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Abstract. Recent developments in land consumption assessPotschin, 2009; Walter and 8rzel, 2009; Schetke et al.,
ment identify the need to implement integrated evaluation2012; Terzi and Blen, 2012).
approaches, with particular attention to the development of If we look at Europe, it is evident that it is one of the most
multidimensional tools for guiding and managing sustainableurbanized continents in the world (EEA, 2009). Cities are
land use. Land use policy decisions are implemented mostleconomic engines but they are also contexts for the environ-
through spatial planning and its related zoning. This involvesmental, cultural and social quality of life. However, the open
trade-offs between many sectorial interests and conflictingconflict between economic growth and cultural, social and
challenges seeking win-win solutions. In order to identify a environmental development determines a number of differ-
decision-making process for land use allocation, this papeent consequences for urban and regional development, such
proposes a methodological approach for developing a Dy-as urban sprawl and the diffusion of low-density settlements,
namic Spatial Decision Support System (DSDSS), denomiwith increasing pressure on greenfield land.
nated Integrated Spatial Assessment (ISA), supported by Ge- Ongoing urbanization and territorial transformation are
ographical Information Systems (GIS) combined with the perceived as some of the main challenges facing the defi-
Analytic Hierarchy Process (AHP). Through empirical inves- nition of development strategies. At the same time, a gen-
tigation in an operative case study, an integrated evaluatioeral lack of consideration of the value of the land implies
approach implemented in a DSDSS helps produce “urbanmany regional criticalities relating to the degradation of agri-
ization suitability maps” in which spatial analysis combined cultural land, urban dispersion, spatial and ecological frag-
with multi-criteria evaluation methods proved to be useful mentation, etc., imposing the need to consider land consump-
for both facing the main issues relating to land consump-tion as an essential factor that must be supported by suitable
tion as well as minimizing environmental impacts of spatial methods for its measurement and assessment on all levels of
planning. urban and regional planning (Hasse and Lathrop, 2003; De
La Rosa, 2005; Tsai, 2005; Huang et al., 2007; Peng et al.,
2007; Torrens, 2008; Jones et al., 2009; Winter and Lobley,
2009; Gerundo and Grimaldi, 2011).
i Soil is an extremely complex, variable living resource
1 Introduction which performs many vital functions. It is the interface be-
tween the earth, the air and the water and it plays a role as a
Urban development and land consumption are two of the mapgpitat and gene pool. It serves as a platform for human ac-
jor conflicting forces driving changes in land use and landyjyities and provides raw materials. These functions are wor-
cover, characterizing the growth of cities and their sustainThy of protection because of their socio-economic and envi-
ability. The problematic expansion of urbanization at the ex-ronmental importance. Today soil degradation (erosion, loss
pense of open space and natural resources has sparked & organic matter, compaction, salinization, landslides, con-

tense interest and conflicting debate over the critical aspectgmination, sealing, etc.) is accelerating with negative effects
and potentials of territorial development (Weber et al., 2006;
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on human health, natural ecosystems and climate change, disese habitats is also associated with decreased water reten-
well as on the economy (EC, 2012). Indeed, soil degradatiortion capacity, increased flooding, erosion risks and reduced
is exacerbated by human activities, such as some agriculturalesirability. While the slight increase in forests is a positive
and forestry practices, industrial uses, tourism and urban dedevelopment, the decline in natural and semi-natural habitats
velopment (COM, 2006a). In particuldand take also re-  (including grassland, bogs, heaths and fens) is a major cause
ferred to as land consumption, describes the increase in uifor concern (EEA, 2010a,b,c). The long-term sustainability
ban areas over time. This process includes the developmemtf Europe’s land use was a focus of tReropean Spatial
of scattered settlements in rural areas, the expansion of uBevelopment PerspectifEC, 1999). Its vision was carried
ban areas around an urban nucleus (including urban sprawlfprward and supplemented with new priorities contained in
and the conversion of land within an urban area (densificathe EUTerritorial Agendaand theAction Programméor its
tion). Depending on local circumstances, a greater or smallermplementation (COPTA, 2007) which defined an intergov-
amount of land take will result in actual soil sealing (EC, ernmental programme up to 2011. Indeed, in Europe there
2012). are a variety of initiatives that have been developed over
At present, approximately 75 % of the European popula-the past years aiming at the collection of soil information.
tion currently lives in urban areas. By 2020 it is estimated These initiatives were developed over a time frame of sev-
that this will increase to 80 % (EEA, 2010a). But since the eral decades and were coordinated by subjects on different
mid-1950s, the total area of cities in the EU has increasedevels: Global (FAO, UNEP, etc.), European (EU, ECE/ICP
by 78 %, whereas the population has grown by only 33 %Forest, FOREGS), National, Regional and Local. Different
(EEA, 2006). Today, the European areas classified as “periapproaches are required for each of the recognized threats to
urban” have the same amount of built-upon land as urbarEuropean soils. While some of the threats may require sys-
areas, but are only half as densely populated (Piorr et altematic monitoring, other threats need a more focused ap-
2011). According to data published by the European Envi-proach that takes into account the fact that they do not occur
ronment Agency in the context of the Corine Land Cover for everywhere in Europe. Indeed, stratification of the European
the years 1990, 2000 and 2006 (CLC, 2012), it has been essoils according to each of the single threats would allow the
timated that detected land take between 1990 and 2000 wadevelopment of targeted monitoring approaches (Van-Camp
approximately 1000 kiper year in the EU. Urban areas in- et al., 2004).
creased by nearly 6% (Prokop et al., 2011). From 2000 to Different EU policies (for instance regarding water, waste,
2006, the rate of land take decreased slightly to 920 fer chemicals, industrial pollution prevention, nature protec-
year, while the total urban area increased by a further 3 %tion, pesticides, agriculture) contribute to soil protection.
This corresponds to an increase of almost 9 % between 199The Commission adopted $oil Thematic StrategfCOM,
and 2006 (from 176200 to 191 200 RmBut, in the same  2006a) and a proposal foiSoil Framework DirectivéCOM,
period, population increased by only 5%, although there is2006b) with the goal of protecting soils across the EU and
a wide difference in population growth across Europe anddefining how to use them in a sustainable way on the re-
within regions (EC, 2012). The result is a much more com-gional and local levels. About five years after the adoption of
plex and confusing growth of urbanized areas, further accenthe Soil Thematic Strategyhe European Commission pub-
tuated by the progressive and concomitant expansion of théshed a policy report on the implementation of the Strategy
long-distance mobility basins threatening to irreversibly alterand ongoing activities (COM, 2012). The report provides an
the polycentric character of many European urban regions. overview of the actions undertaken by the European Com-
Urban sprawl, exploded city, urban nebula, urbanizedmission to implement the four pillars of the Strategy, namely
countryside, “peripheralization” of the countryside etc., areawareness raising, research, integration, and legislation in or-
just some of the definitions that identify the most signifi- der to protect European soils and ensure their sustainable
cant regional phenomena. They evoke the idea of a moreise. According to this perspective, the European Commis-
indefinite and unstructured space, with no effective systemnsion drafted th&uidelines on best practice to limit, mitigate
of planning. In general, urban areas have expanded even fupr compensate soil sealin@gC, 2012) in order to identify
ther at the expense of all other land-cover categories, witithe impacts of soil sealing, to recognize some common as-
the exception of forests and water bodies. Urbanization angbects, to limit the soil sealing phenomenon and to mitigate
expanding transport networks are fragmenting habitats anénd compensate for its effects. The Commission Staff Work-
affect ecosystem services, playing a crucial role because theyng Document describes approaches based on three main
influence water, and nutrient and carbon cycles as well. Instrategies:
deed, organic soil matter is a major terrestrial sink of car-
bon and so it is important for mitigating climate change. Peat 1. limiting, which means preventing the conversion of
soils represent the highest concentration of organic matter  green areas and the subsequent sealing of (part of) their
in all soils, followed by extensively managed grassland and surface. Re-use of already built-up areas, e.g. brown-
forest. Carbon losses through the soil thus occur when these  field sites, can also be included in this concept. Tar-
systems are transformed or converted to other uses. Loss of gets have been used as tools for monitoring as well as
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spurring progress; creating incentives to rent unoccu- The article is structured as follows: Sect. 2 provides a de-
pied dwellings has also helped in limiting soil sealing; scription of some integrated approaches and tools that can
support a Strategic Environmental Assessment (SEA) pro-
et ' S cess, emphasizing the need to integrate the SEA decision-
mitigation measures in order to maintain some of the yaying process with a multi-methodological framework
soil functions and reduce any significant direct or in- y,rq9h the proposal of the Integrated Spatial Assessment
direct negative effects on the environment and humarygay The SEA process and its application are analyzed in
well-being. For example, these include using permeablésect 3. considering the case study of Montecorvino Rovella
materials instead of cement or asphalt, supporting greefy 5 with particular focus on urbanization suitability maps
mfrastrl_Jcture, and making wider use of natural water i+ can improve the planning process. Land consumption
harvesting systems; and some related indexes and indicators are analyzed in or-
der to minimize the negative effects of urbanization. Finally,

3. compensatingwhich means selecting some compensa- X ,
tion measures, considering, however, that sealing canSect. 4 provides some conclusions and proposals for future

not be compensated for precisely. Indeed, the purpOSélpplications anq improvemgnts acgording to a multidimen-
is to sustain or restore the overall capacity of soils in aSional perspective open to interaction and synergy between

certain area and to fulfill (most of) their functions. methodological approaches and evaluative tools.

2. mitigating, which means identifying some appropriate

In particular, attention to green infrastructure is considered
a way to ensure that Europe’s limited land can be utilized2 Integrated approaches and tools
as areas providing multiple functions for nature and soci-
ety. Green infrastructure is an important element in the EU’sPolicy and planning decisions shaping land use involve a va-
biodiversity and nature policy that will contribute greatly to riety of trade-offs between many sectorial interests (indus-
efforts in reaching the agreed-upon EU biodiversity targetstry, transport, energy, mining, agriculture and forestry, etc.).
covered under the EU 2020 biodiversity strategy. It is consid-These trade-offs can be faced through integrated programmes
ered an essential tool for mitigating fragmentation and unsusand approaches for land use, spatial planning, and land man-
tainable land use both within and outside Natura 2000 areasagement practices that include the implementation of renew-
and for providing the multiple benefits of maintaining and able energy targets, forest and agricultural land use, green
restoring ecosystems and their services (EEA, 2011). infrastructure, land re-use and more general land resource
The ongoing urbanization and conversion of landscape andnanagement (EEA, 2010c).
territory is perceived as one of the main challenges; Roadmap According to this view, Strategic Environmental Assess-
to a Resource Efficient Europe (COM, 2011) should be im-ment (SEA) and Environmental Impact Assessment (EIA)
plemented by 2020, recognizing furthermore that land takeare important tools for evaluating plans, programmes and
is generally connected with soil sealing. The Roadmap pro{projects impacting land resources. Indeed, their implemen-
poses that EU policies take into account their direct and intation has shown that they can help improve the consider-
direct impact on land use in the EU and globally; the rate ofation of environmental aspects, contributing to more sys-
land take must be on track with the goal of achieving zero netematic and transparent planning and increasing participa-
land take by 2050. In this perspective, spatial planning cartion and consultation of stakeholders (public, NGOs, asso-
play an important role in achieving more sustainable landciations, different authorities at all levels, etc.). However, the
use by taking into account the quality and features of dif- effectiveness of the tools, in particular SEA, is strictly linked
ferent land areas and soil functions in relation to competingto the approach regarding screening criteria, identification of
objectives and interests, with a view to the long term. alternatives, and improved data (EC, 2009). The European
Through the empirical investigation in an operative caseCommission has noted (COM, 2009) that the effect of the
study conducted during the Strategic Environmental AssessSEA and EIA Directives could be further improved by better
ment (SEA) process for the City Plan of the municipality of stewardship of impact assessment. As far as the SEA Direc-
Montecorvino Rovella in the Province of Salerno in South- tive is concerned, it would become more effective if it were
ern Italy, an integrated evaluative approach — denominatea@lso applied to policies or voluntary plans and programmes,
Integrated Spatial Assessment (ISA) — was implemented irunderlining the need for sustainable and efficient use of soil
a Dynamic Spatial Decision Support System (DSDSS). Thisresources, considering demographic and regional conditions
approach, supported by a Geographical Information Systemand the vast potential for inner urban redevelopment.
(GIS) combined with an Analytic Hierarchy Process (AHP), Indeed, existing relationships between zoning and the
helps draft urbanization suitability maps, where spatial anal{physical structure of urban contexts suggest that the evalu-
ysis together with multi-criteria methods help identify the ation of environmental consequences must become an inte-
main issues relating to land consumption, and also minimizegral part of the planning process. This means that it is essen-
the environmental impacts of City Plan strategies. tial to identify suitable approaches, instruments and indica-
tors for land consumption assessment in order to implement
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principles and models for sustainable local urban develop-of Multi-Criteria Analysis, Multi-Group Analysis and GIS
ment. Increasing attention to the SEA process and its comsupports the definition of a spatial multi-criteria decision-
plexity shows that it is necessary to apply SEA in the ear-making process involving a set of geographically defined al-
liest stages of the plan and/or programme decision-makindernatives that can be compared with respect to a given set
process so that it can become truly effective in improving of evaluation criteria, taking into account decision-makers’
the organization of the different phases and render the evalpreferences (Cerreta et al., 2012; Cerreta and Mele, 2012).
uation operational. It also becomes necessary to determin€his means that results of the analysis depend not only on the
the stage of the decision-making process in which it is mostgeographic distribution of attributes but also on value judg-
appropriate for the integration of SEA approaches and techments involved in the decision-making process. Spatial anal-
nigues. In particular, complete integration of SEA in plan- ysis combined with multi-criteria methods has been used in
ning requires correct understanding of the decision-makingecent years to support evaluation, especially in the field of
process in its different phases, along with the identificationland use planning, and can be a useful approach for facing
of specific contributions from the different professional fields the key issues relating to land consumption.
involved. Decisions are made after considering a number of In light of this point of view, the proposal of a multi-
different and sometimes conflicting points of view; variables methodological evaluative framework can help generate
containing environmental issues are only one of the aspectmore efficient and effective results than sector-specific ap-
taken into account in an interdisciplinary approach. Develop-proaches. Integrated Spatial Assessment (ISA) (Fusco Girard
ing an SEA process in an integrated and participatory manneand De Toro, 2007; Cerreta and De Toro, 2010, 2012b,c)
means considering how different points of view, componentscan be useful for the recognition of tangible and intangible
and values can contribute to understanding key issues and thalues, including the development and definition of goals,
selection of alternatives. the sharing of knowledge, negotiation and compromise, and
The structure of the SEA process as a tool to supporineeds evaluation. The proposed approach can help commu-
decision-making should adapt to the type and content of thenities clarify values, become more adaptive and proactive,
plan or programme in question and the relative proceduratespond to change, set personal and collective goals, and par-
phases without compromising the specific nature of the apficipate in the decision-making process. At the same time, the
proach itself. At the same time, it is essential to combineapplication of spatial tools is useful in identifying territorial
different techniques and tools within the same framework,attributes linking values and planning choices.
integrating a variety of evaluation tools in order to define a
multi-methodological framework that can analyze and tackle .
different issues. In particular, certain methods offer the possi=> AN Integrated Spatial Assessment (ISA) approach for
bility of combining Multi-Criteria Analysis and Multi-Group the Montecorvino Rovella City Plan
Analysis with Geographical Information Systems (GIS), In-
ternet Technology, Spatial Decision Support Systems, an

Cellular Automata Models, contributing to the construction 1o Integrated Spatial Assessment (ISA) approach was ap-
of a Dynamic Spatial Decﬁsion Support System (Cerrgta andp"ed to the new City Plan for the municipality of Mon-
De Toro, 2012a; Fusco Girard and Torre, 2012; PerchinunnQecorying Rovella in the Province of Salerno in Southern

et al., 2012). A wide variety of territorial information can be ltaly (Fig. 1). Throughout the experiment, the goal was to
easily combined and related to the characteristics of the dif'develop a new methodology that could hélp recognize prin-

ferentland use options, facilitating the construction of appro-cina| values, create greater cohesion regarding environmental
priate indicators and improving impact forecasting, leading protection and the safeguarding of local resources, and stim-

to a priority list of preferences regarding the various options. |ate the reduction of soil consumption for more sustainable

In particular_, integration of Multi-Critgria Analysi_s, Multi-  territorial uses. The ISA approach can also help identify ter-
Group Analysis and GIS can be especially useful in the presjy,ja| impacts deriving from plan strategies and actions.
ence of strong environmental and social conflict, such as |, rder to structure a Dynamic Spatial Decision Making-
land consumption or land take, in which the role of local re- pjess  the environmental complexity was explored by
sources and social actors — and their relations and objectivet%lking iﬁto account a smaller number of essential ele-
— can be considered determining factors in the development,ens in order to provide useful strategic information that

of a dynamic spatial evaluation model. In this process, spagan schematically represent the territory’s multidimensional
tial analysis, performed using spatial data, can include methQUaIity. Therefore, the tools used in this process were the
ods for exploring the spatial relationships between real a”q’ollowing:

theoretical features, extracting or creating new information

about a set of geographic characteristics (techniques to deter-1. for pinpointed construction of knowledge of local
mine the distribution of a spatial feature, the relationships be- resources: a system of suitable environmental indi-
tween two or more features, etc.), the study of their locations cators was identified that could analyze both exist-
and forms, and the relationships between them. Integration  ing conditions, consideringurrent values as well

é%.l Urbanization suitability maps

Earth Syst. Dynam., 3, 157471, 2012 www.earth-syst-dynam.net/3/157/2012/



M. Cerreta and P. De Toro: A dynamic spatial decision support system for sustainable land use 161

MONTECORVING down complex systems into simple structures. This simplifi-
Rl 3 cation is made possible by means of a logical process with
the goal of constructing suitable hierarchies.

The second step is carried out through pairwise compar-
isons (i.e. comparing elements in pairs with respect to a
given criterion) which are used for establishing priorities
(or weights) among elements belonging to same hierarchical
level. They are compared in pairs with respect to the corre-
sponding elements in the next higher level, obtaining a matrix
of pairwise comparisons.

In order to represent the relative importance of one ele-
ment over another, a suitable evaluation scale is introduced,
also known as “Saaty’s scale”, which defines and explains
the values 1-9 assigned to the judgments in comparing pairs
of elements in each level with respect to a criterion in the
next higher level. Pairwise comparisons are organized in ap-
Fig. 1. Location of Montecorvino Rovella. propriate matrices; for each, the so-called “vectors of prior-

ities” are calculated (expressed on the scale 0-1, by means
of the normalization of principal eigenvector of the matrix)
as scenarios for possible development, identifying thewhich, when aggregated, provide a complete ranking among
foreseen values alternatives.
) o ) ) The third step considers that, in comparing elements, in-

2. fpr analysis of temtqual and envwonmental charactens— consistency of a certain degree can arise. In the AHP ap-

tics: a GIS was realized that contained geological datapgach a “consistency ratio” of each matrix of pairwise com-

agricultural land use, and general territorial system;  arisons is computed to check the degree of inconsistency,
using the calculation of the matrix’s principal eigenvalue. In-
deed, a consistency ratio of 0.10 or less is considered accept-
Iable; if this ratio is greater than 0.10, it is necessary to refor-

terms, the impact of the plan on the different environ- mulate judgments by means of new pairwise comparisons.

mental components and to identify sustainable strate- In the pres.,ent.case-study, the urbanization process was an-
gies for action. alyzed considering the assessment of land consumption ac-

cording to different criteria and indicators. Evaluation cri-
In order to analyze the opportunity for the plan to reduceteria were organized according to a three-tiered hierarchical
land consumption through the AHP multicriteria method in- structure (Table 1).
tegrated with GIS, “urbanization suitability maps” were gen- Some spatial indicators linked to a value judgment ex-
erated; they expressed the greater or lesser propensity of tHessed on a six-point scale were associated with the criteria
territory to “receive” development, considering its potential of the third hierarchical level:
impacts.

The application of the AHP method is particularly impor-
tant for structuring the decision-making process in hierarchi-
cal form (Saaty, 1980, 1992). This approach consists of three
main phases:

ITALY ~G¢

CAMPANIA
REGION

3. for assessment of the plan alternatives: the multicrite-
ria method, Analytic Hierarchy Process (AHP) (Saaty,
1980), was integrated with the GIS to foresee, in spatia

— high urbanization suitability (score 5);

medium-high urbanization suitability (score 4);

medium urbanization suitability (score 3);

1. construction of a suitable hierarchy: medium-low urbanization suitability (score 2);

- _— ) i low urbanization suitability (score 1);
2. definition of priorities between elements in the hierar-

chy by means of pairwise comparisons;

no urbanization suitability (score 0).

3. verification of the logical consistency of pairwise For each urbanization suitability class, a numerical value
comparisons (score) and a chromatic scale were associated with the six

judgments expressed by the expert members of the City Plan
The first step is based on findings indicating that, when pro-working group. To produce the graphic representation of the
cessing information, the human mind recognizes objects andesults, the color attributed to each pixel was associated with
concepts identifying relationships between them. Becauseach score according to the conventional range from dark
the human mind cannot perceive all factors affected by argreen to red (Table 2). The processing of each selected spa-
action and their connections simultaneously, it helps to breakial indicator considers the data and information provided
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Table 1. Hierarchical structure of criteria and indicators for the urbanization process.

Criteria of the Criteria of Criteria of the Indicators Suitability Scores
1st level the 2nd level 3rd level
Geomorphology Geology Slope stability Very high degree of danger None 0
High degree of danger Low 1
Medium degree of danger Medium-low 2
Moderate degree of danger Medium 3
Stable zones High 5
Quarries None 0
Soil permeability Low-permeable and impermeable soils High 5
Permeable soils (porosity) Medium 3
Permeable soils (fractures and carsism) Low 1
Seismic zoning Rocks High 5
Conglomerates Medium-high 4
Clay soils Medium 3
Alluvium Medium-low 2
Scree Low 1
Morphology Slope classes Zones with less than 10 % gradient High 5
Zones between 10 and 20 % gradient Medium 3
Zones between 20 and 30 % gradient Low 1
Zones between 30 and 50 % gradient None 0
Zones with greater than 50 % gradient None 0
Altimetry Zones between 17 and 250 ma.s.|. High 5
Zones between 250 and 500 ma.s.|. Medium 3
Zones between 500 and 1178 ma.s.l. Low 1
Natural resources and  Natural resources Agriculture land use Grazing, grassland and wood None 0
ecological network Grazing and grassland None 0
Maquis shrubland None 0
Olive grove None 0
Tree cultivation and grazing Low 1
Tree cultivation and olive grove Low 1
Tree cultivation Low 1
Arable farming and tree cultivation Medium-low 2
Arable farming Medium 3
Uncultivated land High 5
Non-agricultural land High 5
Soil fertility Good fertility Low 1
Sufficient fertility Medium 3
Low fertility High 5
Ecological network  Natural Park Zones in the Park Low 1
Zones outside the Park High 5
Site of Community Importance  Zones in the Site of Community Importance Low 1
Zones outside the Site of Community Importance  High 5
Special Protection Areas Zones in the Special Protections Areas Low 1
Zones outside the Special Protections Areas High 5

above all by the studies conducted by the agronomist, geTable 2. Scores and colors assigned to the different urbanization
ologist, planner and the Montecorvino Rovella municipality suitabilities.
Office Plan for the new City Plan; they are valid up to 2010.

To conduct “spatial assessment”, an extension of the AHP Urbanization ~ Score  Color
method within ArcGIS was used (Marinoni, 2004; Marinoni suitability
and Hoppe, 2006; ZelendvMasiljevic et al., 2009), obtain- High 5 Dark green
ing the “urbanization suitability maps”. With this approach, Medium-high 4 Light green
it was possible to obtain not only a simple overlay of the Medium 3 Light yellow
different themes, but to conduct a pairwise comparison of Medium-low 2 Dark yellow
the criteria of each hierarchical level, assigning a weight (ex- Low 1 Orange

None 0 Red

pression of an expert judgment) on a scale of 0-1 to each
criterion through the calculation of the principal eigenvector
of the pairwise comparison matrixes.
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Fig. 2. Hierarchical structure of criteria for the urbanization process.

It should be highlighted that a first pairwise comparison linear combination of the criteria weights by the score re-
matrix contains the criteria of the first hierarchical level lating to urbanization suitability. In particular, the geometric
(“geomorphology” and “natural resources and ecologicalresolution adopted is 26 25 m; the map projection is UTM
network”). and datum is WGS 1984 33N.

For the second hierarchical level, two pairwise compari- The hierarchical structure of all the urbanization criteria
son matrixes were necessary: “geology” and “morphology”;is illustrated in Fig. 2. For example, if we consider “geol-
“natural resources” and “ecological network”. ogy”, we obtained the maps in Fig. 3 that show the scores

In the same way, for the third hierarchical level four pair- assigned to the respective criterion (slope stability, soil per-
wise comparison matrixes were deemed necessary: “slopaneability and seismic zoning). In making a linear combina-
stability”, “soil permeability”, and “seismic zoning”; “slope tion among weights and scores relative to these three criteria
classes” and “altimetry”; “agriculture land use” and “soil fer- (i.e. calculating the priority vector in the AHP method), we
tility”; “natural park”, “site of community importance”, and obtained the results in the last map of Fig. 3. It is possible
“special protection areas”. to apply the same procedure to the “morphology” criterion

Using a raster approach in each pairwise comparison andnd the results can be combined with those relating to “ge-
for each pixel, it was possible to obtain a total value as aology” (both belonging to the second hierarchical level) thus
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Geology

AHP result

Value
o High 4555100

- Low : 0,555500

obtaining urbanization suitability for the criterion “geomor- Therefore, considering all the criteria in the hierarchy and
phology” (belonging to the first hierarchical level) as seen incombining the data of all criteria belonging to the first hi-
erarchical level, we obtained the map in Fig. 6, in which
In the same way, we obtained the maps for “naturalthe colors — from dark green to red — express the urban-
resources and ecological network” as shown in Fig. 5.ization suitability (from high to none) of the Montecorvino

Fig. 4.
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Fig. 5. Urbanization suitability maps: natural resources and ecological network.

Rovella territory. According to this approach, the assessment In particular, initial attention on the measurement of the
can truly support the planning process, enhancing the potertotal land used was followed by studies to link land use to
tial of each area and, consequently, locating new urban deveHifferent themes and disciplines that affect it. Indeed, from
opment in places subject to minimum territorial and environ-land consumption due to urban development, we also con-
mental impacts. Starting with these suitability maps, plannersidered land used for infrastructure, technical services relat-
can coherently regulate land use, reducing the consumptioing to energy production, technological facilities or mining

of soil and local environmental resources. activities.
o o In this way, knowledge of issues relating to this phe-
3.2 Land consumption, indexes and indicators nomenon has been progressively expanded, both in quantity

) ) ) and in quality, not only in reference to urban growth but also
In a regional policy context, strengthening the knowledgey jts impact on agricultural activities, natural resources and
base is a high priority for identifying planning tools and se- landscape (Fichera et al., 2012; Vizzari, 2011).
lecting approaches and methods foragsessing and monitoring the complexity of this issue requires shared methodolo-
the effects of the expected transformations. gies for the measurement of the phenomenon in order to en-

As already pointed out, land consumption is one of the Ma~ e the comparison of the data examined in relation to poli-

jor phenomena upon which research and theoretical and oRsjes yndertaken, to planning models to be implemented on all

erational studies has focused in recent years in order to deﬁn&overnment levels, and to the evaluation processes associated
actions that can achieve the correct balance between develofiih the different plan types.

ment prospects and the need to preserve soil resources.
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Fig. 6. Composite urbanization suitability map.

In compliance with European Union requirements, it is indicator selection is the Sustainable Seattle (1993) experi-
possible to identify an appropriate set of indexes and indi-ence which, starting from the first indicator report in 1993,
cators useful for directing intervention strategies and planindicators of Sustainable Communitdeveloped a more
choices towards the effective limitation of land consumption. plentiful system of indicators that can present information in
As indicated by the Organization for Economic Co-operationan accessible, meaningful and actionable way (Holden, 2006;
and Development (OECD), indexes/indicators are parameHolman, 2009).
ters relating to an environmental phenomenon that can pro- The need to express the complexity of a phenomenon ana-
vide information on the characteristics of the phenomenon asyzed in exhaustive terms led to the identification of an eval-

a whole (OECD, 2003). uation approach focused on different indicators and indices
Their function is to indicate the state (or the change in— correlated from a logical and functional point of view —
state) of a complex phenomenon which is not directly mea-that can describe and relate both the different connotations
sured. The use of indexes/indicators makes it possible tahatland consumption can take on as well as the processes of

synthetically represent the investigated problem, maintainingegional transformation connected to it.
unchanged the content of the analysis conducted. Land consumption must be considered a dynamic process

These properties render indicators and indexes technicahat alters the nature of a region from natural to artificial con-
tools of knowledge and control that are communicable andditions; soil sealing is the last stage in this process (EEA,
understandable; they can play a strategic role in facilitating2005). Based on the guidelines and procedures developed by
and making planning decision-making processes more obthe European Environment Agency (EEA) to support the Eu-
jective, effective and transparent. An interesting example ofropean Union in assessing land use sustainability, monitoring
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Fig. 7. Land consumption before and after the City Plan.

and definition of strategies (EEA, 2001), it was possible to it identifies the overall percentage of land irreversibly
select some suitable indicators and indexes. consumed;

In particular, despite the abundance of indicators illus- .
trated in literature (Ochola and Kerkides, 2004: Fusco Gi- - 1ot@l Land Consumption index (TLC): the sum of
rard, 2009: Montrone et al., 2010; Weiland et al., 2011; Mat-  Reversible Land Consumption index (RLC) and Irre-
tila et al., 2012; Selicato et al., 2012; van Oudenhoven et versible Land Consumption index (ILC).

al., 2012), in order to define the land use strategies for Mon-Taple 3 illustrates the five indexes calculated by analyzing

tecorvino Rovella, we identified only those that could assesghe present situation and scenarios that might result from the
the contribution of the different environmental componentsjmplementation of City Plan strategies.

present. Taking into account the results obtained from draft- |t is possible to observe how the value of LCI increases

ing the urbanization suitability maps, land consumption be-yjth the realization of City Plan strategies, going from
fore and after City Plan implementation was assessed. In thi§ 67 to 0.97 %: while the value of LCU is reduced consid-
way, it became possible to analyze the possible effects of th@raply, from 3.74 to 1.25%. An interesting aspect is also the
City Plan strategies on land consumption (Fig. 7). positive increase in RLC, from 0.64 to 2.27 %. Therefore, it
In particular, five main indexes were selected (Regionejs possible to highlight how the City Plan sought to increase
Piemonte, 2012) taking into account the characteristics of theyctions that transform the territory in a reversible way. In any
territory and plan actions: case, the value of ILC increases from 4.40 to 6.22 %, and the
value of TLC is changed from 5.04 to 8.50 %. It is evident
rthat the City Plan actions lead to an increase in land con-
Eumption, but it is equally important to note that one of the
goals is to focus more on actions that involve reversible land

2. Land Consumption index for Urbanized areas (LCU): consumption.

to assess the percentage of land transformed for the cre- Moreover, new urbanization and reversible land uses are
ation of urbanized areas at the expense of agricultural 0}ocated in areas characterized by greater urbanization suit-
natural uses: ability, identified by the combined approach of the AHP

method and GIS as “high”, “medium-high” and “medium”

3. Reversible Land Consumption index (RLC): to identify (Fig. 7). If we consider the composite urbanization suitability

the percentage of natural land area converted to activimap and existing urbanization, we can analyze how the pro-
ties that modify land use without soil sealing (like urban cess of land consumption today characterizes Montecorvino

parks, sports facilities, etc.); Rovella (Fig. 8). At the same time, applying the proposed ap-
proach of integrated methods and tools (Fig. 9), it is possible

4. Irreversible Land Consumption index (ILC): the sum of to locate new transformations in places where territorial and
Land Consumption index for Infrastructure (LCI) and environmental impacts can be minimized, supporting a trans-
Land Consumption index for Urbanized areas (LCU); parent and dynamic decision-making process that takes into

1. Land Consumption index for Infrastructure (LCI): to as-

outside the urbanized area;
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Table 3.Indexes of land consumption.

Current values Plan implementation

1. Land Consumption index for Infrastructure (LCI)

In = Infrastructure = 28.1 kfn In = Infrastructure = 40.8 kf
Ta=Total land area = 4208 Km Ta=Total land area= 4208 Km
LCI=In/Tax 100=0.67 % LCl=In/Tax 100=0.97 %

2. Land Consumption index for Urbanized areas (LCU)

Ua = Urbanized land area=157.2 &km Ua= Urbanized land area=221.1&m
Ta=Total land area = 4208 Km Ta=Total land area = 4208 Kn
LCU=Ua/Tax 100=3.74% LCU=Ua/Tx 100=1.25%

3. Reversible Land Consumption index (RLC)

Ra=Reversible land area=26.9km Ra=Reversible land area=95.6&km
Ta=Total land area= 4208 Km Ta=Total land area= 4208 Km
RLC =Ra/Tax 100=0.64 % RLC=Ra/Ta 100=2.27%

4. Irreversible Land Consumption index (ILC)

ILC=LCI+LCU=4.40% ILC=LCI+LCU=6.22%

5. Total Land Consumption index (TLC)
TLC=RLC+ILC=5.04% TLC=RLC+ILC=8.50%
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account multidimensional criteria and the specificity of local Fig. 9. Methodology.

resources.

when changes in the state of one environmental issue can
4 Discussion and conclusions translate directly into pressures on another. Or they are in-

direct when changes in one environmental question result in
According toThe European Environment — State and Out- feedback from another and vice versa.
look 2010(EEA, 2010c), today’s main environmental chal-  In particular, land use and land cover changes exemplify
lenges are characterized by their systemic nature and the nesuch indirect links: they can be seen to be both drivers and
cessity of facing them by taking into account their interac- impacts, not only of climate change but also of biodiver-
tions. Indeed, the assessments of four environmental priorityity loss and the use of natural resources. For example, any
areas (climate change, nature and biodiversity, use of naturalhange in land use and land cover resulting from urbaniza-
resources and waste, and environment and health) point to #on or the conversion of forests to agriculture (Di Fazio et
series of direct and indirect links between the environmentahl., 2011; Fichera et al., 2011), affects climate as well as bio-
challenges. Thus, many of the links are direct, for examplediversity. At the same time, many changes in the state of
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the environment are due to unsustainable consumption anthe spatial and territorial indicators obtained helps address
production patterns. Land use and land cover are the princithe environmental information in terms that are relevant for
pal drivers of environmental change, influencing landscapeshe local resources. This case study is, thus, an attempt to
and the distribution and functioning of ecosystems, answercreate territorial indicators that can describe the potential and
ing our demands for food, forest products, renewable energyritical aspects of an urbanization process in a field of investi-
and urbanization (CLC, 2012). gation which requires further study and development. Indeed,
Any policy or strategy for land conservation and sustain-dynamic spatial indicators and the use of maps for report-
able management cannot be possible without a careful anthg and assessing soil sealing and land consumption can be
thorough analytical process in order to monitor the phe-powerful ways of communicating with planners and policy
nomenon in terms of quality and quantity, to understandmakers, and should therefore become part of the tools used
causes, to recognize results and to develop effective mitigain regional and urban transformation processes.
tion measures that can be integrated with concrete planning
actions. Therefore, a system of spatial and dynamic knowl-
edge is necessary; it must contain reliable and easily compaRcknowledgementsThe authors wish to thank all members
rable data to guide and support the decisions of planners angf the working group for the drafting of the new City Plan
policy makers in limiting the consumption and waste of soil °f Montercorvino Rovella: Michelangelo Russo (Urban plan-
reSOUICes. ning); Giuseppe dea (Ffrqect cgordlnatlon); Anme Attademo,
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sible for land management. Another important aspect is that

specific regional approaches must be developed that take intedited by: G. Borruso

account unused resources on the local level (for example, a

particularly large number of empty buildings or brownfield
sites). Furthermore, existing funding policies for infrastruc-
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tion, plans, programs, and evaluation tools. Indeed, accord- sar:é‘été'm‘ggz‘;g:ﬁ::r'“izp?dﬁfehdflc)’;.péi':grrl‘g;hlﬁ'%j;'l IrF]{:ij':Er;\

. . . . Cerreta, M. and De Toro, P.: Strategic Environmental Assessment
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