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Abstract   This chapter aims at providing some insights on the usefulness of the 

analytic hierarchy process (AHP) in the context of geographic multi-criteria analy-

sis applied to GIS techniques for empirical applications. The increasing complexi-

ty in planning and programming applied to rural landscape and territories asks for 

multidisciplinary and transdisciplinary approaches based on a holistic knowledge 

system. The AHP allows organizing in a hierarchic way both quantitative and 

qualitative information related to different disciplines, usually expressed in in-

commensurable measure units. Participatory approaches can be included either 

through information based on the perception of the value of indicators (criteria) or 

by providing weights on the relative importance of the elements included in each 

hierarchical level. When applied to GIS techniques, the AHP allows taking into 

account both spatial distribution of elements/information and their physical rela-

tions, which are paramount for the analysis of interventions about landscape, bio-

diversity, etc. This chapter illustrates four case studies from Tuscany Region (Ita-

ly) where this approach has been applied. Results highlight the flexibility of this 

approach in planning, programming and designing specific interventions where 

several biophysical characteristics of a territory or landscape have to be integrated 

with socioeconomic information both at territorial and farm levels. Results show 

that it is possible to increase the effectiveness and efficiency of tools for the terri-

torial governance by applying a scientifically sound approach that does not ask for 

complex mathematical models and provides a methodology and results that can be 

understood also by “non-experts”, improving participation processes. 

1. Introduction 

The case studies presented in this chapter have been developed through a 10-

year time span and have as a common denominator the use of the Analytic Hierar-

chy Process (Saaty 1980, 2004, 2008) as a decision support tool. 
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Many policy instruments and specific interventions are based on concepts such 

as the ones of sustainability (see, e.g. Graymore et al. 2009; Gomez Limon and 

Riesgo 2009; Sands and Podmore 2000), landscape quality (see, e.g. Daniel and 

Vining 1983; Fry et al. 2009); vulnerability (see, e.g. Villa and McLeod 2002; 

Barnett et al. 2008), risk of negative effects, e.g. due to forest fires (see, e.g. Van 

Wagner and Forest 1987; Chuvieco et al. 2010), level of disadvantage based on 

natural constraints (see, e.g. Eliasson et al. 2010), which can be associated to 

composite indexes (OECD 2008) or criteria depending on several elementary indi-

cators, usually organized hierarchically. These phenomena can be studied by ana-

lyzing; 1) current situation, 2) past trends, 3) drivers of change, 4) most likely fu-

ture evolutions and 5) policy responses in the case that either the current situation 

or the expected trends ask for them. AHP can help to manage data and to organize 

them in several information layers which can be related to each other. As regards 

rural areas, in order to design proper interventions, it is important that analyses 

take into account not only biophysical characteristics of a territory (related to land 

suitability to agricultural uses) and land cover or land use, but also the role of 

farmers’ decisions in determining a bundle of potential effects (e.g. in term of 

Ecosystem Services provision) in specific locations, since farmers' strategies are 

the main drivers of agricultural and rural landscape changes (Primdahl and 

Kristensen 2011; Van Zanten et al. 2013). In their turn, farmers’ decisions are in-

fluenced by market trends and policy tools, but depend also on farm structure and 

bio-physical features of the land farmers manage (see, e.g. Fastelli et al. 2017). 

Higher profits deriving from land development compared with the income from 

cultivation has brought about inefficient and persistent soil consumption (ISPRA 

2017) and the creation of relics of farmland enclosed by built-up areas. This ap-

proach driven by economic interests has determined an underestimation of the im-

portance of open spaces especially in areas of urban-rural fringe that have not 

been properly managed, and consequently it should be abandoned. In this case it is 

important to have a clear vision not only of the productive function of open spac-

es, but of the whole bundle of Ecosystem Services (ESs) they are able to provide. 

On the other hand, as stated by Cooper et al. (2006) and Pelorosso et al. (2011), 

the abandonment of agricultural activities may result both in a loss of ESs provi-

sion, such as hydrologic regulation, and of landscape value, especially in the case 

of cultural landscapes. Indeed, woodland abandonment can bring about several 

problems related to: a) landslides, due to the excessive weight of trees that are no 

longer cut; b) the development of vegetation more suitable to ignition; c) the 

abandonment of the minor road systems, causing problems of accessibility; and, d) 

the lack of custodianship and maintenance of the ancient hydraulic works protect-

ing from floods. Thus policy tools influencing agricultural activities should take 

into account the whole spectrum of ESs that these activities can provide. Due to 

the negative effects of abandonment, in some of the case studies presented, the 

economic aspects have been considered as prerequisites for the permanence of ag-

ricultural activities in a territory, rather than as ESs belonging to the productive 

function. 
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Where the spatial distribution is relevant, it is possible to integrate AHP with a 

GIS approach (see, e.g., Malczewski 1999, 2006a; Greene et al 2011). In this case, 

the analysis often aims at individuating spatial ambits that are homogeneous as re-

gards relevant criteria. Indeed, ex post analysis of the effects of policies impacting 

on agriculture and environment have highlighted that spatial models are more 

suitable to achieve an effective policy, if compared to non-spatial regression mod-

els (Yang et al. 2014). After the adoption of the European Landscape Convention 

(Council of Europe 2000) innovative policy directions focusing on designing 

measures appropriate for different contexts and scales have increased (Conrad et 

al. 2011). 

According to Magnaghi (2005) a territorial project should be considered as the 

reference scenario that should guide both specific actions and projects, and the 

strategic assessment of operational projects and policies, by referring to evaluation 

parameters which can be continuously reformulated in relation to the information 

acquired in the process. The need of information at local/detailed level and of up-

dating them frequently makes it difficult to base policy decisions on information 

that are exclusively depending on external sources and that often are also quite 

difficult to be interpreted, as in the case of complex mathematical models. The 

lack of awareness about the impact of policies can encourage decision-makers to 

take decisions on the basis of lobbying or economic pressures, rather than of ob-

jective analyses (Marson 2010). 

Recently, there has been a growing diffusion of web-GIS tools based on 

Multicriteria Analyses (Labiosa et al. 2010, 2013; Jackson et al. 2013; Tallis et al. 

2011) allowing to integrate a great amount of information and models typical to 

different disciplines by homogenizing the information. They provide a useful de-

cision support system to problems that are not completely structured and aim to 

determine a final score (a-dimensional and expressed in relative terms) allowing to 

individuate a hierarchical order of the alternatives, e.g. from the best to the worst 

one. These tools can be useful especially when analyses and policies are related to 

regional/local ambits and to operational tools. 

In this framework, after describing the main features of the methodological ap-

proach integrating AHP and GIS, this chapter presents some empirical studies at 

increasing level of complexity, in which at least one of the Authors has been di-

rectly involved, in order to highlight how the general methodology has been 

adapted to each specific problem and the results obtained. 

The chapter is organized as follows. After this introduction (1), a paragraph on 

the methodology (2) is given, distinguishing the general aspects by the specific 

ones which are characterizing the four case studies presented. In this paragraph al-

so a short description of Tuscany, the Italian Region where case studies are locat-

ed, is given. Paragraph 3 presents the results of the case studies, while paragraph 4 

provides a general analysis of strengths and critical points of the proposed ap-

proach. 
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2. Methodology 

All the case studies presented in this contribution have employed Geographic 

Multicriteria Aiding Techniques able to rank the spatial alternatives under study 

according to their specific and often conflicting evaluation criteria, which are rep-

resented through standardized map layers (Malczewski 1999, 2006a, 2006b). 

Among the several multicriteria analysis techniques described in literature (Beinat 

and Nijkamp 1998; Mendoza and Martins 2006), the multiattribute Saaty’s Ana-

lytic Hierarchy Process (AHP) has been chosen. AHP constructs the evaluation 

process through distinct phases assuming as a principle the possibility to segment 

a complex decision-making problem into smaller and simpler sub-problems com-

posing a hierarchical structure, within which it is always possible to measure the 

influence each part has on the whole system. The hierarchical structure is orga-

nized in three levels: goals, criteria, and alternatives, where criteria can be detailed 

in attributes and sub-attributes, in order to reach elementary indices, represented 

by cardinal or ordinal values that can be reliably measured or assessed. In the case 

of AHP integrated with GIS, alternatives are spatial and they can be represented 

by points, lines, polygons or pixels that contain the attribute values. The presented 

case studies deal with situations where the relevant spatial unit varies from poly-

gons referring to a regular grid in which the territory has been subdivided, to plots 

of land with homogeneous characteristics, up to the land managed1 by an agricul-

tural enterprise, considered as a single decisional business unit. 

The advantages of AHP are related to the following features: 

 It is possible to use not only quantitative but also qualitative information, pro-

vided that they can be ordered. The transformation of information in Saaty’s 

semantic scale allows comparing attributes expressed in different measure 

units. 

 The AHP hierarchic structure allows analyzing phenomena described by crite-

ria that in their turn are related to attributes and sub-attributes, thus allowing 

the representation of complex problems, as the ones that have to be faced in 

dealing with sustainability or integrate territorial planning. 

 AHP allows confronting the performances of alternatives, represented by deci-

sions, e.g. in terms of alternative policy designs, or by territorial units. In the 

case of integration of AHP with GIS techniques the result of the analysis is 

usually a characterization of the space through its subdivision in ambits which 

are homogeneous as regards the goals/criteria included in the analysis. 

                                                           
1 Through databases related to Common Agricultural Policy aid it is possible to individuate the 

cadastral parcels that are managed by each farm. Cadastral data refers to the Italian inventory of 

agricultural land (Catasto Terreni), where the elementary unit is a parcel of land belonging to the 

same Municipality, holder, category of agricultural utilization and class of productivity that is not 

divided by roads, rivers, railways, etc.  
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All the case studies presented are located in Tuscany, an administrative Region 

in the Central-Western part of Italy. Tuscany has a territory of about 23,000 km
2
, 

which is mainly hilly (66.5%) and mountainous, while plains account only for 

8.4% of the whole territory, and it has a population of ca. 3.7 million inhabitants. 

Tuscany is famous worldwide, due to the beauty of its rural landscape, often char-

acterized by the presence of urban structures dating back to the medieval and Re-

naissance age, together with fortified villages, scattered rural and religious build-

ings, and to its cities of art (Rovai et al. 2016). According to Ciampi et al. (2015) 

in Tuscany on average in 2013 artificial areas accounted for about 8.6%, agricul-

tural areas for 38.1%, natural and semi natural areas for 52.3%, and water bodies 

and wetlands for 0.9%; these average figures hide a high variability among areas; 

artificial areas, e.g., account only for 5.3% in the mountains and for 7.5% in hilly 

areas, but raise up to 33.9% in the lowlands. Agricultural land use is the most im-

portant one in hills and lowlands, where it accounts for 68.0% and 57.4%, respec-

tively, while natural and semi natural areas are prevalent in the mountains where 

they account for 75.3%. In the period 2007-2013 agricultural areas decreased by 

5,800 hectares, mainly due to artificialization processes and, in some areas, due to 

an increase of woodlands (Ciampi et al. 2015). Furthermore, the urbanization 

model is very often characterized by low density, with a high consumption of soil 

for each inhabitant. 

The case studies are presented in order of increasing complexity. The first one 

deals with a specific and technical problem, i.e. the spatial analysis of the level of 

risk of forest fires, in order to plan the best ways to prevent and face them. The se-

cond one deals with the problem of land abandonment in a rural area and the indi-

viduation of policy instruments that could lead either to a recover in terms of pro-

ductive use or, when this is not economically sustainable, to reduce the risks 

coming from a “sudden” renaturalization after a long period of anthropic pressure. 

The third one deals with problems of open spaces in areas of urban sprawls and in 

the characterization of the main ESs provided by different portions of a territory. 

The last one proposes a model for the sustainable governance of the rural cultural 

landscape of Val d’Orcia, which is one of the UNESCO heritage sites. 

2.1 Territorial assessment of the risk of forest fires in Livorno 

(Leghorn) province 

This first case study2 concerns the design of a plan for forest fires in Livorno 

province (Italy). Italy, especially in its central and southern areas, is very prone to 

forest fires due to its bio-physical characteristics and hazards of anthropogenic 

causes, often related to arson with the aim of allowing the development of burnt 

                                                           
2 The methodology applied for this case study is described in details in Candura (2005), although 

some improvements to the initial methodology have been introduced. 
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land. Italian legislation requires that every Region adopts a Plan for forecasting, 

preventing and actively counteracting forest fires. In this application the goal of 

the GIS-AHP analysis was to assess and map the risk of forest fires in order to 

provide a scientifically sound basis for actions aiming to reduce and mitigate this 

risk. The methods that are more frequently employed for simulating the frequency 

or the probability of fire events use GIS-based MCA tools to produce risk maps. 

In other cases, it is proposed to employ geoprocessing routines based on algo-

rithms able to interpret input maps (Gai et al. 2011). While many studies regarding 

forest fire risk (Arpaci 2014; You 2017) deal with factors affecting the probability 

of fire, in our model, as in Hardy (2005) the entity of risk, for each area, has been 

assumed to depend on: 

 The probability (P) to have a forest fire in a predefined time period, 

 The entity of consequences of forest fires, i.e. damage (D) that they will cause 

in terms both of economic losses of productive activities and of environmental 

negative effects. 

In our model the Risk (R), in analogy to the definition of risk in the case of 

safety problems, is given by the product of the probability of an event (P) and the 

damage (D) it would cause, i.e.  

R = P x D 

Thus, while Probability measures the chance of a forest fire in each area in a 

predefined time period, Damage estimates the consequences in terms of loss of 

economic and environmental values in case of forest fire.  

The provincial territory of Livorno has been subdivided in 119.922 units by a 

grid of 100x100 m and each elementary unit has been described by means of the 

data of the Regional GIS through criteria and attributes related to fire-related risks. 

Probability and Damage criteria have been described by separate hierarchical 

trees, by considering the attributes derived from literature and by interviews to key 

informants, and initially mapped as separated criteria. Then a composite index of 

forest fires risk has been computed, under different scenarios as regards the 

weights to be assigned to each attribute. 

In accordance with other contributions (Jaiswal et al. 2002; Arpaci et al. 2014; 

You 2017) the criterion assessing the probability of forest fires has been related to 

the following attributes: 

1. Topographical factors, described by: Altitude, Slope and Orientation (sub-

attributes) 

2. Climate factors, described by: Temperature, Precipitation, Wind (sub-

attributes) 

3. Land cover factors, described by Land cover ignitability (sub-attribute) 

4. Human activity factors, described by: Proximity to roads and Number of tour-

ists (sub-attributes) 
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The criterion assessing the entity of damage has been related to the following 

attributes: 

5.  Economic Value, described by: Average value of agricultural land (VAM)3 

(Ciancio et al. 2007; Blahut et al. 2014); and Presence of infrastructures, such 

as power lines and methane pipelines (sub-attributes); 

6.  Environmental Value, described by: Presence of areas with Environmental 

constraints; Presence of Areas with Archaeological constraints, Presence of ar-

eas with Hydrological constraints; Presence of Protected areas (e.g. Natura 

2000 areas). 

For more details on data sources and how sub-attributes have been calculated, 

see Candura (2005).  

In order to compare attributes expressed in different measure units, they have 

been normalized to a 0-1 range. According to the type of attribute, the following 

three normalization methods have been used:  

1. Linear scale transformation, using a direct or indirect relation between raw data 

and normalized ones depending from the fact that a high value of the raw da-

tum was increasing or decreasing  the probability or the damage entity of forest 

fires; 

2. Expert evaluations, when functions relating raw data and probability or damage 

entity of forest fires were not available; 

3. Probability method, when the relation has been estimated on the base of a sta-

tistical analysis relating forest fires and the features of the areas where they 

have developed. This analysis was performed on a random sample of 50% of 

the elementary units. 

After normalization, the computation of criteria has been performed under the 

hypothesis that all sub-attributes and attributes had the same weight, thus obtain-

ing two separate maps: the first one measuring the probability of forest fires and 

the second one measuring the entity of economic and environmental damages in 

case of forest fires. 

Lastly, in order to assess the risk in its components of probability and damage 

entity, four different scenarios were built under the following hypotheses about 

weights: 

 Scenario 1: all criteria and attributes have the same weights 

 Scenario 2: human activity and land cover factors have a higher importance 

than topographical and climate factors in influencing forest fire probability and 

environmental values are more important than economic values when assessing 

the entity of damages; 

                                                           
3 VAM (Valori Agricoli Medi) are the average real estate prices for land with agricultural desti-

nation and have been mostly used in case of compulsory purchase, i.e. when a state or a national 

government takes private property for public use. They are individuated at provincial level. 
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 Scenario 3: human activity and land cover factors have a higher importance 

than topographical and climate factors in influencing forest fire probability and 

economic values are more important than environmental values when assessing 

the entity of damages; 

 Scenario 4: human activity and land cover factors have a much higher im-

portance than topographical and climate factors in influencing forest fire prob-

ability and environmental values are slightly more important than economic 

values when assessing the entity of damages. 

The ability of the different scenarios to fit real data (model testing) has been 

checked by using the sample of 50% of the elementary units that were not selected 

for building the model (see normalization phase), thus searching an independent 

validation of the model. 

2.2 Productive and landscape restoration of a hilly rural area 

(Pieve di Compito, Lucca) 

The second case study4 deals with a territory with strong historical, identity and 

landscape values, and it is located in a hilly area of Tuscany traditionally charac-

terized by olive groves and currently suffering for severe abandonment problems, 

partly caused by land fragmentation. Rural areas have not been deemed as very 

important in the cultural debate on landscape until 2000, when the European 

Landscape Convention (Council of Europe 2000) caused a new and increasing in-

terest for the maintenance and restoration of rural landscapes. Currently, rural 

landscapes are not only appreciated for their value from a historic and identity 

point of view, but also for the economic role they can play for tourism and the 

high quality produce reputation of an area. The new role of agro-forestry land-

scapes as a common good to be protected asks for new models aiming to individu-

ate the best intervention strategies for territories characterized by both high land-

scape value and widespread phenomena of abandonment, and for appropriate 

governance approaches to implement them. In this case study, AHP has been used 

to build an “expeditious” model to individuate interventions priority for the pro-

ductive and landscape restoration of olive groves or, as an alternative, for the tran-

sition to woodland, in the framework of the Integrated Territorial Projects (ITPs). 

ITPs are one of the “collective measures” included in the Rural Development Plan 

(RDP) 2014-2020 by Tuscany. In this case, as it has been partly done for the anal-

ysis of Val d’Orcia landscape described in the last case study, the elementary unit 

is represented by cadastral parcels. Each elementary unit (i.e. cadastral parcel) has 

been characterized by means of attributes about the bio-physical features of the 

plot, the way it is managed by the farmer and its importance in terms of landscape 

                                                           
4 This case-study has as a main source Bonelli 2017. 
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and environmental values. The model has been tested on a small area (81 ha ca) in 

the “Colline Lucchesi” (hills of Lucca province), characterized by small farms 

where production for self-consumption is prevalent and the main agricultural use 

is the cultivation of olive trees which, due to an average slope of 45%, are grown 

on terraces. The model integrates all these aspects with the aim to provide useful 

information to policy-makers on the specific interventions that would be most fa-

vorable for each type of cadastral parcel. The case-study area, as most of the hilly 

areas in Lucca province with olive groves, has shown increasing phenomena of 

abandonment since the sixties, due both to fires and to the reduction of the profit-

ability of olive cultivation, together with a cultural change in the local community, 

where the new generation shows a lower attachment to rural values. A diachronic 

analysis of the evolution of land use highlights how the area suffered for a notice-

able landscape change, due to the abandonment of olive groves, to which 

renaturalization processes followed (Fig. #.1).  

 

Fig. #.1. Abandoned agricultural land by period of abandonment – spatial distribution. Source: 

Bonelli 2017. 

The percentage of abandoned agricultural land during each period is described 

in Table #.1. 

Since the focus of the analysis was on the problem of abandonment, the spatial 

MCA model has been built: 

1. From a spatial point of view, on the layer of cadastral parcels where the agri-

cultural use has been abandoned, 

2. Using as a goal the assessment of the possibility of restoration of olive groves 

and their cultivation, 

3. Defining attributes and criteria related to the goal, which could be calculated 

from available data sources. The creation of the MCA matrix has been done di-

rectly in GIS environment in order to use the data collected during the territori-
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al analysis in the more effective way and to profit of the computing power of 

QGIS software (QGIS Development Team, 2012). 

Table #.1. Abandoned agricultural land by period of abandonment. Source: Bonelli 2017, modi-

fied 

Period Abandoned agricultural land (ha) Abandoned agricultural land on total 

agricultural land (%) 

1954-1965 0.96 1.2 

1965-1978 1.31 1.6 

1978-1988 7.32 9.0 

1988-1999 4.49 5.5 

1999-2010 4.65 5.7 

2010-2013 2.99 3.7 

Total (1954-2013) 21.72 26.8 

Table #.2. describes the 12 criteria considered in the spatial MCA: among 

them, the first eight have been classified as “Cost criteria” since they deal with the 

costs for olive groves restoration and management, while the last four criteria have 

been classified as “Benefit criteria”, since they are related to the degree of quality 

improvement from an environmental and landscape point of view and, conse-

quently, with an increase of community well-being.  

Table #.2. Criteria related to the suitability to productive rehabilitation of abandoned parcels. 

Source: Bonelli 2017 

Cost Criteria Benefit Criteria 

1. Period of land abandonment 9. Architectural value of open ditches drainage 

2. Size of the abandoned areas 10. Proximity to cultivated areas 

3. Soil average slope 11. Proximity to inhabited zones 

4. Vegetation cover on abandoned land 12. Aesthetic-perceptive significance 

5. State of maintenance of terraces  

6. Accessibility (from outside farm)  

7. Access to farm and forest land (internal)  

8. Management type  

A score in the 1-5 range - where the lowest score is related to the lowest crite-

rion value, both for cost and benefit criteria – has been given to attributes belong-

ing to each criterion. Table 3 gives an example of the scores for the attribute “Av-

erage slope”, whose spatial representation is given in Fig. #.2. 
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Table #.3 Score attribution to the Criterion “Soil Average Slope”. Source: Bonelli 2017. 

Description Score 

Soil average slope < / = 15% 1 

Soil average slope > 15% and < / = 30% 2 

Soil average slope > 30% and < / = 45% 3 

Soil average slope > 45% and < / = 60% 4 

Soil average slope > 60% 5 

 

Fig. #.2. Spatial representation of average slope in the case-study area. Source: Bonelli 2017. 

Finally, in order to compute the goal value for each spatial elementary unit, 

weights were assigned to the 12 criteria. This has been done separately for the two 

subsets of Cost and Benefit Criteria. The ranking of the alternatives, aiming to as-

sess the degree of parcels suitability to rehabilitation for land cultivation, has been 

carried out with two methods in order to compare strengths and weaknesses of 

both of them. The methods were the following: 

1. Weighted Sum: for each cadastral parcel the total score has been computed as 

sum of the weighted values of each criterion. In this case, due to the fact that 

costs are inversely related with utility, the highest utility level has been as-

signed to the score 1 of Cost criteria. In this way, all criteria are summarized in 

a unique cardinal value (goal value), that is available for each spatial alternative 

(cadastral parcel). While cadastral parcels with a very high value for the Goal 

show a high suitability to rehabilitation since farm costs are low and communi-

ty benefits are high, this method has the drawback of not allowing to know if 

the suitability is mostly due to low costs, high benefits or a combination of 

good scores for criteria belonging to both classes. 
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2. Miles’s Value Index: this index has been defined in the framework of the Value 

Analysis (Miles 1961). When defining the concept of value, Miles introduces a 

composite index called “Value Index”, or IV, computed as the ratio between the 

utility of an entity, i.e. “Worth” or W, and its global cost, i.e. “Cost” or C. 

IV = W / C. 

In this case study, IV has been computed as a ratio between the weighted sums 

of criteria classified as Benefits and Cost criteria; consequently, the higher is the 

ratio, the higher is the priority that parcels should have in rehabilitation strategies. 

2.3 Planning in the rural-urban fringe taking into account the 

multifunctional role of agriculture (Piana di Lucca, Lucca) 

The third case study5 deals with a problem of spatial planning in an area (Plain 

around Lucca) where, due to low density and scattered settlements, there is a 

strong intertwining between build-up and open agricultural areas. In this case, the 

AHP-GIS model was used to evaluate the value of the open spaces (i.e. agricultur-

al land) in terms of Ecosystem Services (ESs), in order to give support to policy-

makers in their planning decisions and to promote strategies aiming to limit soil 

consumption and abandonment, since both these phenomena have strong effects in 

terms of ES provision. In past times, due to a gradual loss of importance of the 

value of agricultural production and a disproportionate ratio between the cultiva-

tion income and the construction income, planners have interpreted the open land 

around urban centers as an unlimited resource for the development of settlements. 

In recent years, as a result of the growth of a new cultural sensitivity, the use of 

open spaces, and in particular of agricultural soils, for building purposes is in-

creasingly perceived as a waste, if not an abuse, when not justified by the actual 

need for improving the quality and welfare of citizens. The strengthening of public 

awareness about the importance of open and rural land areas to ensure the repro-

ducibility of resources and vital functions, should be a key objective for planning 

actions for the coming years. This objective should be reflected in the implemen-

tation of proper strategies to enhance the value of the open territory, and in partic-

ular in the rural areas, as a place of co-production between man and environment 

where to make the best use of reproductive capabilities of nature (Rovai et al. 

2013). In this framework, it is paramount to assess ESs provided by open spaces 

and the negative impacts on community well-being deriving from the waste of 

them. 

                                                           
5 This case-study has as a main source Rovai et al. 2013. 
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The methodology allowed not only mapping the spatial distribution of each 

specific function, but also finding the relative intensity with which each type of ES 

or ESs category was provided by an area. 

Following the Common International Classification of Ecosystem Services 

(Haines-Young and Potschin 2013), in this contribution the categories of ESs con-

sidered have been reduced by the initial four, i.e. provisioning, regulating, sup-

porting and cultural (Costanza et al. 1997; de Groot et al. 2002; MEA 2005) to on-

ly three relating respectively to: productive function, protective function, and 

recreational and cultural function. 

The case-study area is “Piana di Lucca” (lowland around Lucca city), where 

remains of “Lucca Court”, a peculiar rural settlement organization in the open ter-

ritory that has a great value both from an aesthetic and from a historic and cultural 

point of view, are still present.  

While in the marginal hilly areas vineyards and olive groves have been re-

placed by natural and semi natural areas, the expansion of lowland settlement typ-

ical of urban sprawl is leading to a strong fragmentation of the ecological network 

and exacerbating hydraulic problems. From 1995 to 2007 the area around Lucca 

suffered for a gradual decrease of agricultural land, mainly due to the process of 

urban expansion; this phenomenon caused the loss of 37,000 ha at province level. 

Besides, agricultural activities suffer for the increased fragmentation of farms in 

the areas of urban sprawl, which in its turn causes increased costs and organiza-

tional problems. For the above reason it was deemed as important to include in lo-

cal planning an assessment of the values (in broad sense) related to rural areas and 

to highlight costs and benefits of their conservation. 

This case-study area was analyzed trough a GIS-AHP analysis aiming at spa-

tially assessing the three following categories of ESs: 

1. Productive services, related to the ability to produce food and agricultural 

goods and, consequently, economic value; 

2. Protective services, related to the ability of open spaces to ensure the preserva-

tion and reproduction of natural resources; 

3. Cultural and social services, related to the rural environment ability to contrib-

ute to the physical and psychological well-being of the community. 

Productive services have been estimated through the identification of areas:  

1. Which are managed by farmers who have applied for EU contribution, consid-

ered as “professional”; 

2. Where there are Protected Designation of Origin (PDO) products; and  

3. By taking into account the degree of estimated profitability of crops. 

Protective services have been estimated through the identification of areas:  

1. Of ecological connectivity (giving the maximum score to “nodes” and the min-

imum to “secondary connections”);  

2.  CO2 sequestration capacity, and;  
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3.  Ability to recharge the aquifers. 

Cultural Services have been estimated through: 

1. The persistence of the historical settlement system;  

2. The topological relationship to the settlement system, i.e. the Intervisibility be-

tween settlements and agricultural land portions, and;  

3. The proximity to high population areas, considered as a proxy of the number of 

people who can benefit from these services. 

The elementary spatial unit was a hexagonal grid having a size of about 1,000 

square meters. 

While it would have been possible, through AMC, to summarize the total im-

portance in terms of provision of ESs belonging to all the three categories de-

scribed above, the Authors deemed more important and useful, as a cognitive 

framework for planning, to individuate the vocational destination in terms of ESs 

provision of each homogeneous ambit of the territory. This result was technically 

obtained by using a three-dimensional color gradient built through the integration 

of the three RGB channels of a 24-bit image, where red was related to Cultural 

services, green to Protective Services and blue to Productive Services. 

2.4 Sustainable governance of a cultural-historic landscape (Val 

d’Orcia, Siena) 

The fourth and last case-study6 deals with the demand for new landscape plan-

ning tools deriving from the adoption of the European Landscape Convention in 

2000 (Council of Europe 2000). This case-study analyses the situation of Val 

d’Orcia, one of the Italian UNESCO heritage sites, and it identifies future land-

scape scenarios by integrating past evolution (historical analysis), landscape sensi-

tivity (territorial analysis) and farmers’ adaptation to market and policy changes 

(farm analysis). In this framework, policies are considered both as drivers, since 

Common Agricultural Policy (CAP) has often had a negative influence on land-

scape, and as responses to landscape change. This case-study presents a model for 

the governance of rural landscapes (Fig. #.3.) that is based on the integration of a 

geographical multi-criteria analysis and advanced GIS-based geo-processing tools 

(Rovai et al. 2016). The spatial elementary unit considered varies depending on 

the features that are analyzed; thus, there are attributes described on the base of a 

regular grid; attributes related to plots as an elementary unit with homogeneous 

agricultural destination, and attributes related to the farm as an economic unit. 

                                                           
6 This case-study has as a main source Rovai et al. 2016. 
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Fig. #.3.. Flow chart of the model for the governance of sustainable rural landscape. Source: 

Rovai et al. 2016. 

AHP integrated with GIS techniques has been used in the analyses at territorial 

and farm level. The territorial analysis is necessary to classify a territory into ho-

mogeneous ambits as regards the level of ecosystem services that they are able to 

provide and the risk that anthropic activities might negatively impact on them. As 

in many other studies concerning the risk of loss of ecologic, environmental or 

cultural values, the problem was faced with a twofold approach. First of all, the 

areas characterized by higher values were identified, in order to be able to rank 

territorial units from the ones most deserving interventions to the ones whose val-

ue was deemed as negligible; in this case the aim was to classify areas in homoge-

neous ambit in terms of “Intrinsic Value” and the spatial elementary unit was a 

regular square grid. Then, the same areas were classified in order to assess their 

level of “Vulnerability”. Crossing the two above classifications it is possible to 

obtain a matrix giving priorities for the interventions: the highest priority relates to 

territories with high value and high vulnerability, while at the opposite end of the 

hierarchy there are territories with negligible value and low vulnerability. 

In both cases, criteria were organized in attributes and sub-attributes chosen 

among those commonly used in landscape ecology approaches (Farina 2006). The 

criterion “Intrinsic Value” was depending on two attributes, i.e. “Historical and 

Environmental Value” and “Frequentation”; this latter was introduced under the 

hypothesis that Historical and Environmental values were not only important for 

themselves but also insofar as they could be enjoyed by somebody. In its turn, the 

“Historical and Environmental value” of each ambit was depending on the values 
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of several sub-attributes, i.e. Fragmentation, Persistence, Uniqueness, Integrity 

and Visibility, for which rules for attributing a score were given, based on litera-

ture and participatory approach. Vice versa, in the case of “Frequentation” it was 

possible to directly attribute a score. For a detailed description of criteria and at-

tributes used in the analysis, see Rovai et al. (2016). The territorial analysis al-

lowed individuating and locating zones with similar level of importance for com-

munity wellbeing and vulnerability to the modifications induced by anthropic 

activities. 

While the territorial analysis aims to classify a territory in homogeneous am-

bits, farm analysis aims to highlight the most likely effects of farmers’ strategies, 

seen as the main drivers of change in agricultural landscape. Intensification 

(Stoate et al. 2001) and abandonment (Cooper et al. 2006; Pelorosso et al. 2011) 

of agricultural activities may result in a loss of ESs provision and of landscape 

value, but in this case – due to the specific bio-physical characteristics of the area 

– we deemed abandonment to be more likely and more dangerous than intensifica-

tion. Farmers’ strategies are heavily depending on farm structural, socio-economic 

and management characteristics but also on the quality level of available resources 

in terms of land suitability to cultivation. While the first characteristics have to be 

analyzed at farm level, intended as the business unit were decisions are taken, the 

second characteristics mainly depend on bio-physical features and consequently 

had to be analyzed at plot level. Plot and farm levels were related by attributing to 

each farm the plots it was managing. The analysis at farm level had the aim to un-

derstand the degree of resilience of business units in relation to policy and adverse 

market trends, due to its structural and organizational features, while the analysis 

at plot level had the aim to investigate their suitability to cultivation. This latter 

differs from the commonly used concept of land capability insofar as it depends 

from characteristics, such as scale/morphology, that are more influencing farm or-

ganization and costs than land productivity, while variables like climate, that was 

considered to be quite homogeneous due to the small scale of the case-study area, 

were not taken into account. By combining the analyses at farm and plot levels it 

was possible to forecast the level of adaptation and capacity to survive either as 

business unit or productive resource of local agriculture when confronted with ex-

ternal negative impacts; indeed at territorial and landscape levels the exit of a 

business unit from the market has a different impact from the abandonment of 

land as a productive resource. Thus a decrease in farmland could have a very dif-

ferent and worse impact than a decrease in the number of farms. 

The analysis at farm level aims to provide information on the areas that are at 

risk of abandonment or strong extensification, with negative impacts due to the 

abandonment of the agricultural activity and its custodianship role. Moreover, 

farms with different resilience to adverse trends react in a different way to the pos-

sible policy tools that could be implemented in order to promote landscape sus-

tainability; consequently a good knowledge of their features and how these could 

affect farm’s strategies is very important when designing policy tools. 
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The final values of plots’ suitability to cultivation and farms’ adaptation capaci-

ty to negative impacts have been parted into three classes (low, medium, high) 

with the aim to compute, in accordance with fuzzy logic (Boroushaki and 

Malczewski 2010; Karsak 2004) the probability of each alternative to belong to 

each class (see Rovai et al. 2016). Then, a cross-reading phase has been carried 

out via a fuzzy logic in order to compare and integrate the two composite indices 

and identify a set of farm evolutionary paths/strategies deriving from crossing the 

classes (L, M, and H) of plots and farms. These strategies are described and dis-

cussed in the paragraph of results. 

It is important to stress that the setup of the model and the validation of inter-

mediate results have been carried out with the involvement of local stakeholders 

through individual interviews to key informants and focus groups. Interviews have 

been based on open-answer questionnaires and mainly used to gather information 

for the analyses, such as attribute and sub-attribute to be considered and their 

scores. Focus groups, which have involved representatives of associations of the 

territory and farmers, have been mainly used for checking the results of the anal-

yses and for discussing actions to be taken. In particular, focus groups have ex-

plored the willingness/motivation to develop actions/products within a participa-

tive approach with the aim to promote an “environmental requalification” of Orcia 

Valley landscape; this with the aim to promote a participatory and 

transdisciplinary approach. 

3. Results 

3.1 Territorial assessment of the risk of forest fires in Livorno 

(Leghorn) province 

The analysis of forest fires in Livorno province allowed to produce a series of 

thematic maps for sub-attributes, attributes and criteria, as the one reported in Fig. 

#.4, which represent the maps of the four attributes describing the criterion “Envi-

ronmental value”. 

The methodology allowed producing also the mapping of the composite index 

estimating the risk of forest fires, according to the four different scenarios de-

scribed in the methodology. These were tested by using the random sample of 

50% of elementary cells that had not been used in the normalization process. The 

scenario which best fitted statistical data, i.e. with the highest number of coinci-

dences between the model and the effective situation, was Scenario 4. 
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Fig. #.4. Livorno province – maps of the distribution of the scores related to the four attributes of 

the Environmental Value criterion. Legend: Presence or absence of A) landscape constraints, B) 

hydrogeological constraints, C) archaeological constraints, D) Presence/absence of Protected ar-

eas. Source: Candura 2015. 

Fig. #.5. presents the maps of the estimated level of risk under the four Scenar-

ios. 

 

Fig. #.5. Livorno province – maps of the level of forest fire risk, under the hypotheses of four 

scenarios. Source: Candura 2015, modified. 

The spatial AHP model applied to GIS techniques has allowed building an in-

tegrated model of Analysis of Forest Fire Risk, as required by the current Italian 

legislation. The model takes into account the complexity of the relations existing 

among the component of the geographic, environmental, social and economic con-

texts and their influence on forest fires risk. While at research level there are anal-

yses that have used more complex mathematical models to approach the problem 

of forest fires (Arpaci et al. 2014; You et al. 2017), in operational planning the 

studies on which Italian institutions in charge of territorial government have based 

their plans had a less transparent formalization of the concept of risk and used on-

ly a few attributes, with the consequence of a worse power of representing the risk 
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situation. The map of Scenario 4 can be considered as a good compromise be-

tween model complexity and utility for planning, being a sound tool from a tech-

nical and scientific viewpoint for organizing prevention activity and structure and 

drawing plans for facing problems in case of fires. The model shows a high ease 

and flexibility of use, being implemented through the same GIS software em-

ployed by Tuscany Region for its thematic mapping and having a plug-in for 

MCDA analyses. Therefore, it could be improved in time by introducing new 

available data sources or better integrating anthropic aspects as factors determin-

ing a higher risk of forest fires. Another area of improvement could be that of the 

assessment of damage, where a more complex framework for estimating economic 

and environmental impacts might be built. Finally, it is important to highlight the 

role of the archive of areas where there have been forest fires that must be created 

and updated by law, since historical data can be very useful for testing the effec-

tiveness of models estimating forest fire risk, as it has been done for choosing the 

best scenario. 

3.2 Productive and landscape restoration of a hilly rural area 

The main results of this case study are represented by the maps providing a pri-

oritization of the areas in need of policy interventions, which have been built on 

the base of two different methods for summarizing the performances in terms of 

Cost and Benefit criteria. The spatialization of the results of the Weighted Sum 

and Miles’ Value Index analyses are shown in Fig. #.6 and #.7; in both cases, ac-

cording to the value of the goal, parcels have been classified as suitable for the fol-

lowing intervention strategies: 

 Class 4 - rehabilitation to cultivation uses through extraordinary maintenance 

interventions; 

 Class 3 - rehabilitation to cultivation uses through land improvement interven-

tions; 

 Class 2 - managed conversion into forests and woodland; 

 Class 1 - natural conversion into forests and woodland (null hypothesis). 

According to transacts and experts’ opinion, the Weighted Sum method (Fig. 

#.6) allows a better spatial distribution of classes 3 and 4 in comparison with the 

Value Index method (Fig. #.7). Nevertheless, both methods allow reaching good 

results as regards the goal of assessing the suitability to a productive rehabilita-

tion, which has to be interpreted in relative terms, i.e. providing a rank in terms of 

priority, rather than in absolute ones.  
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Fig. #.6. Ranking and classification of abandoned cadastral parcels in terms of rehabilitation 

suitability according the Weighted Sum method. Source: Bonelli 2017. 

Fig. #.7. Ranking and classification of abandoned cadastral parcels in terms of rehabilitation 

suitability according the Miles’ Value Index method. Source: Bonelli 2017. 

The main results of this case study are: 

1. The identification of abandonment processes as the main driver of the trans-

formations landscape has undergone since 1954 and a detailed territorial analy-

sis of the areas that have been interested by these negative changes; 

2. The definition of a geographic multicriteria analysis model based on the aware-

ness that the rehabilitation to productive uses of previously cultivated areas is 

not always possible or cost-effective. The model, on the basis of the character-

istics of abandoned land, of the cost needed for its rehabilitation and of the 

benefits that this latter will bring to the community well-being, especially in 

terms of landscape functions, identifies a set of intervention strategies ranging 

from the productive rehabilitation to the so called “null hypothesis”, i.e. the one 

of “non-intervention”. 

These results are consistent with the two main phases in which the research has 

been organized, i.e. an initial phase aiming to gather knowledge, mainly through 
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information taken from Tuscany Region Geo-portal, and then a phase aiming to 

build and run the model. Both the phases have been implemented through QGIS 

that has allowed to coordinate and integrate in the same database all the relevant 

data and to archive the indices derived from data processing. This database and the 

processing power of QGIS have made it easy the subsequent phase of assessment 

of the criteria deemed relevant for the model. Indeed, QGIS plug-in “Vector 

MCDA” has allowed to easily and quickly obtaining both the results of the anal-

yses and their cartographic representation. 

The strategies that have been individuated by the model should be applied to all 

the territory or at least to the majority of the case-study area in order to achieve a 

rehabilitation and promotion of its landscape, since landscape is not made of sin-

gle elements or portions of a territory, but have to be considered as a whole unit. 

From this point of view, the results of the model could be important in setting pri-

orities for Regional Development Programmes (RDPs) actions, e.g. in highlighting 

the role that could be played by Integrated Territorial Projects (ITPs), i.e. volun-

tary and collective private-public projects, under the Tuscany RDP 2014-2020. 

Although the case-study area is quite small, the above described approach can 

be applied to larger rural territories having the same features, i.e. a high historic 

and identity value of landscape and widely spread abandonment phenomena, tai-

loring the criteria - when necessary - to the specific context to be analyzed. This 

methodology can be very useful for the public decision maker both in the phase of 

definition of planning rules and standards for rural territories and to channel in a 

more effective way the use of public resources aiming to promote and protect cul-

tural landscapes located in hilly and mountainous areas, which are widely spread 

not only in Tuscany, but in the whole Italian territory. 

3.3 Planning in the rural-urban fringe taking into account the 

multifunctional role of agriculture 

The results of this case study mainly consist on the production of maps with 

specific themes (or thematisms). In particular, for each category of ESs, i.e. those 

concerning productive, protective, and cultural/recreational functions, a specific 

map was produced representing the areas providing the ESs of this category and 

their intensity (related to the shade intensity of the relevant color) of provision. 

As regards the production of ESs on the whole, i.e. without distinguishing 

among categories, the problem has been faced with two different approaches. In 

the first case, through a new AHP, the three thematic maps have been summarized 

into a new map, where the intensity of color (different shades of the same color) 

was related to the whole production of ESs by each portion of the territory. Sum-

marizing ESs in a composite index, by expressing them in a common monetary 

unit or by means of a weighted sum, would allow for compensations, meaning that 

a low production of ESs belonging to a category can be compensated by a high 
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production of ESs belonging to another category. Although the classes with very 

high or very low scores have a significant role in highlighting the areas where the 

situation of ESs provision on the whole is highly positive or negative, the Authors 

deemed that this kind of information could be misleading in terms of planning ac-

tions, for the following reasons. First of all, summarizing ESs by the use of a 

"monetary evaluation" and additive methods might generate difficult and ques-

tionable results both from a scientific point of view, due to the complexity of the 

factors involved, and from an ethical point of view, due to the difficulties of inter-

pretation of a total value obtained by the sum of values related to the provision of 

very different functions, affecting different groups. Then, in the case that model 

results are employed for spatial and urban planning, by summing up ESs and func-

tions that are quite different, the information about the suitability of some territo-

rial portion to produce specific ESs or ESs related to a specific function would be 

lost. Last, but not least, there is the risk that by summarizing ESs in a single com-

posite index, a low score on it could be read as an index of suitability to 

artificialization, i.e. that the areas which have a relatively low production of ESs 

can be transformed in built-up or in other artificial areas without problems. 

For these reasons, it was decided to avoid aggregating the values of the three 

categories of ESs and to produce a map with a 'three-dimensional' evaluation that 

keeps them separated. The map (Fig. #.8) provides a spatial representation of the 

performances for the provision of ESs belonging to the three classes, which are 

represented by different colors. Consequently, the final shade of color depends on 

the mix of functions provided by each territorial ambit, so that it is possible to 

highlight if an area is specialized, or not, in the provision of a specific ESs catego-

ry. In other words, this second map highlights the suitability of a territory to pro-

vide a specific class of ESs or a mix of them, rather than the intensity of ESs pro-

vision. 

Fig. #.8 should be interpreted more as a spatial distribution of the different cat-

egories of ESs than in terms of intensity of ESs provision, since the assessment of 

ESs for each category is significant in relative terms more than in absolute ones. It 

provides an immediate and intuitive overview of areas with greater or lower voca-

tion to the provision of specific services or categories. This should consent to sup-

port planning by better individuating where to localize strategies aiming to pro-

mote ESs provisions, i.e. the areas with high priority in terms of protection, 

rehabilitation, or other interventions. In other words, Fig. #.8 can be very useful 

when deciding where to concentrate aid to agricultural production, where to subsi-

dize or promote the protection and improvement of ecological connectivity and 

where to promote actions related to the social and cultural role of open spaces. 

Last but not least, by changing the set of weights assigned to criteria, attributes 

and sub-attributes it is possible to build maps according to scenarios based on dif-

ferent sets of instances coming from stakeholders. 
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Fig. #.8. Lucca lowland – Map of the ESs provided by agricultural land by suitability to specific 

category of ESs (color shadow represents the prevalence of each ESs category). Legend: green: 

ESs related to ecological functions; blue: ESs related to productive functions; red: ESs related to 

cultural/recreational functions. Source: Rovai et al. 2013. 

3.4 Sustainable governance of a cultural-historic landscape 

The governance model described in par. 2.4 has been tested on the Municipali-

ty of Castiglione d’Orcia, one of the 5 municipalities belonging to Val d’Orcia. In 

this paragraph, for the sake of brevity, we will focus on the farm analysis and in its 

utility when integrated with the results of the territorial analysis. In particular, we 

describe two matrices that can be very useful in designing policy tailored on the 

specific context of an area, the first one summarizing the results of the analyses at 

farm level in terms of evolutionary paths; the second one setting the more suitable 

policy actions according to farm evolutionary paths and territorial characteristics. 

The first matrix has been built in the framework of the “farm analysis” and 

crosses the results in terms of Farm structural, socio-economic and management 

characteristics with those of Plots’ suitability to cultivation. The result is the iden-

tification of seven classes of evolutionary paths of farms ranging from mainte-
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nance strategies of the current situation, to multifunctionality strategies or, in the 

worst cases, to the abandonment of agriculture activities (Fig. #.9). 

  Plot “resistance” or suitability to cultivation 

  High (H) Medium (M) Low (L) 

Farm 

“resistance” 

or reaction 

capacity to 

external 

solicitations 

High 

(H) 

VH 

maintenance 

H 

maintenance / 

multifunctionality 

MH 

multifunctionality 

Medium 

(M) 
M uncertain strategies 

Low (L) 

LM 

transfer to 

stronger farms 

L 

transfer to stronger 

farms/abandonment 

VL 

abandonment 

 

Fig. #.9. Fuzzy classes defining farm evolutionary paths for the case study according to their ad-

aptation capacity. Source: Rovai et al., 2016. 

For example, Class VH includes farms characterized by a high adaptation ca-

pacity and by plots characterized on average by a high suitability to cultivation. 

These farms will very likely maintain their present cultivation systems without 

relevant changes in their organizational structure. Class MH represents farms with 

a high capability of adaptation to the external changes, but managing plots that 

have a low suitability to agricultural use. The evolution of these farms is almost 

inevitably directed to multifunctional agriculture (i.e. farm holidays, educational 

farms, eno-gastronomic tourism, etc.) or, alternatively, to the production of value-

added products; otherwise the low suitability to agricultural use could cause land 

abandonment with negative repercussions on both environmental and landscape 

resources. Class VL is characterized by farms with low adaptation capacity and 

plots with a low suitability to cultivation. These are the weakest farms, which will 

probably abandon all agricultural activities in the medium term, unless some sup-

porting actions cause a rupture and a deep change of the farm development path. 

By using GIS, it was possible to represent the spatial distribution of these farms 

in the municipality of Castiglione d'Orcia (Fig. #.10) and to obtain important in-

formation for territorial policies: for example, farms directed to multifunctionality 

are mainly located on the western part of the study area, whereas the ones with a 

high risk of agricultural abandonment are concentrated in the central and in the 

eastern part of Castiglione d’Orcia municipality. Finally, those farms whose 

prevalent evolution will likely be the ‘status quo’ maintenance are mainly located 

in the northern part of the study area. 
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Fig. #.10. Spatial distribution of classes related to farms evolutionary paths (H: Mainte-

nance/Multifunctionality; MH: Multifunctionality; M: Uncertain evolution; L: Sale or renting of 

land to stronger farms/abandonment; VL: Abandonment). VH and LM classes have been omit-

ted, since they are not present in the case-study area. Source: Rovai et al. 2016. 

Results of the analyses, which have been validated by focus groups with local 

stakeholders, show that: 

1. The local entrepreneurial class appears quite stable as a considerable percent-

age of farms presents a high adaptation capacity to the external transfor-

mations; 

2. The potential impacts on environmental and landscape resources are anyway 

very critical as 4,356 hectares, on a total surface of 5,600, belong to farms run 

by farmers that may opt for agricultural abandonment if the external conditions 

become too adverse, i.e. due to changes on CAP, market trends and climate. 

The second matrix (Fig. #.11) combines the results of the territorial analysis, 

where areas were classified on the base of their level of landscape sensitivity with 

the ones of farms strategies. Landscape sensitivity has been obtained under the 

hypotheses that in the specific case-study area Intrinsic Value and Vulnerability 

were directly related and consequently could be summarized in a unique compo-

site index. Priorities and actions should take into account not only the results of 

the analysis but also the institutional and cultural context of the area. 
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Fig. #.11. Response actions for the sustainable governance of the case-study rural landscape. 

Source: Rovai et al. 2016. 

As Fig. #.11 shows, e.g. in a subsystem with high landscape sensitivity, de-

pending on farms probable evolution, the response actions to counteract negative 

effects may vary from public institution actions for the promotion of the territory, 

to specific regulations and incentives for the preservation of landscape's current 

state, up to incentives to improve farm viability in the specific territorial context. 

Public promotion could, e.g. include such interventions as the creation or im-

provement of existing countryside walking paths in order to improve territory and 

landscape fruition. The need of a GIS, able to collect and update all farm changes, 

is a consequence of the above defined response actions, since it is essential, espe-

cially for the monitoring of the most critical areas. Due to the adopted spatial 

scale, all those actions can be calibrated not only at farm level, but also at plot lev-

el, which makes such interventions potentially very effective. 

For example, from the spatial analysis emerges that the majority of plots pre-

sent high landscape sensitivity and belong to the class M (Uncertain strategies) in 

relation to the farm analysis. In such circumstances the definition of rules and in-

centives for the preservation of the current landscape configuration, together with 

public promotion actions for landscape valorization, becomes absolutely neces-

sary. 
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Although the definition of proper actions for promoting a sustainable rural 

landscape is very important, it is not possible to remain in the “scientific domain” 

but these actions have to be seen in the normative and administrative context 

where they have to be implemented. Nevertheless, in the Authors’ opinion, the 

proposed governance model approach constitute a sound scientific tool for a sus-

tainable governance of the rural landscape, since it is able to give suggestions 

about the most appropriate tools for intervention in the framework of an integrated 

planning approach and a prioritization of areas in need of interventions. 

4. Concluding remarks 

Planning, programming and assessing the functions of rural territories ask for 

the adoption of an approach to complex problems that is based on 

multidisciplinarity and multifunctionality of knowledge. In this framework, the in-

tegration of MCDA techniques and GIS represents a very effective and promising 

solution for the following reasons: 

1. Multicriteria Analysis supplies many technical solutions for building a model, 

assessing criteria and attributes, assigning weights, testing the results; allowing 

a high flexibility and adaptability of the approach to a vast range of specific 

problems; 

2. GIS software has reached a high power of processing data and information ren-

dering, allows having a high interactivity with the user, and it can be used also 

with computer of normal capacity. Furthermore, due to the ability to create 

maps and spatial representations, it is a powerful tool for communicating with 

stakeholders and citizens. This characteristic is very important due to the in-

creasing role of participative processes in the setting and implementation of ter-

ritorial policies and in the assessment of their results. 

In the specific case, the choice to use the same GIS software used by Tuscany 

Region for producing and making available geographical information, from the 

one hand made it easier for the Authors to access and integrate data sources, from 

the other hand it made the interaction with regional employees easier, since they 

have a good knowledge of this software.  

This contribution aims to highlight these features through the analysis of the 

main features of four case studies characterized by an integrated approach of AHP 

and GIS techniques, but which are different in terms of size of the case-study area, 

goals, complexity of the problems, spatial elementary units considered, etc. In-

deed, each approach was tailored to the specific context of application and had to 

be adapted to take into account data availability. 

In each case of study the ability of the method to integrate information and 

knowledge belonging to different fields has clearly emerged as much as the capac-

ity to represent a fundamental, scientifically robust and flexible tool providing re-
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sults able to effectively support public decision-makers for territorial planning in-

terventions.  

The use of spatial multi-criteria analysis models would make it possible to or-

ganize planning and programming as continuous and flexible processes. This is 

very important in all the institutional contexts, as the one of Italy, where plans and 

programmes have a long life time-span and for which the “ad hoc” concertation 

process requires too much time, so that when a plan or a program is implemented, 

it is already “out of date”. 

Finally, this tool is useful to overcome the lack of coordination among policy 

tools. Indeed, what is still missing in the Italian context, as in the ones of other 

countries, is an operative policy approach able to integrate and coordinate instanc-

es coming from stakeholders, agricultural (or other sectoral) policies and territorial 

and landscape governance. Consequently, efforts should be directed towards inno-

vative policies and governance instruments, such as collective voluntary actions, 

integrated projects, etc., which are needed for any adequate implementation of 

sustainable landscape and rural development policies. 
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