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Abstract

This study presents the preliminary results of the design and implementation of an ad-
vanced data management infrastructure developed to enhance the study, interpretation,
and preservation of historical and archaeological contexts. Conducted within the frame-
work of the PNRR CHANGES Project, Spoke 6, the initiative promotes the integration of
scientific research, digital innovation, and cultural heritage enhancement. One of the prin-
cipal outcomes of the project is the development and configuration of ARPAS (“Analisi
del Rischio nel Paesaggio Stratificato” or “Risk Analysis of Stratified Landscape”), a cen-
tralised Geospatial Database capable of ensuring reliable data archiving, real-time analyt-
ical processing, and collaborative information sharing among researchers and institutions
engaged in cultural heritage management. The paper discusses key methodological chal-
lenges related to the heterogeneity of available documentation and the limitations of ex-
isting tools currently used for heritage research and protection in the Italian, and particu-
larly Sicilian, context. At the same time, it highlights the potential of the proposed system
in terms of data accessibility, verifiability, and query ability, as well as its ability to inte-
grate and interrelate heterogeneous datasets within a multilayered, interdisciplinary
framework for cultural landscape research. The pilot deployment focuses on a geographic
area in southeastern Sicily, drawing upon documentation of the cultural landscape across
four provinces— Agrigento, Catania, Ragusa, and Siracusa—and integrating archaeologi-
cal, architectural, and environmental data to support risk assessment and heritage con-
servation strategies. Results appear to demonstrate ARPAS’s potential to improve the
completeness of information, manage stratification across temporal layers, and support
predictive and preventive analyses for cultural heritage at the landscape level.
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1. Introduction

The landscape, conceived as a multilayered and intrinsically complex reality, is the
result of processes that have continually redefined the balance between collective needs
and limited resources [1] (art. 1). This stratification, far from being static, evolves over
time, incorporating new social, economic, and environmental dynamics.
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The concept of the landscape as palimpsest, first articulated by André Corboz [2],
conceives the territory as a stratified text continuously rewritten through human
intervention and cultural transformation. Each layer adds new meanings while preserving
traces of the past, producing a dynamic interplay of continuity and change. Later adopted
in archaeological theory by Stoddart and Zubrow [3] and further developed by Bradley
[4] and Ingold [5], the metaphor transcends the purely physical dimension to encompass
the social and symbolic processes through which landscapes are shaped, perceived, and
reinterpreted over time. Within this broader theoretical trajectory, Bailey [6] reframes the
notion of palimpsest not merely as a condition of material superimposition but as an
analytical tool for understanding the cumulative, multi-temporal nature of the
archaeological record —where erasure, transformation, and persistence coexist as part of
a continuous temporal process. From a methodological standpoint, this conception
underpins the analysis of stratified landscapes, encouraging integrated approaches that
combine archaeological, environmental, and digital data to trace the diachronic
relationships between human activity, spatial transformation, and material persistence.
Such an interpretive framework allows for a deeper understanding of the landscape as
both a cultural construct and a dynamic system of ongoing interaction between past and
present.

Stratified landscape becomes “cultural heritage” when “people identify it, inde-
pendently of ownership, as a reflection and expression of their constantly evolving values,
beliefs, knowledge and traditions [7] (art. 2). The concept of cultural heritage is closely
connected to the need for transmission to the future and, consequently, for safeguarding
risks of destruction. In a stratified landscape, cultural heritage takes many different forms
and is subject to a variety of material threats, including seismic, hydrogeological and cli-
matic risks.

Addressing and managing such complexity requires tools and methodologies that
move beyond sectoral approaches, instead privileging an interdisciplinary perspective ca-
pable of integrating diverse forms of knowledge and expertise. Documentation, catalogu-
ing, and analysis of the stratified landscape cannot, therefore, be restricted to a single per-
spective but must be articulated through a plurality of methods and tools able to capture
the diversity of contexts and scales involved. From the perspective of risk and vulnerabil-
ity, a global approach is essential —one that not only describes individual elements but
also reorganises them within an overall framework that restores the relationships among
natural, cultural, and social factors. Only in this way is it possible to address the challenges
posed by managing the contemporary landscape, which demands more sophisticated
tools than in the past, particularly those capable of engaging with the set of processes that
have shaped and continue to transform: it.

Conventional instruments developed to confront problems connected with natural
and anthropic hazards, as well as the increasing threats of climate change, are often insuf-
ficient or confined within disciplinary domains that communicate only partially with one
another. Safeguarding action has frequently been carried out by institutions that operate
predominantly within archaeological research or the architectural restoration of monu-
ments. This has resulted in a strong focus on individual architectural assets, sometimes
enabling the definition of preventive measures at a detailed level, but often without con-
sideration of the broader network of physical and cultural relationships within which
emergencies arise —relationships that constitute both the foundation of their existential
values and the potential sources of threat.

The difficulties of integration experienced in the past by the various disciplines in-
volved in landscape conservation can now be overcome thanks to the new horizons
opened by digital systems. This is one of the challenges embraced within the framework
of the PNRR, CHANGES project [8]. Structured around nine thematic spokes, the
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CHANGES project was conceived with the aim of developing innovative procedures and
tools for the understanding and enhancement of cultural heritage, ranging from digital
archaeology to sustainable tourism, from risk management to the creation of creative eco-
systems. Spoke 6 focuses on historical understanding, restoration, and the conservation of
tangible cultural heritage. Within this spoke, a team of archaeologists and architects, sup-
ported by collaboration with “Advice” —a company specialising in the development of
strategic software solutions —has worked on designing new digital tools for risk manage-
ment that move beyond the traditional, monolithic, and undifferentiated approach to the
landscape. The ARPAS geodatabase (risk analysis in the stratified landscape; in Italian,
this is “Analisi del Rischio nel PAesaggio Stratificato”) was thus developed with the aim
of documenting, analysing, and managing risk within a system capable of accounting for
the diachronic dimension of the stratified landscape. To best test the potential of this ap-
proach, the focus was placed on the earliest phases of cultural heritage —those dating back
to antiquity and documented by archaeological evidence.

Four provinces in southeastern Sicily (Agrigento, Catania, Ragusa, and Siracusa)
were selected for the development of this experimental project as they offered several fa-
vourable conditions (Figure 1). First, these areas are characterised by landscapes extraor-
dinarily rich in cultural layers, spanning from prehistory and the fifth millennium BCE to
the present day without interruption. Second, they are territories well known to the team’s
archaeologists, who have been conducting research there for many years. Finally, the cul-
tural heritage of these areas has been only partially documented and through highly het-
erogeneous, sector-specific tools. This situation poses significant challenges for data com-
munication and management and exemplifies one of the major limitations of traditional
approaches to the stratified landscape.

The design of the new approach developed within ARPAS required a preliminary
reflection on the principles, methods, and tools underlying the processes of understanding
the stratified landscape, as well as on the traditional systems for managing risk in cultural
heritage. This reflection is presented in the first part of the paper. The second part provides
a detailed description of the materials and methods employed in the new project, while
the third part discusses the procedures that led to the development of ARPAS, along with
its potential and limitations. The guiding idea behind the entire work is that risk can be
managed more effectively and consciously through operators and infrastructures capable
of recognising and addressing the stratified nature of the landscape and the chronological
and historical identity of the tangible manifestations of cultural heritage.
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Figure 1. (a) Territorial framework at national scale, Sicily in red; (b) Enlarged view of Sicily. High-
lighted the four provinces under investigation: Agrigento, Catania, Siracusa, and Ragusa; (c) Four
provinces under investigation in grey and Archaeological sites constraints (art. 10 D.1gs. 42/2004) in
red.

2. A History of Useful Concepts and Tools in Landscape Planning and
Archaeological Research

This section examines the evolution of key concepts and operational tools that have
shaped both landscape planning and archaeological research, highlighting the
progressive convergence of their approaches to the notions of risk and stratification.
Within the broader field of cultural heritage studies, these two perspectives have
developed distinct yet complementary methodologies: landscape planning focuses on the
spatial delineation of cultural heritage and the mitigation of associated threats to cultural
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and environmental values, while archaeology investigates the temporal and material
stratification that reveals the historical depth of places.

By retracing the development of these conceptual and methodological frameworks—
from the European Landscape Convention to contemporary data-driven tools—this
section underscores how the growing integration between planning and archaeological
approaches fosters a more comprehensive, relational, and sustainable understanding of
cultural landscapes. This convergence forms the conceptual foundation for the
development of ARPAS.

2.1. The Perspective of Landscape Planning: Focus on Risk
2.1.1. From the European Landscape Convention to Landscape and Territorial Planning

Article 1 of the European Landscape Convention (Firenze, 20 October 2000) in para-
graph 1 declares the cultural framework promoted by the Member States of the Council
of Europe, defining landscape as part of the territory, understood in its perceptual value
by the population and whose character derives from “the action of natural and/or human
factors and their interrelationships”. The scope of the Convention goes beyond the mere
identification of landscapes of exceptional quality and uniqueness, also including every-
day and degraded landscapes (Article 2), as evoked by Boscolo [9] in his representation of
landscapes by “layers”, subsequently taken up in the Cultural Heritage Code [10].

The first “layer” of the codified discipline concerns the state’s protection of elements
representing national identity and cultural values, encompassing landscape assets such
as natural beauties, geological rarities, sites of historical or traditional value, and other
legally or plan-protected areas with distinctive landscape features.

The second “layer” concerns territories with landscape value managed through the
landscape plan (Art. 135), rather than specific protected assets.

In order to manage and safeguard the identity values of the first and second “layers”,
it is desirable to define strategies that incorporate, together with safeguarding, protection
and enhancement, the dimensions of prevention, adaptation and mitigation of the grow-
ing risks arising from climate change and anthropogenic pressure on landscape assets.
These risks threaten the very “value of existence” [9] of the landscape for future genera-
tions to enjoy.

2.1.2. Methods and Tools for Safeguarding Cultural Heritage from Risk: Risk Map and
Landscape Planning

The progressive depletion of natural and cultural resources, attributable to anthro-
pogenic processes, soil exploitation, and exposure to multiple hazards, has resulted in
significant landscape degradation. Landscape restoration and the enhancement or crea-
tion of novel landscapes constitute core functions of landscape planning, as outlined by
the European Landscape Convention. Incorporating risk assessment within the analytical
and interpretative framework of landscape planning is essential to safeguard resources
for future generations, particularly in contexts characterised by territorial marginality, de-
population, and demographic ageing.

In the Italian context, a principal instrument for cultural heritage management is the
Risk Map (“Carta del Rischio”), conceived by Giovanni Urbani (1925-1994), which facili-
tates the cataloguing of cultural assets at risk through a centralised database. The opera-
tionalization of this tool was formalised through Law 84/1990, containing the “Compre-
hensive plan for the inventory, cataloguing and processing of the Risk Map of cultural
heritage, ...” [11]. The Risk Map responds to the need to develop a centrally managed
database of cultural, architectural, archaeological and historical-artistic heritage, with the
aim of identifying cultural heritage at risk, based on an integrated approach between
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heritage and territory, from which the interpretative categories for risk analysis and plan-
ning of preventive measures are derived.

For the purposes of protection, understanding what to protect, how many assets
there are, their state of conservation and the risk factors involved is the first step in risk
prevention operations: cataloguing —carried out by the ‘Ministry with the cooperation of
the regions and other local authorities’ [9] —by sorting the assets into homogeneous cate-
gories based on their characteristics and the specific protection issues of each, would have
enabled conservation planning [12].

Nonetheless, the Risk Map exhibits conceptual and methodological limitations: it re-
mains anchored to a 20th-century paradigm, primarily encompassing legally recognised
assets, and often considers individual assets in isolation from their broader territorial and
systemic context. Such an approach constrains the implementation of integrated, multi-
scalar strategies for heritage conservation and risk mitigation.

The structure of the Risk Map classifies archaeological assets using the designation
MA (Archaeological Monument), distinguishing between monuments of declared cul-
tural interest and monuments of unverified interest. Unlike other architectural assets, such
as churches located within historic urban areas, archaeological monuments are not sur-
veyed according to area criteria but are represented individually. This approach also dif-
fers from the cartographic representation method used for areas subject to restrictions
pursuant to Article 10 of Legislative Decree 42/2004 [9].

An innovative system for monitoring, analysing, and safeguarding historical assets
has recently been implemented in France. Through the application of artificial intelli-
gence, Heritage Watch AI [13] has been developed as an advanced framework for cultural
heritage protection. This innovative tool was designed with the objective of monitoring
and preserving historical sites, artworks, and monuments by employing cutting-edge
technologies, including machine learning, satellite image analysis, and next-generation
sensors. The initiative results from a collaboration between UNESCQO, French public insti-
tutions, and leading technology companies. Natural deterioration and climate change rep-
resent some of the major challenges that the system aims to address through a preventive
and automated approach.

Asprogerakas et al. [14] codified protection policies and developed a typology of in-
terventions for major archaeological sites in Greece. Their objective was to define a spatial
planning framework capable of addressing the challenges posed by climate change. This
includes promoting an integrated design approach to cultural heritage protection—mov-
ing beyond traditional conservation practices—and fostering stronger connections be-
tween cultural heritage and the natural environment. The concept of cultural heritage is
redefined in dynamic and spatial terms, supporting both climate change adaptation and
disaster risk reduction, as well as preparedness for emergency response.

Spiridon et al. [15] explored the use of Geographic Information System (GIS) tools to
examine aspects related to at-risk cultural heritage in lasi, Romania. They developed a
spatial database of ecclesiastical heritage, integrating additional attributes such as the con-
struction period and the year of the most recent restoration intervention for each vector
record. These attributes can be updated in real time, enhancing the accuracy and respon-
siveness of cultural asset monitoring.

Valagussa et al. [16] developed a methodology that adopts a quantitative and repro-
ducible heuristic approach to risk assessment through the UNESCO Risk Index (URI).
This index integrates hazard intensity with a potential damage vector, estimating the ex-
pected impact according to the type of heritage site, its spatial configuration (under-
ground or above ground), and the hazard type. Applied to both entire World Heritage
Sites and their components, the method identifies areas with differing risk levels.
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Some authors [17] focus on the reasons behind the inapplicability of certain conser-
vation and maintenance processes for cultural heritage in local contexts, due to automatic
processes of social exclusion that inhibit community participation and support. Insights
derived from anthropological research promote a view of cultural heritage as a living and
continuously evolving entity, deeply embedded within social practices.

International contributions highlight the need to integrate diverse tools and analyti-
cal methods—such as GIS and machine learning —for a comprehensive assessment of cul-
tural heritage at risk. These integrated approaches would allow the development of dy-
namic, easily updatable databases that can reflect new mappings related to multiple di-
mensions: the landscape dimension—with the integration of cultural assets within
broader or altered landscapes; the archaeological dimension—with new stratigraphic lay-
ers; the architectural dimension—in light of new restoration interventions; and, finally,
the regulatory dimension, which is subject to change over time.

2.2. The Perspective of Archaeologists: Focus on Stratification
2.2.1. Stratified Landscapes: Documentation, Methods, and Tools

Building on the theoretical premise outlined in the Introduction, the documentation
of stratified landscapes relies on integrated methods that connect field archaeology, geo-
matics, and archival sources to reconstruct long-term territorial dynamics [18,19]. Within
this framework, the landscape—understood as a multilayered and diachronic palimp-
sest—constitutes the analytical space in which landscape and stratigraphic archaeology
converge; just as stratigraphic excavation reconstructs superimposed sequences of human
activity, landscape analysis considers successive and overlapping transformations that
have shaped the territory over time. This perspective requires a global, multiscale ap-
proach capable of linking individual archaeological features to broader regional frame-
works [20,21].

Geospatial technologies have significantly enhanced our ability to document and an-
alyse archaeological landscapes. While stratigraphic excavation and systematic field sur-
vey remain foundational [22] the integration of GPS, drones, photogrammetry, and Li-
DAR has increased the precision, efficiency, and scale of data acquisition [23-25]. UAV-
mounted LiDAR has proven especially valuable in vegetated or morphologically complex
areas: recent studies have demonstrated how high-density LiDAR surveys enable the
identification of micro-morphological archaeological features in Mediterranean hilly en-
vironments characterised by dense forest cover and reduced visibility [26].

Geographic Information Systems (GIS) provide the core infrastructure for organising,
analysing, and visualising spatial information, allowing multiple thematic layers and data
types to be integrated within a single environment [27]. The creation of structured geoda-
tabases has therefore become essential for correlating heterogeneous archaeological, en-
vironmental, and documentary sources, enabling spatial queries, diachronic comparisons,
and predictive models [28]. Large-scale geospatial infrastructures—such as regional or
national geodatabases—play a crucial role in coordinating documentation and ensuring
the long-term monitoring of archaeological landscapes [29].

2.2.2. Technical Validation and Limitations

Although advanced digital tools offer significant benefits, it is essential to address
their technical parameters and limitations. GPS positioning, under optimal conditions (for
instance with RTK acquisition), can achieve centimetric accuracy; however, tree canopy,
rugged topography, and satellite signal interference can reduce precision, introducing
variations on the order of decimetres or more [30,31]. Similarly, LIDAR performance de-
pends on point-cloud density, sensor configuration, flight altitude, and terrain
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complexity. Even when high accuracy is achieved, dense vegetation, erosion, and complex
morphology can hinder the detection of subtle archaeological micro-reliefs [26].

Automated workflows for processing LIDAR and photogrammetric data—including
those based on machine learning for morphological feature extraction—introduce addi-
tional methodological considerations. These approaches can enhance interpretative effi-
ciency but may also introduce classification bias or false positives. It is therefore essential
to document processing steps transparently, to assess accuracy rigorously, and to conduct
field verification wherever appropriate.

2.2.3. Ethical Aspects and Data Protection

The growing diffusion of open-access platforms and digital repositories has trans-
formed archaeological practice, expanding access to data, and fostering collaborative re-
search. However, the publication of high-precision spatial information can expose vulner-
able sites to risks of looting, unauthorised visits, or damage. Open dissemination does not
automatically equate ethical practice and must be accompanied by appropriate control
and responsibility measures [32]. Recent debate in digital archaeology highlights the need
to establish solid ethical frameworks for data sharing and management; online archaeol-
ogy often lacks consistent guidelines, forcing researchers to make ethical decisions on a
case-by-case basis [33]. Moreover, even within well-structured open-access contexts, chal-
lenges persist concerning the responsible reuse and contextualisation of data [34].

Within this framework, archaeological geodatabases should adopt strategies that bal-
ance research transparency with site protection. Good practices include the generalisation
of sensitive coordinates, the adoption of tiered access systems, and the accurate documen-
tation of provenance, usage rights, and metadata structures [35].

2.2.4. Risk in Archaeology and Tools for the Safeguard of Stratified Landscapes

The issue of risk in archaeology forms part of the broader theme of cultural heritage
protection, long debated in Italy. In the Cultural Heritage and Landscape Code [9], Article
29, paragraphs 1 and 2, specifies that conservation of cultural heritage, of which archaeo-
logical assets represent one of the most fragile components, must be ensured through co-
herent, coordinated, and planned activities of study, prevention, maintenance, and resto-
ration. Prevention is defined as “the set of activities suitable to limit the risk situations
related to the cultural asset within its context” [36]. Risk management, whether associated
with natural or anthropic activities and whether predictable or not, applies to the same
regulatory tools used in the management of cultural heritage, including planning and
management instruments and the Risk Map.

In recent years, alongside the development of preventive archaeology, the concept of
archaeological risk has acquired a different meaning, leading to regulatory adjustments.
In a predictive perspective, archaeological risk represents the probability of encountering
archaeological evidence during construction or infrastructural projects. The degree of ar-
chaeological risk in each area is quantified based on the likelihood that archaeological
stratification is preserved there, and therefore vulnerable to planned interventions [37].

A significant shift can be observed in the definition of risk in archaeology. Whereas
earlier policies focused on identified and catalogued archaeological assets formally recog-
nised as cultural heritage, more recent developments target unidentified or uncatalogued
stratifications. In this view, attention shifts from visible material evidence to the archaeo-
logical potential of an area. Archaeological potential, meaning the possibility that an area
preserves structures or stratigraphic layers, is an intrinsic characteristic that does not vary
according to the type of project or planned work. The assessment of archaeological poten-
tial underpins current protection strategies and preventive approaches.
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The assumption is that the most effective strategy for ensuring the transmission of
heritage to future generations lies in planning through strategies that predict archaeolog-
ical potential, thereby quantifying the associated risk and limiting excavation to cases of
actual necessity [38].

The crucial for assessing the archaeological potential of an area is the knowledge and
evaluation of the complete set of archaeological and topographical documentation. Key
elements include the territorial context and the historical-archaeological characteristics of
the area, represented by ancient and modern anthropogenic transformations of the land-
scape and associated artefacts. Investigation of environmental and geomorphological con-
ditions that shaped settlement choices, combined with diverse information from histori-
cal-archaeological sources (non-material data inferred from topography, material evi-
dence of ancient nuclei, architectural and testimonial elements, unpublished reports, or
surveys and excavations), supports the identification and characterisation of possible an-
cient occupations or settlements.

From this perspective, preventive assessment of archaeological potential and risk,
together with knowledge of the landscape in its historical stratification, are inseparable
concepts in developing strategies for archaeological landscape protection.

The predictive approach forms the basis of regulatory instruments currently in use,
foremost among them the Verification of Archaeological Interest (VPIA) [39]. This is im-
plemented through the National Archaeology Geoportal (GNA), designed and managed
by the Central Institute for Archaeology (ICA) [40]. The GNA is the first national-level
tool for documenting and sharing the results of preventive archaeological investigations
in open access. The project aims to “make available to the Ministry of Culture (MiC) and
other public administrations, territorial authorities, professionals, companies, and citi-
zens, a dynamic archaeological map of Italy” [41].

The GNA represents a significant resource for updating data resulting from new in-
vestigations across the country. However, the management of archaeological data from
previous research remains the responsibility of regional administrations or individual re-
search institutions.

3. Materials and Methods

This section outlines the methodological and documentary foundations of the
ARPAS project, focusing on the integration of legacy and newly acquired data from south-
eastern Sicily. It combines information from provincial Landscape Plans and recent ar-
chaeological research to construct a coherent, multi-layered vision of the region’s cultural
landscape. By merging heterogeneous datasets, ARPAS establishes the basis for an ad-
vanced, risk-oriented system of analysis and management of historical and environmental
stratifications.

3.1. Materials: Legacy and Newly Acquired Data from the Study Areas
3.1.1. Provincial Landscape Plans (Sicilian Region Geoportal S.I.T.R. —Open Access)

Landscape Plans are the main tool for implementing policies for the protection and
enhancement of the landscape, in accordance with the provisions of the Code of Cultural
Heritage and Landscape [9] and Articles 135 et seq.

The Sicilian legal system, as expressed in the Guidelines of the Regional Landscape
Plan of Sicily [42], has promoted the adoption of landscape planning organised by homo-
geneous territorial areas. This approach, consistent with the subsequent provisions con-
tained in the Code of Cultural Heritage and Landscape, aims to ensure a differentiated
and contextualised interpretation of the regional territory, enhancing its environmental,
historical and cultural specificities. The subdivision into areas allows for the calibration of
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protection and management strategies according to the specific characteristics of local
contexts, promoting a systemic and integrated vision of the landscape.

The Plans, drawn up by the Superintendence for Cultural and Environmental Herit-
age in collaboration with local authorities and other institutional bodies, are not limited
to an inventory of landscape assets protected ex lege, but introduce a systemic interpreta-
tion of the territory, enhancing both tangible and intangible elements of the landscape,
even where these lack formal recognition.

For the purposes of this study, the landscape plans of the provinces of Catania, Syra-
cuse, Ragusa, and Agrigento were examined. In particular, the landscape plan for the
province of Catania covers areas 8, 11, 12, 13, 14, 16 and 17; that of Syracuse covers areas
16 and 17; that of Ragusa covers areas 15, 16 and 17; and finally, that of Agrigento covers
areas 2, 3, 5, 6, 10, 11 and 15 (see Figure 2b). More than one area straddles several prov-
inces, providing an opportunity to develop synergistic and convergent planning that goes
beyond the logic of administrative boundaries, which is often disappointed by the plans
adopted (Figure 2).

(b)

L
Sy =

Division into areas of the Regional Landscape Plan

Areas of archaeological interest

Archaeological site: Calicantone
[ Archaeological restriction
art.10 D.Igs. 42/04 copy
Areas of archaelogical interest
art.142, lett. m, D.Igs.42/04

‘Administrative boundaries: Agrigento, Catania, Ragusa, Siracusa’ Administrative boundaries

e o > L L | TR NG
T

Figure 2. (a) Administrative boundaries of the four provinces under investigation: Agrigento, Cata-
nia, Siracusa, and Ragusa; (b) division into areas of the Regional Landscape Plan of Sicily. The dotted
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and circular frame is the focus zoom area in c); (c) detail of archaeological site of Calicantone, with
Database detail.

Specifically, the study focuses on the historical framework, with reference to archae-
ology, as highlighted in Article 3 of the settlement subsystem [42] (Title I, D.A. No.
6080/1999). The division of the territory into areas presents some structural criticalities.
Since Landscape Plans are drawn up on a provincial basis, it may happen that the same
landscape area is divided between two or more provinces. This territorial fragmentation,
aggravated by the frequent lack of effective communication and coordination between the
provincial administrations involved, can lead to significant difficulties in the coherent and
integrated drafting of the planning tool, compromising its effectiveness in terms of land-
scape protection and enhancement.

3.1.2. Data from Recent Archaeological Research (Unict—CHANGES Spoke 6): Agri-
gento, Calaforno, Calicantone, and Pantalica.

Within the ARPAS framework, data derived from recent archaeological investiga-
tions carried out under the CHANGES project have been integrated with the information
from regional landscape plans, creating a unified and dynamic foundation for interpreting
the cultural landscape of southeastern Sicily. The integration of these datasets allows for
a multi-temporal and multi-scalar reading of historical processes, revealing the deep con-
nections between settlement, environment, and social transformation.

3.1.3. Agrigento

In Agrigento, research within the Archaeological and Landscape Park of the Valley
of the Temples has focused on the monumental core of ancient Akragas, particularly the
area of the theatre [43]. The combined use of excavation, architectural study, and digital
documentation has made it possible to reconstruct the urban evolution of the site [44]. The
results reveal a complex and multilayered urban landscape, shaped by centuries of trans-
formations—from the Archaic and Classical phases to Late Antiquity and the Middle
Ages—when older structures were dismantled, reused, or incorporated into new archi-
tectural configurations.

3.1.4. Pantalica

The site of Pantalica (Siracusa) is emblematic of the notion of a “stratified landscape.”
It stands on a limestone plateau set between the valleys of the Anapo and Calcinara rivers,
characterised by extensive rock-cut necropoleis distributed along its slopes. Occupied be-
tween the 13th and 8th centuries BC, the site comprises more than 5000 chamber tombs
from the Late Bronze and Early Iron Ages. Among its architectural remains, the so-called
Anaktoron represents a megalithic structure possibly associated with elite or ceremonial
functions. Later phases attest to Byzantine reoccupation, with evidence of rock-cut dwell-
ings and chapels [45]. The collaboration between the Archaeological Park of Siracusa and
the University of Catania has enabled a new reading of the site through the combination
of archival research, the re-examination of materials from Luigi Bernabo Brea’s 1960s ex-
cavations, and extensive field surveys covering nearly 20 hectares around the Anaktoron
plateau. This work has documented over 150 previously unknown hypogea, several
standing structures, and hundreds of grinding stones belonging to different chronological
phases [46]. The emerging picture is that of a dynamic and long-lived settlement, where
material evidence of continuity and reuse coexists with signs of profound change.
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3.1.5. Calicantone

Located in the Cava d’Ispica valley on the Hyblaean plateau, Calicantone represents
another key context for understanding Bronze Age life in southeastern Sicily. Archaeolog-
ical investigations carried out between 2012 and 2015 revealed a necropolis of about ninety
rock-cut tombs and a large hut structure notable for its dimensions and the richness of its
finds [47]. Within the CHANGES project, the organisation and digitization of these da-
tasets have allowed new analytical connections to be drawn between settlement, funerary,
and environmental data [48-50]. The results highlight the valley’s role in seasonal pasto-
ralism and the adaptive use of natural resources, revealing a subtle balance between hu-
man presence and the geomorphological characteristics of the territory.

3.1.6. Calaforno and Canicarao

In the western Hyblaean district, the areas of Calaforno and Canicarao illustrate the
long-term shaping of the landscape through resource exploitation and ritual activity.
Here, survey and excavation have defined the broader environmental framework of two
major prehistoric complexes: the Calaforno Hypogeum —a monumental collective burial
partly hypogeal and partly megalithic (late 3rd millennium BCE) [51]—and the flint-ex-
traction sites of Monte Tabuto and Contrada Coste (early 2nd millennium BCE) [52]. The
integration of these datasets within ARPAS has produced a detailed geospatial represen-
tation of the area, documenting a palimpsest of human activity extending from prehistory
to the modern era, and underscoring the potential of data-driven approaches to recon-
struct and interpret deep-time cultural landscapes.

3.2. Towards a New Tool for Integrated Management

The experiment conducted within the CHANGES project aimed to enhance the
existing tool by making it capable of documenting and managing landscape stratifications.
To this end, ARPAS, was developed by ADVICE as a centralised and modular
geodatabase based on PostgreSQL and Docker technologies, ensuring scalability,
portability, and operational autonomy across different cloud environments [53].

The ARPAS Geodatabase overcomes the limitations of traditional flat-file systems by
integrating geospatial and contextual data within a coherent and normalised model
designed to manage heterogeneous inputs, including sensor-derived datasets. It is capable
of handling various categories of sources and is specifically designed to interrelate 3D
models and BIM of archaeological sites, fostering a comprehensive understanding of
spatial and temporal relationships. This architecture supports the association of
descriptive metadata, chronological tracking of interventions, and the linkage of
documentation to specific spatial entities, thereby enabling long-term, data-driven
cultural heritage research.

Developed to promote interdisciplinary landscape analysis, ARPAS strengthens the
integration between risk-related and cultural heritage data—addressing key issues such
as data completeness, the management of historical stratification, and advanced threat
prediction, which go beyond the capabilities of conventional tools like the Risk Map. Data
accessibility and collaborative analysis are facilitated through a WebGIS platform built on
open-source technologies (QGIS Server and Lizmap), enabling interactive visualisation
and multi-user exploration of spatial information.

The ARPAS Geodatabase was designed to promote an integrated approach to
landscape research, enabling data related to different categories of risk to interact more
effectively with information concerning cultural heritage than is currently possible in the
Risk Map. Its effectiveness can be assessed along three main axes:

1.  Completeness of information and accuracy of localization,
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2. Management of stratification,
3.  Threat prediction.

With respect to the first axis, the Risk Map remains incomplete in relation to cultural
heritage already catalogued by competent authorities. For example, regional
administrations (or provincial administrations in Sicily) have conducted detailed work to
identify cultural landscapes; however, in Southeastern Sicily, data from landscape plans
were not effectively integrated into the Risk Map, often resulting in inconsistencies and
inaccuracies in geographic localization [54]. Furthermore, the provincial framework
prevented data from being communicated beyond administrative boundaries.

The management of stratification constitutes the second axis for improvement. In this
regard, the ARPAS Geodatabase, provides chronological information on catalogued
assets, allowing queries by occupational phases. This functionality is essential for
reconstructing the landscape as it evolved over time and for defining its historical and
cultural characteristics.

The third axis is threat prediction, understood in broader terms than in the past. It is
not only a matter of identifying specific risks in relation to isolated assets, but also of
evaluating the minimal territorial unit in which a cultural asset and its landscape
relationships can be interpreted, as well as the impact of large-scale or long-term processes
capable of altering the identifying features of a given context.

4. Discussion

This section illustrates the process through which ARPAS transformed heterogene-
ous archaeological and landscape datasets into a coherent, standardised geodatabase. It
outlines the steps taken to reconcile inconsistencies in documentation from Sicilian prov-
inces, integrate data from legacy sources and new research, and adopt ICCD standards
for typology and chronology. By organising information according to hierarchical tem-
poral and thematic criteria, ARPAS enables dynamic analysis of landscape stratification
and risk across different historical phases.

4.1. From Heterogeneous Sources to Structured Data: Standardisation Process in ARPAS

The development of ARPAS required addressing significant inconsistencies in the
documentation and management of archaeological and landscape data across the Sicilian
provinces of Agrigento, Catania, Ragusa, and Siracusa. Data were acquired from the
Landscape Plans developed and published by the local Superintendents. Although based
on general guidelines from the central administration, each provincial plan presents site
information differently, resulting in datasets with inconsistencies in field definitions and
organisation. When digitised and published in the Sicilian Regional Geoportal (S.I.T.R.),
these discrepancies persisted [55].

From the geoportal, the corresponding shapefiles were extracted and reprocessed for
integration into the ARPAS geodatabase (Figure 3). Based on the number of fields, the
documentation could be grouped into three categories: (i) a minimal set, with a single field
containing only the municipality and the catalogue number of the sheet (Agrigento); (ii)
an intermediate set, separating the municipality and adding site name and legal references
to protection (Siracusa); (iii) a more detailed set, including fields for typology and chro-
nology (Catania and Ragusa). Even the more complete databases presented internal in-
consistencies, as fields were compiled at different times and by different authors without
standardised criteria.

In short, the initial documentation presented two main problems: incompleteness,
since much information remained only in paper sheets and was not fully incorporated
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into the open-access geoportal, and heterogeneity, due to the variety of cataloguing strat-
egies adopted over time.

During reprocessing for ARPAS, it was first necessary to define standardisation cri-
teria at two levels. The first concerned the fields assigned to each record. Based on the
geoportal data, the following fields were defined: Province, Municipality, Locality, De-
scription from the Landscape Plan, Chronology from the Landscape Plan, Type of Protec-
tion, and Legislative References. Missing information was supplemented by manually
transferring data from the original sheets.

Data from the Landscape Plans were further enriched with information from
CHANGES Spoke 6 research in the Iblean area (Pantalica, Calaforno, Canicarao, Calican-
tone) and in the urban sector of ancient Akragas.

The next step concerned the standardisation of typology and chronology fields. These
are essential for uniform and coherent management of heritage information. The most
effective national reference for standardisation is provided by ICCD tools [56,57]. These
were adopted with minimal adjustments, in order to guarantee both completeness of in-

formation and effective management of landscape stratification.
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Figure 3. Example of the visualisation of archaeological constraints (archaeological sites constraints
(art. 10 D.Igs. 42/2004; areas of archaeological interest srt. 142, lett. m, D.Igs 42/04) in the Carlentini
area (Sicily) using the Lizmap interface. Data from the Arpas Geodatabase, provided by Advice

developers.

4.2. Completeness of Information

The completeness of information is evaluated with respect to the original datasets
from the Landscape Plans and assesses both the correctness of recorded data—including
site denomination, chronology, and geographic coordinates—and the presence or absence
of missing attributes. The benchmark for this evaluation is provided by the existing bibli-
ographic and scientific documentation, which serves as an external reference for valida-
tion.

Building on this process of data validation, particular attention was devoted to the
harmonisation of typological and chronological information. Following the ICCD model,
a two-level structure for typology and chronology was adopted, comprising a general and
a specific level. This hierarchical system facilitates searches at multiple scales and signifi-
cantly enhances query potential. To prevent information loss, the original content from
the Landscape Plan sheets was retained in the fields “Description from the Landscape
Plan” and “Chronology from the Landscape Plan.” Each of these was complemented by
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two additional fields compiled using standardised terminological categories. For typol-
ogy, sites were described in a general field (OGTD—Definition) and a specific one
(OGTT—Typological Specification).

The adoption of standardised terminology for typological classification presented
several challenges. The documentation often resists precise categorization due to varying
preservation conditions, the absence of targeted investigations, and the intrinsic complex-
ity of cultural evidence. Simplification was therefore necessary, particularly when a clas-
sification had to encompass extensive chronological ranges, as in this case.

The ICCD system effectively addresses these challenges through its two-level cate-
gorization and extensive controlled vocabulary. For typology, it includes 26 general cate-
gories (OGTD) and 226 specific ones (OGTT), with the option of refining broader entries
using more detailed terms. For instance, the OGTT category “place of worship” can be
specified as chapel, church, iseo, mithraeum, oratory, pieve, sabazeum, serapeum, syna-
gogue, temple, or small temple.

Thanks to this flexibility, the ICCD classification system proved well suited to the
structure of the ARPAS geodatabase, ensuring both consistency and adaptability in the
management of archaeological information.

4.3. Management of Stratification

The management of stratification in cultural heritage is closely linked to the ability to
make selective choices within the documentation, allowing the geodatabase to display
evidence of occupation according to different chronological phases. For this purpose, the
two-level hierarchical structure proposed by ICCD was adopted, expanding the possibil-
ities of selection within the dataset. Two fields were introduced: a higher-level “Generic
Chronology” and a more specific “Reference Chronological Range.”

The use of ICCD terminology for chronology, however, posed challenges. The ICCD
system is complex, designed to cover both geological and archaeological contexts, and
incorporates both relative chronology (period-based) and absolute chronology (solar
years). While this approach is appropriate for managing the highly heterogeneous herit-
age of the entire Italian peninsula, the ARPAS geodatabase, with its regional focus, re-
quired a more streamlined system. For this reason, two categories were adopted: macro-
periods and micro-periods, corresponding to recurring features of material culture and
their approximate chronological ranges (Table 1).

Even within these sequences, divisions are not unambiguous but the result of nego-
tiation between the geo-historical context, the available archaeological documentation,
and historiographical debate. As with all negotiated classifications, they involve compro-
mises and partial solutions. In ARPAS, there is a relative emphasis on prehistory and pro-
tohistory, with more subdivisions than for later antiquity, and similarly a greater articu-
lation for ancient times than for post-ancient periods. The first reflects the research inter-
ests of some of the authors, while the second reflects the nature of the available documen-
tation, which is richer for ancient and medieval contexts. Nevertheless, this subdivision
across the entire chronological span enhances interpretative opportunities by highlighting
long-term occupation trends that influenced landscape formation.

The adopted sequences also reflect the historical particularities of Sicily [29]. For in-
stance, only the Upper Palaeolithic is included, since no secure evidence exists for the
Lower or Middle Palaeolithic. The Copper Age is subdivided into four phases, following
Bernabo Brea’s model, later debated but confirmed by recent excavations at Calaforno
[58]. The initial phase of Greek presence in Sicily, corresponding to the late 8th and 7th
centuries BCE, was grouped with the last phase of protohistory (“Iron II”) rather than
with the Greek period, both for simplification and because Greek cultural specificity is
less evident than indigenous elements in this phase. Similarly, local cultural expressions
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from the 6th century BCE onwards were aligned with the Archaic and Classical periods
of Greek history.

The Hellenistic period in Sicily ended earlier than in the rest of the Mediterranean,
following the First Punic War and the establishment of Roman control. Other adjustments
concern the transition from antiquity to the Middle Ages. The Justinian conquest of 535,
which brought Sicily into the Byzantine sphere, represents a major chronological marker.
Another significant but less archaeologically visible event in southeastern Sicily is the
Arab presence, conventionally dated between their arrival in 827 and the Norman recon-
quest beginning in 1061. The Norman period was taken at the start of the Late Middle
Ages, since it introduced dynamics comparable to those in Europe at the turn of the first
millennium.

These chronological frameworks function as interpretative tools rather than rigid pe-
riodization. To mitigate their limitations, chronological ranges were assigned even when
occupational phases only partially overlapped them. More detailed information is pre-
served in the “Description from the Landscape Plan” and “Chronology from the Land-
scape Plan” fields, retrievable when a record is selected. In ARPAS, each record’s occupa-
tional phases also include notes on temporal discontinuities, which are particularly sig-
nificant for smaller sites—by far many entries—often characterised by alternating phases
of abandonment and reuse. Such discontinuities provide valuable insights into commu-
nity strategies and the human contribution to landscape transformation, sometimes more
clearly than in large urban contexts where continuous occupation tends to obscure these
dynamics.

The definition of macro- and micro-periods within ARPAS is not merely descriptive
but responds to analytical needs related to risk assessment. Each chronological range cor-
responds to distinct patterns of land use, settlement density, and resource exploitation,
which directly influence the vulnerability of cultural assets. By structuring the dataset ac-
cording to fine-grained temporal segments, it becomes possible to model diachronic vari-
ations in exposure and susceptibility —for instance, by correlating phases of intense an-
thropic activity with environmental instability or by identifying long-term trends in site
reuse and abandonment. This temporal articulation enhances the interpretative potential
of ARPAS, allowing risk evaluation to consider not only spatial but also historical dimen-
sions of landscape transformation.

Table 1. Macro- and micro-periods with chronological ranges.

General Chronology Chronological Range Absolute Chronology

Prehistory Prehistory 13.000-2201 BCE
Upper Palaeolithic 13.000-8501 BCE

Mesolithic 8500-6001 BCE

Neolithic 6000-3201 BCE

Early Neolithic 6000-5001 BCE

Middle Neolithic 5000-4501 BCE

Late Neolithic 4500-4001 BCE

Final Neolithic 4000-3501 BCE

Eneolithic 3500-2201 BCE

Early Eneolithic 3500-2801 BCE

Middle Eneolithic 2800-2601 BCE

Late Eneolithic
Final Eneolithic

2600-2401 BCE
2400-2201 BCE

Protohistory

Protohistory

2200-601 BCE

Bronze Age
Early Bronze Age

2200-851 BCE
2200-1451 BCE
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Middle Bronze Age
Recent Bronze Age
Final Bronze Age

1450-1271 BCE
1270-1051 BCE
1050-851 BCE

Iron Age 850-601 BCE
Early Iron Age (I) 850-734 BCE
Late Iron Age (II) 733-601 BCE
Greek Period Greek Period 600-264 BCE
Archaic Period 600480 BCE
Classic Period 479-323 BCE
Hellenistic Period 323-264 BCE
Roman Period Roman Period 263 a.C.-536 CE
Republican Period 263-28 BCE
Early Imperial Period 27 BCE-95 CE
High Imperial Period 96-283 CE
Late Antique Period 284-535 CE
Early Middle Ages Early Middle Ages 536-1060 CE
Byzantine Period 537-826 CE
Arab Period 827-1060 CE
Late Middel Ages Late Middel Ages 1061-1492 CE
Modern Age Modern Age 1493-1789 CE
Contemporary Age Contemporary Age 1790-Present
5. Results

This section presents a comparative evaluation of the ARPAS geodatabase against
existing national heritage datasets, focusing on accessibility, completeness, and interoper-
ability. By addressing the inconsistencies of sources such as the Landscape Plans, GNA,
ICCD, and the Risk Map, ARPAS demonstrates how standardised data structures can en-
hance research, planning, and risk assessment. The discussion highlights ARPAS’s
broader spatial coverage, methodological rigour, and potential as a model for integrated
cultural heritage management.

5.1. Assessing Data Accessibility and Completeness: A Comparative Analysis of ARPAS and
Existing Heritage Databases

The normalisation and implementation of a unified data platform offer significant
advantages in terms of data accessibility and reusability. Although the source data for our
database—namely, the Provincial Landscape Plans—are publicly available online in
shapefile format and can be used within GIS environments [55], the heterogeneity of at-
tribute fields and the lack of normalisation prevent cross-provincial queries, allowing
searches only within individual provincial datasets. This limitation represents a major ob-
stacle not only for research but also, and above all, for effective territorial planning.

To address these challenges, the ARPAS geodatabase adopts a structured approach
to the management of archaeological information. Archaeological data within ARPAS are
organised according to the subdivision established in the Regional Landscape Plans (“Pi-
ani Paesaggistici Regionali”), distinguishing between areas subject to archaeological pro-
tection under Article 10 and those under Article 142, letter m, of the Italian Cultural Her-
itage and Landscape Code [9] (D.Lgs. 42/2004) (Table 2). This structure allows for a more
nuanced spatial representation of protected zones and enhances the integration of archae-
ological and landscape information within the same analytical framework.
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Table 2. Comparative overview of archaeological data coverage across ARPAS, GNA, ICCD, and
the Risk Map.

ARPAS Areas
ARPAS of GNA GNA GNA ICCD ICCD ICCD RISK MAP
. Protected . . . . . (CR)
Province Archaeological Point Line Polygon Point Line  Polygon .
Areas . . : . . : Archaeologi-
(Art. 10) Interest Sites Sites Sites Sites Sites Sites cal Assets
(Art. 142 m)
Agrigento
(AG) 136 508 51 4 62 33 4 65 139
Catania (CT) 207 345 64 3 59 51 2 41 98
Ragusa (RG) 124 290 n/a n/a n/a n/a n/a n/a 57
Siracusa (SR) 348 522 n/a n/a n/a n/a n/a n/a 229

The pilot version of ARPAS currently manages a total of 2480 records, comprising
815 areas under formal archaeological protection and 1665 areas of archaeological interest.
This organisation supports multi-scalar analyses and facilitates cross-provincial compari-
sons within a standardised and interoperable system. Such structuring represents a sub-
stantial step toward the normalisation of datasets and the development of shared data
standards for cultural heritage planning.

The normalisation of datasets through the definition of standardised and univocal
fields thus constitutes a major step forward for strategic and integrated territorial plan-
ning. However, a review of freely accessible online databases, such as GNA and ICCD,
reveals considerable shortcomings in this regard. Focusing on the provinces included in
the ARPAS pilot project (Agrigento, Catania, Ragusa, and Siracusa), it becomes evident
that these datasets are affected by substantial gaps in both completeness and accessibility
(see Tables 2 and 3).

Table 3. Assessment of Data Completeness Across Heritage Databases: ARPAS, ICCD, and Risk
Map (Provincial Comparison).
Province ICCD RISK MAP (CR) ARPAS % ICCD/ARPAS % CR/ARPAS
Agrigento (AG) 102 139 644 15.8% 21.6%
Ragusa (RG) n/a 57 414 — 13.8%
Catania (CT) 94 98 552 17.0% 17.8%
Siracusa (SR) n/a 229 870 — 26.3%

The National Archaeological Geoportal (GNA) [41] presents several positive aspects,
particularly its articulation of archaeological entities into points, lines, and polygons,
which allows for differentiated spatial representation based on the geometry and scale of
archaeological evidence. In practical terms, points are used when an archaeological site or
feature has a precise location and does not require the representation of areal extension;
lines are employed when the entity is linear in nature (e.g., ancient routes, walls, or ca-
nals); and polygons or multipolygons are applied when the entity occupies a surface area
or includes multiple spatially aggregated components (e.g., excavation areas, settlements,
or stratified landscapes).

However, the system primarily focuses on data derived from recent research activi-
ties and does not systematically include legacy data, which represent a significant portion
of the archaeological record collected over the past decades. As discussed in Section 2.2.2,
this limitation affects the overall completeness and diachronic depth of the dataset, reduc-
ing its potential for comprehensive territorial and historical analysis. Moreover, the GNA
still presents significant internal gaps, particularly the absence of archaeological data for
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the provinces of Ragusa and Siracusa, which further limits its representativeness and us-
ability in regional-scale comparative analyses.

The ICCD database concerning archaeological assets is accessible through the GNA
portal via an interactive map [41,46], allowing for the rapid visualisation of sites cata-
logued by the Central Institute for Cataloguing and Documentation (ICCD), which over-
sees the management and standardisation of Italy’s national cultural heritage documen-
tation system. However, several critical issues have been identified. At present, it has not
been possible to obtain a precise and verified figure for the total number of archaeological
assets in the provinces of Ragusa and Siracusa from the publicly indexed datasets of the
ICCD or the GNA. For the provinces of Catania and Agrigento, however, indicative fig-
ures were retrieved: 94 sites were recorded for Catania and 102 for Agrigento. When com-
pared with the data currently included in the ARPAS system —which records 552 sites for
Catania and 644 for Agrigento—this corresponds to an approximate coverage of 17% and
16%, respectively. These figures highlight the considerable disparity between the datasets
and underline the need for greater integration and normalisation of existing archaeologi-
cal information sources.

A comparative analysis of the Risk Map dataset and ARPAS data further reveals sig-
nificant discrepancies in the number of recorded archaeological assets across the study
areas. Specifically, the Risk Map documents only 21.6% of the sites included in ARPAS for
Agrigento, 13.8% for Ragusa, 17.8% for Catania, and 26.3% for Siracusa. These figures
clearly indicate the greater completeness and spatial coverage achieved by the ARPAS
geodatabase, particularly in areas where the Risk Map remains partial or outdated.

The comparative analysis of the Risk Map dataset [59] also revealed a series of struc-
tural and methodological weaknesses that significantly limit its potential for research and
planning purposes. Although the Risk Map represents one of the most important national
initiatives for mapping and assessing risks to cultural heritage, its current configuration
presents several inconsistencies that reduce its overall effectiveness. In many cases, the
geolocation of archaeological sites proved inaccurate, with positional discrepancies that
compromise the correspondence between mapped points and their actual locations. Fur-
thermore, the database shows incomplete coverage, as numerous archaeological sites doc-
umented in the provincial Landscape Plans are not represented within the Risk Map. The
descriptive records associated with mapped points also display significant gaps—partic-
ularly in key fields such as chronology, context, and state of conservation—which are es-
sential for interpretation, comparison, and predictive analysis.

In addition to these issues of completeness and accuracy, the dataset presents struc-
tural limitations that hinder interoperability with other heritage databases. Although both
the Risk Map and the Landscape Plans are available in vector format, they differ in their
geometric representation and in the organisation of attribute tables: the Risk Map primar-
ily uses point geometries to represent individual assets, while the Landscape Plans rely
on polygonal features to define broader areas of archaeological interest or cultural signif-
icance. This heterogeneity, combined with the absence of standardised fields and harmo-
nised classification criteria, prevents seamless integration of data from different prov-
inces. As a result, cross-provincial analyses and multi-scalar interpretations remain chal-
lenging, limiting the potential of these datasets to support comprehensive cultural herit-
age management and territorial planning.

5.2. Study Limitations and Future Challenges

Although the results achieved by the ARPAS project demonstrate the effectiveness
of an integrated and interdisciplinary approach to cultural landscape management, sev-
eral limitations and challenges must be acknowledged. First, the current implementation
of ARPAS is limited to a pilot area encompassing four Sicilian provinces. While this
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provides a solid methodological and technical foundation, extending the model to the en-
tire regional or national territory will require substantial efforts in data harmonisation,
institutional coordination, and enhancement of digital infrastructure. Importantly, data
normalisation is not an automatic process but rather a complex and interpretative task
that must be conducted by qualified personnel with expertise in the field, capable of en-
suring consistency, reliability, and scientific accuracy across heterogeneous datasets. The
variability of data produced by different regional administrations thus remains one of the
main obstacles to achieving full interoperability.

From a technical perspective, further developments will be needed to ensure the
scalability and long-term sustainability of the ARPAS infrastructure. The integration of
additional information layers—such as environmental, climatic, and geological hazard
data—will be essential to move toward a more comprehensive risk assessment frame-
work. Likewise, the adoption of Al-based predictive tools could significantly enhance the
system’s analytical capacity, supporting the early identification of threats and optimisa-
tion of preventive strategies.

One of the most promising future developments involves establishing a workflow to
integrate data from the National Archaeological Geoportal (GNA) into ARPAS. This
would enable the system to manage not only existing and officially recognised data, but
also new datasets generated by ongoing archaeological investigations, thus ensuring that
dynamic, up-to-date information contributes to continuous monitoring and heritage man-
agement.

Finally, an important goal closely linked to data sharing concerns the improvement
of accessibility and openness of archaeological information. Making ARPAS accessible as
a shared, web-based platform would provide the scientific community and institutions
with a collaborative and transparent tool, promoting interoperability, public engagement,
and interdisciplinary cooperation. In this perspective, the system could evolve into a dig-
ital ecosystem for cultural heritage, bridging research, policy, and society, and supporting
the sustainable protection and enhancement of stratified landscapes.

6. Conclusions

Within the framework of the CHANGES project, an interdisciplinary methodology
was adopted, integrating the diachronic archaeological and historical knowledge of the
territory contributed by archaeologists with the expertise of architects in spatial planning
and risk management. This approach promoted a comprehensive understanding of the
landscape, viewed as a dynamic system shaped by historical processes and contemporary
territorial transformations.

The collaboration enabled the landscape to be studied holistically, from complemen-
tary perspectives ranging from environmental and archaeological risk assessment to is-
sues of scientific research and cultural heritage management. One of the most significant
outcomes of the research was the establishment of an active partnership with the company
Advice, which fostered constructive dialogue and effective cooperation between public
institutions and private actors, combining scientific expertise with technological and IT
competences in the development of the ARPAS geodatabase.

The creation and processing of the geodatabase also raised new methodological ques-
tions, for which several solutions were identified. First, data standardisation proved es-
sential to overcome the heterogeneity of provincial and legacy documentation. Second,
particular attention was paid to preserving the scientific dimension of the data, ensuring
that the complex stratification of the landscape remained readable, queryable, and visible.
Finally, the system was designed as a preventive and predictive tool, extending analysis
beyond isolated monuments to encompass entire portions of the landscape.
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Within this framework, it became evident that previously adopted tools present clear
limitations. The Risk Map remains focused on individual assets, while preventive archae-
ology often emphasises potentiality, neglecting systemic landscape dimensions. ARPAS,
by contrast, proposes an innovative model capable of integrating these approaches and
providing a unified, multi-scalar vision of the cultural landscape, in which complexity is
both documented and operationalized for conservation, management, and research pur-
poses.

Another important achievement of the project has been the integration and standard-
isation of data from four provinces, which can now be queried jointly. This advancement
makes the system useful not only for protection, conservation, and territorial enhance-
ment, but also as a research tool in historical, archaeological, and architectural studies.

The next step should be to consolidate and expand this approach to include the re-
maining provinces of Sicily, thereby creating an innovative regional model for documen-
tation and analysis. Such a model would overcome provincial limitations and contribute
to building a unified and systemic vision of the Sicilian cultural landscape.
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