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Abstract: The present paper focuses on an integrated evaluation methodology aimed at measuring
the attractiveness of rural landscapes. The landscapes under observation are two exceptional
contexts in Piedmont (Italy): The Moraine Amphitheatre of Ivrea and the vineyard landscape of
Langhe, Roero and Monferrato, which have recently been included in the UNESCO World Heritage
List. The proposed investigation tool consists of the use of a system of landscape indicators, from
which a synthetic index called the landscape economic attractiveness index has been obtained, and
the integration of the results in a dynamic model, considering the synthetic index as a factor of
people mobility in a multi-pole system. This integrated approach aims at supporting the decisionmaking process in the definition and orientation of landscape and territorial transformation policies,
respecting the landscape components.
Keywords: economic evaluation; landscape policies; landscape economics; indicators; dynamic
model; scenario analysis

1. Introduction
The European Landscape Convention (ELC) [1] defined landscape as “an area, as perceived by
people, whose characters are the result of the action and interaction of natural and/or human factors”.
In this way, the ELC highlighted the high complexity of landscape [2] and encouraged the adoption
of a holistic approach to evaluate the various dimensions of landscape, especially the economic
dimension. The ELC underlined the need for integrated evaluation models to solve complex
problems and define sustainable solutions [3], such as the increase of the economic attractiveness of
a landscape. In fact, it is generally agreed that landscape has a multi-faceted economic nature that
contributes to define its territorial identity [4].
There are certain functions and activities in a landscape that increase its value by generating
benefits and satisfying people’s needs. In this sense, the fundamental idea of the economic value of
landscape is anthropogenic and it is represented by the possibility of maximizing the benefits
delivered to people, thus increasing the life quality [4]. Accordingly, landscape is a scarce public good
that is both non-excludable and non-rivalrous [5,6]. This means that landscape is an externality, as
the result of both positive and negative effects generated by a user’s activities of production or
consumption from another user’s activities, without a real monetary transaction to balance the costs
and benefits generated by these effects in the market [7]. Considering the economic dimension of
landscape, there is an evident need to detect specific evaluation tools able to assess the economic
features of landscape and to effectively support the decision-making process in the definition of
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policies and actions in the field of landscape and territorial planning. In this sense, the Total Economic
Value (TEV) represents the most used approach for evaluating the economic value of environmental
goods, such as a landscape. Generally, the TEV paradigm considers the evaluation of an
environmental good in terms of use value and non-use value [8]. Economists generally support the
idea that TEV value may be divided into three values. Firstly, use value is generated by user
interactions with the environment, which can be direct, if it concerns the use of primary resources
(e.g., harvest, timber), or indirect, if this derives from the benefits delivered by the ecosystem services
to users (e.g., carbon sequestration). Secondly, option value is considered when the user preserves
the use of goods and services in the future. Lastly, non-use value, also known as existence value,
refers to the benefits delivered to people from the existence of a certain good or service, even if they
never will use that resource [9].
The present research proposes an integrated evaluation methodology for experts and
technicians of landscape and territorial planning to support the definition of policies and design
transformation scenarios aimed at valorizing landscape resources. This integrated evaluation
methodology combines the use of a Multiple Criteria Decision Analysis (MCDA), in the form of a
system of landscape economic indicators, and a dynamic model, that is a mathematical model of the
Lotka–Volterra type [10–14]. The considered evaluation methodologies have been combined in order
to predict future possible scenarios by integrating the synthetic index of landscape economic
attractiveness, obtained by the considered system of indicators, into the dynamic model.
The paper proposes an application of this integrated evaluation model in two rural landscapes
located in Northern Italy (Piedmont), which are the Moraine Amphitheatre of Ivrea (MAI) and the
vineyard landscape of Langhe, Roero, and Monferrato (LRM). The functionality and utility of this
methodology is reported.
2. The Integrated Evaluation Methodology
The proposed integrated evaluation methodology is organized according to a multi-phase
structure. The first phase consists of the definition of a system of landscape economic indicators,
according to the MCDA approach (Multiple Criteria Decision Analysis). The second phase consists
of data collection and elaboration in order to populate a territorial dataset of the landscapes under
investigation. In the same phase, the synthetic index of the economic attractiveness, called Landscape
Economic Attractiveness index (LEA), is calculated. In the third phase, the synthetic index is
integrated into a mathematical model of the Lotka–Volterra type, which consists of a system of
differential equations that predicts future scenarios based on the trends of people mobility versus
time. In the context of this research, landscape is intended as a multi-pole territorial system
constituted by a number of urban centers that are linked by a regular road network. Each urban center
interacts with the other centers and the nature of the interaction depends on the reciprocal distances
and the values of economic attractiveness [10,11].
The multi-methodological background of these two approaches will be illustrated in detail in
the remaining part of this section.
2.1. The System of Landscape Economic Indicators
Systems of indicators constitute the most used evaluation tool to assess and monitor a landscape.
Generally, an indicator is a parameter used to measure a certain phenomenon by providing
information on its characteristics and on its global form [15]. Economic assessment experiences have
been included in landscape research, with emphasis on the use of landscape economic indicators [5]
because these provide a mean for measuring the value of landscape focusing on its utility or
functionality for the people use [16]. As far as landscape economic indicators are considered, these
can be referred to quantitative and/or qualitative economic evaluation methods. The quantitative
economic evaluation methods (i.e., monetary approach) estimate the willingness to pay to use a
landscape to be evaluated. Within this family of methods, it is possible to recall the Contingent
Valuation method, the Choice Experiments technique [17,18], the Stated Preferences methods [19,20]
or the Hedonic Pricing method [21,22].
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The qualitative economic evaluation methods (i.e., non-monetary approach) is finalized to
calculate an average score of landscape by considering a set of qualitative and quantitative criteria
and including the opinion of experts and society in the evaluation [23]. Table 1 summarizes the main
economic evaluation methodologies shared in literature for assessing a landscape.
Table 1. Economic evaluation methodologies: Monetary and non-monetary approaches (elaboration
from Marangon and Tempesta, 2008).
Economic Evaluation Methods
Non-Monetary
Transport
costs
Revealed
Preferences
Demand-based
(benefits)
Monetary

Established
Preferences

Offer based
(costs)

Hedonic
pricing
Contingent
valuation
Choice
experiment

Opportunity cost
Defensive expenditures

Description
Average Score of Landscape as a Whole
or as a Singular Element(s)
Recreational benefits per hectare of
singular element of landscape
Price change per square meter of a
residential building referred to the overall
quality of landscape or to the visibility of
singular elements
Willingness to pay per hectare to
maintain or enhance the landscape as a
whole
Willingness to pay per hectare for the
singular element of landscape
Reduction in income per hectare per
increase unit in the landscape quality
Costs of conservation of singular
elements of landscape as a whole

This research work chooses a non-monetary evaluation by employing a set of indicators that are
finalized to evaluate the landscape economic attractiveness as it concerns its elements. As noticed by
Gómez-Sal et al. (2013) [24], indicators are not a panacea and there is a need to research them with
reference to their importance, structure, relations, and place them into a hierarchy. This allows the
indicators system to be used for evaluating the territory under examination and to see how it
addresses future possible scenarios. Therefore, we have structured the system of landscape economic
indicators according to the Analytic Hierarchy Process (AHP) because it allows the evaluation of both
qualitative and quantitative aspects of complex problems [25,26]. Therefore, we have defined the
following elements: The goal, that is the assessment of the landscape economic attractiveness; the
criteria which are represented by four economic categories and these are further subdivided into
economic indicators; and the alternatives that correspond to a set of territorial clusters. The economic
categories chosen for this evaluation represent the most important aspects that contribute to the
economic attractiveness of a landscape and arise from the relevant literature in the domain of
economic evaluation of landscape [27]: Agriculture (A), Tourism (T), Real estate market (R) and
Forestry (F). The Agriculture category concerns the existing relations between agricultural landscapes
and the economic system, considering rural employment and local investment [28,29]. The Tourism
category aims at analyzing the role of landscape in attracting tourism flows [30]. As far as the Real
estate category is considered, landscape and general natural amenities have a fundamental role in
generating benefits on property values considering both buildings and agricultural fields [31]. All
this research agrees in considering landscape as a positive externality that generates benefits on
property values. Finally, the Forestry category represents the benefits delivered by forestry
management and activities for local economic development.
Table 2 represents the system of landscape economic indicators employed in the present
research. The landscape economic indicators are then aggregated following the subsequent levels of
the hierarchy thus obtaining a synthetic index called LEA (Landscape Economic Attractiveness).
Table 2. The system of landscape economic indicators (Elaboration from Assumma et al., 2016).
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The System of Landscape Economic Indicators
Tourism (T)
Real Estate Market (R)

Agriculture (A)
𝑥

Agricultural farms
[No.]

𝑥

Tourism arrives [No.]

𝑥

Real estate value
[€/m2]

𝑥

Bio farms [No.]

𝑥

Tourism presences [No.]

𝑥

Agricultural
value [€/ha]

𝑥

PDO/PGI farms *
[No.]
Agriculture
Workers [No.]
Utilized
Agricultural
Surface [m2]

𝑥

Accommodation capacitybeds [No.]
Accommodation capacity in
Farmhouses - beds [No.]

𝑥
𝑥

𝑥

Forestry (F)
Forest
𝑥
surface
(m2)
Forest
𝑥
farms
(No.)

*PDO/PGI are the farms that produce eno-gastronomic products certified as “Product of
Denomination Origin” (PDO) and “Product of Geographical Indication” (PGI).

It can be observed that the LEA index is something different from other economic indices such
as the Gross Domestic Product index (GDP). In fact, the GDP is a parameter for measuring the
economic performance of a territory, without considering sustainability issues or quality of life. Many
drawbacks and limitations have been recognized in using the GDP as a measure of the economic
well-being of an area and so other aggregated sustainability measures have been proposed [32]. It
has to be noticed that, compared to GDP, the LEA is a non-dimensional index that is constructed
considering multidimensional indicators which contribute, at different degrees of importance, to the
definition of the landscape value. In fact, while GDP can be useful in the tackling the specific
problems of economic development in a region, the borders of landscape value are certainly vaster
and a number of indicators is required. In this sense, indicators and composite indicators are
increasingly recognized as a useful tool for policy making and public communication [33]. Following
the latest initiatives in the context of suitability indicators frameworks, a number of components of a
landscape (e.g., agriculture, tourism, real estate market and forestry) and the economic benefits that
it provides to people, are included in this model. Municipal data have been collected and then
organized in a system of territorial clusters (also known as Landscape Units), according to the
territorial and landscape continuity of the considered Municipalities. As far as the LEA is considered,
the purpose is to provide an integrated evaluation of the economic attractiveness of a landscape,
focusing on the different benefits provided to people.
The subsequent phases provide the estimation of the landscape economic attractiveness,
through normalization and aggregation formulas.
Normalization is employed to relate a certain numeric value xi with the maximum value ximax
recorded in the same category among clusters, whose result is a normalized indicator Ii. As shown in
Equation (1), the normalization allows all indicators to be comparable in an interval between 0 and
1.
𝐼 =

𝑥
𝑥

(1)

Weighting is an important step to know the importance of the different evaluated elements. It is
important to notice that the set of weights used in this evaluation has been determined by the
utilization of the analytic hierarchy process [25] with a panel of experts. In this case, it was presented
to a panel of experts in agriculture, tourism, real estate, and forestry fields, the importance of the
economic elements of landscape [11,34] using the pairwise comparison method. The experts
expressed a value through the Saaty’s scale values from 1 to 9, where 1 means same importance and
9 means extremely strong importance. Subsequently, the values have been converted into a set of
weights through the software Expert Choice. Table 3 reports the set of weights obtained.
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Table 3. The set of weights to assess the importance of the landscape economic indicators.

Agriculture (A)
y1 = 0.570
Agriculture (A)
x1 w1 = 0.049
x2 w2 = 0.245
x3 w3 = 0.129
x4 w4 = 0.401
x5 w5 = 0.176

Set of weights - Criteria
Tourism (T)
Real Estate Market (R)
y2 = 0.168
y3 = 0.075
Set of weights - Sub-criteria
Tourism (T)
Real Estate Market (R)
x6 w6 = 0.402 x10
w10 = 0.400
x7 w7 = 0.281 x11
w11 = 0.600
x8 w8 = 0.064
x9 w9 = 0.253

Forestry (F)
y4 = 0.187
Forestry (F)
x12 w12 = 0.250
x13 w13 = 0.075

Once the set of weights is obtained, it is possible to aggregate the sub-criteria in partial indices
by calculating the weighted average sum, as shown in Equations (2) and (3).
𝐴=

𝑤𝐼 ,

𝑤 =1
(2)

𝑇=

𝑤𝐼 ,

𝑤 =1

𝑅 = 𝑤 𝐼 + 𝑤 𝐼 ,𝑤

+𝑤

=1

𝐹 = 𝑤 𝐼 + 𝑤 𝐼 ,𝑤

+𝑤

=1

Finally, a synthetic index named the Landscape Economic Attractiveness index is obtained
through the aggregation of partial indices using the following formula:
𝐿𝐸𝐴 = 𝑦 𝐴 + 𝑦 𝑇 + 𝑦 𝑅 + 𝑦 ,

𝑦 =1

(3)

This synthetic index is a non-dimensional value between zero and one, where zero means a
lesser economic attractiveness, and one is the maximum economic attractiveness in the landscape
under investigation.
Finally, the LEA indices are related to the clusters surface (Km2), thus obtaining the Specific
Landscape Economic Attractiveness index (SLEA).
𝑆𝐿𝐸𝐴 = 𝐿𝐸𝐴 𝐶𝑙𝑢𝑠𝑡𝑒𝑟 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑖𝑛 𝐾𝑚

(4)

In order to better differentiate LEA and SLEA indices, the numerical figures were normalized,
translating the original scores into the 0–1 scale and awarding 1 the maximum value within the
considered set. The LEA indices will be used in such parameter within the dynamic model. In the
following paragraph, the relation between landscape evaluation and mathematical modeling is
examined.
2.2. The Dynamic Model
In order to test the influence of the economic attractiveness on the possible people mobility
throughout the landscape under observation, a suitable mathematical model has been used. Such a
model consists of a system of differential equations, used in the 1980s [10] to study the city and its
issues, according to the idea that the population changes depending on both the environment and
mobility, which is the level of proximity of a generic i center of the neighboring cities, and the
economic attractiveness value, represented by their own economic, social, and cultural components.
The present survey is about the possible dynamic fluxes of population, moving permanently for a
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change of residence. Such a model [35] has been recently adapted for a problem concerning gross
leasable areas in the valley communities of the autonomous province of Trento in Italy [36].
In this study, people mobility is closely related to landscape economic attractiveness, as a high
LEA value in a given center implies a high number of people living in the neighboring centers who
will be willing to move to that center.
Given a system composed of a number of urban centers, linked by a regular road network, whose
reciprocal distances (dij) and the attractiveness coefficients (respectively, Ai that is the attractiveness
exerted by the i center on its own population, and Aij, the attractiveness of the i center as perceived
by the populations of the other j centers) are known, it is possible to formulate a system of differential
equations which may be viewed as a special type of the cooperative Lotka–Volterra system [35,37].
The state variable of the mathematical model is the number of residents pi of each cluster. The
mathematical system which will be employed for the simulations proposed further on is then given
by
𝑝 =𝐴 𝑝 1−

+

𝐴
(5)

The variation of population (p’i is the time derivative) of the i cluster is determined by the two
terms of the second member of Equation (5). The first term is of the logistic type and depends on the
carrying capacity 1/si, si being a suitable threshold which takes into account that the i cluster may
suffer if it is overcrowded, while the second member depends on the attractiveness parameters Aij.
According to the properties of the cooperative Lotka–Volterra type equations, the differential system
has always at least one stable equilibrium solution [38].
As it concerns the coefficients Aij, they have been calculated according to the following formula:
𝐴 =𝐵

1−

2

𝐵 =

(6)

where dM is the maximum value of the distances dij in the road network for any value of i and j.
Observe that the attractiveness Bij of the i cluster perceived by the other ones depends directly on Ai
and is inverse proportional to Aj so that the relative strength of the cluster i is conditioned by the
attractiveness of the cluster j.
In conclusion, the dynamics of the model depends on the attractiveness coefficients of the
clusters, on their threshold values, and on the reciprocal distances among the clusters themselves, so
that the model expresses the limitation of people mobility in the territory. As it will be shown in the
simulations, the attractiveness coefficients characterize the trends of fluxes during the transient times
of simulation, while the threshold values and the reciprocal distances between clusters determine the
repartition of the population values among the clusters themselves in a standard condition.
3. Case Studies
3.1. The Moraine Amphitheatre of Ivrea
The Moraine Amphitheatre of Ivrea (MAI) is one of the best-preserved geological contexts in the
world. It was generated by the retreat of the Balteo Glacier, and it is situated in the northeast of
Piedmont. The term “amphitheater” is used to define this landscape due to the peculiar shape of the
moraine reliefs that surround the Canavese valley. It covers a surface of over 50,000 hectares for 80
Municipalities and touches the provinces of Turin, Biella, and Vercelli.
The Moraine Amphitheatre of Ivrea stands out for the peculiar tangible and intangible resources
such as the historic architectures and the industrial heritage of Olivetti enterprise, the vineyard
terraces, the Serra di Ivrea, the Five Lakes, the historic Carnival of Ivrea, the Via Francigena, and
many other. The city of Ivrea has recently been included in the World Heritage List (WHL) of United
Nations Educational, Scientific and Cultural Organization (UNESCO) as “Industrial City of the 20th
century” (2018). As a matter of fact, until the mid-1990’s Ivrea was the home of Olivetti, one of the
most important Italian industrial enterprises, able to generate innovation and social capital.
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For the purpose of the present evaluation, the Municipalities of the MAI landscape have been
grouped into 8 territorial clusters. The Regional Landscape Plan of Piedmont submits the region to
specific policies of conservation and valorization and also defines the boundaries of the “Ambits of
Landscape” and the “Units of Landscape” in order to ensure the landscape connectivity. Specifically,
a number of Units of Landscape (or clusters) constitutes a given Landscape Ambit and the
administrative boundaries may be contained totally or partially within it. The Municipalities of the
MAI landscape are mainly contained in the Landscape Ambit No. 28 “Eporediese” (see Figure 1b).
As shown in Figure 1, the clusters are represented by the Municipality with the highest number of
inhabitants, namely Cluster 1 (Ivrea), Cluster 2 (Lessolo), Cluster 3 (Borgofranco d’Ivrea), Cluster 4
(Bollengo), Cluster 5 (Moncrivello), Cluster 6 (Pavone Canavese), Cluster 7 (Caluso), Cluster 8
(Castellamonte).

(b)
(a)
Figure 1. Territorial localisation of the MAI (Moraine Amphitheatre of Ivrea) landscape (a) and the
system of territorial clusters of the MAI landscape (b).

3.2. The Vineyard Landscape of Langhe, Roero and Monferrato
The vineyard landscape of Langhe, Roero and Monferrato (LRM) is a famous wine region
modeled for centuries by the local communities and dedicated to the cultivation and production of
excellent Italian wines, for which there is a high demand all over the world. Situated in southern
Piedmont and adjoining the Liguria Apennines, the vineyard landscape covers a surface of over
80,000 hectares for 101 Municipalities belonging to the provinces of Alessandria, Asti, and Cuneo.
The vineyard landscape of Piedmont became a UNESCO site in 2014 for its natural and cultural
components. The perimeter of the UNESCO site is structured into six core zones and two buffer
zones. The core zones preserve the Outstanding Universal Value (OUV), whereas the buffer zones
protect the core zones and, at the same time, these assure the connection between the elements of the
wine-making process [39]. As already specified in Section 3.1, the role of the Units of Landscape is
very important for the landscape connectivity and conservation. In fact, the boundaries of this
UNESCO site were designed in conformity of the Units of Landscape [40]. These facilitate the
integration between several elements: From cultivation to production, from wine conservation to the
commercialization of the final product.
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For the present evaluation, the Municipalities of the LRM landscape have been organized into 8
clusters that are included in the core zones and the buffer zones of the UNESCO site (Figure 2):
Cluster 1 (Diano d’Alba), Cluster 2 (Grinzane Cavour), Cluster 3 (Neive), Cluster 4 (Nizza
Monferrato), Cluster 5 (Canelli), Cluster 6 (Rosignano Monferrato), Cluster 7 (Asti), and Cluster 8
(Casale Monferrato).

(a)

(b)

Figure 2. Territorial localization of the LRM landscape (a) and system of territorial clusters of the
vineyard landscape are included the core zones and the buffer zones of the UNESCO site (b).

4. Results
Following the methodology described in Section 2.1, the LEA and SLEA indices have been
calculated for the two landscapes under investigation.
4.1. Results for the Moraine Amphitheatre of Ivrea
Figure 3 represents the results of the synthetic indices for the MAI landscape. The output of the
normalization and aggregation operations show the highest values of attractiveness 1 for the cluster
of Bollengo (CL4) and the cluster of Castellamonte (CL8). The lowest value is equal to 0.320 for CL1
(cluster of Ivrea). The rest of clusters show values between 0.540 and 0.960.
Moreover, as it can be seen in the first diagram (see Figure 3a), the agriculture index (A) shows
a major influence in clusters 4, 7, 8 equal to 0.300. The tourism index (T) reaches the maximum value
in CL5, equal to 0.180, because of the touristic tendency. The real estate index (R) has a major influence
in clusters 2, 5, 8 (values ranged between 0.180 and 0.070) and lowest values in clusters 3 and 4 (equal
to 0.040); the forestry index (F) is the most important in these clusters (values ranged between 0.150
and 0.180).
The cluster of Ivrea (CL1) is a peculiar cluster because is the most important Municipality in the
MAI landscape, being the center of the Canavese valley. Considering this peculiarity, a low LEA
index was not expected. This value is due to the limited presence of agricultural and forestry activities
and the industrial attitude of Ivrea. For this reason, the agricultural and forestry indicators are very
low, showing thus a poor performance in terms of total LEA index.
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With reference to the SLEA indices (Figure 3b), the highest value is 1 for the cluster of Bollengo
(CL4). The minimum SLEA index is 0.430 for the cluster of Lessolo (CL2), whereas the remaining
clusters vary between 0.530 and 0.890.

(a)

(b)

Figure 3. Landscape Economic Attractiveness index (LEA) (a) and Specific Landscape Economic
Attractiveness (SLEA) (b) for the MAI landscape.

4.2. Results for the Vineyard Landscape of Langhe, Roero and Monferrato
Figure 4 presents the results of the synthetic indices for the LRM landscape. As it is possible to
see (Figure 4a), the maximum LEA index is reached by the cluster of Asti (CL8), equal to 1, because
of the multitude of Municipalities constituting the cluster, whereas the lowest value is recorded by
the cluster of Grinzane Cavour (CL2), equal to 0.005. The remaining clusters are ranged between 0.060
and 0.340. The Agriculture category (A) dominates in all clusters, because the UNESCO site is
characterized by many agricultural activities and little settlements; particularly, the highest
agricultural indices are recorded in CL7 and CL1, equal to 0.570 and 0.190. The couples of clusters
CL3-CL6 and CL4-CL5 and the CL8 (CL8) show similar values, included in a range between 0.030–
0.040 and 0.080–0.090. The tourism category (T) shows higher values, since several historic and
cultural resources favor attractiveness. The highest values are in CL7 and CL1, equal to 0.170 and
0.060, whereas the values of the remaining clusters are ranged between 0 and 0.030. As it concerns
the categories of real estate (R) and the forestry (F), the clusters CL7 and CL1 show the highest values,
respectively 0.080 and 0.030 for real estate and 0.190 and 0.060 for forestry. The LEA indices have
been normalized and then related to the territorial surface (Km2), obtaining a specific landscape
economic attractiveness index (SLEA) (Figure 4b). The SLEA has been also normalized; the clusters
CL1 and CL5 result the most attractive clusters, equal to 1 and 0.910.

(a)

(b)

Figure 4. Landscape economic attractiveness index (LEA) (a) and specific landscape economic
attractiveness index (SLEA) (b) for the LRM landscape (elaboration from Assumma et al., 2019).

5. Integration of Landscape Economic Attractiveness Index into the Dynamic Model
In this section, some simulations are proposed using the dynamic model in order to investigate
a possible mobility of residents inside the two territorial environments being the purpose of the
research. The aim of this integration is the definition of territorial transformation scenarios,
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considering that the landscape value, which is expressed by the LEA index, can exert attractiveness
for people movements. This model assumes the higher LEA of a cluster, the higher value will be the
number of residents in the considered system who would be willing to move in that cluster.
Therefore, the data obtained for the two landscape contexts have been then inserted into the dynamic
model. As it concerns the attractiveness coefficients Ai, we have assumed that they are given by the
LEA indices for each cluster, renormalized to the maximum value exhibited in Figures 3 and 4. The
calculation of the thresholds si has been determined by multiplying the areas of the clusters (see
Tables 4 and 5) by the value 180, which is indicated in northern Italy as the conventional value of
residents per Km2, assuring a comfortable and sustainable standard of urbanization [32]. The
maximum distance dM recorded for the vineyard landscape of Langhe, Roero and Monferrato is the
one of 56,8 km from Grinzane Cavour (CL2) to Rosignano Monferrato (CL6); while the dM in the
Moraine Amphitheatre of Ivrea is the one of 25.98 km from Borgofranco d’Ivrea (CL3) to Caluso (CL7)
(see also [10]).
As discussed in Section 2.2, this type of dynamical model admits at least one stable equilibrium
solution. Actually, if there is only one stable equilibrium solution, then the system will reach such a
solution straightforwardly, not necessarily with a monotone behavior. Conversely, if the (stable or
unstable) equilibria are more than one, then the system can behave as follows: First, by approaching
an unstable equilibrium and remaining there for a certain time; then going asymptotically to a stable
equilibrium. Generally, such transient behavior is dominated by the attractiveness effect, while the
asymptotic trend is dominated by the values of the thresholds si.
In the case studies shown in the next sections, the Moraine Amphitheatre of Ivrea presents such
a transient behavior, whereas the vineyard landscape of Langhe, Roero and Monferrato shows a
straightforward trend to the stable equilibrium without any transient settlement to another (unstable)
equilibrium. Tables 4–6 show the values of the parameters for the application of the dynamic model
to the landscapes under investigation.
Table 4. Parameters of the dynamic model for the MAI landscape.

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8

Clusters
Ivrea
Lessolo
Borgofranco
Bollengo
Moncrivello
Pavone Canavese
Caluso
Castellamonte

Population
23.606
7772
12.440
12.251
6681
23.414
16.744
21.425

Surface (𝑲𝒎𝟐 )
30.11
154.64
97.11
84.62
75.48
93.23
110.65
121.84

LEA (𝑨𝒊 )
0.316
0.785
0.625
1.000
0.540
0.583
0.766
0.962

Table 5. Parameters of the dynamic model for the LRM landscape (core and buffer zones).

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8

Clusters
Diano d’Alba
Grinzane Cavour
Neive
Nizza Monferrato
Canelli
Rosignano Monferrato
Asti
Casale Monferrato

Population
11.435
2010
4101
17.632
15.906
6754
199.328
48.374

Surface (𝑲𝒎𝟐 )
133.38
3.81
29.06
97.71
62.72
101.23
919
272.16

LEA (𝑨𝒊 )
0.340
0.005
0.057
0.140
0.145
0.075
1.000
0.163

Table 6. Parameters for the dynamic model for the LRM landscape (core zones only).

CL1

Clusters
Diano d’Alba

Population
11.435

Surface (𝑲𝒎𝟐 )
133.38

LEA (𝑨𝒊 )
1.000
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CL2
CL3
CL4
CL5
CL6

Grinzane Cavour
Neive
Nizza Monferrato
Canelli
Rosignano Monferrato

2010
4101
17.632
15.906
6754

3.81
29.06
97.71
62.72
101.23

0.010
0.170
0.410
0.430
0.220

5.1. Results for the Moraine Amphitheatre of Ivrea
In Table 7, the percentage values of population in early, temporary, and final times are shown.
It has to be noticed that the time scale is arbitrary, so Figure 5a,b show only an asymptotic trend of
each population. The historical series about the population dynamics are necessary to fix an actual
time scale. Such evolution can be seen also in Figure 5.
Ivrea (CL1), Pavone Canavese (CL6) and Castellamonte (CL8) are the clusters with the highest
number of residents, while Lessolo (CL2) and Moncrivello (CL5) have the lowest one. These two last
clusters show the strongest increase of residents, in a standard condition (see the last column in Table
6), whereas Pavone Canavese and Castellamonte have a more or less accentuated decrease.
Furthermore, the decrease in Ivrea is evident. This result may be determined by a geographical
centrality of cluster that favors the people mobility towards the most peripheral clusters. In the first
case (Figure 5a, Ivrea), a strong polarization of the dynamic populations can be observed. This is due
to the fact that the number of inhabitants in Ivrea is much greater than in the other municipalities
considered in the model (see below the case of CL4 (Bollengo). In the second case (Figure 5b), the
trends of attractiveness have been investigated, excluding the cluster of Ivrea (CL1, see Table 8) from
the multi-pole territorial system. The exclusion of CL1 favored a growth of population equal to 2%
for the most part of the clusters system, except for Pavone Canavese (CL6) and Castellamonte (CL8)
which conversely show a rather strong decline (Figure 5b). For these reasons and for our purposes,
strictly connected to landscape economic attractiveness analyses, we consider the second picture
more significant than the first one.
The dynamic model favors a territorial system of small urban centers; in the case of main clusters
as Ivrea, Pavone Canavese, and Castellamonte, the model shows a decrease of population.
As shown in Tables 7 and 8, Moncrivello has initially a growth of population and then a fall,
because of its moderate value of attractiveness, whereas Lessolo has a positive monotone behavior.
The clusters of Bollengo and Borgofranco d’Ivrea are the most resilient because of the combined effect
of population and attractiveness values. More specifically, it must be underlined that Bollengo is close
to Ivrea even at its borders and therefore, the inclusion or exclusion of Ivrea modifies strongly the
population forecasts.

(a)

(b)

Figure 5. Simulation of the population mobility before (a) and after (b) the exclusion of the cluster of
Ivrea from the MAI clusters system.
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Table 7. Percentage distribution of the population dynamics in the MAI landscape as resulting from
the complete integrated model.

Clusters
CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8

Ivrea
Lessolo
Borgofranco ’Ivrea
Bollengo
Moncrivello
Pavone Canavese
Caluso
Castellamonte

Early Time
19.0
6.3
10.0
9.9
5.4
18.8
13.5
17.2

% Population
Transient Time
5.4
14.2
11.1
9.4
18.4
10.1
13.8
17.6

Final Time
6.9
16.2
12.7
11.8
11.5
12.4
13.8
14.6

Table 8. Percentage distribution of the population dynamics in the MAI landscape as resulting from
the integrated model (excluding Ivrea from the clusters system).

Clusters
CL2
CL3
CL4
CL5
CL6
CL7
CL8

Lessolo
Borgofranco
Bollengo
Moncrivello
Pavone Canavese
Caluso
Castellamonte

Early Time
7.7
12.4
12.2
6.6
23.2
16.6
21.3

% Population
Transient Time
15.8
11.7
9.9
19.5
10.7
14.6
18.7

Final Time
17.5
13.7
12.6
12.4
13.3
14.8
15.7

5.2. Results for the Vineyard Landscape of Langhe, Roero and Monferrato
The dynamic model shows the dynamic trends of attractiveness coefficients about the six core
zones in terms of percentage of people flows (Table 9).
Cluster 1, Diano D’Alba, starts with 11% of population and ends with 16%, showing a maximum
value (Figure 6). Cluster 2 Grinzane Cavour has a slight growth (1%), presenting a maximum value.
Cluster 3, Neive is the one with the highest growth, equal to 18.4%, because of the high LEA and
SLEA indices and the low number of residents; the same is for cluster 6, Rosignano Monferrato, with
a population growth of 10.7%; it graphically does not show points of maximum or minimum.
On the other hand, Nizza Monferrato is one of the least resilient clusters because its population
declines from 33.1% to 21.5%. The dynamic model also predicted for the cluster of Canelli a loss of
13.8% of population. These predictions are correlated to the presence of industrial activities in both
clusters that influence negatively their economic attractiveness as well as their adaptive capacity.
In fact, the clusters of Diano d’Alba (CL1), Nizza Monferrato (CL4), and Canelli (CL5) are
resilient clusters, because of the combined effect between the high number of residents and LEA
indices.
In the Figure 6, clusters Diano D’Alba (CL1) and Grinzane Cavour (CL2) show moderate
overshoots due to the effect of the economic attractiveness. Conversely, Nizza Monferrato (CL4)
shows a decrease to an undershoot. Further on, the logistic effect dominates and the populations
accommodate themselves to the asymptotic value. Clusters of Neive (CL3), Canelli (CL5), and
Rosignano (CL6) present a monotone behavior since attractiveness and resident threshold values
have a combined effect and attractiveness does not dominate during the transient process. As it
concerns cluster CL5, such a trend is due to the fact that it presents the highest number of residents
of the territory so that the effect due to the resident thresholds value dominates the evolution.
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Figure 6. Simulation of the population mobility in the LRM clusters system.
Table 9. Percentage distribution of the population dynamics in the LRM landscape as resulting from
the integrated model.

Clusters
CL1
CL2
CL3
CL4
CL5
CL6

Diano d’Alba
Grinzane Cavour
Neive
Nizza Monferrato
Canelli
Rosignano Monferrato

% Population
Early Time Final Time
11.2
16.9
6.3
7.8
10.8
18.4
33.1
21.5
33.5
19.7
5.0
15.7

Note: In this clusters system there is not any transient time.

6. Sensitivity Analysis
Despite the several convergences of the obtained results, a sensitivity analysis has been
performed to test the robustness of this model. This sensitivity analysis is based on the “one-at-atime” approach. The OAT approach [41–43] is used to validate the reliability of the outputs delivered
by landscape and territorial evaluations, such as in the case of systems of indicators and indices.
Specifically, the OAT approach increases the performance of the system of indicators by varying the
weight of a single indicator and maintaining the other indicators on their central values. In this way,
the OAT approach examines the effects of the weights variation on final results [44].
In this application, the stability of results has been tested by varying the weights of the categories
of landscape value and examining whether these changes modify LEA and SLEA indices. The oneat-a-time (OAT) approach [45] has been used meaning that the weight of one attribute at a time has
been increased to 0.700, whereas keeping the other weights equal to 0.100. In this way, it is possible
to observe the effects on final results (Table 10). A further scenario has also been considered by
assuming the equal weights to the 4 categories.
Table 10. Determination of scenarios changing the weights of landscape indicators.

MacroIndicators
Agriculture
Tourism
Real Estate
Forestry

Original
Scenario
0.570
0.168
0.075
0.187

Equal
Scenario
0.250
0.250
0.250
0.250

6.1. Results for the MAI Landscape

Scenarios
Agriculture
Tourism
Scenario
Scenario
0.700
0.100
0.100
0.700
0.100
0.100
0.100
0.100

Real Estate
Scenario
0.100
0.100
0.700
0.100

Forestry
Scenario
0.100
0.100
0.100
0.700
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The results of the sensitivity analysis for the MAI landscape are reported respectively in Figure
7a,b. As it is possible to see, 6 scenarios have been generated having the original weight condition,
the equal weight condition and other 4 situations in which one category is predominant. The results
of the sensitivity analysis show a variability in the values (Table 11), which is mainly related to the
tourism scenario, while in the other scenarios the number remains the same. This variation in the
tourism scenario has to be attributed to the fact that tourism presences are mostly concentrated in the
city of Ivrea, whereas the other clusters are represented by small centers. In this sense, it is possible
to affirm that the landscape is constituted by a highly polycentric system where Ivrea predominates
on the other centers. For this reason, when the tourism category assumes a very high importance in
the calculation of LEA and SLEA indices, the values becomes very low for the majority of the clusters
which have very low performance in terms of tourism, while a very high for the cluster of Ivrea. In
the light of this explanation the results of the model can be considered acceptable, thus validating the
calculations done.

(a)

(b)

Figure 7. Results of sensitivity analysis for MAI landscape context for LEA (a) and SLEA (b) indices.
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Table 11. Results of sensitivity analysis for LEA and SLEA indices of the MAI landscape.

Cluster
CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8

Original Scenario
LEA
SLEA
0.316
0.888
0.785
0.430
0.625
0.545
1.000
1.000
0.540
0.605
0.583
0.529
0.766
0.586
0.962
0.668

Equal Scenario
LEA
SLEA
0.373
1.000
0.924
0.483
0.659
0.548
0.984
0.939
0.528
0.566
0.632
0.548
0.689
0.503
1.000
0.663

Agriculture Scenario
LEA
SLEA
0.263
0.769
0.775
0.441
0.611
0.554
0.961
1.000
0.596
0.695
0.657
0.621
0.891
0.709
1.000
0.723

Tourism Scenario
LEA
SLEA
0.495
1.000
0.457
0.180
0.368
0.231
1.000
0.720
0.156
0.126
0.342
0.224
0.368
0.203
0.457
0.228

Real Estate Scenario
LEA
SLEA
0.234
0.946
0.969
0.763
0.579
0.726
0.653
0.941
0.576
0.929
0.763
0.997
0.743
0.818
1.000
1.000

Forestry Scenario
LEA
SLEA
0.228
0.875
0.935
0.699
0.702
0.836
0.732
1.000
0.529
0.810
0.413
0.512
0.435
0.454
1.000
0.948
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6.2. Results for the LRM Landscape
The results of both LEA and SLEA models show a very limited variability in Figure 8a,b.
Moreover, it is interesting to notice that the LEA indices are not affected by a variance on the set of
weights, thus continuing the validity of the outcomes (Table 12).

(a)

(b)

Figure 8. Results of sensitivity analysis for the six core zones of vineyard landscape for LEA (a) and
SLEA (b) indices.
Table 12. Results of sensitivity analysis for LEA and SLEA indices of the LRM landscape.
Cluster
CL1
CL2
CL3
CL4
CL5
CL6

Original
Scenario
LEA
SLEA
1.000
1.000
0.014
0.500
0.167
0.766
0.413
0.564
0.426
0.906
0.220
0.290

Equal
Scenario
LEA
SLEA
1.000
1.000
0.014
0.493
0.135
0.617
0.340
0.464
0.310
0.659
0.207
0.272

Agriculture
Scenario
LEA
SLEA
1.000
0.934
0.020
0.634
0.200
0.855
0.470
0.602
0.500
1.000
0.250
0.312

Tourism
Scenario
LEA
SLEA
1.000
1.000
0.014
0.500
0.167
0.766
0.413
0.564
0.426
0.906
0.220
0.290

Real Estate
Scenario
LEA
SLEA
1.000
1.000
0.014
0.500
0.167
0.766
0.413
0.564
0.426
0.906
0.220
0.290

Forestry
Scenario
LEA
SLEA
1.000
1.000
0.014
0.500
0.167
0.766
0.413
0.564
0.426
0.906
0.220
0.290

7. Conclusions
This paper described an innovative methodology based on an integrated approach for the
evaluation of landscape. The combined employment of the system of landscape economic indicators
and the dynamic model represents a promising framework to investigate and support the definition
of landscape policies and scenarios in the decision-making process. The proposed indicators system
is a useful approach for measuring the economic attractiveness of a landscape, and the versatile
dynamic model is suitable for testing the importance of the landscape value, considering for instance
the population movements influenced by attractiveness towards a specific area [12].
We have focused the research on two particularly attractive rural landscapes in Piedmont that
are natural attraction poles, the Moraine Amphitheatre of Ivrea and the vineyard landscape of
Langhe, Roero and Monferrato. An additional purpose was to develop a reliable tool for the decisionmaking process in the allocation of the resources and ecosystem services, which are important for
human well-being [46].
Some future challenges have emerged for this research. Firstly, we will expand the evaluation
to a wider area, including in the model the extra-systemic movements of people, especially regarding
those from and towards the metropolitan city of Turin. Despite the sensitivity analysis performed to
test the stability of this model, different procedures for the normalization of the LEA indices should
be examined also considering the use of different set of weights based on real stakeholders values
[47,48]. Secondly, the dynamic model will be further tested to better investigate the semi-quantitative
character of the temporal dynamics, focusing on how to translate the number of iterations of this
model into specific temporal units. This could be done by means of a comparison of the results of the
model with the effects on the systems under investigation over a period of time that is known. Lastly,
the use of the proposed system of indicators and indices will be applied to those landscapes that need
an intervention, such as for the inner areas affected by depopulation or that develop difficulty, due
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to the presence of major centers. In this sense, the LEA index may aid the decision makers in the
definition of mitigation and compensation measures, thus increasing the economic attractiveness of
critical areas.
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