
Wang, 2016) to cover a 360° panoramic view of the surrounding environment, we 
downloaded 6 images with azimuth = 0, 60, 120, 180, 240 and 300 for each sam-
pled point. Sampling was carried out using procedures based on GRASS and R.

A segmentation procedure was applied to the images obtained. Segmenta-
tion of an image in digital image processing is the process of partitioning an im-
age into meaningful regions. It is used to obtain a more compact representation, 
to extract objects or as a tool for image analysis and allows you to partition digital 
images into sets of pixels. To segment the GSV images we employed a pre-trained 
network of MATLAB software based on the Deeplabv3 + network trained using a 
collection of images containing street level views obtained while driving (Brostow 
et al. 2009). To facilitate training, CamVid’s 32 original classes have been grouped 
into 11 classes as follows: “Sky”, “Building”, “Pole”, “Road”, “Sidewalk”, “Tree”, 
“Symbol Sign”, “Fence”, “Car”, “Pedestrian” and “Cyclist”.

Based on the theories and recent literature mentioned above, we proposed a 
method to evaluate four indicators related to the visual quality of urban design, 
and to calculate the indices for each GSV photo. The indices calculated were as 
follows (Bernetti et al., 2020).
1. Enclosure index (Encl), defined as the degree to which streets and other pub-

lic spaces are visually defined by buildings, walls, trees, and other elements. 
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Usually, people positively perceive an urban space when they are able to rec-
ognize a distinct shape defined by vertical elements that interrupt their view 
(Alexander et al., 1977). It was calculated using the following equation:

 (4)

where Bn is the number of building pixels; Tn is the number of tree pixels; Rd 
is the number of road pixels; Pv number of pavement pixels, and Polis is the 
number of road signs pixels.

2. Pedestrian and cyclist, index (Ped), defined as the degree to which people can 
see or perceive human activity: The perception of other people makes the en-
vironment more comfortable and safe.

 (5)

where Bc is the number of bicyclist pixels; Pd is the number of pedestrian pix-
els; and Car is the number of car pixels.

3. Transparency index (Trp), defined as the degree to which people can see what 
lies beyond the edge of a street or other public space. The wide view ensures 
that people can observe objects that are far away, allowing observers not only 
to recognize the world around them but also to feel safer moving around in 
the environment.

 (6)

Where Sky is the number of sky pixels and TotPix is the total pixel number in 
the image.

4. Green index (Green), defined as the extent to which the visibility of street veg-
etation can influence pedestrian psychological feelings. The therapeutic effects 
of natural environments is well-known and extensively reported in the litera-
ture. Several cities have been equipped with healing gardens and green roads 
for restoration from stress (Pouya et al., 2015).

 (7)

whereVeg number of vegetation pixels.
5. Sidewalk index (Sidewalk), defined as the extent to which the visibility of 

pavement and fences influences pedestrian psychological feelings:

 (8)

where Pav is the number of pavement pixels and Fenc is the number of fences 
pixels.
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3.2.2.2 Landscape ecology indicators

The indicators used in our analysis were the percent density of grassland, 
hedgerows, urban forest in each hexagon of the grid. The indicators were calcu-
lated using multispectral and lidar remote sensing data according to the method-
ology defined by Barbierato et al. (2019).

Urban vegetation cover was identified through normalized difference vegeta-
tion index (NDVI) analysis, taking into account only healthy vegetation extracted 
based on NDVI values greater than or equal to 0.2 (Rodgers III et al., 2009).

The result was presented as a Boolean map with a resolution of 1 m (similar 
to LiDAR data), in which the value of 0 indicated the absence of vegetation, and 
a value of 1 indicated its presence. The results were spatialized on the hexagonal 
grid. As urban green areas are characterized by various types of vegetation with 
different ecologic and perceptive functions, we distinguished these types accord-
ing to their height values.

To obtain the height of the vegetation, we made an overlay operation between 
the NDVI binary map and a normalized digital surface model generated from LI-
DAR data. The result of this operation was a raster map divided into three height 
classes. The first class (from 0 to 0.40 m) represented grass, the second (from 0.40 
to 3 m) was classified as hedges, and the third (greater than 3 m) was classified as 
trees.

The indicators we used were the percentages of green landscapes of class i (Pi) 
with i = {grass, hedges, trees}. The former allowed us to understand the percent-
age of plant cover of each grid hexagon. The operation is as follows:

 (9)

In the above, NDVIj,i is the j-th pixel in the NDVI raster map classified on class 
i, and H is the total hexagon area.

3.2.2.3 Kernel density estimation (KDE) of the urban points of interest (POIs)

We have identified commercial, housing, churches and buildings of high archi-
tectural value as urban Points of Interest (POI). The location of the POIs was taken 
from the OpenStreetMap (OSM) database. 

We calculated the territorial density of the POIs using a KDE procedure. KDE 
has been widely used in POI data analysis (Li et al. 2013). Lian et al. (2014) dem-
onstrated that through KDE, it is possible to identify areas of influence of POIs, as 
related to areas of activity of the users. The POIs derived from OSM were imple-
mented in density maps by applying a triangular KDE with a bandwidth of 500 
m. The results were spatialized on the hexagonal sampling grid.

In according to Chan et al. (2021), the equation is the following: 

 (10)
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where b and dist(q,pi) denote the bandwidth of the triangular kernel function and 
Euclidean distance, respectively.

3.2.2.4 The sky-view factor

Sky-View Factor (SVF) indicates the portion of the sky that is visible from an 
observation point. The higher the SVF, the greater the heat loss to the atmosphere. 
Sky-View Factor (SVF) is a widely used parameter to describe urban climatology 
at high resolution scales, several studies have employed SVF as a parameter of ur-
ban design quality (Lindberg and Grimmond, 2010; Nasrollahi and Shokri, 2016; 
Yang et al. 2007). We calculated SVF through Quantum GIS software with the ur-
ban multi-scale environmental predictor (UMEP) plug-in (Lindberg et al. 2017) 
by superimposing reconstructing through Lidar data the 3D model of the city of 
Livorno.

3.2.2.4 GIS application to calculate coastline distance

The coastline distance is an index was calculated with Qgis software using the 
public administration geodatabase data. The coastline, with its promenade repre-
sents a significant geographical macro-characteristic for the visual perception of 
the local quality of the urban space.

3.2.3 Geostatistical model estimation

The regression models used the Flickr photo density indicator as the depen-
dent variable, and the urban design quality indicators as independent variables. 
For this purpose, we combined two versions of the random forest (RF) model: tra-
ditional and geographical.

The RF regression model has some advantages over traditional statistical 
methods: it allows to treat complex relationships between predictors that can arise 
with large amounts of data, and is able to process nonlinear relationships between 
predictive variables. The main limitation is the difficulty in the direct interpreta-
tion of the results, since the explicit ensemble model is represented by hundreds 
(sometimes thousands) regression trees. To overcome this difficulty, Friedman 
(2001) proposed the use of partial dependence plots, allowing for visualization of 
a suitable RF model through its mapping from feature space to prediction space. 
Welling et al. (2016) proposed a new methodology called “forest floor” using fea-
ture contributions (FC), a method to decompose trees by splitting features and 
then performing projections. The advantages of the forest floor approach over the 
partial dependence plots are that the interactions are not masked as averaging. As 
a result, interactions that are not visualized in a given projection can be located. 
Forest floor was implemented in the {foresFloor} library in the statistical program-
ming language R (Team, 2015).
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Even though RF is a well-functioning and generalizable algorithm, the vast 
majority of its implementations are not spatialized. Georganos et al. (2021) pro-
posed a geographical implementation of the RF, called the geographical RF (GRF), 
as a disaggregation of RF in the geographical space in the form of local sub-mod-
els.

The equation for a typical GRF model is:

 (11)

In the above, βm,i(ui,vi) is the non-linear prediction of an RF model calibrated 
on location i and ui, vi are the coordinates, e is an error term and xi…xn are the in-
dependent variables (indices). The area in which the sub-model operates is called 
the neighborhood (or kernel), and the maximum distance between a data point 
and its kernel is called the bandwidth (Brunsdon, 1998). The bandwidths for geo-
graphical models can be user-specified, or can be determined via automated pro-
cedures (e.g., cross-validation), provided an objective function exists (Akaike, 1973; 
Fotheringham, 2018; Hurvich, 1998). With the data set organized on a regular hex-
agonal tessellation, we set an adaptive kernel bandwidth to include the N hexa-
gons closest to the observation/calibration hexagon. We estimated the bandwidth 
using the Akaike information criterion. 

To avoid overfitting problems, we used two distinct approaches. We set a large 
number of trees (500), with 5 variables each and maximum number of terminal 
node trees in the forest equal to 4 (Cutler et al. 2012; Fotheringham and Park, 
2018; Scornet, 2017). We then extracted three sub-datasets from the original data-
set: a training set (70% of total observations), used for learning the RF model; a 
validation set (15% of total observations) for verification of model parameters and 
a test set (15% of total observations) evaluation of model performance. Unlike RF, 
we used the GRF as a purely exploratory (rather than predictive) tool. GRF is a lo-
cal decomposition of the RF and, therefore, the results can be mapped using the 
entire data set without training/test divisions (for better visualization), to study 
the local importance of the individual indicators and the performance distribu-
tions of the local models. The global and geographical RF models were calculated 
using the R library {randomForest} and {SpatialML} packages, respectively. The 
procedures are available as supplementary material.

4. Results

4.1 Assessment of the perception of urban visual quality

The raw database contained approximately 23,063 photo localizations taken in 
the period from 2005–2017, and the final filtered database contained 11,008 obser-
vations. Figure 3 shows a dependent variable map based on the KDE Flickr photo 
index.
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The index recorded a maximum value of 26.07 photo/m2 with an average val-
ue of 3.33 photo/m2, a median value of 0.93 photo/m2, and first and third quartiles 
of 0.27 and 2.94 photo/m2, respectively. Thus, the data had a very asymmetrical 
frequency distribution.

4.2 Calculation of the urban visual quality indicators

Using the Googleway library, we downloaded 17,196 geo-tagged images, relat-
ing to 2,866 sampling points acquired in 2018. Figure 4 shows an example of the 
segmentation process.

Figure 3. Map of the dependent variable.
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Figure 5 shows the maps of the indices calculated via the segmentation of the 
GSV images.

Figure 6 shows the maps of the three landscape indices. Figure 7 shows the 
density indices of the buildings intended to influence the perceived quality of the 
urban environment. Lastly, Figure 8 shows the two geographical indices linked to 
the “visual enclosure” and “transparent” dimensions.

Figure 4. Example of segmentation process.

Figure 5. Maps of the indices calculated through the segmentation of the GSV images.
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4.3 Random forest (RF) models

The first step in the RF algorithm was to test for multicollinearity between 
variables using Spearman’s degree of correlation. We kept all variables that 

Figure 6. Maps of landscape ecology indices.

Figure 7. Maps of density indices.

Figure 8. Maps of sky view factor (SVF) and of distance from coastline.
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showed Spearman’s correlation below 0.7, a limit used in the literature in ap-
plying random forest models using GIS (Chen et al., 2018; Kamusoko & Gamba, 
2015). Variance Inflation Factor (VIF, Table 1) analysis also shows that there is no 
multicollinearity among the independent variables, as all VIFs are less than 10 
(Kim, 2019). Table 1 shows the VIF values for each index.

The final set of 12 variables is the following: 
a) Visual enclosure: enclosure index.
b) Imageability: pedestrian index; churches density.
c) Human scale: hedges density, trees density, green index, sidewalk index.
e) Transparency: transparency index, distance from coastline.
e) Complexity: commercial land use density; accommodation land use density; 

density of buildings with high architectural value.
The global (non-geographical) RF model had a McFadden pseudo R-square 

value of 0.911 for the training set, 0.56 for the testing set, and 0.566 for the vali-
dation set (Table 2). These results can be considered satisfactory on a general 
level. The most important predictors, in decreasing order of the percent increase 
in mean squared error (% increase in MSE) and node purity, are shown in Table 
2. The variable that contributes most to explaining the perception of urban visu-
al quality in the global model is the distance from the coastline, followed by the 
commercial land use density and the hedges density.

Figure 9 illustrates the partial dependency plots for each predictor. The par-
tial dependency diagram shows the marginal effect that a predictor has on the 
expected result of a model. A partial dependency graph can show whether the 
relationship between the dependent variable and the predictor is linear, mo-
notonous or more complex. Most of the graphs show non-linear relationships of 
the dependent variable in relation to the predicted perception of urban quality. 

Table 1. Variance Inflation Factor.

Index VIF

Pedestrian 7.877074

Trees density 6.611743

Hedges density 5.297603

Green index 4.918989

Enclosure index 4.048282

Sky view factor 3.995972

Sidewalk index 3.779627

Commercial land use density 3.765017

Churches density 3.586181

Coast distance 2.728047

Density of building with high architectural value 2.482175

Accommodation land use density 1.697885
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For example, the graph shows that the effect of coastline on quality perception 
is geographically localized. In fact, the curve decreases rapidly to zero less than 
1 km from the sea.  Similarly, an increase in the density of churches and build-
ings with high architectural value is associated with an increase in urban quality 
perception. Interestingly, some variables seem to have partial dependency plots 
with two distinct segments. For example, the green index, edge density, sidewalk 
index, and transparency index have a decreasing trend followed by an increas-
ing trend, and this can be explained by the fact that the presence of these two 
variables has positive effects on the perception of the visual quality of a city, but 
only beyond a certain threshold value. Another interesting result is obtained in 
the case of the enclosure index. The partial dependence graph shows that the 
perception of urban spaces is correlated to two cases: null or very low enclosure 
index values (typically in the promenade) and enclosure index values equal to 
about 5-7 (typical of the central areas of the city). Beyond this value, the observa-
tions (represented by small colored circles) are very scattered and, therefore, the 
model does not give reliable indications.

We tested the spatial distribution of the global model residues and found a 
Moran index of 0.53, indicating the presence of spatial autocorrelation. This justi-
fied the use of a local GRF model to identify the variations in the importance of 
the predictors in space. 

Table 2. Results of the non-geographical random forest (RF) regression model.

Predictor   % IncMSE Node Purity

Coast distance 103.04 30,090.52

Commercial land use density 50.82 12,289.57

Hedges density 27.81 7,133.00

Density of building with high architectural value 26.75 5,904.94

Trees density 20.90 5,216.73

Green index 13.19 4,918.20

Transparency index 17.56 3,770.87

Sidewalk index 6.57 3,171.20

Enclosure index 10.59 3,117.37

Pedestrian index 8.16 2,752.35

Churches density 4.30 1,319.50

Accommodation land use density 6.44 1,236.92

Residual Sum of Squares 7551.707

Pseudo R-squared Training set 0.91

Pseudo R-squared Validation set 0.56

Pseudo R-squared Testing set 0.57

Moran index Global model 0.53
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The results of the bandwidth optimization suggested an optimal bandwidth of 
95 cells (i.e., for each of the 2,517 cells, a local RF model should be calibrated using 
data from the nearest 95 cells). The use of the GRF model reduced the spatial au-
tocorrelation of the residues, with a Moran index of 0.17, and a pseudo R-square 
value equal to 93%. Figure 10 and 11 and Table 3 show respectively the geographi-
cal variation, boxplots and the statistics of the purity index of the indicators. The 
geographic model is therefore overall consistent with the global model. The re-
sults of the geographic model confirm the importance of the explanatory variables 
in terms of purity index for all positions. The R square improves from 0.91 to 0.93.

Notably, there is a strong degree of spatial interaction between each predictor, 
whereas the importance of each predictor varies consistently through space. At 
the level of individual geographic location, we obtain very diverse results relative 
to the ranking of the importance of the variables. The importance of the predic-

Figure 9. Plots for the random forest (RF) variables. Panel titles designate which variable is being 
plot along the x-axis: (CoastDist) distance from coastline, (ComDen) Commercial land use densi-
ty, (Green) Green index, (ArchDen) Density of buildings with high architectural value, (Hedges) 
Hedges density, (Sky) Transparency index, (Encl) Enclosure index, (Trees) Trees density, (Ped) Pe-
destrian index, (VisPav) Sidewalk index, (ChDen) Churches density, (AccDen) Accommodation 
density. Panel titles also include the R2 (leave-one-out goodness of fit) of the average feature 
contribution line (denoted in black). The color gradient is applied in all panels along the distance 
from the coastline, passing through red-yellow-green-blue with increasing distance.
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tors is generally highest in areas with a greater density of photos, but with impor-
tant variations among the predictors, especially in relation to the north-south gra-
dient of the study area. Interestingly, both transparency variables seem to be more 
important near the coastline. Moreover, the two imageability indices appear to be 
strongly more predictive over the historical center of the city. Similarly, the rest of 
the predictive variables formulate unique spatial patterns.

More specifically, comparing Figure 2 with Figure 10, we can see how the 
different neighborhoods of Livorno show importance of the dimensions of ur-
ban quality strongly differentiated. The Buontalenti neighborhood has high val-

Figure 10. Geographical variation of predictors of the geographic RF (GRF) model.
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Figure 11. Boxplot of purity index of predictors in geographical RF (GRF) regression model.

Table 3. Results of the geographical RF (GRF) regression model.

Predictors
Purity index

Min Max Mean StD

Coast distance 0.79 2,232.39 315.11 423.52

Commercial land use density 0.00 2,604.24 192.20 361.75

Hedges density 0.52 1,455.72 170.86 244.55

Density of buildings with high architectural value 0.46 1,309.07 164.82 217.50

Trees density 0.21 732.39 113.42 133.36

Green index 0.00 2,291.88 112.93 253.59

Transparency index 0.34 668.38 108.33 131.80

Sidewalk index 0.33 1,024.51 106.14 139.69

Enclosure index 0.26 567.36 89.84 103.71

Pedestrian index 0.28 595.58 86.61 102.20

Churches density 0.00 605.35 48.26 89.82

Accommodation land use density 0.00 639.11 31.33 66.19

Statistical parameters of Geographical Random Forest 

Residual Sum of Squares (Predicted) 5895.932

Pseudo R-squared % 93.058

Moran index 0.17
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ues of the purity index for all indices related to the human scale. The Venezia 
Nuova neighborhood is characterized by a multidimensional urban quality with 
high importance of the Visual Enclosure, Imageability and Complexity indices. 
In the neighborhoods outside the pentagonal city the urban quality is corelated 
to the indices of transparency near the promenade, similarly to the neighbor-
ing neighborhood of Ardenza, which is also characterized by the importance of 
the indices of human scale density of hedges and density of trees. The modern 
neighborhoods have only a few indices with significant importance values: side-
walk, density of churches and density of architectural value. Finally, the Sargenti 
and Korea neighborhoods show low urban quality with no indices with appre-
ciable importance.

5. Discussions

We combined two different RF models: a global model for predictive purposes 
and a local model for exploration purposes, to select the most significant indica-
tors for different areas of the city of Livorno. The study here offers important in-
formation on the geometric, physical and environmental variables of an urban en-
vironment that contribute to more abstract qualities. The significant characteristics 
had the expected relationships with the other findings present in the literature, 
although many others proved to be statistically not significant despite initial ex-
pectations. of city design. 

For instance, Figure 12 shows some case studies referring to the different pe-
riods of historical expansion of the city. The zone of the pentagon of Buontalenti 
(see also Figure 1) is characterized by a greater correlation between perceived ur-
ban quality and the presence of urban greenery (both trees and hedges). The per-
ception of the quality of the spaces in the Old Venice (Figure 1 and 12) is instead 
related to the commercial density index and the enclosure index. Therefore, in 
this part of the city it may be appropriate to implement urban projects for the 
redevelopment and maintenance of the facades and to improve the visual quality 
of the shops. The neighbourhoods outside the pentagon of Buontalenti (Figure 1 
and 12) do not reveal urban quality elements such as to influence the perception 
of spaces. On the other hand, the neighbourhoods of modern expansion (Figure 
1 and 12), despite having an urban layout similar to the previous one, appear 
to have a higher perceived quality due to the widespread presence of modern 
buildings but of architectural value. Finally, as regards the Ardenza zone (Figure 
1 and 12), the analysis confirms the correlation between the perceived quality of 
public spaces and the characteristic indicators of the seaside promenade: distance 
from the coastline and the presence of urban greenery (trees and hedges). The 
results of this study can be used in different of ways. Municipal planners and ad-
ministrators can achieve a more detailed and complete understanding of an ur-
ban environment. The map can provide good support for the definition of urban 
planning policies.
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6. Conclusions and future developments

The proposed approach is able to provide useful information to identify and 
evaluate the geometric, physical and environmental characteristics of public spac-
es that most determine the perceived urban visual quality at the planning scale.

We believe that our study has helped to demonstrate that the perceived qual-
ity of the city is influenced by many physical, geometric and environmental vari-

Figure 12. Some case studies of indicators correlated with urban quality.
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ables in a complex way. From a general point of view, data shared by social media 
combined with data deriving from Google’s Internet services and remote sensing 
data can provide a useful tool to improve our understanding of the relationship 
between humans and the urban environment.

Another advantage is the ability of using publicly available data with a much 
lower cost if compared to a traditional analogous survey through questionnaires. 
A survey through questionnaires can evaluate a greater number of subjective vari-
ables, for example linked to the sentiment that arouses perception. However, this 
study clearly has some limitations.

The method has been tested on a small city and this allowed to have accept-
able processing times, but for larger cities there are two possible solutions that 
will be implemented in the future development of the research. The first is to tile 
the study area; since the methodology is based on a local geographical model, 
this should not affect the estimation of the model parameters. A second solution 
would be to use a reduced sample of images downloaded from GSV. The pros and 
cons of the two hypotheses will have to be evaluated. In the future both methods 
will be applied in Florence to verify their advantages and limitations.

Furthermore, other limitations are related to the characteristics of social media 
data. Social media are not only about young people, but it seems that only this 
social group is actively involved, older people may be mostly recipients of content 
and not its creators. Moreover, the Flickr platform does not allow to obtain social 
and personal information about the individual user in order to segment visual 
preferences by age groups and other social variables.

An additional weakness is that the presence of autocorrelation was tested only 
by Moran’s index calculation. Further investigations will be needed to test for the 
presence of spatial heterogeneity through measures of similarity between asso-
ciations of values (covariance, correlation or difference) and associations in space 
(contiguity), including Lagrange multiplier tests (LM-lag and LM-error). The re-
sults of these tests could allow us to compare the results obtained through GRF 
models with other spatial regression models, such as the Spatial Lag Model (SLM) 
or the Spatial Error Model (SEM).

After all, the results of the methodology can help to implement more efficient 
sample designs, stratifying the city in relation to the importance of the indicators 
used as independent variables, thus reducing the sample size and therefore the 
costs. The synergistic implementation of the two methodologies will constitute 
a first future development of this research to give useful information to help re-
searchers and managers to develop projects, standards and guidelines to improve 
urban visual quality in the cities.
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AGRICOLTURA

CGUE, 16/12/2021, C-225/20, Euro Delta Danube SRL contro Agenţia de Plăţi şi 
Intervenţie pentru Agricultură – Centrul Judeţean Tulcea
Rinvio pregiudiziale – Agricoltura – Politica agricola comune – Regolamento de-
legato (UE) n. 640/2014 – Regime di aiuto per superficie – Pagamento unico per 
superficie – Criteri di ammissibilità – Contratto di concessione di terreni agrico-
li – Cambiamento d’uso di tali terreni senza l’assenso del concedente – Utilizzo 
per scopi agricoli di superfici destinate ad attività di piscicoltura – Differenza 
tra la superficie dichiarata e la superficie determinata – Sovradichiarazione – 
Sanzioni amministrative
L’articolo 2, paragrafo 1, punto 23, e l’articolo 19, paragrafi 1 e 2, del regolamento delegato 
(UE) n. 640/2014 della Commissione, dell’11 marzo 2014, che integra il regolamento (UE) 
n. 1306/2013 del Parlamento europeo e del Consiglio per quanto riguarda il sistema inte-
grato di gestione e di controllo e le condizioni per il rifiuto o la revoca di pagamenti nonché 
le sanzioni amministrative applicabili ai pagamenti diretti, al sostegno allo sviluppo ru-
rale e alla condizionalità, come modificato dal regolamento delegato (UE) 2016/1393 della 
Commissione, del 4 maggio 2016, devono essere interpretati nel senso che non prescrivono, 
nell’ambito del regime di pagamento unico per superficie, che siano inflitte sanzioni ammi-
nistrative per sovradichiarazione ad un richiedente di aiuti agricoli perché utilizza per fini 
agricoli superfici concessegli per la piscicoltura senza il consenso del concedente a un siffat-
to cambiamento di destinazione d’uso di dette superfici, laddove tale richiedente disponga, 
per quanto riguarda queste superfici, di un’autonomia sufficiente ai fini dell’esercizio della 
sua attività agricola.

CGUE, 14/10/2021, C-373/20, A.M. contro Dyrektor Z. Oddziału Regionalnego 
Agencji Restrukturyzacji i Modernizacji Rolnictwa,
Rinvio pregiudiziale – Agricoltura – Politica agricola comune – Regimi di soste-
gno diretto – Norme comuni – Regime di pagamento unico – Regolamento (CE) 
n. 1120/2009 – Articolo 2, lettera c) – Nozione di “pascoli permanenti” – Avvicen-
damento delle colture – Inondazioni naturali e periodiche dei prati e dei pascoli 
situati in una zona di protezione speciale della natura
L’articolo 2, lettera c) del regolamento (CE) n. 1120/2009 della Commissione, del 29 ottobre 
2009, recante modalità di applicazione del regime di pagamento unico di cui al titolo III del 
regolamento (CE) n. 73/2009 del Consiglio che stabilisce norme comuni relative ai regimi 
di sostegno diretto nell’ambito della politica agricola comune e istituisce taluni regimi di 
sostegno a favore degli agricoltori, deve essere interpretato nel senso che non sono esclusi 
dalla nozione di «pascolo permanente», ai sensi di tale disposizione, prati o pascoli situati 



104 Nicola Lucifero

in una zona di protezione speciale e che sono soggetti ad allagamenti e inondazioni naturali 
e periodiche, dato che tali allagamenti e inondazioni non possono, di per sé, portare a un 
«avvicendamento delle colture» sui terreni interessati, ai sensi di detta disposizione.

CGUE, 6/10/2021, C-119/20, Līga Šenfelde Contro Lauku atbalsta dienests
Rinvio pregiudiziale – Politica agricola comune – Finanziamento da parte del 
Fondo europeo agricolo per lo sviluppo rurale (FEASR) – Programma naziona-
le di sviluppo rurale 2014-2020 – Regolamento (UE) n. 1305/2013 – Articolo 19, 
paragrafo 1, lettera a) – Aiuti all’avviamento di imprese per i giovani agricoltori 
– Aiuti allo sviluppo delle piccole aziende agricole – Cumulo degli aiuti – Possi-
bilità di rifiutare il cumulo
1) L’articolo 19, paragrafo 1, del regolamento (UE) n. 1305/2013 del Parlamento europeo 
e del Consiglio, del 17 dicembre 2013, sul sostegno allo sviluppo rurale da parte del Fon-
do europeo agricolo per lo sviluppo rurale (FEASR) e che abroga il regolamento (CE) n. 
1698/2005 del Consiglio, deve essere interpretato nel senso che esso non osta a che un agri-
coltore, il quale abbia beneficiato dell’aiuto all’avviamento di imprese per lo sviluppo di pic-
cole aziende agricole, previsto alla lettera a), punto iii), della disposizione sopra citata, pos-
sa cumulare tale aiuto con l’aiuto all’avviamento di imprese per i giovani agricoltori, con-
templato dalla lettera a), punto i), della medesima disposizione, a condizione che sia rispet-
tato l’importo massimo dell’aiuto concesso, quale previsto dal paragrafo 6 di tale articolo. 
2) L’articolo 19, paragrafo 1, del regolamento n. 1305/2013 deve essere interpretato nel sen-
so che esso non osta a una normativa nazionale in forza della quale la concessione dell’aiu-
to all’avviamento di imprese per lo sviluppo di piccole aziende agricole, previsto alla lettera 
a), punto iii), di detta disposizione, esclude l’ottenimento dell’aiuto all’avviamento di im-
prese per i giovani agricoltori, contemplato dalla lettera a), punto i), di quest’ultima.

CGUE, 8/07/2021, C.J. contro Région wallonne
Rinvio pregiudiziale – Agricoltura – Fondo europeo agricolo per lo sviluppo ru-
rale (FEASR) – Regolamento (UE) n. 1305/2013 – Regolamento delegato (UE) n. 
807/2014 – Insediamento dei giovani agricoltori – Sviluppo delle aziende agricole 
– Aiuti all’avviamento d’impresa per giovani agricoltori – Condizioni d’accesso 
– Equivalenza – Insediamento in qualità di capo non unico dell’azienda – Massi-
mali – Fissazione – Criteri – Produzione standard dell’azienda agricola
Gli articoli 2, 5 e 19 del regolamento (UE) n. 1305/2013 del Parlamento europeo e del Con-
siglio, del 17 dicembre 2013, sul sostegno allo sviluppo rurale da parte del Fondo europeo 
agricolo per lo sviluppo rurale (FEASR) e che abroga il regolamento (CE) n. 1698/2005 
del Consiglio, in combinato disposto con gli articoli 2 e 5 del regolamento delegato (UE) n. 
807/2014 della Commissione, dell’11 marzo 2014, che integra talune disposizioni del regola-
mento (UE) n. 1305/2013 del Parlamento europeo e del Consiglio sul sostegno allo sviluppo 
rurale da parte del Fondo europeo agricolo per lo sviluppo rurale (FEASR) e che introduce 
disposizioni transitorie, devono essere interpretati nel senso che non ostano a una normativa 
nazionale in forza della quale il criterio di determinazione del massimale che consente ad un 
giovane agricoltore, che si insedia in qualità di capo non unico dell’azienda, di accedere agli 
aiuti all’avviamento d’impresa, è quello della produzione lorda standard dell’intera azienda 
agricola, e non soltanto della quota di tale giovane agricoltore in tale azienda.
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Cass. civ., Sez. II, Ordinanza, 30/06/2021, n. 18570
Riforma fondiaria - Assegnazione - Morte dell’assegnatario prima del riscatto - 
Subentro dell’erede nel rapporto di assegnazione - Requisiti - Momento determi-
nativo - Morte dell’assegnatario e momento della decisione della relativa contro-
versia - Persistenza - Necessità - Prova
In tema di riforma agraria, l’art. 7 della l. n. 379 del 1967 stabilisce i requisiti - che de-
vono esistere al momento dell’apertura della successione e persistere fino a tutto il tempo 
della decisione - per la designazione di colui che subentra “iure proprio” all’assegnatario 
deceduto prima dell’esercizio del diritto di riscatto, senza comunque prescindere dal crite-
rio principale dell’abitualità del successore medesimo nella coltivazione della terra, che deve 
sussistere sia al momento della morte dell’assegnatario che in quello in cui si chiede il su-
bentro e la cui prova va fornita in concreto, non essendo sufficienti all’uopo certificazioni 
o altre attestazioni amministrative. Dimostrata dall’erede la sussistenza di tali requisiti al 
momento dell’apertura della successione, se ne presume la permanenza fino alla decisione 
mentre, ove si accerti che nessuno dei contendenti è in possesso del requisito dell’abitualità 
nella lavorazione manuale della terra, il giudice è tenuto a pronunciare, anche in difetto di 
domanda in tal senso da parte dell’ente concedente, il rientro delle terre nella disponibilità 
di quest’ultimo.

T.A.R. Sardegna Cagliari, Sez. II, 02/07/2021, n. 51
Agricoltura – agevolazioni – suini – equiparazione cinghiali
In materia di sostegni e aiuti agli allevatori, la normativa primaria di riferimento indivi-
dua quali possibili destinatari del contributo, riferendosi in via generale agli allevamenti di 
“suini”, senza alcuna esclusione degli allevamenti di cinghiali, la cui esclusione risulterebbe 
del tutto irragionevole alla luce della sostanziale equivalenza tra le due specie, prima di 
tutto sotto il profilo delle esigenze di miglioramento delle condizioni di allevamento, obiet-
tivo principale del contributo. Pertanto qualsivoglia bando finalizzato all’assegnazione dei 
predetti sostegni è ovviamente tenuto a rispettare le disposizioni previste nella normativa 
vigente.

ALIMENTI

CGUE, 9/9/2021, Comité Interprofessionnel du Vin de Champagne contro GB
Rinvio pregiudiziale – Agricoltura – Protezione delle denominazioni d’origine e 
delle indicazioni geografiche – Carattere uniforme ed esaustivo – Regolamento 
(UE) n. 1308/2013 – Articolo 103, paragrafo 2, lettera a), punto ii) – Articolo 103, 
paragrafo 2, lettera b) – Evocazione – Denominazione di origine protetta (DOP) 
“Champagne” – Servizi – Comparabilità dei prodotti – Uso della denominazione 
commerciale “Champanillo”
1) L’articolo 103, paragrafo 2, lettera b), del regolamento (UE) n. 1308/2013 del Parlamento 
europeo e del Consiglio, del 17 dicembre 2013, recante organizzazione comune dei mercati 
dei prodotti agricoli e che abroga i regolamenti (CEE) n. 922/72, (CEE) n. 234/79, (CE) n. 
1037/2001 e (CE) n. 1234/2007 del Consiglio, deve essere interpretato nel senso che protegge 
le denominazioni di origine protetta (DOP) da condotte relative sia ai prodotti che ai servizi.
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2) L’articolo 103, paragrafo 2, lettera b), del regolamento n. 1308/2013 deve essere interpre-
tato nel senso che l’«evocazione» di cui a tale disposizione, da un lato, non richiede, quale 
presupposto, che il prodotto che beneficia di una DOP e il prodotto o il servizio contrasse-
gnato dal segno contestato siano identici o simili e, dall’altro, si configura quando l’uso di 
una denominazione produce, nella mente di un consumatore europeo medio, normalmente 
informato e ragionevolmente attento e avveduto, un nesso sufficientemente diretto e uni-
voco tra tale denominazione e la DOP. L’esistenza di un tale nesso può risultare da diversi 
elementi, in particolare, dall’incorporazione parziale della denominazione protetta, dall’af-
finità fonetica e visiva tra le due denominazioni e dalla somiglianza che ne deriva, e anche 
in assenza di tali elementi, dalla vicinanza concettuale tra la DOP e la denominazione di 
cui trattasi o ancora da una somiglianza tra i prodotti protetti da tale medesima DOP e i 
prodotti o servizi contrassegnati da tale medesima denominazione.
3) L’articolo 103, paragrafo 2, lettera b), del regolamento n. 1308/2013 deve essere inter-
pretato nel senso che l’«evocazione» di cui a tale disposizione non è subordinata all’accer-
tamento dell’esistenza di un atto di concorrenza sleale, dal momento che tale disposizione 
istituisce una protezione specifica e propria che si applica indipendentemente dalle disposi-
zioni di diritto nazionale in materia di concorrenza sleale.

CGUE, 11/11/2021, C-388/20, Bundesverband der Verbraucherzentralen und 
Verbraucherverbände – Verbraucherzentrale Bundesverband eV contro Dr. August 
Oetker Nahrungsmittel KG
Rinvio pregiudiziale – Regolamento (UE) n. 1169/2011 – Informazioni ai consu-
matori sugli alimenti – Articolo 9, paragrafo 1, lettera l) – Dichiarazione nutrizio-
nale – Articolo 31, paragrafo 3, secondo comma – Calcolo del valore energetico e 
delle quantità di sostanze nutritive – Possibilità di fornire tali informazioni per 
l’alimento dopo la preparazione – Presupposti – Articolo 33, paragrafo 2, secon-
do comma – Espressione per porzione o per unità di consumo
L’articolo 31, paragrafo 3, secondo comma, del regolamento (UE) n. 1169/2011 del Parla-
mento europeo e del Consiglio, del 25 ottobre 2011, relativo alla fornitura di informazio-
ni sugli alimenti ai consumatori, che modifica i regolamenti (CE) n. 1924/2006 e (CE) n. 
1925/2006 del Parlamento europeo e del Consiglio e abroga la direttiva 87/250/CEE della 
Commissione, la direttiva 90/496/CEE del Consiglio, la direttiva 1999/10/CE della Com-
missione, la direttiva 2000/13/CE del Parlamento europeo e del Consiglio, le direttive 
2002/67/CE e 2008/5/CE della Commissione e il regolamento (CE) n. 608/2004 della Com-
missione, deve essere interpretato nel senso che tale disposizione si applica esclusivamente 
agli alimenti che richiedono una preparazione e la cui modalità di preparazione è predeter-
minata.

ANIMALI

CGUE, 02/09/2021, C-579/19, Association of Independent Meat Suppliers, Cleve-
land Meat Company Ltd, contro Food Standards Agency,
Rinvio pregiudiziale – Tutela della salute – Regolamento (CE) n. 854/2004 – Ar-
ticolo 5, paragrafo 2 – Regolamento (CE) n. 882/2004 – Articolo 54, paragrafo 3 – 
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Norme in materia di igiene per gli alimenti di origine animale – Ispezione post 
mortem della carcassa e delle frattaglie – Veterinario ufficiale – Bollatura sanita-
ria – Diniego – Carne dichiarata inidonea al consumo umano – Diritto di ricorso 
avverso una decisione del veterinario ufficiale – Tutela giurisdizionale effettiva 
– Articolo 47 della Carta dei diritti fondamentali dell’Unione europea
1) Il regolamento (CE) n. 854/2004 del Parlamento europeo e del Consiglio, del 29 aprile 
2004, che stabilisce norme specifiche per l’organizzazione di controlli ufficiali sui prodotti 
di origine animale destinati al consumo umano, come modificato dal regolamento (CE) n. 
882/2004 del Parlamento europeo e del Consiglio, del 29 aprile 2004, e il regolamento n.  
882/2004 devono essere interpretati nel senso che essi ostano a una normativa nazionale 
in forza della quale, se un veterinario ufficiale rifiuta di apporre un bollo sanitario su una 
carcassa e il proprietario di tale carcassa non è d’accordo con tale decisione, il veterinario 
ufficiale è tenuto ad adire un giudice affinché questi decida, nel merito e sulla base di prove 
peritali dedotte da ciascuna parte, se la suddetta carcassa soddisfi o meno i requisiti di sicu-
rezza alimentare, senza poter formalmente annullare le decisioni del veterinario ufficiale né 
ordinare la revoca degli effetti di tali decisioni.
2) L’articolo 54 del regolamento n. 882/2004, in combinato disposto con il considerando 43 
di quest’ultimo e alla luce dell’articolo 47 della Carta dei diritti fondamentali dell’Unione 
europea, deve essere interpretato nel senso che esso non osta a una normativa nazionale 
secondo cui la decisione adottata dal veterinario ufficiale, ai sensi dell’articolo 5, paragrafo 
2, del regolamento n. 854/2004, come modificato dal regolamento n. 882/2004, di non ap-
porre un bollo sanitario su una carcassa può essere oggetto soltanto di un controllo giuri-
sdizionale limitato, nell’ambito del quale il giudice adito può annullare detta decisione per 
qualsiasi motivo che la renda illegittima, comprese le ipotesi in cui detto veterinario abbia 
agito per uno scopo diverso da quello per cui i suoi poteri gli sono stati conferiti, non abbia 
applicato i criteri giuridici adeguati o la sua decisione sia priva di fondamento o sia non 
suffragata da elementi di prova sufficienti.

Cass. pen., Sez. IV, Sentenza, 26/10/2021, n. 41140
Delitti - Furto - Circostanze aggravanti - Animali (abigeato) - Furto di capi di be-
stiame raccolti in gregge o in mandria - Valutazione della sussistenza della man-
dria - Criteri
Per il reato di furto commesso sui capi di bestiame riuniti in gregge o in mandria di cui 
all’art. 625, n. 8, cod. pen., la determinazione della sussistenza dei requisiti propri della 
mandria è rimessa all’apprezzamento del giudice, il quale deve tenere presente l’oggetto del-
la tutela penale della norma, cioè la salvaguardia della economia e del patrimonio zootecni-
co. 

T.A.R. Lazio Roma, Sez. III quater, 26/08/2021, n. 9395
Animali – allevamento – profilassi - competenza
Le iniziative in materia di contenimento di malattie infettive e diffusive presso gli alleva-
menti situati nei territori degli Stati membri, individuati mediante decisioni comunitarie, 
sono riconducibili alla materia di legislazione esclusiva dello Stato, atteso che attengo-
no alla profilassi internazionale e riguardano profili incidenti sulla tutela dell’ecosistema, 
anch’essa riservata alla legislazione statale.



108 Nicola Lucifero

CACCIA E PESCA

Corte cost., 06/07/2021, n. 138
Esercizio venatorio da appostamento temporaneo - Obbligo di rimozione del ma-
teriale usato per la costruzione dell’appostamento al venir meno del consenso 
del proprietario o conduttore del fondo - Previsione che il consenso si intende 
validamente accordato nel caso in cui non esiste un formale diniego. Paesaggio 
- Modifiche alla legge regionale n. 4 del 1999 - Norme in materia di foreste e di 
assetto idrogeologico - Sistemazioni idraulico-forestale e idraulico-agraria - Li-
mitazioni nei terreni vincolati - Introduzione di categorie di opere non soggette 
ad alcun titolo abilitativo. Ambiente - Modifiche alla legge regionale n. 35 del 
2006 - Misure di salvaguardia in ambito venatorio nelle Zone di Protezione Spe-
ciale [ZPS] - Divieto di esercizio dell’attività venatoria nel mese di gennaio, con 
l’eccezione della caccia da appostamento fisso e temporaneo e in forma vagante, 
nonché della caccia agli ungulati, per due giornate settimanali a scelta del cac-
ciatore.
È fondata la questione di legittimità costituzionale sollevata in relazione all’art. 2, comma 
1, 6 e 9 della legge della Regione Liguria 19 maggio 2020, n. 9 che ha aggiunto, nella 
parte finale dell’art. 29, comma 13, della legge della Regione Liguria 1° luglio 1994, n. 29 
(Norme regionali per la protezione della fauna omeoterma e per il prelievo venatorio), un 
ulteriore periodo ai sensi del quale “il consenso si intende validamente accordato nel caso 
in cui non esiste un formale diniego”. La disposizione impugnata è ritenuta in contrasto 
con la riserva di competenza legislativa allo Stato in materia di «ordinamento civile» di cui 
all’art. 117, secondo comma, lett. l), Cost. in quanto, consentendo ai cacciatori di mantene-
re, se il proprietario non manifesta espressamente il suo dissenso, sul fondo altrui il mate-
riale utilizzato per la costruzione degli appostamenti temporanei, inciderebbe sulle facoltà 
dominicali garantite dall’art. 832 c.c. Invero la disciplina del diritto di proprietà attiene 
alla competenza esclusiva dello Stato in materia di ordinamento civile e l’ordinamento del 
diritto privato si pone quale limite alla legislazione regionale, in quanto fondato sull’esigen-
za, sottesa al principio costituzionale di eguaglianza, di garantire sul territorio nazionale 
l’uniformità della disciplina dettata per i rapporti tra privati. Il limite dell’ordinamento ci-
vile, quindi, identifica un’area riservata alla competenza esclusiva della legislazione statale 
e comprende i rapporti tradizionalmente oggetto di codificazione. Nel caso in esame, la nor-
ma impugnata nell’aggiungere nella parte finale dell’art. 29, un ulteriore periodo, introdu-
ce una presunzione di consenso del proprietario del fondo al mantenimento su di esso del 
materiale usato per la costruzione degli appostamenti temporanei, che eccede i limiti del 
legittimo intervento del legislatore regionale, invadendo la competenza riservata allo Stato 
nella materia “ordinamento civile”.

IMPOSTE, TASSE E CONTRIBUTI

CGUE, 28/10/2021, C-221/20
Rinvio pregiudiziale – Fiscalità – Direttiva 92/83/CEE – Accise – Birra – Articolo 4, 
paragrafo 2 – Possibilità di applicare aliquote ridotte di accisa alla birra prodotta 
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dalle piccole birrerie indipendenti – Considerazione di due o più piccole birrerie 
come una unica piccola impresa indipendente – Obbligo di trasposizione
L’articolo 4, paragrafo 2, seconda frase, della direttiva 92/83/CEE del Consiglio, del 19 otto-
bre 1992, relativa all’armonizzazione delle strutture delle accise sull’alcole e sulle bevande 
alcoliche deve essere interpretato nel senso che uno Stato membro che attua la possibilità, 
prevista all’articolo 4, paragrafo 1, di tale direttiva, di applicare aliquote ridotte di accisa 
alla birra prodotta da piccole birrerie indipendenti non è, per questa ragione, tenuto a con-
siderare come una unica piccola impresa indipendente due o più piccole birrerie che coope-
rano e la cui somma di produzione annuale non supera i 200 000 ettolitri.

T.A.R. Campania Salerno, Sez. I, 09/12/2021, n. 2656
Contributi europei – indebite percezioni - sospensione - durata
Stante la natura cautelare della misura di cui all’art. 33, comma 1, del D.Lgs. n. 228/2001, 
inerente alla sospensione dell’erogazione di contributi comunitari, secondo cui “i procedi-
menti per erogazioni da parte degli Organismi pagatori sono sospesi riguardo ai beneficiari 
nei cui confronti siano pervenute da parte di organismi di accertamento e di controllo, no-
tizie circostanziate di indebite percezioni di erogazioni a carico del bilancio comunitario o 
nazionale, finchè i fatti non siano definitivamente accertati” il relativo provvedimento non 
deve prevedere un termine finale, in quanto nell’impianto normativo l’efficacia temporale 
della sospensione non è rigidamente predeterminata, ma risulta ancorata all’esito dei defini-
tivi accertamenti dei fatti posti a fondamento della misura.

Cons. Stato, Sez. II, 29/10/2021, n. 7273
Contributi europei – indebite percezioni - sospensione – natura del potere - co-
municazione di avvio del procedimento – non dovuta. 
a) Il provvedimento di sospensione dell’erogazione dei contributi, ex art. 33, comma 1, 
D.Lgs. n. 228/2001, avendo carattere cautelare, non necessita della previa comunicazione di 
avvio del procedimento.
b) La misura della sospensione dell’erogazione dei contributi avvenuta in violazione dell’art 
33 del D.Lgs. n. 228/2001D.Lgs. 18/05/2001, n. 228 ha valenza meramente cautelare e in-
terinale ed è espressione di un potere discrezionale dell’amministrazione in ordine alla va-
lutazione della consistenza delle notizie circostanziate di indebita percezione di contributi. 
Dalla valenza meramente cautelare dell’istituto in esame discende che non sono necessarie 
né la corrispondenza fra le erogazioni per le quali pende giudizio in sede penale e quelle 
di cui è stata disposta la sospensione, né l’identità tra i soggetti coinvolti nelle “notizie 
circostanziate” e quelli che operano attualmente per il soggetto colpito dalla sospensione. 
La sospensione è comunque frutto di valutazione ampiamente discrezionale, e l’apertura di 
indagini penali e la relativa richiesta di rinvio a giudizio da parte del p.m. garantiscono, in 
astratto, quel minimo livello di riscontro dei fatti, che consente di adottare il provvedimento 
cautelare.

Cons. Stato, Sez. III, 12/07/2021, n. 5281
AGEA – Registro nazionale dei debiti – iscrizione a ruolo delle somme - equipa-
razioneInizio modulo
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Fine modulo
In tema di riscossione del prelievo supplementare nel settore del latte, l’individuazione del 
responsabile del relativo procedimento coincide con l’individuazione del responsabile dell’i-
scrizione a ruolo, atteso che, a seguito dell’affidamento all’AGEA dell’intero procedimen-
to di riscossione in tale settore, avvenuto con la L. n. 228 del 2012, (cd. legge di Stabili-
tà 2013) la successiva emissione della cartella, da parte dello stesso ente, è atto esecutivo 
dell’unitario procedimento di riscossione avviato con l’iscrizione a ruolo, non esistendo al-
cuna separazione tra il procedimento di iscrizione a ruolo (di competenza dell’ente credito-
re) e quello di emissione della cartella (di competenza del concessionario della riscossione), 
come invece avviene per la riscossione per le imposte sui redditi. Deve, quindi, ritenersi che 
nel procedimento di riscossione del prelievo supplementare nel settore latte, poichè esso è 
interamente affidato al creditore AGEA, l’individuazione del responsabile del procedimento 
coincida con l’individuazione del responsabile della iscrizione a ruolo, in quanto le successi-
ve emissioni e notificazioni, da parte dello stesso Ente, non sono che atti esecutivi dell’uni-
tario procedimento di riscossione avviato con l’iscrizione a ruolo.

PARCHI E AREE PROTETTE

Cons. Stato, Sez. VI, 06/07/2021, n. 5152
Parchi – Interventi ed autorizzazioni – nulla osta - Ente Parco
Il rilascio di concessioni ed autorizzazioni relative ad interventi, impianti ed opere all’in-
terno di un parco è sottoposto al preventivo nulla osta dell’Ente parco attraverso il quale si 
verifica la conformità tra le disposizioni del piano e del regolamento e l’intervento.

PRELAZIONE E RISCATTO

Cass. civ., Sez. VI - 2, Ordinanza, 03/11/2021, n. 31490
Prelazione – contiguità tra fondi – nozione – contiguità funzionale - esclusione
Il diritto di prelazione e riscatto del coltivatore diretto proprietario del terreno confinan-
te, previsto dall’art. 7, L. n. 817 del 1971, integrando una limitazione della circolazione 
della proprietà agricola e dell’autonomia negoziale, spetta solo nel caso di fondi confinanti 
in senso giuridicamente proprio, ovvero caratterizzati da contiguità fisica e materiale, per 
contatto reciproco lungo la comune linea di demarcazione, non potendo essere esteso alla 
diversa ipotesi della c.d. contiguità funzionale (fra fondi separati ma idonei ad essere accor-
pati in un’unica azienda agraria), con la conseguenza che deve escludersi la configurazione 
di tale “contatto” ove i due fondi siano separati da un corso d’acqua demaniale.

Cass. civ., Sez. III, 20/09/2021, n. 25351
Nuovo affitto – diritto di prelazione – violazione - condizioni
In tema di affitto a coltivatore diretto, la lesione del diritto di prelazione riconosciuto al 
conduttore, in caso di nuovo affitto, dall’art. 4 bisL. 03/05/1982, n. 203, 4-bis. - Diritto 
di prelazione in caso di nuovo affitto. della l. n. 203 del 1982, inserito dall’art. 5 del d.lgs. 



Rassegna giurisprudenziale 111

n. 228 del 2001, presuppone che il locatore: a) abbia ricevuto offerte di affitto da parte di 
terzi; b) non abbia comunicato all’affittuario, almeno novanta giorni prima della scaden-
za del contratto, le offerte ricevute; c) abbia concesso il fondo in affitto a terzi entro sei 
mesi dalla scadenza stessa. Siffatte condizioni, poiché il diritto di prelazione costituisce una 
limitazione della libertà legale di contrarre, devono essere provate dal titolare del diritto 
stesso, dovendosi escludere sia che il legislatore abbia inteso stabilire una presunzione asso-
luta secondo cui i contratti di affitto stipulati entro i sei mesi dalla scadenza del precedente 
rapporto siano l’effetto dell’accettazione di proposte risalenti ad epoca anteriore ai novanta 
giorni precedenti, sia che sussista, in capo al locatore, l’obbligo di comunicare le proposte 
contrattuali pervenutegli dopo la scadenza del predetto termine di novanta giorni, nonché 
quelle pervenute nei sei mesi successivi alla scadenza del contratto.

Cass. civ., Sez. II, Sentenza, 29/07/2021, n. 21757
Diritto di prelazione - Riscatto - Rimborso del prezzo all’acquirente - Obbligo di 
corresponsione degli interessi e della rivalutazione monetaria - Esclusione - Fon-
damento
Nel caso di retratto agrario, il retraente è tenuto a versare esattamente il medesimo prezzo in-
dicato nel contratto di vendita stipulato in violazione del diritto di prelazione, senza interessi 
e rivalutazione monetaria, atteso che, prevedendo l’art. 8, comma 6, della l. n. 590 del 1965, 
per l’ipotesi di esercizio del diritto di riscatto, che, anche ove sia sorta controversia giudiziale, 
il prezzo debba essere versato nel termine di tre mesi dal passaggio in giudicato della sentenza 
di accoglimento dell’azione di riscatto, prima della scadenza di tale termine l’obbligazione è 
inesigibile e, quindi, è inidonea a generare interessi ai sensi dell’art. 1282 c.c.

Cass. civ., Sez. II, Ordinanza, 14/07/2021, n. 2007
Prelazione – esercizio – presupposti – soggettivi e oggettivi
Ai fini dell’esercizio della prelazione agraria, è necessario non solo che l’interessato rive-
sta la qualifica di coltivatore diretto, ma anche che coltivi direttamente il fondo adiacente 
a quello posto in vendita o quello condotto in fitto, non essendo sufficiente che eserciti al-
trove l’attività di agricoltore, in quanto l’intento perseguito dal legislatore è l’ampliamen-
to dell’impresa coltivatrice e non l’acquisto della proprietà della terra da parte di qualsiasi 
coltivatore diretto. La qualità di agricoltore, nel senso anzidetto, non può desumersi da ele-
menti formali, quali gli elenchi redatti dal Servizio contributi agricoli unificati (SCAU), 
poiché detta certificazione, rilasciata a fini essenzialmente assistenziali, è idonea soltanto a 
fornire elementi indiziari.

RITROVATI VEGETALI E PRIVATIVE

CGUE, 14/10/2021, C-186/18, José Cánovas Pardo SL contro Club de Variedades Ve-
getales Protegidas
Rinvio pregiudiziale – Privativa comunitaria per ritrovati vegetali – Regolamento 
(CE) n. 2100/94 – Articolo 96 – Calcolo del termine di prescrizione dei ricorsi con-
templati agli articoli 94 e 95 – Dies a quo – Data della concessione della privativa 
comunitaria nonché della presa di conoscenza dell’atto e dell’identità dell’autore 



112 Nicola Lucifero

– Data della cessazione del comportamento di cui trattasi – Atti successivi – Atti 
continuati – Limitazione agli atti posti in essere più di tre anni prima
1) L’articolo 96 del regolamento (CE) n. 2100/94 del Consiglio, del 27 luglio 1994, concer-
nente la privativa comunitaria per ritrovati vegetali, deve essere interpretato nel senso che 
il termine di prescrizione di tre anni previsto da tale disposizione per i ricorsi contemplati 
agli articoli 94 e 95 di detto regolamento inizia a decorrere, indipendentemente dalla circo-
stanza che l’atto di infrazione di una varietà protetta perduri e dalla data in cui tale atto è 
cessato, a partire dalla data in cui, da un lato, la privativa comunitaria per ritrovati vege-
tali è stata definitivamente concessa e, dall’altro, il titolare della privativa comunitaria ha 
preso conoscenza dell’esistenza di tale atto e dell’identità del suo autore.
2) L’articolo 96 del regolamento n. 2100/94 deve essere interpretato nel senso che sono pre-
scritti solo i ricorsi contemplati agli articoli 94 e 95 di tale regolamento, relativi a un in-
sieme di atti di infrazione di una varietà protetta, che sono stati proposti più di tre anni 
dopo che, da un lato, la privativa comunitaria per ritrovati vegetali è stata definitivamente 
concessa e che, dall’altro, il titolare ha preso conoscenza dell’esistenza di ciascuno degli atti, 
facenti parte di tale insieme di atti, considerato singolarmente nonché dell’identità del loro 
autore.

USI CIVICI

Cass. civ., Sez. III, Sentenza, 21/10/2021, n. 29344
Usi civici - In genere - Terreno gravato da uso civico - Concessione in godimento 
a privati mediante locazione - Validità - Condizioni - Fattispecie
La concessione in godimento a privati mediante contratto di locazione di terreni gravati da 
uso civico è valida a condizione che la destinazione concreta impressa al bene sia conforme 
all’esercizio del predetto uso e la stessa sia temporanea e tale da non determinare l’altera-
zione della qualità originaria del bene. In mancanza di tali requisiti - l’onere di provare 
i quali grava sulla parte che intende far valere in giudizio diritti derivanti dal contratto 
- quest’ultimo è nullo per contrasto con norma imperativa. (In applicazione del principio, 
la S.C. ha annullato la sentenza di appello che aveva ritenuto validamente concesso in loca-
zione un immobile appartenente al demanio civico senza accertare la concreta destinazione 
impressa ad esso con il contratto).

Cass. civ., Sez. II, Ordinanza, 09/09/2021, n. 24390
Usi civici - Procedimento - Prove - Accertamento usi civici - Principio “ubi feuda, 
ibi demania” - Prova - Contenuto - Distinzione tra usi posteriori e antecedenti al 
1800 - Usi su terre ex feudali - Prova documentale - Necessità - Oggetto – Fonda-
mento. 
Nel giudizio di accertamento di usi civici, in forza del disposto dell’art. 2 della legge n. 
1766 del 1927 e del principio “ubi feuda ibi demania”, la prova dell’esistenza, natura ed 
estensione di usi esercitati anche posteriormente al 1800 può essere offerta con ogni mezzo 
istruttorio, mentre per quelli il cui esercizio sia cessato anteriormente al 1800 deve esse-
re data esclusivamente mediante documenti propri del diritto feudale, che dimostrino non 
l’atto formale di investitura e di concessione del feudo, ma la natura ex feudale delle terre 
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e l’esistenza di un feudo abitato, da ciò direttamente derivando la sussistenza degli usi ori-
ginari, ossia di quelli necessari secondo i bisogni della popolazione e la natura delle terre, i 
quali costituiscono il giuridico attributo della feudalità di un determinato territorio abitato.
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