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ABSTRACEN)

Spatial planning is erucial discipline for the identification and implementation of sustainable development
strategies that take into account the environmental impacts on the $oitecent years, the significant
development of technology, like remote sensing and GIS sodtwaas significantly increased the
understanding of environmental components, highlighting their peculiarities and criticalities. Geographically
referenced information on environmental and so@oonomic components represents a fundamental
database for idatifying and monitoring vulnerable areas, also distinguishing different levels of vulnerability.
This is even more relevant considering the increasingly significant impact of land transformation processes,
consisting of rapid and frequent changes in lasg patternsIn order to achieve some of the Sustainable
Development Goals of the 2030 Agenda, the role of environmental planning is crucial in addressing spatial
problems, such as agricultural land abandonment and land take, which cause negative impacts o
ecosystemsRemote sensing, and in general all Earth Observation techniques, play a key role in achieving
SDG 11.3 and 15.3 of Agenda 2030. Through a series of applications and investigations in different areas of
Basilicata, it has been demonstrated htive extensive use of remote sensing and spatial analysis in a GIS
environment provide a substantial contribution to the results of the SDGs, enabling an informed decision
making process and enabling monitoring of the results expected, ensuring datailitgliabd directly
contributing to the calculation of SDG objectives and indicators by facilitating local administrations
approaches to work in different development and sustainability sectarthis thesishave beeranalyse the
dynamics ofland transformation in terms of land take and soil erosion in sample areas of the Basilicata
Region, which represents an interesting casemplefor the study of land ustand coverchange(LULCYE

The sociedemographic evolutionary trends and the study of marginafityd territorial fragility are
fundamental aspects in the context of territorial planning, since they are important drivers of the LULCC and
territorial transformation processesdn fact, in Basilicata, settlement dynamics over the years have occurred

in an uncontrolled and unregulated manner, leading to a constant consumption of land not accompanied by
adequate demographic and economic growifo better understand the evolution and dynamics of the
LULCEand provide useful tools for formulating territorial planning policies and strategies aimed at a
sustainable use of the territory, the soed@onomic aspects of the Region were investigated. A first phase
involved the creation of a database and the stuahd identification of essential services in the area as a
fundamental parameter against which to evaluate the quality of life in a specific area. The supply of essential
services can be understood as an assessment of the lack of minimum requirementgfesitnce to the

urban functions exercised by each territorial unit. From a territorial point of view, the level of peripherality
of the territories with respect to the network of urban centres profoundly influences the quality of life of
citizens and thedvel of social inclusion. In these, the presence of essential services can act as an attractor
capable of generating discrete catchment areas. The purpose of this first part of the work was above all to
create a dataset of data useful for the calculatidrvarious socieeconomic indicators, in order to frame the
demographic evolution and the evolution of the stock of public and private services. The first methodological
approach was to reconstruct the offer of essential services through the use of opeimdaGIS environment

and subsequently estimate the peripherality of each municipality by estimating the accessibility to essential
services. The study envisaged the use of territorial analysis techniques aimed at describing the distribution
of essentiakervices on the regional territory. It is essential to understand the role of demographic dynamics
as a driver of urban land use change such as, for example, the increase in demand for artificial surfaces that
occurs locally. Social and economic analysesiraportant in the spatial planning process. Comparison of
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socioeconomic analyses with land use and land cover change can highlight the need to modify existing
policies or implement new ones. A particular land use can degrade and thereby destroy nthezdaurces.

If the economic analysis shows that the use is beneficial from the point of view of the land user, it is likely to
continue, regardless of whether the process is environmentally friendlis important to understand and
investigate which dvers have been and will be in the future the most decisive in these dynamics that
intrinsically contribute to landake, agricultural abandonment and the consequent processes of land
degradation and to define policies or thresholds to mitigate and maonite effects of these processes.
Subsequently, the issues &nd takeand abandonment of agricultural land were analysed by applying
models and techniques of remote sensing, GIS and territorial analysis for the identification and monitoring
of abandonedagricultural areas and sealed areas. The classic remote sensing methods have also been
integrated by some geostatistical analyses which have provided more information on the investigated
phenomenon. The aim was the creation of a quick methodology thatdwvalidw to describe the monitoring

and analysis activities of the development trends of soil consumption and the monitoring and identification
of degraded areas. The first methodology proposed allowed the automatic and rapid detection of detailed
LULCC andand Take maps with an overall accuracy of more than 90%, reducing costs and processing times.
The identification of abandoned agricultural areas in degradation is among the most complicated LULCC and
Land Degradation processes to identify and monitoit &sdriven by a multiplicity of anthropic and natural
factors. The model used to estimate soil erosion as a degradation phenomenon is the Revised Universal Soil
Loss Equation (RUSLE). To identify potentially degraded areas, two factors of the RUBééntworeelated:

Factor C which describes the vegetation cover of the soil and Factor A which represents the amount of
potential soil erosion. Through statistical correlation analysis with the RUSLE factors, on the basis of the
deviations from the averagRUSLE values and mapping of the areas of vegetation degradation, relating to
arable land, through statistical correlation with the vegetation factor C, the areas were identified and mapped
that are susceptible to soil degradation. The results obtainedvaibthe creation of a database and a map

of the degraded areas to be paid attention to.

ABSTRACT (IT)

La pianificazione territoriale &€ una disciplina cruciale per l'identificazione e I'attuazione di stditegiappo
sostenibile cheiene conto degli impatti ambientali sul suolba pianificazione territoriale € una disciplina
cruciale per l'identificazione e l'attuazione di strategie di sviluppo sostenibile che tengano conto degli impatti
ambientali sul golo. Negli ultimi anni il notevole sviluppo tecnologico, come il telerilevamento e software
GIS, ha notevolmente aumentato la comprensione delle componenti ambientali, evidenziandone le
peculiarita e le criticita. Le informazioni georeferenziate sulle pamenti ambientali e socieconomiche
rappresentano un database fondamentale per lidentificazione e il monitoraggio delle aree vulnerabili,
distinguendo anche diversi livelli di vulnerabilita. Cid € ancora piu rilevante se si considera l'impatto sempre
piu significativo dei processi di trasformazione del suolo, costituiti da rapidi e frequenti cambiamenti nei
modelli di uso del suolo. Al fine di raggiungere alcuni degli Obiettivi di Sviluppo Sostenibile delllAgenda 2030,
il ruolo della pianificazione ambitale e cruciale nell'affrontare i problemi territoriali, come I'abbandono dei
terreni agricoli e il consumo di suolo, che causano impatti negativi sugli ecosiit@t@rilevamento, e in
generale tutte le tecniche di Osservazione della Terra, giocamaalo chiave nel raggiungimento degli SDG
11.3 e 15.3 dell’Agenda 2030. Attraverso una serie di applicazioni e indagini in diverse aree della Basilicata &
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stato dimostrato come I'ampio utilizzo del telerilevamento e l'analisi spaziale in ambiente Gikgdoun
contributo sostanzialger il raggiungimentaleglin 6 A SG G A @A { 5 D coRs8rtehidd in®cesd H N C
decisionale informato, migliorando l'accuratezza dei dati, garantendo I'affidabilita dei dati e contribuendo
direttamente al calcolo degli a#ttivi e degli indicatori SDG, facilitando, infine, gli approcci delle
amministrazioni locali a lavorare in diversi settori di sviluppo e sostenibilita. In questa tesi sono state
analizzate le dinamiche di trasformazione del suolo in termini di consurseotb ed erosione del suolo in

aree campione della regione Basilicata, che rappresenta un interessante caso esemplificativo per lo studio
del cambiamento di uso del suolo (LULCE@¥nd evolutivi socialemografici e lo studio della marginalita e

della fragilita territoriale sono aspetti fondamentali nell'ambito della pianificazione territoriale, in quanto
importanti driver dei LULCC e dei processi di trasformazione del territorio. In Basilicata, infatti, le dinamiche
insediative nel corso degli anni smavvenute in maniera incontrollata e non regolamentata, determinando

un costante consumo di suolo hon accompagnato da un‘adeguata crescita demografica ed economica. Per
meglio comprendere I'evoluzione e le dinamiche dei LULCC e fornire strumenti uidrpetare politiche e
strategie di pianificazione territoriale finalizzate ad un uso sostenibile del territorio, sono stati indagati gli
aspetti socieeconomici della Regiontna prima fase ha riguardato la creazione di una banca dati e lo studio

e l'individuazione dei servizi essenziali sul territorio come parametro fondamentale rispetto al quale valutare
la qualita della vita in un determinato territorio. L'erogazione dei servizi essenziali pud essere intesa come
una valutazione della mancanza dei regiiliminimi con riferimento alle funzioni urbane esercitate da
ciascuna unita territoriale. Dal punto di vista territoriale, il livello di perifericita dei territori rispetto alla rete
dei centri urbani influenza profondamente la qualita della vita déadini e il livello di inclusione sociale. In
guesti la presenza di servizi essenziali pud fungere da attrattore in grado di generare bacini discreti. Lo scopo
di questa prima parte del lavoro é stato soprattutto quello di creare un dataset di datil e@licmlo di diversi
indicatori socieeconomici, al fine di inquadrare I'evoluzione demografica e I'evoluzione dello stock di servizi
pubblici e privati. Il primo approccio metodologico € stato quello di ricostruire I'offerta dei servizi essenziali
attraverso I'utilizzo di dati aperti in ambiente GIS e successivamente stimare la perifericita di ciascun comune
stimando l'accessibilita ai servizi essenziali. Lo studio ha previsto l'utilizzo di tecniche di analisi territoriale
volte a descrivere la distribuzie dei servizi essenziali sul territorio regionale. E essenziale comprendere il
ruolo delle dinamiche demografiche come motore del cambiamento dell'uso del suolo urbano come, ad
esempio, I'aumento della domanda di superfici artificiali che si verifiozehlolilocale. Le analisi sociali ed
economiche sono importanti nel processo di pianificazione territoriale. Il confronto delle analist socio
economiche con l'uso del suolo e il cambiamento della copertura del suolo pud evidenziare la necessita di
modificae le politiche esistenti o implementarne di nuove. Un particolare uso del suolo pud degradare e
quindi distruggere altre risorse del suolo. Se l'analisi economica mostra che |'uso & vantaggioso dal punto di
vista dell'utilizzatore del suolo, & probabileechontinui, indipendentemente dal fatto che il processo sia
rispettoso dell'ambiente. E importante comprendere e indagare quali driver sono stati e saranno in futuro i
pil determinanti in queste dinamiche che contribuiscono intrinsecamente al consumo dd, su
all'abbandono agricolo e ai conseguenti processi di degrado del suolo e definire politiche o soglie per mitigare
e monitorare il effetti di questi processi.

Successivamente sono stati analizzati i temi del consumo di suolo e dell'abbandono dei agrieoli
applicando modelli e tecniche di telerilevamento, GIS e analisi territoriali per lindividuazione e il
monitoraggio delle aree agricole abbandonate e delle aree impermeabilizzate. | classici metodi di
telerilevamento sono stati integrati anche ddcune analisi geostatistiche che hanno fornito maggiori
informazioni sul fenomeno indagato. L'obiettivo era la creazione di una metodologia veloce che permettesse
di descrivere le attivitd di monitoraggio e analisi dei trend di sviluppo del consumoldiesi monitoraggio
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e lidentificazione delle aree degradate. La prima metodologia proposta ha consentito il rilevamento
automatico e rapido di mappe LULCC e Land Take dettagliate con un'accuratezza complessiva superiore al
90%, riducendo costi e tempi dlaborazione.

L'identificazione delle aree agricole abbandonate in degrado é tra i pratiéssi CC e Land Degradation piu
complicati da identificare e monitorare in quanto guidato da una molteplicita di fattori antropici e naturali. Il
modello utilizz#o per stimare I'erosione del suolo come fenomeno di degrado € la Revised Universal Soil Loss
Equation (RUSLE). Per identificare le aree potenzialmente degradate, sono stati correlati due fattori del
RUSLE: il Fattore C che descrive la copertura vegethfidlo e il Fattore A che rappresenta I'entita della
potenziale erosione del suolo. Mediante analisi statistica di correlazione con i fattori RUSLE, sulla base degl
scostamenti dai valori medi di RUSLE e mappatura delle aree di degrado vegetazitaiale aieseminativi,
mediante correlazione statistica con il fattore vegetativo C, sono state individuate e mappate le aree che
sono suscettibili al degrado del suolo. | risultati ottenuti hanno consentito la creazione di una banca dati delle
aree degradte da attenzionare



Foreword

1.1 Introduction

In last decades, auto the growth of the global population and the rapid development of urbanization, a
significant proportion of rural regions are being transformed into urban areasling to @ incrementin

land takd1¢3]. The population moves from rural areas to cities, equipped with more services and
opportunities, as stated in the World Urbanization Prospects, "the percentage of the world's population living
in urban areas is expected to increase, reachibip by 205€[4]. As a result, the land rush for the expansion

of urban areas and the resulting land consumption and abandonment of agricultural areas has emerged as a
critical problem in recent decade6.KS | YAGSR bl GA2yaQ FTR2LIWA2Yy 2F (K
(SDGs), under the 2030 Agenda for Sustainablelbement, urged the scientific community to generate
sound information with the aim of supporting planning and monitoring of socioeconomic development
interlinking with environmental sustainability dimensiof;9]. SDGs 11 and 15 refer to targets which
commend direct consideration of land resources.

In particular SDG 11.3 refers to one of the goals of Sustainable Development Goal 11, which focuses on
making cities and human settlements mosestainable. The specific goal of SDG 11.3 is to improve
urbanization and make it sustainable by 2Q8D In other words, this goal aims to ensure that urban areas

are developed in a sustainable, inclusive and participatway, counteracting land take10,11] This
includes efforts to reduce urban sprawl, improve access to basic services, and ensure that urban planning
takesinto account the needs and perspectives of all community membEnss includes efforts to reduce
urban sprawl, improve access to basic services, and ensure that urban planning takes into account the needs
and perspectives of all community members.

SDG 13 refers to the third target under Sustainable Development Goal 15, which aims to protect, restore,
and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification,
halt and reverse land degradation, and halt biadsity los$5,7,8,12] This target recognizethe importance

of protecting and restoring terrestrial ecosystems and halting land degradation, which are essential for
achieving sustainable development and addressing climate change. The target calls for efforts to combat
desertification, restore degded land and soil, and achieve a land degradatientral world, where the
amount of degraded land is balanced by an equal or greater amount of land that is restored or imfimved.
achieve this target, actions should focus on preventing and reversingl&grddation, improving soil health

and fertility, promoting sustainable land use and management practices, enhancing resilience to drought and
other natural disasters, and supporting sustainable livelihoods for local communities. This will require
coordimted efforts at all levels, from local communities to national governments and international
organizations, and the participation of all stakeholders, including local communities, landowners,
governments, civil society, and the private sectdainly the methods of evaluation and monitoring of land

take and the neutrality of land degradation, for the achievement of SlEGs, provider a multidisciplinary
analysis approach which involves the use of territorial indicators and analyses.

The monitoring of theSDGs can be disaggregated into different aspects: study of urban sprawl, land
consumption and abandonment of agricultural areas, soil degradation and land transformation dynamics,
and sociedemographic dynamics. For the aspects concerning the Land UdeCloasr Change (LULCC), the

use of the different algorithms and remote sensing techniques available, can provide synoptic views in space

and time for the periodic monitoring of the territory. A variety of remote sensing data can provide sources
8



of land usedata. There are many studies in the literature that have seen the analysis of these issues applied
to different territorial contexts: from megalopolises and large industrial areas to provincial[&/gh4 3;

18]. For the second aspect, the deteination of the exact population within a buillp area requires the
existence of updated databases and metadata that follow the trend of the expansion of theipwahea

that takes into account the evolutionary trends of the population and of all tlgoseconomic aspects that
represent the drivers of the transformation processes of the territories with direct impacts on thgL9qils

22]. Thedoctoral activities outlined in this thesis fit into this context, which involved a first phase of cognitive
analysis on research topics focused on the dynamics of changes in the Thé&@earch project proposes

the application of combined remote sengi and spatial analysis techniques for the assessment of relevant
environmental components with respect to the construction of spatial governance #atsropogenic land

use and land cover change (LULCC) is a major cause ofagglielsahmental chang§3]. The conversion of
natural lands to humadominated landscapes has accelerated dramatically over the past two to three
decades and is expected to continue to increase dramatically. The transition of forests and grasslands to
cropland and pasture is the most important of these changes, linked to increasing demand for food with
impacts on climate.Land use and land cover aratdrconnected intrinsically, but are nevertheless
conceptually distinct; drawing clear distinctions between the two is not easy, as there are multiple
relationships within and between land cover and land use categfi@sLand use and land cover are two
extremely interrelated areas in the analysis of the phenomena and processes that characterize land
evolution. These transformations have substantial consequences on humaheiradl and the state of the
environment at ¢pbal, regional and local levels, so there is a need for the development of monitoring support
tools capable of supporting the implementation of appropriate sustainable land governance and
management policig®5]. In this sense, although some dynamics, such as tiakeland agricultural land
abandonment, are well known, the availability of an integrated monitoring and assessment system for the
status and evolutionary dynamics of land coaad land use has historically been limited in our countrye
growing need for high spatial temporal and thematic resolution information, which is essential for the
description of complex contemporary land dynamics, has led to the creation of numerdegendent
products at the global, European, national and local levels, characterized by specific classification systems,
different level of geometric detail and based on different relationships between land use and land cover.
There are many papers in thigerature by authors who have published investigations in the field of CULC
Over the decades, scientific literature has defined 'land use' and 'land cover' in various ways, depending on
the specific area of intereg2,24,2&30]. Generally, land use and land cover can be defined separately,
where land use refers to the purpose for which the land is usegl, agricultural or recreational useln
contrast, land cover indicates specifandscape patterns and characteristics. While the terminologies for
LULCcan be used interchangeably, the definition focuses on human use, over time and space, of the various
physical, chemical and cultural factors of the soil resource. Land userahddver are key physical elements

that observe the earth's surface and classification systems are needed to differentiate them. These
classification models and algorithms provide the tools for classifying and identifying spatidlldatase of
remote £nsing data is a consolidated approach in this field of resef@¢f31,32] particularly due to its

ability to provide regular data (spatially and temporally) over large ar8asellite images, therefore, offer

the opportunity to extract significant information and study the territory, especially regarding the impacts of
human activity on land use and land cover.eQof the main problems associated with the use of Earth
observation systems, however, is related to the quantitative interpretation of the signal and the time gap of
the images due, for example, to the presence of clouds that do not allow for andly$iie literature,
different types of classification have been applied for mappingking satellite imagef83¢39]. Some
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of these classifications are based on mdamporal imagegt0], multitemporal [10,14]) or in combination

with auxiliary data (e.g., [11,15,16]). Single date classification is widely used in the literatgre (e.
[6,12,17,18]); this analysis focuses on a single date image foClohHfiping. The processing of a sindkte

image is faster than multemporal classification. In mutemporal classification, bands of multiple dates,
seasons or years are combineaubeclassified [19]Free satellite imagery, such as Landsat, MODIS or Sentinel,

is also increasingly used because it offers a wide range of options and possible applications. In addition, the
constant supply of images with the same spatial and temporalugisn ensures highly relevant standard
processing in spatial and ecological studies. However, the use of these data and methodologies is often
limited to the academic or national arena and little is done locally. This happens because there is a lack of
technical expertise, but also because the methodologies are often too complex anddimaming to be
exploited at the practical level in local plannifigemote sensing (RS) technology obtains geographic data
through satellite images (optical and/or radawy aerial photographs that can be examined in a GIS
environment.Land use and land cover are important aspects in spatial plantminigct, LUCC data are
essentialin environmental studies, decisiamaking, land use planning and design, and the dedimitf

natural resource managemeipblicies.Urban and territorial planning and the decisioraking process for
sustainable development need high spatial resolution data to study the relationships between the socio
economic performance of the urban and tiéorial system and their impact on the land coveand use
changes are deeply connected to social and economic determinants, thus also depending on the territorial
policies and financial incentives put in place by government bodies, also in implememtbhregulations.

In Italy in the last thirty years, among the actions that have had the greatest impact on land use and land
cover phenomena, we find the Community economic policy such as the Common Agricultural Policy (CAP).
The CAP, through the disls@ment of funds through the Rural Development Programmes, has profoundly
influenced the choices of agricultural entrepreneurs.

Among the different dynamins and types of land use and land cover change, in this thesis we have chosen to
analyse two types ofULCCland take and the degradation of abandoned agricultiaat in the form of
erosion.Land take from soil sealing is the leading cause of soil degradation in Europe, the negative impacts
of which on the environment lead to an increased risk of flogdthreatens biodiversity, causes the loss of
fertile agricultural land and natural and sematural areas, contributes together with urban sprawl to the
progressive and systematic destruction of the landscape, especially rural landscapes, and to ahéhess
capacity to regulate natural cycles and mitigate local thermal effects. (European CommissionD26di2d
analysis of land transformations resulting from land take is the main planning reference and the fundamental
tool for achieving the goal of zero landke. Soil degradation, on the other hand, is the phenomenon of
altered soil conditions due to ehreduction or loss of biological or economic productivity due primarily to
human activity. In addition to productivity, other factors such as water erosion can be used to assess soil
degradation.The present research concerns practical studies on the sienes of land consumption, land
abandonment and erosion, carried out through remote sensing data from the Landsat and Sentinel Mission,
with the objective of providing accurate information of the phenomena in Basilicata and relating them to
demographic ginamics, settlement by taking a look at government actions acting on the territdry
methods used in this thesis work are mainly based on the use of historical land use data to derive time series
of changes in the LULCC. These information series wereued to feed classification models to estimate
changes in the LULCC. Finally, the results were compared with populationTtetatudy of the main
territorial changes was accompanied by the evolution of demographic dynamics linked to changes in the
regional production system, in the various sectors, highlighting and understanding any implications with the
degree and type of pressures in terms of land consumption and land degradation soil and trying to grasp any
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connections between economic activitiestalemographic aspects with the increase in soil degradation and
the consequent territorial marginalization.

1.2 Main research objectives

The research project proposes the application of combined technigues of remote sensing and analysis spatial
for the assessment of relevant environmental components with respect to the construction of spatial
government tools.

The state of the research proposes a series of applications based on change detection techniques to
significant domains that characterize the centporary urban and land use planning debate: land take, land
abandonment and degradation. Applications referring to sample spatial domains take into account the
availability of data spatial organized also with respect to time series useful for recordilgi@vary trends

of the phenomena considere@®oth the choices of case studies, the organization of applications compose a
heterogeneous pool of results that has been useful to test the applicability of techniques at different scales
of land assessment iarder to consolidate an analytical competence and thiclaete transferability to
broader contexts in order to achieve a unified and integrated reading of the territory.

Contexts of interest for the development of the research are: the regional dimensi@nred to for
landscape planning actions in the context of the Basilicata Region; the urban areas of the Lucanian capitals
and the main sites of industrial settlement for the reading of the relationships between anthropic settlements
and climatic forcigs and land use alterations; areas with a specific agricultural vocation, in which to assess
relationships between forms of land degradation and agricultural uses related to the programming of
regional rural development policies; rural and urkagricultural interface areas in which to assess the
phenomenon of soil erosion as a form of land degradation due to anthropogenic actions.

The choice of the study area was dictated by the fact that in the Basilicata region the phenomenon of land
abandonment is verpresent, while the phenomenon of land take in the main cities shows an increasing
trend in contrast with the demographic dynamics.

The research consisted of several stages, the preliminary stages consisted of a territorial framework from the
socio demogaphic point of view where the issues of depopulation, endowment of essential services and
territorial fragility of theanalysedarea wereanalysedThe first part of the work involved a great deal of work

in the research and construction of spatial dateassess the dynamics of LULCC in the Basilicata region from
the 1990s to 2020.

Subsequently, the issue of land take and agricultural land abandonmenanehgsedoy applying remote
sensing, GIS and spatial analysis models and techniques for the idgiotifiand monitoring of abandoned
agricultural areas and sealed are@ke classical remote sensing methods were also complemented by some
geostatistical analyses that provided more information about the investigated phenomenon. Geostatistics
represents apossibility of exhaustive reading of the territory, the techniques of spatial statistics and
autocorrelation methods were used, through global and local indicators, for a more detailed analysis of the
investigated phenomena.

It is critical to understandnvestigate, and monitor what have been and will be in the future the most
influential drivers on these dynamics that inherently contribute to land consumption and land degradation
and to define directions to curb the associated degradation phenomena
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1.3 General structure of the thesis

The thesis was organized as follows: 4 chapters introduced by an abstract presenting the main objectives and
main results obtained, as well as continuity with the previous chafpecifically, the research consisted of
several phases of work, the results of which are reported in the chapters of which this thesis is composed.
The first cognitive phase is aimed at defining the scientific frame of reference on the topic of land use land
cover (Chapter 1)This is a topic ofanticular interest in the field of land use planning, partly as a result of
European strategies and regional guidelines aimed at limiting land consumption and land degradation, as
well as the urban planning instruments that currently regulate land managérae the national and
European leveld he characters and dynamics of population, territorial marginalization as expressed through
accessibility analyses have been flanked by substantial sets of historiographic, sociological, political and
economic datahat have been summarized in Chapter 2. The compendium of these qualitative elements will
then also serve as the basis for determining suitable indicators for measuring the processes analysed.

The second part of the thesis work consists of a methodologindl experimental phase involved the
application of models and techniques for the gtatiive - quantitative estimation of land transformations of

land take (Chapter 3) and the gquative andquantitative estimation of agricultural abandonment and its
conequences on land degradation (Chapter Binally, the last chapter on the conclusions of the thesis and
considerations on the issues addresséle thesis includes an appendix that consists of methodological and
technical attachments, as well as a glagsaith definitions of the key terms used throughout the text, which

are emphasized in bold italics.

1.4 Results in brief

The research project conducted during the PhD proposed an innovative methodological approach to land use
change issues (larmtcupation and abandonment), based on a solid spatial and landscape study. The overall
research was based on the use and integration of spatial analysis and remote sensing techniques for the
study of land transformation processes.

The main results obtaineare:

1 The data collection process led to the identification of about 19,000 activities and services on the
regional territory and the creation of a territorial dataset that allowed for the collection, analysis and
organization in a synthetic form of tetorial data on the stock of services present on the territory,
useful for the planning and management of urban tools

1 The regional territory is mainly characterized by smaller centres that offer limited accessibility to
essential services due to tisggnificant distance from the main centres that provide essential services
(education, health and mobility) and the poor road and infrastructure network;

1 Between 1981 and 2021, the depopulation index in Basilicata is about 6%, with higher values in the
province of Potenza (14.24%ip 2021, there are 67 municipalities in the region with a population
under 2,000and 40 with a resident population below 5 thousand inhabitants

1 Economic activities also record a decrease in the period between 2002 and 2021
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Themunicipalities recording an inverse trend of seemnomic depopulation are the municipalities

of Melfi and Policoro, the former being the hub of the region's main industrial centre and the latter
the centre of agricultural and tourist activities in thesMpontine area

The Land Use and Land Cover classification model implemented involved the use of supervised
classification algorithms (SVM) with the integration of auxiliary data (orthophotos, ground truth
data). The LULCC maps obtained show an oveallacy greater than 92% he results show that

the increase of impermeable areas (buifp areas) has occurred predominantly in areas away from
urban centres, especially near industrial areas and rural areas

The installation of new renewable energy plahts produced a further increaseland takewith a
conseqguent increase in territorial fragmentation

Clustering of the RUSLE data, via Getis and Ord. autocorrelation algorithm, highlighted the areas
showing permanent erosion during the period considered

The NDVI time series surveys for the period 290R0 identified areas that experienced agricultural
abandonment (formerly agricultural areas) or agricultural transition;

Through statistical correlation analysis with the RUSLE factors, on the basisdavthBons from

the average RUSLE values and mapping of the areas of vegetation degradation, relating to arable
land, through statistical correlation with the vegetation factor C, the areas were identified and
mapped are susceptible to soil degradatidine results obtained were compared with data from
various agricultural censuses and policy actions acting on the territory in order to identify the likely
drivers of degradation and analyse their impacts (soil erosion).
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Chapter 1. LandCover/Land Use and Land Cover Change:
an overview

Soil is a natural resource that performs a fundamental role in providing environmental, social and economic
functions, that humans have utilized for life and various activitisl provides food, biomas:nd raw
materials essential for human life and activity, it is a central element of the landscape and cultural heritage
of a country. Soil is a limited resource whose formation times are extremely long, and for this reason we can
define it as a substantig nonrenewable resource. Soil is an essential, complex, ffurititional and vital
ecosystem of critical environmental and socioeconomic importance, performing many key functions and
providing services vital to human existence and ecosystem survivalfegnt and future generations to
meet their own needs (European Parliament, 20Z1)e to these peculiarities, hatural soil must be protected
and conserved for future generations. The importance of protecting the soil, taking into account the
persistentdegradation of this nomenewable resource, also derives from the costs of inaction regarding soll
degradation, with estimates that in the European Union exceed 50 billion euros per year (European
Parliament, 2021)According to estimates between 60% anf@% of soils in the EU are not in optimal
conditions, in fact soils and soils continue to be subject to processes of strong degradation such as erosion,
compaction, reduction of organic matter, pollution, biodiversity loss, salinisation and sealing (&orope
Commission, 2021 Europe, key LULC changes consist in land abandonment (sometimes with forest
recovery), agricultural intensification and rapid (and often uncontrolled) expansion of urban[dfigathe
human use of terrestrial resources gives rise to the "land use", which varies according to the purposes such
as food production, the extraction and processing of materials, the creation of rieastiructures and
homes, as well as the biophysical characteristics of the territory {2]f Thus, land use is shaped under
the influence of human needs and environmental characteristics and processes. The changes in land use that
occur at various spatial levels aidvarious periods of time are the material expression of environmental
and human dynamics and their interactions through the territory. These changes have impacts and effects,
beneficial and harmful; the latter affect human wbking and health in vari@muways and are the subject of
attention and study. The extent of land use change varies according to the time period examined and the
geographical area concerng8]. Knowledge of land use and land cover is essential for understanding land
development, loss and degradati@md energy security for the growing population, to simulate water and
carbon cycles, learn about ecosystem dynamics and climate change, assess the environmental effects
associated with land use and the impact on service provision ecosystems, considerdaagement that
accounts for land cover change, change sensing analysis (e.g. where change occurs, what type of change and
how it occurs), using monitoring tools for policy change, landscape monitoring and natural resource
management of the environmenthese activities have contributed to the observation, research, planning
and implementation of policies that find a balance between the management of local resources, such as
agriculture and urbanizatigd4]. United Nations Convention to Combat Desertification Aims for Land
Degradation Neutrality by Addressing Sustainable Development Goals to Strengthen National Capacity and
Quantitatively Assessahd DegradationThere are many works in the literature that have investigated the
FASER 2F [![/ T 20SN) §KS RSOFRSa GKS &AOASYGAFTFAO f
ways. Depending on the specific area of interest Land Use antiQ@ver can be defined separately, where
land use refers to the purpose for which the land is used, for example, agricultural or urban use. In contrast,
land cover indicates specific landscape patterns and features and focuses on human use of thelaod res
over time and space. LULC terminologies can be used interchangeably, they are key physical elements that
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observe the Earth's surface. To distinguish between land use and land cover classification systems are needed
which provide the essential functie of structuring tools for classifying, naming and identifying objects on
land[45]. Classification systems have incorporated mapping and spatial data as an essential function for the
analysis and evaluation of land observations.

1.1 Land UselLand Cover Omition

GenerallyJandis usually classified with respect to its use or its cover. In addition to its use in landscaping, in
planning, this information is used in predictive models of environmental protection (e.qg., biodiversity, habitat
fragmentation)and in economic planning. In cartographic implementations, the choice between Land Use
(LU) and Land Cover (LC) is determined by the specific end use of the cartography produced, although in most
cases hybrid classifications are adopfe€,46,47]¢ KS (G SN¥a aflyR dzaSé¢ |yR afl
they are not synonymous and the literature draws attention to their differences, so use them correctly.
Indeed, confusion between the two concepts has existed in the literature for at least 30[26at8] The
lack of a universally recognized definition of LU and LC is certainly the main cause of this confusion. The most
common definitions of LU and LC are those adopted in the Land Cover Classification SysterfdBysBAO
LU is the intended use of a specific area of land by humans, i.e., itsemmgiomic function. LC is the
observed biophysical coverage of the Earth's surface, the type of surface layer of a specific area of land,
including vegetation, bareoil, open bodies of water and artificial surfaces observable in the field and
recorded by orthophotos. Both definitions are consistent with Directive 2007/02/EC. In fact, while the
definition of LC coincides with that of the Directive, according to thindien of LU, the classification of a
territory should be based on the functional dimensions or on the secanomic intention and on the plan
for the future, as indicated by the Directiveand use implies the way in which the biophysical attributes of
the territory are manipulated, states that land use is the way and the purpose with which human beings use
the territory and its resource@3,29]C! h aidlF d6Sa GKI G aflyR dzaS 02y OSNY:
soil is used by the local human population and can be defined as human activities which are directly related
to the soil, which use its resources or that have an impadi d¢a S[30E Land use, therefore, is aftection
of the interactions between man and land cover and constitutes a description of how the land is used in
human activities. Directive 2007/2/EC defines it as a classification of the territory based on the functional
dimension or socikeconomic deshation present and planned for the future (for example: residential,
industrial, commercial, agricultural, forestry, recreational). A land use change (and even less a land use
change envisaged by an urban planning instrument) could have no effect oaahstate of the soil, which
could keep its functions and its ability to provide services intact ecosysWirite the definitions of land use
previously reported mostly refer to wider territorial scales, on an urban scale the interest is concentrated on
other aspects of the term. In the words of Chapin and K&} "At spatial scales involving large areas,
there is a strong predisposition to think of soil in terms of the yield of the raw materials needed to sustain
people and heir businesses. At these scales, 'land' is a resource and ‘'land use' means 'use of the resource'
On the contrary, at the urban scale, instead of characterizing the territory in terms of the productive potential
of its soils, the emphasis is more on thetgmial of use of the land surface for the location of various
activities". This connotation of the term "land use" is implicit in many other texts dealing with land use in the
context of urban and regional planning and analyBigerefore, by land coveravmean the biophysical cover
of the earth's surface, including artificial surfaces, agricultural areas, woods and forestsiadterai areas,
wetlands, water bodies, as defined by Directive 200GR2Land use refers to land cover in various ways and
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the other hand, a single cover class can support multiple uses (forest used for timber combinations, slash
and-burn agriculture, hunting/gathering,réwood collection, recreation, nature preserve, and watershed

and soil protection) and a single land use system may involve maintaining several distinct covers (because
some agricultural systems combine farmland, woodland, improved grazing, and settl¢mieatsl use
change is likely to cause land cover change, but land cover may change even if land use remains unchanged'
[51,52] The mportance and need to distinguish between land use and land cover is most evident in analyses
of the environmental impacts of land cover changes. The distinction between land use and land cover,
therefore, although it is relatively simple in concept, i$ o simple in practice since it is not always possible

to distinguish clearly between use and coved and LC changes are dynamic processes that are closely
connected to direct or indirect human activities. These changes are able, amongfutigs, to influence

the climate at a regional and global sd&&54]. Knowledge of transitions between different categories of

LU and LC is essential for addressing issues such as urban sprawl, loss of croplands and, more generally, all of
the changes entailing the alteration of the balance and functionality of ecosystems.

In analysing land use and land cover change, it is firséssary to conceptualize the meaning of change in
order to be able to identify it in realorld situations. At a very basic level, land use and land cover change
are understood to mean (quantitative) changes in the areal extent (increases or decreaaasyen land

use or land cover type, respectively. It is important to note that the detection and measurement of change
depends on the spatial scale; the higher the level of spatial detail, the more changes in areal extent of land
use and land cover thatan be detected. However, both in the case of land cover and land use, the meaning
and conceptualization of change is much broader. In the case of land cover change, the relevant literature
distinguishes two types of change: land conversion and land roatdifn[23,29,52]

Land cover convsion involves changing from one cover type to another. Land cover modification involves
alterations of structure or function without a total change from one type to another; could result in changes

in productivity, biomass or phenology. Land cover chaageshe result of natural processes such as climatic
variations, volcanic eruptions, changes in river channels or sea levels, etc. to land uses for production or
settlement. The modification of a particular land use can lead to changes in the intenditnatofise and
alterations of its characteristic qualities/attributes. In the case of agricultural land use, land use changes:
consist of intensification, extensification, marginalization and abandonment

The reason why the link between land use and lamgec change is emphasized is that the environmental
impacts of land use change and their contribution to global change are mediated, to a considerable extent,
by land cover changes. Therefore, their analysis requires examining how land use relates ¢oviand
changes at various levels of spatial and temporal detail. The specification of the spatial and temporal levels
of detail is of crucial importance for the analysis of both changes, because:

9 guides the selection of land use and land cover types tliabe analysed;

9 determines the drivers and processes of change and the level of spatial and temporal detail of the
changes that can be detected

1 it affects the identification and explanation of links between land use and land cover within particular
spatialtemporal frames.

As regards the latter aspect, the point is that land use changes at the local level may not produce significant
land cover chnges (and, consequently, significant environmental impacts). However, they can accumulate
over space and/or time and produce significant land cover changes at higher levels (e.g., regional or national).
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This is the case, for example, with the conversibagricultural land to urban uses, which results from the
decision of individual land owners to convert agricultural land to-agncultural uses. Similarly, changes in
land use may be more qualitative than quantitative at the lowest levels of spatialemmporal detail, but
manifest as quantitative changes at the highest levels and over the long term. For example, gradual and
incremental changes in farscale crop types or in the quality of land management can lead, in the long run,
to farmland abandonmet or severely degraded farmland (in other words, a change in category from
productive to nonproductive land). A simplified scheme for classifying the possible land cover
transformations is the one proposed and described by the European EnvironmentatyAgeough the

image of the transition triangle, shown belowd. 1) in the reworking of the National Observatory on Soil
Consumption (ONCS, 2009), which later became the Research Centre on Soil Consumption (CRCS)
Information sources for monitorinigndtake.
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Figurel. Transition triangle by ONCS (2009).

At the vertices of the triangle are the three maarategories of land cover (natural, agricultural, urban),
while the possible changes in the use of the cdwansit" along the sides, distinguished by type, duration
(temporary-permanent) and outcome (agriculturatbannatural) and indicated by the arrows. The circular
arrows represent homologous transformations, i.e., those occurring in the same rolasse®f land cover;

the linear arrows represent transitions from one maailass to another. The dashed arrows represent
transitory transformations and the continued arrows represent permanent/irreversible transformations
[43,55]

On the basis of the three variables considered, the transformations assume different chamutecsin
therefore be classified differently. For example, the transition from an agricultural cover to an urban cover is
classified according to this scheme as a-homologous transformation (i.e., one that does not occur within
the same category), permant and artificial, while the transition from a natural cover to an agricultural one
will be catalogable as a transitory, nbomologous and senmatural transformation. Strictly speaking, only

in the first case should we speak of soil consumption batlhe duration of the (permanent) transformation

and for the impacts deriving from it. The transition triangle represents an absolutely simplified scheme that
needs to be integrated by other qualitathgrantitative measures that are able to characterie tsoil
transformation processes in greater detail and therefore support the territorial government chaites
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national and European level, the offer of land cover/land use data is vast but extremely fragmented; the
main, and often only, landse informaion available is censuses, while lacwer information is usually
deduced from cartographies derived mainly from aerial photos or satellite ini24)&8;58]. The purpose

of the Copernicus program is to collect information on the earth's surface and organize it according to criteria
that allow different data to be comparetb exchange data between EU countries and to increase the number

of users. The Copernicus Land Monitoring Service (CLMS) allows researchers to obtain geographic
information about soils and numerous related variables (such as the state of vegetation watér cycle),
supporting applications in a wide variety of sectors, such as spatial planning, management of water and forest
resources, agriculture and food security. CORINE Land Cover is one of the main products belonging to CLMS.
It has guaranteed infonation for the whole European territory since 1990, with 44 land cover and use classes
and geometric detail of 25 hectares. It aims to provide detailed information on environmentally critical areas,
which require specific and detailed monitoring. Currgnthis Copernicus component offers land cover and

land use maps in vector format, with high spatial resolution aneg#& update frequency for four area
categories. The Urban Atlas refers to the CLC classification system, which describes in moreedatail th
cover and land use characteristics of urban areas, while the Riparian Zone and Natura 2000 use the ecosystem
types defined in the Mapping Assessment of Ecosystems and their Services (92E8) order to
coordinate data flows from a thematic point of view, the EAGLE group (EIONET Action Group on Land
monitoring in Europe) was created. It aims at defining a conceptual methodology to describe land cover and
land use information in a consistent @amodel. EAGLE is not a classification system but a tool to describe
classes of a given classification system by tracing them to the segments related to the three categories. This
allows to better understand the characteristics, the overlaps and the plessiimversions between different
classification systems and provides a basis to define new ones. The EAGLE model aims at separating the land
cover and land use components through datadellingsystems applicable at different scales and in different
contexts, while maintaining compatibility with existing databases. The problem of interoperability and non
homogeneity between data is also evident at a national level. The National Land Consumption Map offers
national coverage, with annual update and EAGLE tantpclassification system, while most of the data
available at the regional level are inconsistent, not updated and difficult to relate to each other. Despite the
large amount and variety of land cover and land use data available at national and Eulegsgaaurrently

CLC is the only product capable of supporting an assessment of LULCC on a natioft#l,606&lsince it
guarantees the mapping of the entire national territory and has a thematic detail suitable for the purpose.
However, the low spatial resolution and the presence of mixed classes reduce the reliability of the
assessmentbased on them.

1.2 Land Use Land Cover Change: Drivers and Impacts

Land use/land cover change (LULCC) has aroused great concern over the years in many countries also due to
the negative impacts on the environment and the consequent repercussionseoadonomies and social
dynamics in the various natiofiz3,61¢63].
The analysis of langse change revolves around two central and interconnected questions: "What drives and
causes land use change?" and "what are the (environmental and-soccitomic) impacts of land use
change?". This section addresses the first of these questions. Thesenaganing of the 'drivers' or
'determinants' or 'driving forces' of land use change is not always clear. Often, some driving forces are
emphasized over others and there is confusion as to the semantic categories to which these causes of land
use change Heng. Two principal distinctions are made in the following. The first regards the origins of the
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drivers of land useover changelt is almost unanimously accepted that there are two main categories:
biophysical and socieconomic drivers and they are egimely interconnected: the former cause the latter
which then affect biophysical factors potentially causing successive cycles of land use change. A common
example of a domino effect of environmental and see@mnomic impacts of land use change is that of
itinerant farmers: the sequence of land use change begins with forest clearing; follows cultivation, intensive
grazing and finally land abandonment and movement to another location where the sequence is repeated
[64]. Biophysical drivers include the characteristics and processes of the natural environment, such as:
climatic and meteorological variations, landform, topography and geomorphic processes, soil types and
processes, drainage patterns, availability of natuesburces. Socieconomic drivers include demographic,
social, economic, political and institutional factors and processes such as population and demographic
changes, industrial structure and changes, technology and technological changes, etc. It shmmitiihat
OA2LIK@aAO0OFE FFOG2NRA dzadzZffe R2 y2G RANBOGfe& O dza S
cover change(s) which, in turn, can influence land use decisidres.second central issue that land use
change analysis deals with conee the impacts (environmental and so&oonomic) of land use change.

Five main types of driving forces can be identified: seditural, economic, natural, demographic and
agricultural driving forces (Fig 2).

Demographic
drivers

Natural
drivers

Socio - Cultural
drivers

Economic
drivers

Agricultural
drivers

Figure2. Principal drivers of land uséand cover change

Usually, the anthropic development of the Land Use Land Cover Change (LULCC) consists of two main macro
groups: direct actions and indirect ones, consequence of thedimss. The former explains the direct action
of man on local territorial coverage and include the expansion of agriculture, the unsustainable exploitation
of forest resources and the development of infrastruciéfs. Indirect forces, such as economic,
institutional, technological, cultural and demographic changes, accelerate eféets on the use of natural
resources
Land cover change refers to the change of some continuous land characteristics, such as vegetation type, soil
properties, etc., while land use change consists of an alteration in the way in which a given arehisf lan
used or managed by humans. Interestingly, this change is responsible for a number of local and global effects,
including biodiversity loss and associated effects on human health, as well as loss of habitat and ecosystem
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services. The phenomenon is migi driven by urban growth and is particularly important today for
developing and underdeveloped countries. However, natural causes can result in land cover change, but land
use change requires human interventj@d]. Land use change causes a multitude of environmental impacts

at lower spatial levels in urban, suburban, rural areas and spaces widely studied by the scientific community.
Particularly important are land use changes occurring in the periphery of large wheertrations that are
subject to the pressures of urbanization and industrialization and often result in losses of agricultural raw
land and tree cover. Their environmental impacts include changes in the hydrological balance of the area,
increased risk ofloods and landslides, air pollution, water pollution, etc. Other local impacts of land use
changes include soil erosion, sedimentation, contamination and salinization of soil and groundwater, erosion
and coastal pollution. The significance of these inip&cnot restricted to the local area of concern as they

are often cumulative resulting from the decisions of many individual land and property owners to act in their
narrow selfinterest, the environmental impacts of which may also play out in disteedsar-or example, the
urbanization or tourist development of an area increases the demand for water which, however, is supplied
by another territory. Excess water abstraction reduces the water available for agriculture and plant growth
in the latter area ad can induce saltwater intrusion into coastal afd@8s66]

In addition to the environmental impact, the soeconomic impacts of land use change are equally
significant and raise serious concerns at alliterial levels. The global soe@onomic impacts concern food
security issues, water scarcity, population displacement and, more generally, the problem of human security
and vulnerability to natural hazards. Problems related to food security and watarityozan arise from the
reduction of agricultural land area and the decrease in available water resources that result from soil erosion,
land degradation, desertification, industrialization, urbanization, from suburbanization and, above all, from
the mismanagement of environmental resources. The regional secamomic impacts of land use change

are more diverse and reflect the variety of regional contexts in which these changes occur. Even these,
however, derive from the same processes discussed abovewaide around issues such as land availability

for regional food production, changes (reduction) in land productivity and, consequently, (reduced)
profitability and changes in industrial structure, employment/unemployment, poverty and quality of life.

1.3 LULCC Classification and Monitoring

The LULCC analysis is critically dependent on the chosen land use and land cover classification system. The
extent and quality of land use change is expressed in terms of specific land use or land use/land cover types
The assessment of the environmental and samtonomic impacts of land use change is only possible when

the particular environmental and socgzonomic characteristics of the chosen land use/cover types are
specified. If this requirement is not met, thethe analysis will be of limited value in guiding policy and
decisionmaking, especially at smaller scales. Hence, the need to discuss the available land use and land cover
classification systems and consider their suitability for the analysis of lanchasge at various spatial and
temporal levelsLand use change models can play an instrumental role in assessing the environmental and/or
socioeconomic impact of past or future activities. This use has two facets; on the one hand, it may concern
the assessment of qualitative and/or quantitative chasge land use caused by autonomous or planned
changes of one or more of its determinants; on the other hand, it may concern the assessment of the
environmental and socieconomic impacts of land use changes (such as land degradation, desertification,
food security, health and safety risks, unemployment, etc.). Land use change models have been and are
currently being used to prescribe "optimal" land use models for sustainable use of land resources and
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development, in general. In this case, they are usuallseld on optimization techniques used to produce

land use configurations that meet specific objectives as well as a variety of environmental and socio
economic constraints. One such constraint is the availability of land. Optimization models are comradnly us

in planning and management contexts. Evaluation is an end use of the model associated with the last three
uses mentioned: forecasting, impact assessment and prescription. Land use change models for assessment
purposes per se do not exist as assessmeni activity that can be performed on any set of alternatives

that need to be assessed against specific critditieerefore, in the particular case of land use change analysis,

the modelgenerated land use alternatives (for forecasting, impact assessongmescription purposes) can

be evaluated using any of the available evaluation techniques.

LULCC assessment is much needed to sustain, monitor and plan natural resoui®4,&igelndeed, the

LULCC classification has a direct impact on the atmosphere, soil erosion and water, while ieclyindir
related to global environmental problemf87,68,69] To this end, remote sensing images and their
processing have helped to provide largealeand upto-date information on surface conditions. LULC
classification is the process of naming land cover classes to pixels and classifying them. For example, water,
subways, woodlands, horticulture, buildings, woodlands, agriculture, grasslands, moumtaihkighlands

[70,71] The overall goal of image grouping is to naturathange all pixels of an image into land cover classes

or subjectsThat is, different types of components exhibit a distinctive blend of dependence on their inherent
otherworldly reflectance. LULC maps play a significant and primary role in planninggingarand
monitoring programs at the local, regional and national levels. It is necessary to monitor the ongoing process
of LULC models for a certain period of tine recent years, landse and lanecover (LULC) classification

using remotesensing imagsar plays an important role in many applications like land use planning (growth
trends, suburban sprawl, policy regulations and incentives), agricultural practice (conservation easements,
cropping patterns and nutrient management), forest management (haiwvgshealth, resourcénventory,
reforestation and standjuality) and biological resource (fragmentation, habitat quality and wetlajrd3)
Successful remote sensing classification is an essential source for many applicat&sses, because many
environmental, social and economic applications rely on classification rggsjté\lso, to achieve successful
classification, a proper classification system is requifdabrefore, the presentation of research objectives,
guestions and problems is required by the end user before using the classifican the other hand, there

are many factors that need to be taken into consideration when choosing a classification method to use, such
as the spatial resolution of remote sensing data, different data sources, a classification system, and the
availabilty of classification softwar@ppropriate. In general, the purpose of image classification is to predict

any entered image category using its characterigffe. Remote sensing is a wédhown alternative to
evaluate the LULCC process on a large scale. Much progress has been made in land use and land cover change
(LULCC) mapping using geographic information systems (GIS) and remote segsimgh the multiryear

30m LandsatRapidEye or Sentinel highsolution[75,76]and moderate resolution MODIS imagp&/]. LULC
classification methods and classification techniques for extracting accurate land use and land cover data from
remote sensing images are very versatile. The accuracy of classification techniques is influenced by factors
such as the choicef test preparation, the heterogeneity of the study area, the sensors, the number of classes

to be characterized78]. Classifiers can be classified into different classes based on the methodology and
technologies used, for example, supervised and unsupervised fidassn, hard and soft (ambiguous)
classification, or pixdtased classificationdmage processing and classification approaches can affect
classification success, because remote sensing classification is a complex process and requires consideration
of anumber of factors. Various types of algorithms are used to provide adequate classification accuracy. In
the past two decades many advanced classification approaches have been applied for image classification
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such as artificial neural networks (ANNP], support vector maching80,81] decision trees (DT$32],

spectral angle classifiers and rddase evidential reasoning for building expert and decision making system.
These methods are neparametric classifiers, which do not usetsitical parameters to calculate class
separation. The ideal map is one which has been well validated and implemented and which should take into
consideration a number of factors such as methods for collecting landmarks, classification scheme, sampling
method collection, size and sample units and calculation of accuracy rating. Additionally, other important
elements of accuracy evaluation can be derived from the confusion matrix such as manufacturer accuracy,
user accuracy, and overall kappa statisticsweler, getting the accuracy assessment is more difficult than
classification.MLC, SVM and RF are some of the most widely used classification methods to classify
multispectral images.
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Chapter2: Assessing the spatiaharginality of Basilicata
Region to support land use planning

Land use planning, in the context of lange and landcover change, is the systematic evaluation of land
potential, land use scenarios and economic and social conditions in order to select and adopt the best land
use options. Its aim is to select and implement land uses that best meet the needs of the fmpulaiie
safeguarding resources for the future. All types of land use are involved in the process: agriculture, forestry,
wildlife conservation, urban and industrial expansion, tourism and services. We can understand it as an
iterative and continuous prazss, the aim of which is to make the best use of land resouRmsearch in this

field requires intensive fieldwork and a wide range of tools such as information management, systems
analysis, decision support systems, matiteria analysis, geographigformation systems, remote sensing,
image analysisnodelling techniques, neural network technology, land evalua#dithese tools need to be
considered as part of a broad and integrated approach related to rational land use planning, resource
conservaion, environmental impact and soeeconomic effectsThe goal is to create the conditions for
obtaining a form of land use that is ecologically correct, socially and economically apprdpita¢stimated

that more than 50% of the world's populationdss in urban areas, and this percentage will re@@/6% by

2050 (United Nations, 2010M]. This implies an increase in demand for land for various uses such as
urbanization and industrial development, infrastructure, and agricultural activRiepulation structure and
dynamics are important factors in land u&apid and intensive urbanization is an example of huindoced

land use/land cover change (LWD.Gvhich has exacerbated ongoing impacts on the climate sygamFor

this reason, land use changes have become an important part of spatial plaasiiigs based on an
interdisciplinary approach which pays attention to all the functions of the territory and involves al use
through participatory processeti.is essential to understand the role of demographic dynamics as a driver
of urban land use change such as, for example, the increase in demand for artificial surfaces that occurs at
the local levelSocial and economi@nalyses are important in the spatial planning process. Comparison of
sociceconomic analyses with land use and land cover change can highlight the need to modify existing
policies or implement new ones. A particular land use can degrade and therebgydegier land resources.

If the economic analysis shows that the use is beneficial from the point of view of the land user, it is likely to
continue, regardless of whether the process is environmentally frieddlyormulate and implement spatial
planning policies and strategies it is essential to collect, process and disseminate timely and reliable
information and to use modern land evaluation technologies, in order to create solid scientific knowledge for
adequate decision support. This section presestsie analytical applications for the investigation of time
series of different demographic and so@oonomic trends at the regional scale to discuss, in the following
chapters, the relationships between LULCC, urban sprawl and demographic trethdsbllowing chapters,

in fact, the territorial transformations that involve a significant change of intended use and land cover will be
analysed, such as the increase in sealing and the transitions that bring natural andaseral land to
artificial and/ordegraded landknowing the changes in land use and land cover, for example from natural to
artificial, is important to understand the interactions between human activities with the environment.
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2.1 Evaluation of territorial variables connected to gm®vision of
essential services in the Basilicata Region

Demographic change and the study of territorial marginality and fragility are becoming increasingly
important in policy and planning discussions, as they are considered important factors for the future
development of land use and urbanization across Eurdjpeough the years, the topic of ‘inland areas' has
also become central in the European debate on inequality and territorial fragmentation, which focuses on
inequalities and opportunities to exploit the territory's potential linked to the availabilitypofmary
resources and lanfB4¢86]. The definition of the inner area am urban settlement, officially introduced by
Barca (2009), is related to the idea of distance and marginalization from a principal attractifgjfydieland

areas are, herefore, those settlements that are significantly distant from the central poles, rich in natural
and cultural resources but lacking in services (e.g., high schools or medical centres), and characterised by
emigration flows. Inland areas have been offlgidefined as sensitive contexts eligible for specific planning

by the Italian National Agency for Territorial Cohesion (2014). The national strategy of internal areas (SNAI)
[88] describes and identifies a vast set of areas that occupy about 60% of the Italian territory united by a vast
marginalization compared to the centres offering essential services and by a low population.derwsiter

to better understand the dynamics of the LULCC and the regional demographic trend and produce the first
considerations in terms of impact on the soil of it is useful to frame the regional peculiarities from the point
of view of settlement dynamics in the broadeditibnal context.

The national settlement dynamics over the years have occurred in an uncontrolled way, in fact the wild
sealing has led to dynamics of fragmentation of the natural and artificial landscape, transforming vast areas
into smaller isolated andot interconnected environments and habitats [G&].

This phenomenon, a consequence of the uncontrolled and unregulated use of the territory, is associated with
the excessive transformation of natural and samatural areas into artificial ones, for exatapassing from

a seminatural use of the territory to artificial use of a residential type not accompanied by an effective
demand for new housing. In the literature, there are many authors who affirm the negative consequences of
fragmentation on the distbution of essential services, infrastructure costs and landscape changes that also
affect and fragment very often abandoned farmland, also increasing the risk of hydrogeological disruption
[68¢70]. Lowdensity urban forms associated with the geographéadansion of cities also tend to result in
lower accessibility to local services and higher average transport distances [71,72].

2.1.1 Study Area

The Basilicata region is representative of thiamd areas described by SNAI since it is characterized by

various factors of fragility, such as, for example, the high territorial fragmentation and the constant

demographic contractionkFrom a settlement point of view, Basilicata is characterized by the presence of

small centres, even at high altitudes, poorhnoected to each other and even less to the main regional and

extraregional road and railway junctions.

The national settlement dynamics over the years have occurred in an uncontrolled way, in fact the wild

sealing has led to dynamics of fragmentatiortted natural and artificial landscape, transforming vast areas

into smaller isolated and not interconnected environments and hab[&8g91].

This phenomenon, a consequence of the uncontrolled and unregulated use of the territory, is associated with

the excessive transformation of natural and sematural areas into artificial ones, for example passing from

a seminatural use of the territory to artificial use of a residential type not accompanied by an effective
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demand for new housing. In the literature, there are many authors who affirm the negative consequences of
fragmentation on the distribution of essentiaivices, infrastructure costs and landscape changes that also
affect and fragment very often abandoned farmland, also increasing the risk of hydrogeological disruption
[92¢94]. Lowdensity urban forms associated with the geographical expansion of cities also tend to result in
lower accessibility to local services and leighverage transport distanc¢g5,96]

In Basilicata, in fact, the historical trend of urban and territorial development has ledetfotmation of
mediumsmall urban centres (with a resident population of less than 5.000 units) geographically
decentralized with respect to the main urban poles and dispersed in rural fgéhs

In addition to the several factors of territorial fragility linked to geomorphologic aspects, the Region's
marginality and spatial peripherality are reflected in the poor endowment and accessibility to essential
services of the various centres, most of ahhare small municipalities located in hilly and mountainous areas.

In this context, providing an appropriate definition of a spatial model is a challenge, since spatial data and
information must be managed in order to understand the mechanisms that oetey, on a local scale, the
demand and supply of services. It consists of an interpretative approach to the dynamics of settlement,
territorial, infrastructural endowments and organisational models of the territory that condition, for
example, territoriabccessibility, which lead citizens to sedftermine residence and systematic movements
according to criteria of optimising the ways of using space and territory.

Legend

Inner Area Classification (2020)

I urban Pole
[ Belt Area
Legend 0 100 200km | | Intermediate Area 0 10 20km
- [T Peripheral Area [ —
[ Basilicata Region Il Uitraperipheral Area

Figure3. Geographic overview. On the left the map of Italy with the distinction of the Basilicata Region. On the right Basilicata with
the identification of the inner areas and all the municipalities.
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In recent decades, in Basilicata, spatial transformationmeoted to traditional settlement components

have been associated with new types of land use and land cover. As a consequence of the global challenges
on climate change and the related framework of international agreements on the reduction of CO2
emissions a local policy has been promoted at different scales. Renewable energy sources (RES) represent
an important component of the package of solutions adopted by public and private actors to address global
climate change issues, orienting land development da¥g a lowcarbon economy and sustainability
principles[98]. This chapter includes the main elements of aitiahexperimentation of a methodology

aimed at identifying and highlighting the marginality and high degree of isolation of the centres of the most
inland areas located mainly in the south of the Region and to relate them to thedewiographic aspects.

2.2 Material and Methods

2.2.1The Stock of Servicasnd Accessibility Estimation

The provision of essential services in a territory is a fundamental parameter against which to evaluate the
quality of life in a specific territory. It can also bederstood as a deficit assessment, i.e., the absence of
minimum requirements for the supply of essential services with reference to the urban functions exercised
by each territorial unit. From a spatial point of view, the level of peripherality of thiétaees with respect

to the network of urban centres, home to a vast plurality of services, profoundly influences the quality of life
of citizens and the level of social inclusion. In these, the presence of essential services can act as an attraction
capale of generating discrete catchment ard@9¢101]. The centre of the supply of essential services is
identified in that municipality capable of simultaneously supplying all the school supplies, at least one
hospital and one railwagtation21,97,100,102,103]The purpose of this chapter was first of all to create a
dataset of data useful for the calculation of various samonomic indicators, in order to frame the
demographic evolution and the evolution of the stocks of public and private services. The first methodological
approach was to reconstruct the supplyasfsential services through the use of open data and tools present

in the Google suite in a GIS environment and subsequently estimate the peripherality of each municipality
by estimating the accessibility to essential servidé® study involved the use spatial analysis techniques
aimed at describing the distribution of essential services over the regional territory. The main categories of
services examined for each study area (Fig 4), were extrapolated from Google My Maps using the Points of
Interest function. The stock of services was also obtained by consulting online searchable public databases,
business websites, lists of associations and/or public authorities. The service centroids were imported into
the GIS environment and reclassified into 9 maitegories.

Each category, in fact, has been divided into subcategories identified with the code L2:

1 Commerce: CMOMini Market Shops; CMO3upermarket; CMOButcher, CM04Llothes Shop;
CMO5Electronic Shops; CM&@ewellery; CMO&urniture; CMO9News Kiosk; CM1Book Shop;
CM1tCar and Motorcycle dealer shop; CMRakeries; CM1-Florist, etc.

1 EducationiF0XNursery School; IFERlementary School; IF&8econdary School; IFB#igh School,
IFO5Nursery; IFO@&Jniversity; IFO8Jusical School; IBPBPrivate training School; IFResearch
institute; IF12Tecnology Park; IFAriving School; IFi5anguage School.

1 Services StRefueling Station; SR@2arpenters; SREdardware store; SREAydraulic; SRG5
Elettrician; SROGraphical Designers; SRB#&auy center; SRO®reight transport; SR1Bstate
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agency; SR11Professional Study (engineers, geologist, architets, etc);-ERi&rs; SRIRBotaries;
etc.

1 Public ServicesSP0iCity Hall; SPORost office; SPOBibrary; SPOLublic Office; etc.

9 Turism TROHotel 5stars; TRORotel 4 stars; TRGBotel 3 stars; TROHAotel 2 stars; TRGHotel 1
star; TROG~arm Holidays; TRB&B; TRO&amping; TRORestaurants; etc

9 Culture and artCAO1Teathre; CAOZinema; CAGRIuseum; etc.

1 Sport and free time STOiStadum; STOZGym; STOPool;, STOBar and pubs; STESport
associations; STdBar; STONight club; etc;

1 Healt HEO3Hospital; HEOZlinics; HEGEmergency Room; HE®harmacy, etc;

Safety SAOIArmy; SAOZraffic Police; SAGBarabinieri; SA04 Financial gdiagtc;

1 Financial servicdFR01Bank; FROATM/Bancomat; FRGBiIsurance Agencies; etc.

=

The urban services that guarantee an elementary level of performance at the basic centre are reclassified by
subdividing each macroategory, identified with the Levdl code, into sulcategories assigned the Level 2
code, as summarised in the tal{table 1)

Table 1: List of services aaguipment.

REFERNCE CODE| TYPE OF SERVICE REFERENCE CODE
Level 1 Level 1 Level 2
CM CommercgCM) 66
CuU Culture and Ar{CU) 57y
ED Education(ED) 00
HE Healt(HE) 00
S ServicegS) v
FS Financial Servicd§S) -
PS Public Service®S) 5y
SA Safety(SA) Vo
SF Sport and free timéSF) ~o
TR Turism(TR) ey
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Education

Schools
University
Language Schools
Research Institutea
Musical Schools

Commerce

Culture and Art

Supermarket and food Shops
Clothes Shops
Jewellers
Electronic Shops
News Kiosk
Shopping Centers
Car and Motocycle dealerships
Bakeries
Tobacco Shops
Florists

Museum
Cinema
Theater

Hospital
Clinics

Healt

Pharmacy
Emercency Room

Services

Carpenters,

Professionas (Lawyers, Engineers, Notaries, ect)

Designers
Beauty Centres
Estate Angency

Post Office
Public Office

Public Services

City Hall
Library

Bancs

Financial Services

ATM POINTS

Traffic Wanders
Army
Carabinieri

Safety

Sport and

Financial Guard
Fire Fighters

Stadiums
Gyms
Pools

Bar and Pubs

free time

Restaurants
Nightclubs
Sports Associatios
Etc

Hotel, Hostels and B&B
Camping

Tourism

Restaurant

Figure4. Main categories of services investigated.

The endowment index is an indicator that measures the level of availability of public or private services in a
given geographical area.éssence, it provides a quantitative estimate of how easy it is for citizens in an area
to access essential services, such as healthcare, education, public transportation, recreation, and more. The
index is calculated on the basis of a series of variabled) as the resident population and the presence of

services in each municipality.
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The service endowment index is an indicator that makes it possible to evaluate the presence and accessibility
of public and private services in a specific geographical dreacalculate the IDS, we started from the
calculation of the resources available for each servige, the number of services available in each
municipality divided into categories. These resources were then compared to the resident population. In this
way, an estimate of the quantity of resources available for each inhabitant of the area is obtagntdtk

service endowment indep@7,104;106]. (See Appendix A2The analysis on spatial accessibility, in the
different centres of the SNAI classification, is mainly based on the estimation of spatial distances and travel
times that a resident citizen must make in order to use the services inrdee @his was made possible by
dzaAy3d GKS aAidGS yR (KS LXdA Ay b2LISYNRdzi SaSNBAOSE .
and which allows isochrones to be mapped. Accessibility has been estimated in terms of the time distance
from the urban centre to the main services in the municipal area. The services identified were reclassified
into three main macro classes: upper secondary education, health care and mobility, choosing in the latter
case the main connecting infrastructures suclagports, train stations and highway toll booths. ORS Tools
provides access to most of the functions of openrouteservice.org, based on OpenStreetMap. The tool set
includes routing, isochrones and matrix calculations, either interactive in the map canframguoint files

within the processing framework. Extensive attributes are set for output filesidimgduration, length and
start/end locationsThe analysis of the road distance was carried out through the use of the ORS Tools plugin
(openrouteservie routing, isochrones and matrix calculations for QGIS), able to generate isochronous lines,
i.e.,the locus of points having the same spatial or temporal distance, with respect to a fixed point entered as
input. The distance between the initial startingipt and the arrival points is not linear but, by setting a value

in meters or minutes in the plugin, it is calculated according to the possible real routes that randiked

within the OpenStreetMap road network. In this study we have chosen to ps@abelonging to the historic
centreas a starting point, symbolically identifying it as the town W&k the purposes of the study, it was
deemed appropriate to set and select the option for choosing the fastest route. Starting from the information
available in the dataset of the services, the elements of the vector files of the services have been reworked
by associating the information relating to the distance range to which each element belongs.

2.2.2 Socieconomic and demographic trend in BastiacRegion

The inland areas, therefore, are defined as territorial areas that present conditions of peripherality, defined
in terms of distance from the fundamental services of education, health and transport, and in which
significant phenomena of shrimig human presence are recognisdthese are manifested, in particular, in
depopulation trends, an increase in the ratio of elderly people in relation to the resident population, a
reduction in the number of employed people and in the level of local cafdtatlopment. At the same time,

the relevance of these inland areas, due both to their extensiegual to 60% of the entire surface area of

the country, including 52% of the municipalities and 22% of the population as indicated in the framework of
the Naional Strategy for Inland Areas (SNABNnd to the significance of the environmental and cultural
resources located there determines the centrality of governance and planning actions aimed at reversing
depopulation trends, through measures to increaseiabinclusion, sustainable economic growth, health
and quality of life, and building sustainable communities, consistent with the principles of the Sustainable
Development Goals (SDGs) established by the United Nalibizssparagraph studies the demoghigtrends

of the Basilicata Region, the variables related to the demographic component are fundamental indicators for
the evaluation of the critical conditions to which the mitigation and local development strategies must refer
in order to define intervetion priorities and scenarios of sustainable transformation of the territory. The
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objective of the study of demographic trends is to build cognitive frameworks of the trends of the local
context useful to define and promote shared and participated stra®gif mitigation of natural and
anthropic risks related to land us€éhe study of the demographic trends relating to the Municipalities of the
Basilicata Region was structured as follows:

1 reconstruction of the resident population in the period 1982021,

9 estimate of the population change, in absolute and percentage terms, in the periods2028 hnd
estimaion of the population change on an annual basis for the period 22021,

1 classification of the Municipalities of the Basilicata region icébegories representing levels of
demographic consistency, determined according to the resident population at the beginning of the
time period considered;

1 estimation of the distribution of the resident population among the identified categoriesaaatysis
of the population variation;

1 evaluation of the Percentage of elderly resident population (age > 65 yeahslt population (35>
age < 65); youth populatio(l2> age < 34) and child population (age < d8)the total resident
population, calculatd in the years 1981, 202

The data are derived from the Database of the National Institute of Statistics (Istat) and from the indicators
developed within the framework of the National Strategy for Internal Areas (R08)107] The considered

area of analysis is the municipal context. This unit is identified in order to construct databases and to derive
indicators that give maccurate, exhaustive and synthetic picture of traious trends and the consequent
conditions of specificity, inequality and imbalance between the distinct areas of the Basilicata Region. The
analysis focuses on the period 198021, as the study of this time span makes it possible to discern the long
term demographic dynamics and, therefore, to grasp the effects of the settlement polieyfirst aspect

that appears when dealing with the demographic theme of Basilicata is that of the reduction of its population.
In fact, according to ISTAT sources,ilRasa is among the Italian regions with a high rate of depopulation
resulting from migration processes and territorial conditions of marginality. At this stage the research has
focused on reconstructing the demographic structure of the resident populatiaghe period 1981 2021

using ISTAT data as a reference. In the following paragraphs, the methods and techniques for analysing the
data in relation to the purposes of the research are specified for each component. This study is based on
tools for the tasic analysis of census variables, identified in order to construct a methodology that is, on the
one hand, useful to allow the comparison of distinct areas within the study area and, at the same time,
transferable to other contextsPopulation variations quantified in percentage terms, with reference to
different temporal dimensions. More precisely, the analysis determines the demographic dynamics in
relation to the period 1982021, in relation to the periods between two consecutive census surveys {1981
1991, 19912001, 20012011, 20112021), and on an annual basis for the period 2Q021. The
demographic dynamics calculated for the municipalities of the Basilicata Region are compared with the
population variations measured on a national, maarea andregional scale. A further consideration
concerns the definition of a set of categories to which the municipalities of the Basilicata Region are ascribed.
These categories are defined according to the resident population in each municipality at the hggifini

the period considered (table 2n particular, category 1 includes municipalities whose population at the start

of the reporting period exceeds 50,000 inhabitants. Category 2 includes municipalities whose population is
between 10000 and 50000 inhadnts. Category 3 includes municipalities whose population is between 5000
and 10000 inhabitants. Category 4 includes municipalities whose population ranges between 2000 and 5000
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inhabitants. Municipalities whose population ranges between 1000 and 20@bitaimts make up Category
5 and, finally, Category 6 refers to municipalities with a resident population of less than 1000 inhabitants.

Table 2 Classification of municipality related to the number of inhabitants.

CLASS N° INHABITANTS
1 > 50000
10000- 50000
5000-10000
20005000
1000-2000
<1000

OO WIN

The cutoff values identifying the six categories are derived by combining the definitions of municipality types
proposed by the Association NazionMenicipalitiesltalian (ANCI) and TAT. More precisely, the threshold
value of 1000 inhabitants define a demographic category comprising municipalities to which specific
investments are addressed. The limit value of 5000 identifies smaller municipalities, according to the
definition propos& by ANCI and SNAI. Finally, the limit values of 2000, 10000, and 50000 inhabitants are
identified by ISTAT to define the Categories of Municipalities that constitute the unit of analysis of specific
statistical indicators, relating to the maecemvironmens Culture and Communication and Economic
Condition of Families and Inequalities.

Starting with the categories of municipalities, for the periods 198%1, 19912001, 20012011, and 2011

2021, the frequency, understood as the number of municipalitiesuded, the cumulative resident
population, and the calculated population change for each of the municipalities included was determined for
each category. The purpose of this analysis is to describe the population dynamics of each category of
municipality. The aim is to verify whether there is a relationship between the demographic dynamic,
measured in a specific period, and the resident population at the beginning of the period. Lastly, for each
category of municipality, defined as of 2021, the historiegikes of data on the resident population, recorded

in the general censuses, was reconstructed for each year in the period2B2111 The aim is the restitution

of the demographic trend that determined the frequency distribution of the municipalities asuptd the
categories determined by the resident population.

The series concerning the natural balance, the internal migration balance and the foreign migration balance,
the incidence of the cumulative balances was calculated for the p206@2021, for the period 2002011

and for the period 201:2021. These variables were determined by dividing the cumulative balance for the
reference period by the resident population at the beginning of the period. The analysis of the natural
balance andnigratory balances focuses on a more limited period of time, in order to construct a more precise
interpretation of the demographic phenomena that contribute to determining the more general
demographic dynamics, outlined by the change in resident pomuagnd in particular to assess in the
recent period, to what extent the natural balance, and the internal migratory balance affect depopulation
phenomena and to what extent external migratory flows moderate this trend.

Concerning the historical series ¢ime change in the incidence of the elderly population on the resident
population, the temporal dimensions investigated include the periods between two consecutive census
surveys (19811991, 19912001, 20012011, 20112019), the entire 198§2019%time span,and the periods
20182019 and 2012020. The analysis focuses on the period 22089 and the period 2012020, and
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identifies 2019 as the limit of the time series in order to capture the impact of the GT®/andemic on

the most vulnerable age groupe., people over 65. The analysis of the dynamics of the share of the elderly
population is based on the definition of two types of indicators: a static indicator, aimed at describing the
incidence of the elderly population at a specific point in time, niead as the ratio between the number of
inhabitants over 65 and the total number of inhabitants; and a dynamic indicator, measuring the change in
the incidence of the elderly population over a specific time period. These indicators are aimed at discerning
and describing the trend towards a general increase in the proportion of the elderly population, which is
particularly significant in inland areas, and at identifying the centres in which this trend becomes such as to
jeopardise the endogenous capacity afmunicipality to maintain an adequate demographic vitality. The
analysis of this dynamic also becomes a criterion to be evaluated in determining new forms of basic services,
aimed at these areas, particularly with regard to health and transport services.

2.3 Resultsand Discussions

2.3.3 The Stock of Servicasd Accessibility

The data collection phase resulted in the identification of approximately 19,000 activities and services
throughout Basilicata, as shown beldgiable 3)

Table 3:Service aneéquipment classes in 2021.

TYPE OF SERVICE NUMBER OF

ACTIVITIES
Commere 4697
Culture and Art 1574
Education 1137
Healt 1810
Serveces 4265
Financial Services 738
Public Services 437
Safety 540
Sportand Free Time 2061
Tulism 1973

Thefinal result was the preparation of the 'Service Charter of the Basilicata Region', which is useful for
assessing the distribution of services throughout the region, so as to be able to define the equipment of each
individual municipalitf{See AppendbAl).

The map in the Figurgshows that there are few municipalities in the region that have a significant supply

of services, in fact, in most cases, the supply of services is very low or almost hone. The two provincial capitals
and the municipalities of Rigoro and Melfi are an exceptioihis index can be used to evaluate the quality

of life in a given area and to identify any deficiencies or gaps in the services present, in order to plan
interventions and improve the situation. Furthermore, it can be paned between different geographical
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areas, making it possible to identify the differences in terms of accessibility to public and private services and
to promote improvement interventions in those areas with a lower service endowment index.

The creation bthis territorial dataset has made it possible to collect, analyse and organise in a synthetic form
the territorial data relating to the stock of services present in the territory, which are useful for the planning
and management of urban planning tools.

A large part of theegionalterritory is characterised by a spatial organisation based on minor centres which,

in many cases, are able to provide limited accessibility to essential services. The characteristics of these minor
centres consist in a signidint distance from the main centres providing essential services (education, health
and mobility). These inland areas represent a very variegated territory, the result of the dynamics of different
territorial processes and ahtopization processes that hawecurred.

0 50 km Endowment Index
T (10,001 - 0,028

[ 0,028 - 0,056

[ 0,056 - 0,083

[ 0,083 - 0,111

B 0,111 - 0,138

Figure5. Endowment Index of Basilicata Region.

From a spatial point of view, the level of remoteness of territories with respect to the network of urban
centres, home to a vast plurality of services, profoundiygrices the quality of life of citizens and the level

of social inclusion. In these, the presence of essential services can act as an attractor capable of generating
discrete catchment areas. The centre of the offer of essential services is identified municipality capable

of simultaneously providing all the schooling, at least one hospital and one railway sitiens where the
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concept of accessibility starts to come into pja®8¢110]. The concept of accessibility is widely used even
though there are many definitions that can be attributed to it and which give it a changing and undefined
outline. We canunderstand it as a right and an essential condition of living in cities and the territory
[21,103,108,111,112]

All too often, however, this concept agly taken into account at the end of the planning and design stages,
thus not responding to the real needs of those who live in the aféis is the result of a methodological
approach that is objective and not centred on individual subjects; indeetiabpanning focuses not on the
individual and his or her neegmssibilities, but on following standard ideals that do not guarantee equitable
liveability. It moves from an approach strictly related to the productive and economic sector to take root in
that of services of social interest such as education, health and recreational areas. Among the variables that
most influence the way accessibility is understood is the territorial context to which it refers. The latter can
aggravate or bring out forms obsial inequality in terms of equal opportunities and accessibility of services
or, even more, isolate and marginalise certain urban contelRiscent studies have highlighted the
correlation between social exclusion and use of the city, showing monotomalisiagleplace combinations

of city use[113¢117]. This is the case in the Bagitit Region characterised by a serious development delay
and a centuriesld infrastructure deficit, especially in rural and mountainous areas. The poor accessibility
to essential services is also negatively affected by the infrastructural endowment btidamian territory.

The figure 6 shows the degree of infrastructure, what emerges is a region lacking in important infrastructure
such as airports and higgpeed railway stations.
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Figure6. Infrastructure Index dBasilicata Region.

The main network of roads is represented by a few arterial roads thataass the entire region and from
which a system of secondary roads develops, whose function is to connect individual centres tddvigher
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roads, providing a@ss to suburban roads and farmland. Analysing the network of infrastructures and
services that can be used in the regional territory, an indispensable and fundamental component for full and
active participation in social life, significant shortcomingshagalighted that specifically concern the railway

and motorway networks. The regional railway network runs on a 365 km discontinuous line that divides the
region into two sectors. The entire territory is also devoid of a motorway network and its tollgabthenly

points of entry to a fast road are in the municipalities of Lagonegro and Lauria, which are crossed by the
SalerneReggio Calabria (Fig. 7).
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Figure7. Transport system localization.

The estimation of timaravelled to a particular service is aimed at highlighting areas lacking services, thus
definable as peripheral and generating significant travel demand to central areas. For the calculation of
accessibility, the municipal administrative headquarters va®h as the starting point, from which travel

time from the urban centre of each municipality to the service considered closest has been calculated.

In GIS environment, the time distance travelled by car using the fastest route was taken as a parameter,
creating isochrones every 10 minutes on the basis of route calculations, isochrones and matrices, interactive
in the map area or from point files within the OpenStreetMap suite processing frameWoekestimation of

the kilometres travelled is intended tadhlight the areas lacking services, which can therefore be defined as
peripheral and generating a significant demand for travel to the central 463

The SNAI (National Strategy for Inland Areas) [16] divides the Lucanian territory into four inland areas: Alto
Bradano; Marmo Platano; Mercure al&inni Val Sarmento and Montagna Materana, a territory comprising
119 municipalities out of 131. Figure 8 shows two maps: the map on the left shows SNAI's classification of
2020 with the location of the regional hospitals; figure two shows the accessibflieach individual
municipality to the nearest hospital.
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Figure8. Map of the distance in terms of travel time from municipal centres to hospital medical centres.

It can be observed that the inland areas of the region aceendistant from the hospitals, in fact on average

it takes a citizen living there between 30 and 50 minutes to reach the nearest hospital.

Generally, from this analysis it has been found that the smaller centres provide services that only find an
outlet in local demand as a result of limited economies of scale and are insufficient in infrastructures and
services, even primary ones, while the larger centres accommodate a greater number of services diversified
in terms of type, despite the lack of road iaftructures connecting them to the smaller centres.

In Basilicata, residential and productive settlements are not evenly distributed in dd@jebut tend to

cluster in centres, where the main productive activities and residenti@saaee clustered. The results of this
research discussed so far are useful for interpreting the territory's peculiar characteristics, and in order to
define a polycentric organisation scheme they must be integrated with an assessment of the levels of
territorial accessibility.The work carried out has thus made it possible to highlight the gap between
municipalities in the same region in terms of accessibility and provision of essential services, showing how
this is one of the parameters affecting regiodalvelopment. Improving the accessibility of these territories
means, for example, bringing essential services back to the most isolated areas, enhancing the mobility offer
and acting on local territorial capital. Although the improvement of infrastrucamdowment is a difficult
prospect to achieve, forms of territorial cooperation oriented towards the efficient organisation of the supply
of the main public services should be undertaken on the basis of a strongly contextualised territorial
organisation modl.
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2.3.4SocieDemographic Evolution in Basilicata Region

The analysis of demographic trends over the period 1882l shows how, in the context of a modest
increase in population, equal to 4%, in the national context, the macea of southern Italy shows a marked
decrease in resident populationrdQ.4%).Trends in the regional context indicate, over the same period, a
decrease in resident population of 11.6% (Potenza Provibh8e24% and Matera Province5.22%). The
resident population amounts to 539,999 inhabitants, distributed between the two provincial territories of
Potenza (348,336 inhabitants) and Matera (191,@&@3abitants) for a total of 131 municipalities (ISTAT
2021), with 54 inhabitants per squardlometres As regards the variation in population over the period
19812022, depopulation trends are particularly marked in the municipalities of San Paoloeséhédil 1
inhabitants, equal to a 65.10% contraction), Calvebsa g inhabitants, equal to a 59.40% contraction), San
Mauro Forte {1749 inhabitants;57.60%). Marsicovetere (+2167 inhabitants, equal to an increase of 64.2%),
Policoro (+5615 inhabitants46.2%), Pignola (+2775 inhabitants, +69.3%), Tito (+2301 inhabitants, +47.6%)
are in contrast. The two provincial capitals show opposite demographic trends: Potenza shows a slight
demographic decrease208, - 0.3%), while Matera (+8766, +17.2%) showsiramease in demographic
variation(Fig 9).

Population Variation (1981 - 2021) (%)
Il Depopulation > 44%

I Depopulation 44% - 20%

[ Depopulation 20% - 0%

[ Population Increment 0% - 24%

[""1 Population Increment 24% - 47%

[T Population Increment >48%

Figure9. Depopulation Index.

Referring to distinct categories of municipalities, it can be seen that in Category 6 municipalities, with a
resident population of less than 1,000 inhinits as of 01/01/202, the phenomenon of depopulation over

the period 19812021 is extensive and significanThe municipalities of Carbone, San Paolo Albanese, San
Chirico Raparo, Armento and Calvera, in which the highest demographic decrease repoitssl dntire
Region of Basilicata is found, are included in this category. Similarly, for municipalities with a resident
population between 1,000 and 2,000 inhabitants (Class 5), there is a constant and significant drop in the
resident population, whichsi most evident in the municipalities of San Mauro Fori&49 inhabitants;
57.5%), Terranova di Pollin®93 inhabitants;49%), and San Giorgio Lucar@{ inhabitants;46.9%). In

the Municipality of Sarconi alone, there was an increase in residgmtlption of 18 (+216 inhabitants).
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On the contrary, less uniform trends are to be found among the municipalities of Category 4, where there
was a significant demographic contraction, most marked in the municipalities of Marsico N2485 (
inhabitants,- 63.9%), Stiglianc3577 inhabitans, -50.7%), and IrsinaZ032 inhabitants;60.9%).The data

for the municipalities of Baragiano, Francavilla in Sinni, Rapolla, Satriano di Lucania, Atella and Viggiano
emerges, where the population has remained stationary or increased slightly. Theoheteity of
demographic trends is, however, even more marked in the case of municipalities with a population between
5000 and 10000 inhabitant&inally, in the two provincial capital municipalities, there is a negative trend in
Potenza{211 inhabitants;0.35%) and a positive one in Matera (+8766 inhabitants, +17 VEZih)reference

to the period between 2011 and 2021, there is a general contraction of the resident population, particularly
evident in the municipalities of San Paolo Albane8& {nhabiants, equal to a demographic decrease of
30%), Oliveto Lucanel@6 inhabitants;25.2%), San Mauro Fortet{0 inhabitants;23.8%), Carbonel60
inhabitants,-22.5%), San Costantino Albaneskr8 inhabitants;21.7%). A slight demographic increase can

be seen in the municipalities of Marsicovetere, where a population increase of 176 inhabitants (+ 3.3%),
Sarconi (+49 inhabitants, + 3.6%), Viggiano (+150 inhabitants, + 4.8%), Scanzano Jonico (+528 inhabitants, +
7.4%). More significant is the figure 1a¥ Policoro, with 1809 new residents, an increase of 11.3%. In the
Capital Municipalities, there is a modest decrease in the resident population in Pot&638& {nhabitants;

2.4%), and a stationary condition in Mater&q inhabitants;0%).During theperiod 19812021, there was a
significant increase in the number of municipalities in category 6, i.e., with a population of less than 1,000
inhabitants. This category comprised only 10 municipalities in 1981, the number of which increased to 14 in
1991, b 20 in 2001, to 24 in 2011 and to 32 in 2021, thus showing a constant negative demographic dynamic
in smaller municipalities. In general, an increase of 12.9% of municipalities with a population of between
1,000 and 2,000 inhabitants is noted over theipdrunder consideration. These trends are followed by a
consistent decline in the number of municipalities with a population between 2000 and 50000 inhabitants.
Class 1 includes only the municipalities of Potenza and Matera since 1981, thus showingsanadimanged

trend (Fig. D) (See AppendiAl).
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Figurel0. Trend of populatiortlasses in the period 1982021.
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