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Preface

These 11 volumes (LNCS volumes 14815-14825) consist of the peer-reviewed papers
from the 55 Workshops of the 2024 International Conference on Computational Science
and Its Applications (ICCSA 2024) which took place during July 1-4, 2024 in Hanoi
(Vietnam). The peer-reviewed papers of the main conference tracks are published in a
separate set consisting of two volumes (LNCS 14813-14814).

The conference was held in a hybrid form, with some participants present in person,
hosted in Hanoi, Vietnam, by the Thuy Loi University. We enabled virtual participation
for those who were unable to attend the event, due to logistical, political and economic
problems, by adopting a technological infrastructure based on open source software (jitsi
+ riot), and a commercial Cloud infrastructure.

ICCSA 2024 was another successful event in the International Conference on Com-
putational Science and Its Applications (ICCSA) conference series, previously held in
Athens, Greece (2023), Malaga, Spain (2022), Cagliari, Italy (hybrid with few par-
ticipants in presence in 2021 and completely online in 2020), whilst earlier editions
took place in Saint Petersburg, Russia (2019), Melbourne, Australia (2018), Trieste,
Italy (2017), Beijing. China (2016), Banff, Canada (2015), Guimaraes, Portugal (2014),
Ho Chi Minh City, Vietnam (2013), Salvador, Brazil (2012), Santander, Spain (2011),
Fukuoka, Japan (2010), Suwon, South Korea (2009), Perugia, Italy (2008), Kuala
Lumpur, Malaysia (2007), Glasgow, UK (2006), Singapore (2005), Assisi, Italy (2004),
Montreal, Canada (2003), and (as ICCS) Amsterdam, The Netherlands (2002) and San
Francisco, USA (2001).

Computational Science is the main pillar of most of the present research, industrial
and commercial applications, and plays a unique role in exploiting ICT innovative tech-
nologies, and the ICCSA conference series have been providing a venue to researchers
and industry practitioners to discuss new ideas, to share complex problems and their
solutions, and to shape new trends in Computational Science. As the conference mirrors
society from a scientific point of view, this year’s undoubtedly dominant theme was the
machine learning and artificial intelligence and their applications in the most diverse
economic and industrial fields.

The ICCSA 2024 conference is structured in 6 general tracks covering the fields
of computational science and its applications: Computational Methods, Algorithms and
Scientific Applications — High Performance Computing and Networks — Geometric Mod-
eling, Graphics and Visualization — Advanced and Emerging Applications — Information
Systems and Technologies — Urban and Regional Planning. In addition, the conference
consisted of 55 workshops, focusing on very topical issues of importance to science,
technology and society: from new mathematical approaches for solving complex com-
putational systems, to information and knowledge in the Internet of Things, new statis-
tical and optimization methods, several Artificial Intelligence approaches, sustainability
issues, smart cities and related technologies.



vi Preface

In the Workshops proceedings we accepted 281 full papers, 17 short papers and 2
PhD Showcase papers. In the Main Conference Proceedings we accepted 53 full papers,
6 short papers and 3 PhD Showcase papers from 207 submissions to the General Tracks
of the conference (acceptance rate 30%). We would like to express our appreciation to
the workshops chairs and co-chairs for their hard work and dedication.

The success of the ICCSA conference series in general, and of ICCSA 2024 in par-
ticular, vitally depends on the support of many people: authors, presenters, participants,
keynote speakers, workshop chairs, session chairs, organizing committee members, stu-
dent volunteers, Program Committee members, Advisory Committee members, Inter-
national Liaison chairs, reviewers and others in various roles. We take this opportunity
to wholehartedly thank them all.

We also wish to thank our publisher, Springer, for their acceptance to publish the
proceedings, for sponsoring part of the best papers awards and for their kind assistance
and cooperation during the editing process.

We cordially invite you to visit the ICCSA website https://iccsa.org where you can
find all the relevant information about this interesting and exciting event.

July 2024 Osvaldo Gervasi
Beniamino Murgante
Chiara Garau



Welcome Message from Organizers

After the very hard times of COVID, ICCSA continues its successful scientific endeavors
in 2024, hosted in Hanoi, Vietnam. This time, ICCSA moved from the Mediterranean
Region to Southeast Asia and was held in the metropolitan city of Hanoi, the capital of
Vietnam. Hanoi is a vibrant urban environment known for the hospitality of its citizens,
its rich history, vibrant culture, and dynamic urban life. Located in the northern part of
the country, Hanoi is a bustling metropolis that combines the old with the new, offering
a unique blend of ancient traditions and modern development.

ICCSA 2024 took place in a secure environment, allowing for safe and vibrant in-
person participation. Combined with the active engagement of the ICCS A 2024 scientific
community, this set the stage for highly motivating discussions and interactions regarding
the latest developments in computer science and its applications in the real world for
improving communities’ quality of life.

Thuyloi University, also known as the Water Resources University, is a prominent
institution in Hanoi, Vietnam, with a strong reputation in engineering and technical edu-
cation, particularly in water resources and environmental engineering. In recent years, the
University has expanded its academic offerings to include computer science, reflecting
the growing importance of technology and digital skills in all sectors. This year, Thuyloi
University had the honor of hosting ICCSA 2024. The Local Organizing Committee felt
the burden and responsibility of such a demanding task and put all necessary energy into
meeting participants’ expectations and establishing a friendly, creative, and inspiring
scientific and social/cultural environment that allowed for new ideas and perspectives to
flourish.

Since all ICCSA participants, whether informatics-oriented or application-driven,
realize the tremendous advancements in computer science over the last few decades and
the huge potential these advancements offer in coping with the enormous challenges of
humanity in a globalized, ‘wired,” and highly competitive world, the expectations for
ICCSA 2024 were high. The goal was to successfully match computer science progress
with communities’ aspirations, achieving progress that serves real, place- and people-
based needs and paves the way towards a visionary, smart, sustainable, resilient, and
inclusive future for both current and future generations.

On behalf of the Local Organizing Committee, I would like to sincerely thank all of
you who contributed to ICCSA 2024.

Nguyen Canh Thai
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University Aizu, Japan
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Takahiro Ueda
Khiem Hong Phan
Naohito Nakasato
Tasnim Gharaibeh
Robert Makin

Juntendo University, Japan

Duy Tan University, Vietham
University Aizu, Japan

Kalamazoo College, USA

Western Michigan University, USA

Cities, Technologies and Planning (CTP 2024)

Workshop Organizers

Beniamino Murgante
Giuseppe Borruso
Malgorzata Hanzl
Anastasia Stratigea
Ljiljana Zivkovic
Ginevra Balletto

University of Basilicata, Italy

University of Trieste, Italy

Lodz University of Technology, Poland
National Technical University of Athens, Greece
Republic Geodetic Authority, Serbia

University of Cagliari, Italy

Workshop Program Committee Members

Silvia Battino

Mara Ladu

Maria del Mar Munoz Leonisio
Ahinoa Amaro Garcia

Maria Attard

Enrico Dagostini

Francesca Krasna

Brisol Garcia Garcia

Tu Anh Trinh

Giovanni Mauro
Maria Ronza
Massimiliano Bencardino

University of Sassari, Italy

University of Cagliari, Italy

University of Cadiz, Spain

Univeristy of Las Palmas of Gran Canaria, Spain

University of Malta, Malta

University of Malta, Malta

University of Trieste, Italy

Polytechnic University of Quintana Roo, Mexico

College of Technology and Design for UEH
University, Vietnam

University of Campania Luigi Vanvitelli, Italy

University of Naples, Federico II, Italy

University of Salerno, Italy

Sustainable Digital Circular Economy (DiCE 2024)

Workshop Organizers

Ginevra Balletto
Stefano Epifani

University of Cagliari, Italy
Digital Sustainability Foundation, Italy



Organization

Stefano Carboni University of Sassari, Italy
Francesca Sinatra University of Cagliari, Italy
Salvatore Dore University of Sassari, Italy
Andrea Gallo University of Trieste, Italy

Workshop Program Committee Members

Giuseppe Borruso University of Trieste, Italy

Silvia Battino University of Sassari, Italy

Beniamino Murgante University of Basilicata, Italy

Mara Ladu University of Cagliari, Italy

Luigi Mundula University of Perugia, Italy

Maria Attard University of Malta, Malta

Enrico Dagostini University of Malta, Malta

Emilio Ghiani University of Cagliari, Italy

Marco Naseddu University of Cagliari, Italy

Balédzs Kulcsaar University of Debrecen, Hungary

Tu Anh Trinh College of Technology and Design for UEH
University, Vietnam

Giovanni Mauro University of Campania Luigi Vanvitelli, Italy

Maria Ronza University of Naples, Federico II, Italy

Massimiliano Bencardino University of Salerno, Italy

Evaluating Inner Areas Potentials (EIAP 2024)

Workshop Organizers

Diana Rolando Polytechnic of Turin, Italy
Alice Barreca Polytechnic of Turin, Italy
Manuela Rebaudengo Polytechnic of Turin, Italy
Giorgia Malavasi Polytechnic of Turin, Italy

Workshop Program Committee Members

John Accordino Virginia Commonwealth University, USA
Sara Favargiotti University of Trento, Italy

Maddalena Ferretti Polytechnic University of Marche, Italy
Daniel Laven Mid Sweden University, Sweden

Barbara Lino University of Palermo, Italy

Umberto Mecca Polytechnic University of Turin, Italy

XXl
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Lorenzo Savio
Asja Aulisio

Polytechnic University of Turin, Italy
Polytechnic University of Turin, Italy

Econometrics and Multidimensional Evaluation of Urban
Environment (EMEUE 2024)

Workshop Organizers

Carmelo Maria Torre
Francesco Tajani
Pierluigi Morano
Simona Panaro
Maria Cerreta
Debora Anelli

Polytechnic of Bari, Italy

Sapienza University of Rome, Italy
Polytechnic of Bari, Italy

University of Sussex, UK

University of Naples Federico II, Italy
Polytechnic of Bari, Italy

Workshop Program Committee Members

Pierfrancesco de Paola
Daniela Tavano
Giuseppe Cerullo

Francesco Paolo del Giudice

Marco Locurcio
Maria Rosa Trovato
Felicia di Liddo
Maria Paz Saez Perez
Yasmine Selim
Hasan Mara

Philipp Wiesner
Maria Gamboa Perez
Manuel Yanez

Lucia Ika Fitriastuti
Frank Devai

Frank Westad

Eugenio Muccio
Chiara Mazzarella
Daniele Cannatella
Sabrina Sacco
Piero Zizzania
Stefano Cunto

University of Naples Federico II, Italy

University of Calabria, Italy

Sapienza University of Rome, Italy

Sapienza University of Rome, Italy

Polytechnic University of Bari, Italy

University of Catania, Italy

Polytechnic University of Bari, Italy

University of Granada, Spain

Ain Shams University, Cairo

Indian Institute of Technology Roorkee, India

Technical University of Berlin, Germany

Complutense University of Madrid, Spain

Universidad Auténoma de Madrid, Spain

Solusi Bisnis Indonesia, Indonesia

London South Bank University, UK

Norwegian University of Science and Technology,
Norway

University of Naples Federico II, Italy

TU Delft, The Netherlands

TU Delft, The Netherlands

University of Naples Federico II, Italy

University of Naples Federico II, Italy

University of Naples Federico II, Italy
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Sveva Ventre University of Naples Federico II, Italy
Caterina Loffredo University of Naples Federico II, Italy
Giuseppe Ciciriello University of Naples Federico II, Italy
Maria Somma University of Naples Federico II, Italy
Ludovica La Rocca University of Naples Federico II, Italy
Gaia Daldanise National Research Council, Italy

Giuliano Poli University of Naples Federico II, Italy

Environmental, Social, Governance of Energy Planning
(ESGEP 2024)

Workshop Organizers

Ginevra Balletto University of Cagliari, Italy
Emilio Ghiani University of Cagliari, Italy
Roberto De Lotto University of Pavia, Italy
Alessandra Marra University of Salerno, Italy
Riccardo Trevisan University of Cagliari, Italy
Baldzs Kulcsar University of Debrecen, Hungary

Workshop Program Committee Members

Jacopo Torriti University of Reading, UK

Roberto Gerundo University of Salerno, Italy

Luigi Mundula University of Perugia, Italy

Mara Ladu University of Cagliari, Italy

Giuseppe Borruso University of Trieste, Italy

Tu Anh Trinh College of Technology and Design for UEH
University, Vietnam

Giovanni Mauro University of Campania Luigi Vanvitelli, Italy

Maria Ronza University of Naples, Federico II, Italy

Massimiliano Bencardino University of Salerno, Italy

Ecosystem Services in Spatial Planning for Resilient Urban
and Rural Areas (ESSP 2024)

Workshop Organizers
Sabrina Lai University of Cagliari, Italy
Corrado Zoppi University of Cagliari, Italy

Francesco Scorza University of Basilicata, Italy
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Beniamino Murgante

Floriana Zucaro
Carmela Gargiulo

University of Basilicata, Italy
University of Naples Federico 11, Italy
University of Naples Federico II, Italy

Workshop Program Committee Members

Carmen Guida

Irina Di Ruocco
Silvia Rossetti
Barbara Caselli
Gloria Pellicelli
Federica Leone
Federica Isola
Francesca Leccis
Francesca Perrone
Angela Pilogallo
Alfonso Annunziata
Alessandro Marucci
Francesco Zullo
Gizem Ding

Atila Gul

Sarah Scheiber
Matteo Caglioni

University of Naples Federico II, Italy
Insubria University, Italy

University of Parma, Italy

University of Parma, Italy

University of Parma, Italy

University of Cagliari, Italy
University of Cagliari, Italy
University of Cagliari, Italy

Sapienza University of Rome, Italy
Italian National Research Council, Italy
University of Basilicata, Italy
University of L’ Aquila, Italy
University of L Aquila, Italy
Siileyman Demirel University, Turkey
Siileyman Demirel University, Turkey
University of Malta, Malta

Université Cote d’ Azur, France

Ethical AI Applications for a Human-Centered Cyber Society

(EthicAlI 2024)

Workshop Organizers

Valentina Franzoni
Alfredo Milani
Jordi Vallverdu

University of Perugia, Italy
University of Perugia, Italy
University Autonoma Barcelona, Spain

Workshop Program Committee Members

Sergio Tasso
Yuanxi Li
Daniele Mezzetti

Abeer Dyoub

University of Perugia, Italy

Hong Kong Baptist University, Hong Kong, China

Santa Maria della Misericordia Hospital of
Perugia, Italy

L’ Aquila University, Italy



Organization XXvii

14th International Workshop on Future Computing System
Technologies and Applications (FiSTA 2024)

Workshop Organizers
Bernady Apduhan Kyushu Sangyo University, Japan
Rafael Santos National Institute for Space Research, Brazil

Workshop Program Committee Members

Agustinus Borgy Waluyo Monash University, Australia

Andre Ricardo Abed Grégio Federal University of Parana, Brazil
Earl Ryan Aleluya MSU-Iligan Institute of Technology, Philippines
Kai Cheng Kyushu Sangyo University, Japan
Alvaro Fazenda Federal University of Sdo Paulo, Brazil
Yusuke Gotoh Okayama University, Japan

Eric Pardede La Trobe University, Australia

Yasuaki Sumida Kyushu Sangyo University, Japan
Kazuaki Tanaka Kyushu Institute of Technology, Japan
Toshihiro Uchibayashi Kyushu University, Japan

Toshihiro Yamauchi Okayama University, Japan

Fenghui Yao Tennessee State University, USA

Geographical Analysis, Urban Modeling, Spatial Statistics
(Geog-An-Mod 2024)

Workshop Organizers

Beniamino Murgante University of Basilicata, Italy

Giuseppe Borruso University of Trieste, Italy

Harmut Asche Hasso-Plattner-Institut fiir Digital Engineering,
Germany

Andreas Fricke Hasso-Plattner-Institut fiir Digital Engineering,
Germany

Rodrigo Tapia McClung Centro de Investigacion en Ciencias de

Informacién Geoespacial, Mexico



XXviii Organization

Workshop Program Committee Members

Ginevra Balletto
Silvia Battino

Mara Ladu

Marco Mazzarino
Maria del Mar Munoz Leonisio
Ahinoa Amaro Garcia
Veronica Camerada
Maria Attard

Enrico Dagostini
Francesca Krasna
Malgorzata Hanzl
Anastasia Stratigea
Tu Anh Trinh

Giovanni Mauro
Maria Ronza
Massimiliano Bencardino

University of Cagliari, Italy

University of Sassari, Italy

University of Cagliari, Italy

IUAV Univeristy Venice, Italy

Univeristy of Cadiz, Spain

University of Las Palmas of Gran Canaria, Spain

University of Sassari, Italy

University of Malta, Malta

University of Malta, Malta

University of Trieste, Italy

Lodz University of Technology, Poland

National Technical University of Athens, Greece

College of Technology and Design for UEH
University, Vietnam

University of Campania Luigi Vanvitelli, Italy

University of Naples, Federico II, Italy

University of Salerno, Italy

Geomatics for Resource Monitoring and Management

(GRMM 2024)

Workshop Organizers

Alessandra Capolupo
Eufemia Tarantino
Alberico Sonnessa

Polytechnic of Bari, Italy
Polytechnic of Bari, Italy
Polytechnic of Bari, Italy

Workshop Program Committee Members

Umberto Fratino
Valeria Monno
Antonino Maltese
Athos Agapiou
Michele Mangiameli
Angela Gorgoglione
Roberta Ravanelli
Alessandra Mascitelli
Ester Scotto di Perta

Polytechnic of Bari, Italy

Polytechnic of Bari, Italy

University of Palermo, Italy

Cyprus University of Technology, Cyprus
University of Catania, Italy

University of la Republica de Uruguay, Uruguay
Sapienza University of Rome, Italy

D’ Annunzio University of Chieti—Pescara, Italy
University of Naples, Federico II, Italy



Giacomo Caporusso
Andrea Montanino
Antonino Iannuzzo
Silvano Dal Sasso
Laura Mirra

Alessandro Pagano
Francesco Chiaravalloti

Francesco Di Capua
Stefania Santoro

Cinzia Albertini
Alessandra Saponieri

Organization

National Research Council, Italy

University of Naples, Federico II, Italy

University of Sannio, Benevento, Italy

University of Basilicata, Potenza, Italy

National Research Council, Water Research
Institute, Italy

National Research Council, Water Research
Institute, Italy

National Research Council, Water Research
Institute, Italy

University of Basilicata, Italy

National Research Council, Water Research
Institute, Italy

National Research Council, IREA, Italy

University of Salento, Italy

International Workshop on Information and Knowledge
in the Internet of Things (IKIT 2024)

Workshop Organizers

Teresa Guarda

José Maria Diaz Nafria
Filipe Portela

Peninsula State University of Santa Elena,
Ecuador

Madrid Open University, Spain

University of Minho, Portugal

Workshop Program Committee Members

Arnulfo Alanis

Bruno Sousa

Carlos Balsa

Filipe Mota Pinto
Gustavo Gatica

Isabel Lopes

José Maria Diaz Nafria
Maria Fernanda Augusto
Maria Isabel Ribeiro
Modestos Stavrakis
Simone Belli

Walter Lopes Neto

Instituto Tecnologico de Tijuana, Mexico
University of Coimbra, Portugal

Instituto Politécnico de Braganca, Portugal
Instituto Politécnico de Leiria, Portugal
Universidad Andrés Bello, Chile

Instituto Politécnico de Bragancga, Portugal
Universidad a Distancia, Spain

BiTrum Research Group, Spain

Instituto Politécnico Braganga, Portugal
University of the Aegean, Greece
Universidad Complutense de MadridSpain
Instituto Federal de Educacao, Brazil
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Regenerating Brownfields Enhancing Urban Resilience Appeal

(INFERENCE 2024)

Workshop Organizers

Francesca Moraci
Maurizio Oddo
Antonella Versaci
Celestina Fazia
Tiziana Campisi

Kh Md Nahiduzzaman

Mediterranea University of Reggio Calabria, Italy
University of Enna Kore, Italy

University of Enna Kore, Italy

University of Enna Kore, Italy

University of Enna Kore, Italy

University of British Columbia, Canada

Workshop Program Committee Members

Alessandro Baracco
Kaoutare Amini Alaoui

Maurizio Errigo
Marsia Marino
Nessrine Moumen

Francesca Perrone
Pasquale Pizzimenti
Barbara Scala
Clarastella Vicari Aversa

University of Enna Kore, Italy

Mohammed VI Polytechnic University, UMG6P,
Morocco

Sapienza University of Rome, Italy

Sapienza University of Rome, Italy

Mohammed VI Polytechnic University, UM6P,
Morocco

Sapienza University of Rome, Italy

Mediterranea University of Reggio Calabria, Italy

University of Brescia, Italy

Mediterranea University of Reggio Calabria, Italy

International Workshop on Territorial Planning to Integrate Risk
and Urban Ontologies IWPRO 2024)

Workshop Organizers

Elisabetta Maria Venco
Beniamino Murgante
Roberto De Lotto
Caterina Pietra

University of Pavia, Italy
University of Basilicata, Italy
University of Pavia, Italy
University of Pavia, Italy

Workshop Program Committee Members

Stefano Borgo
Valentina Costa
Pajouh Danesh

National Research Council, Italy
University of Genoa, Italy
Middle East Technical University, Turkey



Ilaria Delponte

Lorena Fiorini

Veronica Gazzola

Ghazaleh Goodarzi

Michele Grimaldi

Alessandra Marra

Naghmeh Mohammadpourlima
Francesca Pirlone

Silvia Rossetti

Lucia Saganeiti

Bahareh Shahsavari

Ilenia Spadaro

Maria Rosaria Stufano Melone

Organization

University of Genoa, Italy
University of L’ Aquila, Italy
Polytechnic of Milan, Italy
Islamic Azad University, Iran
University of Salerno, Italy
University of Salerno, Italy
Akademi University, Finland
University of Genoa, Italy
University of Parma, Italy
University of L’ Aquila, Italy
University of Minnesota, USA
University of Genoa, Italy
Polytechnic of Bari, Italy

MaaS Solutions for Airports, Cities and Regional Connectivity

(Maa$ 2024)

Workshop Organizers

Gianfranco Fancello
Francesco Piras
Tanja Congiu

Mara Ladu

Martina Sinatra
Ginevra Balletto

University of Cagliari, Italy
University of Cagliari, Italy
University of Sassari, Italy

University of Cagliari, Italy
University of Cagliari, Italy
University of Cagliari, Italy

Workshop Program Committee Members

Italo Meloni
Tu Anh Trinh

Giuseppe Borruso

Luigi Mundula

Francesca Sinatra

Salvatore Dore

Andrea Gallo

Marcello Tadini

Marco Mazzarino

Maria del Mar Munoz Leonisio
Veronica Camerada

University of Cagliari, Italy
College of Technology and Design for UEH
University, Vietnam
University of Trieste, Italy
University of Perugia, Italy
University of Trieste, Italy
University of Trieste, Italy
University of Trieste, Italy
University of Eastern Piedmont, Italy
IUAV Univeristy Venice, Italy
University of Cadiz, Spain
Univeristy of Sassari, Italy
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Brunella Brundu Univerisity of Sassari, Italy

Maria Attard University of Malta, Malta

Enrico Dagostini University of Malta, Malta

Giovanni Mauro University of Campania Luigi Vanvitelli, Italy
Maria Ronza University of Naples, Federico II, Italy
Massimiliano Bencardino University of Salerno, Italy

Development of Urban Mobility Management and Risk Assessment
(MAINTAIN 2024)

Workshop Organizers

Tiziana Campisi University of Enna Kore, Italy

Massimo Di Gangi University of Messina, Italy

Antonio Comi University of Rome Tor Vergata, Italy
Grigorios Fountas Aristotle University of Thessaloniki, Greece
Jesus Gonzalez-Feliu Excelia Business School, La Rochelle, France

Workshop Program Committee Members

Paola Panuccio Mediterranea University of Reggio Calabria, Italy

Domenica Savia Pellicano Mediterranean University of Reggio Calabria,
Italy

Alexandros Nikitas University of Huddersfield, UK

Antonio Polimeni University of Messina, Italy

Orlando Belcore University of Messina, Italy

Marinella Giunta Mediterranea University of Reggio Calabria, Italy

Borja Alonso University of Cantabria, Spain

Luigi Dall’Olio University of Cantabria, Santander, Spain

Kh Md Nahiduzzaman UBC, Canada

Multidimensional Evolutionary Evaluations for Transformative
Approaches (MEETA 2024)

Workshop Organizers
Maria Cerreta University of Naples Federico II, Italy
Giuliano Poli University of Naples Federico II, Italy

Daniele Cannatella TU Delft, The Netherlands



Ludovica Larocca
Maria Somma
Gaia Daldanise

Organization XXXiii

University of Naples Federico II, Italy
University of Naples Federico II, Italy
National Research Council, Italy

Workshop Program Committee Members

Maria Lucia Raiola
Eugenio Muccio
Chiara Mazzarella
Sabrina Sacco
Piero Zizzania
Stefano Cunto
Sveva Ventre
Caterina Loffredo
Giuseppe Ciciriello
Laura Di Tommaso
Benedetta Grieco
Simona Panaro

University of Naples Federico II, Italy
University of Naples Federico II, Italy
TU Delft, The Netherlands

University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Sussex, UK

Building Multi-dimensional Models for Assessing Complex
Environmental Systems (MES 2024)

Workshop Organizers

Vanessa Assumma
Caterina Caprioli
Giulia Datola
Federico Dell’ Anna
Marta Dell’Ovo
Marco Rossitti

University of Bologna, Italy
Politechnic of Turin, Italy
Politechnic of Turin, Italy
Politechnic of Turin, Italy
Politechnic of Milan, Italy
Politechnic of Milan, Italy

Workshop Program Committee Members

Maksims Feofilovs
Ossama Abdelwahab

Mariarosaria Angrisano

Francesca Torrieri
Maurizio Pioletti
Daniela Tavano
Simone Persico

Riga Technical University, Latvia
University of Bari, Italy

Pegaso Telematic University, Italy
Polytechnic of Milan, Italy
University of Padua, Italy
University of Calabria, Italy
Polytechnic of Turin, Italy
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Chiara D’ Alpaos
Ezgi Sahin
Giorgia Sugoni
Rubina Canesi
Giulia Marzani
Danny Casprini
Simona Barbaro
Giulio Cavana
Diana Rolando
Giuliano Poli
Francesco Sica
Sabrina Lai

University of Padua, Italy

Mersin University, Turkey

LINKS Foundation, Italy

University of Padua, Italy

University of Bologna, Italy
Polytechnic of Milan, Italy

University of Palermo, Italy
Polytechnic of Turin, Italy
Polytechnic of Turin, Italy

University of Naples Federico II, Italy
University of Rome La Sapienza, Italy
University of Cagliari, Italy

Models and Indicators for Assessing and Measuring the Urban
Settlement Development in the View of Zero Net Land Take by 2050

(MOVEto0 2024)

Workshop Organizers

Lucia Saganeiti
Lorena Fiorini
Angela Pilogallo
Francesco Zullo
Alessandro Marucci

University of L’ Aquila, Italy
University of L’ Aquila, Italy
University of L Aquila, Italy
University of L Aquila, Italy
University of L’ Aquila, Italy

Workshop Program Committee Members

Ginevra Balletto
Giuseppe Borruso
Chiara Garau
Beniamino Murgante
Ljiljana Zivkovic
Ilaria Del Ponte
Carmen Guida
Chiara Di Dato

University of Cagliari, Italy

University of Trieste, Italy

University of Cagliari, Italy

University of Basilicata, Italy

MBA, Republic Geodetic Authority, Serbia
University of Genoa, Italy

University of Naples Federico 11, Italy
University of L’ Aquila, Italy
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4th Workshop on Privacy in the Cloud/Edge/IoT World
(PCEIoT 2024)

Workshop Organizers

Michele Mastroianni University of Salerno, Italy

Mauro Iacono University of Campania Luigi Vanvitelli, Italy
Lelio Campanile University of Campania Luigi Vanvitelli, Italy

Workshop Program Committee Members

Maria Ganzha Warsaw University of Technology, Poland
Armando Tacchella University of Genoa, Italy

Alessio Merlo School for Advanced Defense Studies, Italy
Antonio lannuzzi Roma Tre University, Italy

Arcangelo Castiglione University of Salerno, Italy

Daniel Grzonka Cracow University of Technology, Poland
Davide Cerotti University of Piedmont Oriental, Italy

Scientific Computing Infrastructure (SCI 2024)

Workshop Organizers
Vladimir Korkhov St. Petersburg University, Russia
Elena Stankova St. Petersburg State University, Russia

Workshop Program Committee Members

Adam Belloum University of Amsterdam, the Netherlands

Dmitry Vasiunin Deutsche Telekom Cloud Services E.P.E., Greece

Serob Balyan National Academy of Sciences of Armenia,
Armenia

Suren Abrahamyan Osensus Arm LLC, Armenia

Ashot Gevorkyan National Academy of Sciences of Armenia,
Armenia

Michal Hnatic Univerzita Pavla Jozefa Safarika v Kogiciach,
Slovakia

Martin Vala Univerzita Pavla Jozefa Safarika v Kogiciach,
Slovakia

Nodir Zaynalov Tashkent University of Information Technologies,
Uzbekistan

Michail Panteleyev St. Petersburg Electrotecnical University, Russia



XXXVi Organization

Nikolay Peryazev Irkutsk State University, Irkutsk, Russia
Alexander Degtyarev St. Petersburg State University, Russia
Alexander Bogdanov St. Petersburg State University, Russia
Nataliia Kulabukhova SberAutoTech, Russia

Downscale Agenda 2030 (SDGscale 2024)

Workshop Organizers

Anna Richiedei University of Brescia, Italy

Michele Pezzagno University of Brescia, Italy

Ginevra Balletto University of Cagliari, Italy

Francesca Sinatra University of Trieste, Italy

Federico Martellozzo University of Florence, Italy

Ta Anh Trinh University of Economics Ho Chi Minh City,

Vietnam

Workshop Program Committee Members

Giuseppe Borruso University of Trieste, Italy

Elisabetta Maria Venco University of Pavia, Italy

Riccardo Privitera University of Catania, Italy

Elisa Conticelli University of Bologna, Italy

Giovanni Marinelli Polytechnic University of Marche, Italy
Francesca Sinatra University of Trieste, Italy

Salvatore Dore University of Trieste, Italy

Maria Attard University of Malta, Malta

Giovanni Mauro University of Campania Luigi Vanvitelli, Italy
Maria Ronza University of Naples, Federico II, Italy
Massimiliano Bencardino University of Salerno, Italy

Socio-Economic and Environmental Models for Land Use
Management (SEMLUM 2024)

Workshop Organizers

Debora Anelli Polytechnic of Bari, Italy
Pierluigi Morano Polytechnic of Bari, Italy
Benedetto Manganelli University of Basilicata, Italy

Francesco Paolo Del Giudice Sapienza University of Rome, Italy



Organization

Workshop Program Committee Members

Laura Gabrielli

Sergio Copiello
Antonio NesticO
Pierfrancesco De Paola
Elena Fregonara

Paola Amoruso

University of Ferrara, Italy
University of Venice, Italy

University of Salerno, Italy
University of Napoli, Italy

Polytechnic of Turin, Italy

LUM, Italy

Ports of the Future - Smartness and Sustainability

(SmartPorts 2024)

Workshop Organizers

Giuseppe Borruso
Gianfranco Fancello
Patrizia Serra

Silvia Battino
Marco Petrelli

University of Trieste, Italy
University of Cagliari, Italy
University of Cagliari, Italy
University of Sassari, Italy
Roma Tre University, Italy

Workshop Program Committee Members

Ginevra Balletto

Beniamino Murgante

Marco Mazzarino

Maria del Mar Munoz Leonisio
Ahinoa Amaro Garcia
Veronica Camerada

Brunella Brundu

Maria Attard

Enrico Dagostini

Tu Anh Trinh

Giovanni Mauro
Maria Ronza
Massimiliano Bencardino

University of Cagliari, Italy
University of Basilicata, Italy
IUAV University Venice, Italy
University of Cadiz, Spain

XXXVil

University of Las Palmas of Gran Canaria, Spain

University of Sassari, Italy
University of Sassari, Italy
University of Malta, Malta
University of Malta, Malta

College of Technology and Design for UEH

University, Vietnam

University of Campania Luigi Vanvitelli, Italy

University of Naples, Federico II, Italy

University of Salerno, Italy
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Smart Transport and Logistics - Smart Supply Chains

(SmarTransLog 2024)

Workshop Organizers

Giuseppe Borruso
Marcello Tadini

Maria del Mar Munoz Leonisio

Maria Attard
Veronica Camerada
Brunella Brundu

University of Trieste, Italy
University of Eastern Piedmont, Italy
University of Cadiz, Spain
University of Malta, Malta
University of Sassari, Italy
University of Sassari, Italy

Workshop Program Committee Members

Ginevra Balletto

Silvia Battino

Gianfranco Fancello
Mara Ladu

Martina Sinatra
Francesca Sinatra
Salvatore Dore

Andrea Gallo

Marco Mazzarino

Enrico Dagostini

Marco Naseddu

José Angel Hernandez Luis
Maurizio Cociancich
Giovanni Longo

Luca Toneatti

Giovanni Mauro

Maria Ronza
Massimiliano Bencardino

University of Cagliari, Italy

University of Sassari, Italy

University of Cagliari, Italy

University of Cagliari, Italy

University of Cagliari, Italy

University of Trieste, Italy

University of Trieste, Italy

University of Trieste, Italy

IUAV University Venice, Italy

University of Malta, Malta

University of Cagliari, Italy

University of Las Palmas de Gran Canaria, Spain
Adriafer, Italy

University of Trieste, Italy

University of Trieste, Italy

University of Campania Luigi Vanvitelli, Italy
University of Naples, Federico II, Italy
University of Salerno, Italy

Smart Tourism (SmartTourism 2024)

Workshop Organizers

Silvia Battino
Francesca Krasna

Maria del Mar Munoz Leonisio

University of Sassari, Italy
University of Trieste, Italy
University of Cadiz, Spain
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Ginevra Balletto University of Cagliari, Italy
Brisol Garcia Garcia Polytechnic University of Quintana Roo, Mexico
Ainhoa Amaro Garcia University of Las Palmas of Gran Canarias, Spain

Workshop Program Committee Members

Giuseppe Borruso University of Trieste, Italy

Beniamino Murgante University of Basilicata, Italy

Gianfranco Fancello University of Cagliari, Italy

Mara Ladu University of Cagliari, Italy

Martina Sinatra University of Cagliari, Italy

Salvatore Dore University of Trieste, Italy

Veronica Camerada University of Sassari, Italy

Brunella Brundu University of Sassari, Italy

Maria Attard University of Malta, Malta

Tu Anh Trinh College of Technology and Design for UEH
University, Vietnam

Giovanni Mauro University of Campania Luigi Vanvitelli, Italy

Maria Ronza University of Naples, Federico II, Italy

Massimiliano Bencardino University of Salerno, Italy

Sustainable Evolution of Long-Distance Freight Passenger
Transport (SOLIDEST 2024)

Workshop Organizers

Tiziana Campisi University of Enna Kore, Italy

Socrates Basbas Aristotle University of Thessaloniki, Greece
Massimo Di Gangi University of Messina, Italy

Antonio Comi University of Rome Tor Vergata, Italy

Francesco Russo Mediterranea University of Reggio Calabria, Italy
Giovanni Tesoriere University of Enna Kore, Italy

Workshop Program Committee Members

Antonio Polimeni University of Messina, Italy

Orlando Belcore University of Messina, Italy

Filippo G. Pratico Mediterranea University of Reggio Calabria, Italy
Borja Alonso University of Cantabria, Spain

Luigi Dall’Olio University of Cantabria, Spain

Antonio Russo University of Enna Kore, Italy



x1 Organization

Sustainability Performance Assessment: Models, Approaches,
and Applications Toward Interdisciplinary and Integrated Solutions
(SPA 2024)

Workshop Organizers

Francesco Scorza University of Basilicata, Italy

Sabrina Lai University of Cagliari, Italy

Jolanta Dvarioniene Kaunas University of Technology, Lithuania

Workshop Program Committee Members

Carmela Gargiulo University of Naples Federico II, Italy
Floriana Zucaro University of Naples Federico II, Italy
Corrado Zoppi University of Cagliari, Italy

Federica Leone University of Cagliari, Italy

Federica Isola University of Cagliari, Italy

Francesca Leccis University of Cagliari, Italy

Francesca Perrone Sapienza University of Rome, Italy
Angela Pilogallo Italian National Research Council, Italy
Alfonso Annunziata University of Basilicata, Italy

Luigi Santopietro Italian National Research Council, Italy
Beniamino Murgante University of Basilicata, Italy
Alessandro Marucci University of L’ Aquila, Italy

Francesco Zullo University of L’ Aquila, Italy

Monica Salvia Italian National Research Council, Italy
Fulvia Pietrapertosa Italian National Research Council, Italy
Valentin Grecu Lucian Blaga University, Romania
Georgia Pozoukidou Aristotle University of Thessaloniki, Greece
Giampiero Lombardini University of Genoa, Italy

Specifics of Smart Cities Development in Europe (SPEED 2024)

Workshop Organizers

Chiara Garau University of Cagliari, Italy
Katarina VitaliSova Matej Bel University, Slovakia
Paolo Nesi University of Florence, Italy
Anna Vanova Matej Bel University, Slovakia
Kamila Borsekova Matej Bel University, Slovakia

Paola Zamperlin University of Florence, Italy



Organization xli

Workshop Program Committee Members

Tiziana Campisi
Giovanna Concu
Claudia Loggia
Alessandro Plaisant
Francesca Maltinti
Silvia Rossetti
Gerardo Carpentieri
Carmen Guida
Anastasia Stratigea
Yiota Theodora
Marco Fanfani
Emanuele Bellini

University of Enna Kore, Italy

University of Cagliari, Italy

University of KwaZulu-Natal, South Africa
University of Sassari, Italy

University of Cagliari, Italy

University of Parma, Italy

University of Naples Federico 1II, Italy
University of Naples Federico II, Italy

National Technical University of Athens, Greece
National Technical University of Athens, Greece
University of Florence, Italy

University of Rome 3, Italy

Smart, Safe and Health Cities (SSHC 2024)

Workshop Organizers

Chiara Garau
Gerardo Carpentieri
Carmen Guida
Floriana Zucaro
Tanja Congiu
Martina Carra
Benedetto Barabino

University of Cagliari, Italy
University of Naples Federico 1II, Italy
University of Naples Federico II, Italy
University of Naples Federico II, Italy
University of Sassari, Italy

University of Brescia, Italy

University of Brescia, Italy

Workshop Program Committee Members

Rosaria Battarra
Barbara Caselli
Francesca Maltinti
Romano Fistola
Sabrina Lai
Claudia Loggia
Alessandro Plaisant
Silvia Rossetti
Michela Tiboni
John Zacharias
Thomas Buhler

Italian National Research Council, Italy
University of Parma, Italy

University of Cagliari, Italy

University of Naples Federico II, Italy
University of Cagliari, Italy

University of KwaZulu-Natal, South Africa
University of Sassari, Italy

University of Parma, Italy

University of Brescia, Italy

Peking University, China

University of Franche-Comté, France



xlii Organization

Aynaz Lotfata
Lucia Saganeiti
Francesco Zullo
Paola Zamperlin
Katarina VitaliSova

Tiziana Campisi
Caterina Pietra
Elisabetta Maria Venco
Vincenza Torrisi

University of California, USA
University of L’ Aquila, Italy
University of L’ Aquila, Italy
University of Florence, Italy

Matej Bel University, Faculty of Economics,
Slovakia

University of Enna Kore, Italy
University of Pavia, Italy
University of Pavia, Italy
University of Catania, Italy

Smart and Sustainable Island Communities (SSIC 2024)

Workshop Organizers

Chiara Garau
Anastasia Stratigea
Yiota Theodora
Giovanna Concu

University of Cagliari, Italy
National Technical University of Athens, Greece
National Technical University of Athens, Greece
University of Cagliari, Italy

Workshop Program Committee Members

Milena Metalkova-Markova

Tarek Teba

Despina Dimelli
Gerardo Carpentieri
Carmen Guida
Floriana Zucaro
Anestis Gourgiotis
George Tsilimigkas
Maria Panagiotopoulou
George Somarakis
Harry Kyriakidis
Apostolos Lagarias
Paola Zamperlin
Giuseppina Vacca
Roberto Minunno
Claudia Loggia
Francesca Maltinti
Elisabetta Maria Venco

University of Portsmouth, UK

University of Portsmouth, UK

Technical University of Crete, Greece
University of Naples Federico 1II, Italy
University of Naples Federico 1II, Italy
University of Naples Federico II, Italy
University of Thessaly, Greece

University of the Aegean, Greece

National Technical University of Athens, Greece
National Technical University of Athens, Greece
National Technical University of Athens, Greece
Univ. of Thessaly, Greece

University of Florence, Italy

University of Cagliari, Italy

Curtin University, Perth, Australia

University of KwaZulu-Natal, South Africa
University of Cagliari, Italy

University of Pavia, Italy



Organization

From Street Experiments to Planned Solutions (STEPS 2024)

Workshop Organizers

Silvia Rossetti
Angela Ricciardello
Francesco Pinna
Chiara Garau
Tiziana Campisi
Vincenza Torrisi

University of Parma, Italy
University of Enna Kore, Italy
University of Cagliari, Italy
University of Cagliari, Italy
University of Enna Kore, Italy
University of Catania, Italy

Workshop Program Committee Members

Martina Carra

Barbara Caselli

Tanja Congiu

Gabriele D’Orso

Matteo Ignaccolo

Md Kh Nahiduzzaman
Muhammad Ahmad Al-Rashid
Alessandro Plaisant

Marianna Ruggieri

Michele Zazzi

Sustainable Development of Ports (SUSTAINABLEPORTS 2024)

Workshop Organizers

Giuseppe Musolino
Tiziana Campisi
Efstathios Bouhouras
Elena Cocuzza
Gianfranco Fancello
Massimo Di Gangi

University of Brescia, Italy

University of Parma, Italy

University of Sassari, Italy

University of Palermo, Italy

University of Catania, Italy

University of British Columbia, Canada
University of Malaya, Malesia
University of Sassari, Italy

University of Enna Kore, Italy
University of Parma, Italy

xliii

Mediterranea University of Reggio Calabria, Italy

University of Enna Kore, Italy

Aristotle University of Thessaloniki, Greece

University of Catania, Italy
University of Cagliari, Italy
University of Messina, Italy

Workshop Program Committee Members

Georgios Vaggelas

Antonio Polimeni

National and Kapodistrian University of Athens,

Greece
University of Messina, Italy



xliv Organization

Orlando Belcore University of Messina, Italy

Lucia Dalla Spina Mediterranea University of Reggio Calabria, Italy
Elen Twerdy University of Lubljana, Slovenia

Claudia Caballini Polytechnic University of Turin, Italy

Theoretical and Computational Chemistry and Its Applications
(TCCMA 2024)

Workshop Organizers

Noelia Faginas-Lago University of Perugia, Italy
Andrea Lombardi University of Perugia, Italy
Marcos Mandado University of Vigo, Spain

Workshop Program Committee Members

Angel Martin Pendds University of Oviedo, Spain

Ernesto Garcia Para University of Basque Country, Spain
Giovanni Bistoni University of Perugia, Italy

Juan Jose Nogueira Perez University Autonoma of Madrid, Spain
Jose Hermida Universidade di Vigo, Spain

Luca Mancini University of Perugia, Italy

Transport Infrastructures for Smart Cities (TISC 2024)

Workshop Organizers

Francesca Maltinti University of Cagliari, Italy
Mauro Coni University of Cagliari, Italy
Francesco Pinna University of Cagliari, Italy
Chiara Garau University of Cagliari, Italy
Nicoletta Rassu University of Cagliari, Italy
James Rombi University of Cagliari, Italy

Workshop Program Committee Members

Benedetto Barabino University of Brescia, Italy
Martina Carra University of Brescia, Italy



Organization
Mauro D’ Apuzzo University of Cassino, Italy
Roberto Minunno Curtin University, Australia
Claudia Loggia University of KwaZulu-Natal, South Africa
Amir Kavussi Tarbiat Modares University, Iran
Tiziana Campisi University of Enna Kore, Italy
Alessandro Plaisant University of Sassari, Italy
Elena Cocuzza University of Catania, Italy
Vincenza Torrisi University of Catania, Italy

From Structural to Transformative-Change of City Environment:
Challenges and Solutions and Perspectives (TRACE 2024)

Workshop Organizers

Maria Rosaria Guarini Sapienza University of Rome, Italy
Francesco Sica Sapienza University of Rome, Italy
Carmelo Maria Torre Polytechnic University of Bari, Italy
Francesco Tajani Polytechnic University of Bari, Italy

Workshop Program Committee Members

Angela Pilogallo Italian National Research Council, Italy
Maria Cerreta University of Naples Federico II, Italy
Giuseppe Cerullo Sapienza University of Rome, Italy

xlv

Transport and Digital Multiscale Sustainable Network for Circular

Economy (TransNet 2024)

Workshop Organizers

Andrea Gallo University of Trieste, Italy
Mara Ladu University of Cagliari, Italy
Enrico Dagostini University of Malta, Malta
Salvatore Dore University of Trieste, Italy
Martina Sinatra University of Cagliari, Italy

Francesca Sinatra University of Trieste, Italy



xlvi Organization

Workshop Program Committee Members

Martina Carra University of Brescia, Italy

Ginevra Baletto University of Cagliari, Italy

Giuseppe Borruso University of Trieste, Italy

Beniamino Murgante University of Basilicata, Italy

Maria del Mar Munoz Leonisio Univeristy of Cadiz, Spain

Ahinoa Amaro Garcia Univeristy of Las Palmas of Gran Canaria, Spain
Malgorzata Hanzl Lodz University of Technology, Poland

Baldzs Kulcsér University of Debrecen, Hungary

Temporary Real Estate Management: Approaches and Methods
for Time-Integrated Impact Assessments and Evaluations
(TREAT 2024)

Workshop Organizers

Chiara Mazzarella TU Delft, The Netherlands

Hilde Remoy TU Delft, The Netherlands

Maria Cerreta University of Naples Federico II, Italy

Workshop Program Committee Members

Maria Lucia Raiola University of Naples Federico II, Italy
Eugenio Muccio University of Naples Federico II, Italy
Daniele Cannatella TU Delft, The Netherlands

Sabrina Sacco University of Naples Federico II, Italy
Piero Zizzania University of Naples Federico II, Italy
Stefano Cunto University of Naples Federico 11, Italy
Sveva Ventre University of Naples Federico II, Italy
Caterina Loffredo University of Naples Federico II, Italy
Giuseppe Ciciriello University of Naples Federico II, Italy
Maria Somma University of Naples Federico II, Italy
Ludovica La Rocca University of Naples Federico II, Italy
Laura Di Tommaso University of Naples Federico 1II, Italy
Benedetta Grieco University of Naples Federico II, Italy
Gaia Daldanise National Research Council, Italy
Simona Panaro University of Sussex, UK

Giuliano Poli University of Naples Federico II, Italy



Organization xlvii

Urban Regeneration: Innovative Tools and Evaluation Model
(URITEM 2024)

Workshop Organizers

Fabrizio Battisti University of Florence, Italy

Giovanna Acampa University of Florence and University of Enna
Kore, Italy

Orazio Campo La Sapienza University of Rome, Italy

Workshop Program Committee Members

Alice Barreca Polytechnic of Turin, Italy
Marco Rossitti Polytechnic of Milan, Italy
Celestina Fazia University of Enna Kore, Italy

Urban Space Accessibility and Mobilities (USAM 2024)

Workshop Organizers

Chiara Garau University of Cagliari, Italy
Alessandro Plaisant University of Sassari, Italy
Barbara Caselli University of Parma, Italy
Gabriele D’Orso University of Palermo, Italy
Mauro D’ Apuzzo University of Cassino, Italy
Matteo Ignaccolo University of Catania, Italy

Workshop Program Committee Members

Ivan Bleci¢ University of Cagliari, Italy

Mauro Coni University of Cagliari, Italy

Martina Carra University of Brescia, Italy

Tiziana Campisi University of Enna Kore, Italy

Tanja Congiu University of Sassari, Italy

Francesca Maltinti University of Cagliari, Italy

Silvia Rossetti University of Parma, Italy

Angela Pilogallo Italian National Research Council, Italy
Lorena Fiorini University of L’ Aquila, Italy

Francesco Pinna University of Cagliari, Italy



xlviii Organization

Aime Tsinda
Nicoletta Rassu
Youssef El Ganadi
Marco Migliore
Elena Cocuzza
Alessio Salvatore
Giuseppe Stecca
Gerardo Carpentieri
Carmen Guida
Floriana Zucaro

University of Rwanda, Rwanda

University of Cagliari, Italy

International University of Rabat, Morocco
University of Palermo, Italy

University of Catania, Italy

Italian National Research Council, Italy
Italian National Research Council, Italy
University of Naples Federico 1II, Italy
University of Naples Federico 11, Italy
University of Naples Federico 11, Italy

Virtual Reality and Augmented Reality and Applications

(VRA 2024)

Workshop Organizers

Osvaldo Gervasi
Damiano Perri
Sergio Tasso

University of Perugia, Italy
University of Florence, Italy
University of Perugia, Italy

Workshop Program Committee Members

Massimiliano Nicolini
JungYoon Kim

Paolo Nesi

David Berti

Tamie Salter

Marcelo Guimaraes

OliTec Foundation, Italy

Gachon University, South Korea
University of Florence, Italy

ART SpA, Italy

Citizen Alert Inc., Canada

Federal University of Sao Paulo, Brazil

Workshop on Advanced and Computational Methods for Earth
Science Applications (WACMAJES 2024)

Workshop Organizers

Luca Piroddi
Patrizia Capizzi
Marilena Cozzolino
Sebastiano D’ Amico
Chiara Garau
Giuseppina Vacca

University of Malta, Malta
University of Palermo, Italy
Universita Del Molise, Italy
University of Malta, Malta
University of Cagliari, Italy
University of Cagliari, Italy



Organization xlix

Workshop Program Committee Members

Andrea Angelini
Raffaele Martorana
Paolo Mauriello
Raffaele Persico
Eufemia Tarantino
Roberto Ricciu
Stefano Sfarra
Peter Iregbeyen
Elisa Pilia
Emanuele Colica

Luciano Galone

Sergio Vincenzo Calcina
Maria Brovelli
Francesca Trevisiol

Additional Reviewers

Burak Aslan
Birim Balci
Atrin Barzegar

Manuel Carlos Figueiredo
Chiara Chioni

Annalisa Contato

Aurora Costales

Hamid Daneshpajouh
Vito Dario Camiola
Roberta De Fazio

Michele Di Giovanni
David Ferro Costas
Michal Hnatic¢
Francesco Loddo
Caterina Loffredo
Vanda Lourenco
Angel Martin Pendés
Maria Mourao

ISPC, CNR, Italy
University of Palermo, Italy
University of Molise, Italy
University of Calabria, Italy
Polytechnic of Bari, Italy
University of Cagliari, Italy
University of L’ Aquila, Italy
University of Malta, Malta
University of Cagliari, Italy
Ministry for Transport, Infrastructure and Public
Works, Malta
University of Malta, Malta
University of Cagliari, Italy
Polytechnic of Milan, Italy
University of Bologna, Italy

Izmir Institute of Technology, Turkey

Manisa Celal Bayar University, Turkey

Universita degli Studi della Campania L.
Vanvitelli, Italy

University of Minho, Portugal

University of Trento, Italy

University of Palermo, Italy

Universidad de Oviedo, Spain

Middle East Technical University, Turkey

Universita di Catania, Italy

Universita degli Studi della Campania Luigi
Vanvitelli, Italy

Universita degli Studi della Campania, Italy

University of Santiago de Compostela, Spain

P.J. Safarik University in Kogice, Slovak Republic

Henge S.r.1., Italy

University of Naples Federico II, Italy

Universidade Nova de Lisboa, Portugal

Universidad de Oviedo, Spain

Polytechnic Institute of Viana do Castelo,
Portugal



1 Organization

Martin Perez Perez
Marco Pezzella

Maria Polidoro

Josef Rebenda

Donatella Rita Fiorino
Evgeniy Romenskiy

Ezgi Sahin Toptal
Domenica Savia Pellicano

Carina Silva

Paula Simdes
Francesca Sinatra
Ana Sofia Rézio
Alexandra Stankulova
Maria Stella De Biase
Guan Yue Hong

Sponsoring Organizations

University of Vigo, Spain

University of Perugia, Italy

ESTG IPP, Portugal

Brno University of Technology, Czech Republic

University of Cagliari, Italy

Sobolev Institute of Mathematics, Russia

Mersin University, Turkey

Mediterranean University of Reggio Calabria,
Italy

ESTeSL-IPL, Portugal

CMA FCT UNL CINAMIL, Portugal

University of Trieste, Italy

Iscal, Portugal

Politecnico di Torino, Italy

Universita della Campania Luigi Vanvitelli, Italy

Western Michigan University, USA

ICCSA 2024 would not have been possible without the tremendous support of many
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Plenary Lectures



Harnessing Artificial Intelligence for Enhanced Spatial
Analysis of Natural Hazard Assessments

Prof. Dr. Biswajeet Pradhan

Director - Centre for Advanced Modelling and Geospatial Information Systems
(CAMGIS), School of Civil and Environmental Engineering, Faculty of Engineering
and IT, University of Technology Sydney, Australia

Abstract. In the realm of natural hazard assessments within spatial
domains, the advent of Artificial Intelligence (Al) represents a paradigm
shift, revolutionizing the way we conceptualize, model, and interpret
environmental risks. This keynote address illuminates the profound
impact of Al technologies, particularly machine learning algorithms and
data-driven approaches, in reshaping our understanding and prediction
capabilities concerning natural disasters.

By assimilating and scrutinizing vast spatial datasets, Al-driven mod-
els offer unparalleled accuracy and efficiency, facilitating timely and pre-
cise hazard assessments. Real-time processing of geospatial information
not only enables rapid predictions but also forms the cornerstone of proac-
tive disaster management strategies. Furthermore, AI’s capacity lies in its
adeptness at deciphering intricate spatial patterns inherent to natural haz-
ards, unraveling subtle cues and previously unnoticed correlations within
the data fabric.
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This keynote delves into how AI’s nuanced interpretation, coupled
with advanced algorithms, elevates hazard modeling, providing deeper
insights into the spatial dynamics of environmental risks. By augmenting
traditional methodologies and revealing hidden patterns, Al fosters com-
prehensive risk assessments, fostering informed decision-making pro-
cesses. The fusion of Al and natural hazard assessments in spatial domains
heralds a more resilient approach to disaster preparedness and response.

Join us in embracing this transformative era, where Al’s sophisticated
modeling techniques and precise spatial interpretations converge, herald-
ing proactive and effective mitigation strategies amidst the ever-evolving
landscape of environmental challenges.

Short Bio. Distinguished Professor Dr. Biswajeet Pradhan is an internationally estab-
lished scientist in the field of Geospatial Information Systems (GIS), remote sensing
and image processing, complex modelling/geo-computing, machine learning and soft-
computing applications, natural hazards and environmental modelling. He is the Director
of the Centre for Advanced Modelling and Geospatial Information Systems (CAMGIS)
at the Faculty of Engineering and IT at the University of Technology, Sydney (Australia).
He was listed as the World’s Most Highly Cited Researcher by the Clarivate Analytics
Report for five consecutive years, 2016-2020, as one of the world’s most influential
minds.

He ranked number one (1) in the field of “Geological & Geomatics Engineering”
during the calendar year 2021-2023, according to the list published by Stanford Univer-
sity Researchers, USA. This list ranks the world’s top 2% most highly cited researchers
based on Scopus data. In 2018-2020, he was awarded as World Class Professor by the
Ministry of Research, Technology and Higher Education, Indonesia. He is a recipient of
the Alexander von Humboldt Research Fellowship from Germany. Between 2015-2021,
he served as “Ambassador Scientist” for the Alexander Humboldt Foundation, Germany.

Professor Pradhan has received 58 awards since 2006 in recognition of his excellence
in teaching, service and research. Out of his more than 850 articles (Google Scholar
citation: 70,000, H-index: 129), more than 750 have been published in science citation
index (SCI/SCIE) technical journals. He has authored/co-authored ten books and thirteen
book chapters.



Software Engineering Research in a New Situation

Prof. Carl K. Chang

Professor Emeritus, lowa State University, USA

Abstract. With the rise of Generative Artificial Intelligence (GAI), epito-
mized by Large Language Models (LLMs), a profound shift has unfolded
in software engineering research. In this presentation, I will traverse my
four-decade journey in software engineering research, focusing on situ-
ational awareness in the era of the Internet of Things (IoT). I have wit-
nessed the turbulence brought forth by the Al community that demands
changes in our approaches. Meanwhile, owing to the pervasiveness of ser-
vices computing, services became the first-class citizen in modern-day
software engineering methodologies.

I argue that situational awareness must permeate the entire lifecycle to
consistently deliver software services that align with the dynamic needs
of users and the ever-evolving environments. I will elucidate this argu-
ment by reviewing the Situ framework, offering a comprehensive illus-
tration of my perspective. Furthermore, I will outline my vision regarding
the formidable research challenges considering the rapidly shifting land-
scape dominated by an irresistible and profoundly disruptive generative
Al tsunami.
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Short Bio. Carl K. Chang is a former department chair and Professor Emeritus of
Computer Science at lowa State University. His research interests include requirements
engineering, net-centric computing, situational software engineering and digital health.
Chang was the 2004 President of the IEEE Computer Society. Previously he served as
the Editor-in-Chief for IEEE Software (1991-1994), and as the Editor-in-Chief of IEEE
Computer (2007-2010). He was the 2012 recipient of the Richard E. Merwin Medal
from the IEEE Computer Society. Chang is a Life Fellow of IEEE, a Fellow of AAAS,
and a Life Member of the European Academy of Sciences (EurASc).



Interpretability and Privacy Preservation in Large
Language Models (LLMs)

P

Prof. My Thai

University of Florida (UF) Research Foundation Professor
Associate Director of UF Nelms Institute for the Connected World

Abstract. Large Language Models (LLMs) have transformed the Al land-
scape, captivating researchers and practitioners with their remarkable
ability to generate human-like text and perform complex tasks. However,
this transformative power comes with a set of critical challenges, partic-
ularly in the realms of interpretability and privacy preservation. In this
keynote, we embark on an exploration of these pressing issues, shed-
ding light on how LLMs operate, their limitations, and the strategies we
can employ to mitigate risks. We begin by examining the interpretability
in LLMs, which often function as enigmatic “black boxes.” Their com-
plex neural architectures make it challenging to understand how they
arrive at specific outputs. This lack of transparency raises questions of
trust and accountability. When deploying LLLMs in real-world applica-
tions—whether for chatbots, content generation, or decision-making—it
becomes crucial to demystify their decision paths.
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We will use explainable Al (XAI) to offer faithful explanations, from
the black-box to white-box models, and from feature-based [1, 2] to neu-
ron circuits-based [3, 4] explanations. By visualizing attention mecha-
nisms, feature importance, and saliency maps, we empower users to com-
prehend LLM predictions. XAl not only fosters trust but also encourages
responsible utilization of LLMs.

We next turn our attention to one of the utmost concerns and chal-
lenges: data privacy. LLMs process vast amounts of data, raising risks of
data leakage, model inversion, the right to be forgotten, and inadvertent
exposure of sensitive information. Furthermore, the integration of LLMs
into diverse applications also significantly brings these challenges to the
next level [5]. This talk explores strategies to protect privacy, including
differential privacy, federated learning, and data encryption.

Short Bio. My T. Thai is a University of Florida (UF) Research Foundation Professor,
Associate Director of UF Nelms Institute for the Connected World, and a Fellow of
IEEE and AAIA. Dr. Thai is a leading authority who has done transformative research
in Trustworthy Al and Optimization, especially for complex systems with applications
to healthcare, social media, critical networking infrastructure, and cybersecurity. The
results of her work have led to 7 books and 350+ publications in highly ranked inter-
national journals and conferences, including several best paper awards from the IEEE,
ACM, and AAAL

In responding to a world-wide call for responsible and safe Al, Dr. Thai is a pio-
neer in designing deep explanations for black-box ML models, while defending against
explanation-guided attacks, evident by her Distinguished Papers Award at the Associa-
tion for the Advancement of Artificial Intelligence (AAAI) conference in 2023. At the
same year, she was also awarded an ACM Web Science Trust Test-of-Time award, for
her landmark work on combating misinformation in social media. In 2022, she received
an IEEE Big Data Security Women of Achievement Award. In 2009, she was awarded
the Young Investigator (YIP) from the Defense Threat Reduction Agency (DTRA), and
in 2010 she won the NSF CAREER Award. She is presently the Editor-in-Chief of the
Springer Journal of Combinatorial Optimization and the IET Blockchain Journal, and
editor of the Springer book series Optimization and Its Applications.

References
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Abstract. Urban planning is commonly recognized as strategic to tackle the
global challenge of sustainable development. However, the implementation of
sustainability in the urban practice is complex, and the existing tools in support
of sustainable urban transformations are often incomplete and fragmented: e.g.,
the compliance with the land-use containment parameters, the ecological balance
computation, and the economic and financial evaluation, are only partial regula-
tion tools introduced at the local scale for ensuring an “adequate” sustainability
character to land-development projects. Such a fragmentation of efforts is also
traceable in the research approaches: a great variety of perspectives and diver-
sity of domains animate the academic debates on the sustainability performance
assessment. As a consequence, we wonder about the possible definition of new
synthetic frameworks: a comprehensive protocol in support of the sustainability
assessment of urban renewal scenarios, at the disposal of Public Administrations.
Aware of the many and specific assessment frameworks traceable in the literature,
we propose an attempt to analyse and select existing indicators, starting from the
collection of those already investigated by scholars over the years (i.e., during the
last two decades of the 21st century). Therefore, the analysis has been performed
on an extensive database consisting of over 600 items.

Keywords: Urban Regeneration - Sustainability Assessment - Indicators

1 Introduction

Cities are places where the greatest amount of GHG is emitted and, at the same time,
they are the front line places to face the challenge of climate change. Their potential
of reducing GHG emissions by simply applying sustainable urban planning models is
around 23-26% by 2050, compared to the business-as-usual scenario [1]. The IPCC-
AR6-WGIII recognized models of sustainable urban planning in compact, resource
efficient, and walkable urban forms, which adopt mixed land use and transit-oriented
development (TOD). Therefore, if well planned cities can be considered “the source
of solutions to, rather that the cause of, the challenges our world is facing today” and
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urbanization itself can be “a powerful tool for sustainable development™ [2]. In this view,
urban spatial frameworks and planning and design instruments assume pivotal roles in
managing the use of land and resources within cities, as already highlighted by the
transformative commitments of the New Urban Agenda (adopted at the United Nations
Conference on Housing and Sustainable Urban Development - Habitat III - in Quito,
Ecuador, on 20 October 2016). Despite this high commitment, the promotion of new
planning and design tools should be even more emphasized to overcome the theoretical-
practical gap, which has already been observed between the strategic planning and
design phases of sustainable development interventions [3—-5]. As [4] reported, there is
a general operational difficulty in implementing sustainability criteria to be applied in
the evaluation of urban transformation projects.

Moreover, existing tools are often characterized by a high level of fragmentation,
with very sectorial procedures, approaches and required competences. At the local level,
cities and municipalities, such as in the Italian context of the present study, set their own
procedures and monitoring tools in the attempt to pursue the objectives of sustainabil-
ity in the implementation of urban projects. For example, referring to the case of the
Lombardy Region (since legislations change from region to region), the land-use contain-
ment parameters (refers, e.g., to the Lombardy Region Law n.31/2014), the ecological
balance computation (refers, e.g., to the STRAIN methodology approved by the DDG
n.4517/2007 of the Lombardy Region) and the hydraulic invariance regulation (refers,
e.g., to the Lombardy Region Regulation n.7/2017) are some examples of sectoral tools
putin place by Italian territories for monitoring the environmental sustainability of urban
interventions. On the other hand, if the economic and financial evaluation (refers, e.g.,
to the DGR n.7729/2022 of the Lombardy Region) may assure an adequate level of eco-
nomic sustainability, there are no or few tools to monitor aspects of social sustainability.
Only in some recent cases, evaluation forms (mostly qualitative) or technical reports
have been introduced to verify the sustainability performance of projects during their
implementation phase.

This overlap of different regulatory requirements and methodological frameworks
increases the complexity: for Public Administrations to holistically assess and monitor
the sustainability performance of urban transformations; and for the scientific community
to develop new tools aimed at this purpose (closing the theoretical-practical gap already
mentioned). Due to the high variety of knowledge involved, such a fragmentation of
efforts is also traceable in the research approaches. As emerged also in the 17th Edition
of the International Conference on Computational Science and Its Applications [6] (held
in Trieste, Italy), a great variety of perspectives animates the academic debates on the
theme of sustainability performance assessments, such as the domains of: energy sav-
ing and building renovation; sustainable mobility, ecosystem services and biodiversity
preservation; mitigation and adaptation solutions; circular economy, risk management;
etc. As aresult, specific indicators are often proposed by experts to investigate different
and important aspects of sustainability, such as the key performance indicators (KPIs)
to assess: the ecological value of urban settlements, e.g., [7]; the renewable energy
communities (REC), e.g., [8]; the level of circularity of interventions at the different
urban scales, e.g., [9]; the accessibility and walkability of urban areas, e.g., [10, 11]; the
liveability indicator of urban spaces, e.g., [12]; etc.
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Therefore, for speaking of a comprehensive sustainability assessment, able of pro-
viding an ex-ante holistic evaluation of potential project scenarios, a unanimous effort
in terms of contamination and interconnection of disciplines is required [4]. In the per-
spective of a greater integration of knowledge and frameworks, in a previous study
(refer to [5]) we analysed the main research trends and progresses, (occurred in the
last two decades of the 21st century) on the topic of sustainability assessment of urban
transformations, with a focus on the existing evaluation tools suitable for the urban
regeneration scale. Since many authors focused on developing specific evaluation sys-
tems, by means of multiple methodologies, criteria and sets of indicators (among which,
[13—16] to mention a few), in this contribution we aim at studying, in more detail, their
measurement systems. In particular, we collected, classified, analysed and selected all
the indicators already investigated and proposed by scholars, through the creation of an
extensive database. Among the research questions we posed, there are: “Are the sustain-
ability dimensions equally investigated by the evaluation frameworks? Are the proposed
indicators more qualitative or quantitative? Are there standardized and comparable mea-
sures?”. The structure of this contribution will lead the reader through the description
of the chosen methodological approach and materials (Sect. 2), the main findings on the
proposed analysis (Sect. 3), as well as their discussion in the conclusions (Sect. 4).

2 Material and Methods

The methodological approach we selected to: (i) create an extensive database of existing
set of indicators, coming from the literature, and (ii) analyse its main features, can be
described through the following four steps (see Fig. 1).

DATA
COLLECTION

To gather existing indicators found in the
literature in an extensive database

To divide or distribute data in classes or categories having
homogeneous characteristics. It does not imply the creation of
ordinated classes (e.g., a ranking or rating)

DATA
CLASSIFICATION

To describe in a synthetic way classes or categories
composition (i.e., the total number of indicators per class),
in order to analyze the main features of the collected data

DATA
ANALYSIS

DATA
SELECTION

To determine the appropriate type of data
on the basis of specific categories

Fig. 1. The four-step methodological approach for the database creation and elaboration (i.e.,
classification, analysis and selection of data).

Data Collection. The preliminary phase concerned the collection of all the existing
measures already investigated and used by scholars in the last two decades (published
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between January 2000 and February 2023). In particular, the collected indicators were
part of multiple assessment frameworks elaborated within the urban planning discipline
for the sustainable development of neighbourhoods. Starting from a previous literature
review of 99 publications (refer to [5]), more than 600 indicators were gathered and
composed the initial database. The following basic information fields have been filled
in, as reported in the publications of origin:

Bibliographic reference;

Year of the study;

Country of the study;

Case study of application (if applicable);

Applied methodology for the evaluation model;

Spatial scale of application (i.e., city scale, regeneration scale)
Temporal phase of the application (i.e., ex-ante, in itinere, ex-post compared to the
processes of urban planning and building realization);

Criteria and sub-criteria;

Indicators and their description;

Measurement units;

Data source (if applicable).

Data Classification. Having defined a first rough database, the main question we faced
is “how to select measures from this long list of items in a reasonable way?”. To answer
this question, the following three attributes were considered necessary in order to start
classifying data with homogeneous characteristics:

1. The sustainability dimension;
2. The type of data;
3. The feasibility of data collection.

The sustainability dimensions have been set according to the “quadruple bottom
line” perspective [17]: the environmental, social and economic dimensions, as well as
the governance. The allocation of indicators to each dimension has been carried out
on the basis of predominant themes: each indicator has been classified according to its
major effects on one or more dimensions. A maximum of two dimensions has been
considered in the case of multiple effects; for this reason, intra-dimensions have been
defined (e.g., socio-environmental, eco-environmental, etc.). Some indicators, however,
do not have a precise scope and, since they could have general benefits suitable for all
dimensions, they have been classified as “neutral”. Table 1 shows the main topics that
could be investigated in the assessment of each sustainability dimension.
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Dimensions

Environmental

Socio-Environmental

Social

Socio-Economic

Economic

Eco-Environmental

Governance

Socio-Governance

Env-Governance

Eco-Governance

Neutral

Table 1. Sustainability Dimensions

Main topics included

Types of intervention (new expansion or urban regeneration),
reclamation of contaminated land, reclamation of building materials,
waste production and management, energy building efficiency,
production of renewable energy, bioclimatic design, compatibility with
the urban context, natural element characteristics, green areas, degree
of soil sealing, water use and drainage characteristics, presence of
natural protected areas

Types of land uses (residential, commercial, industrial, etc.),
preservation and renovation of heritage buildings, utilities for basic
housing, provision of public services, public transports and sharing
mobility services, road safety and accessibility, active mobility services,
quality of the outdoor spaces, landscape preservation, type of
environmental pollution and climate change consequences with direct
impacts on the well-being

Housing affordability, public spaces accessibility, functional mix, social
services, social attractiveness, meeting spaces, community involvement,
healthiness of houses and places, social security

Job opportunities, fight against poverty, balance in income levels,
population trends, level of users’ satisfaction, touristic attractiveness

Total costs of the project, profitability of the intervention, economic and
financial information, house occupancy, provisions for establishment of
different businesses, partnership and collaboration

Economic activities aiming at improving the environment, share of
environmental protection investments

Data driven decision making, integration and coordination of
administrative sectors, management measures, communication plans,
restrictions and statutory requirements

Participatory processes, community and stakeholder engagement,
partnership and collaboration

Integration of environmental data in the site development plan, adoption
of management plans or measures for environmental components,
degree of ecosystem considerations

Resource allocation, coordination to promote the economic
development of areas, reinforced coordination of fiscal and economic
policies, management of financial aspects

Density, flexibility, ability to be transformed, preservation of existing
urban configurations, duration of the transformation, temporary uses,
reduction of the risk exposure
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As regards the type of data, indicators have been classified as “quantitative” if they
express information that can be quantified (with numerical values), counted or measured,
and used for mathematical calculations or statistical analyses. On the other hand, indi-
cators have been classified as “qualitative” if they are descriptive in nature, that means
they are expressed in terms of language, ordinal values or scores, rather than numerical
values. Since the main distinction can be made by observing the measurement units, in
some cases of non-traceability of the unit of measurement itself, it has been impossible
to establish a priori the typology of data. In these non-specified cases, the nature of the
indicators has been classified as “unknown”.

Finally, the feasibility of data collection has been questioned according to the local
specific context and spatial scale of urban regeneration. Table 2 lists the criteria used to
define the feasibility of data collection.

Table 2. Feasibility of data collection

Feasibility Description of the main cases

Yes Data immediately available or measurable

Yes, redefining the measurement unit | Data available or potentially available, with not
specified unit of measurement; data with unit of
measurement to be modified (e.g., due to scale
adaptability)

Potentially yes Data not directly available; data collection and
measurement require extra operations to be finalized
(math calculations)

No Data not measurable in the initial stages of urban
transformation (ex-ante); data measurable only through
questionnaires; data not well defined (too general or
incomprehensible); data not available at the urban
project scale; poor utility of the data for the
sustainability evaluation

Before moving to the next phase, we could not forget some further specifications
relating to the main “reference” framework for sustainability indicators, that is the United
Nations’ 2030 Agenda. In order to deal with the increasing heterogeneity in the indicator
systems, the fourth of The Bellagio Sustainability Assessment and Measurement Princi-
ples (BellagioSTAMP) [18, 19] on “Framework and Indicators” recalled the importance
of consider “standardized measurement methods, wherever possible, in the interest of
comparability”. For this reason, two additional attributes were considered for the data
classification (reaching a total of five attributes considered, see page 4):

4. The relevance of indicators to the Sustainable Development Goals (SDGs) of the
UNs’ 2030 Agenda;

5. The correspondence between indicators and the framework for the SDGs official
statistical monitoring at the national level.
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As regards the relevance of indicators to the SDGs of the UNs’ 2030 Agenda, we
detected all the potential connections between the collected indicators and the 17 SDGs.
Each connection indicator-SDG has been counted as one link and, on the whole, the
percentage of indicators tied to each SDG may be estimated.

The correspondence between indicators and the framework for the SDGs official
statistical monitoring at the national level has been studied by analysing the similarity
in: the phenomena measured by indicators, their measurement units, and their spatial
scales of application. Respectively, three categories have been defined: “no connection”
(in the case of no links found between the collected indicators and the ones of the official
statistical framework for SDGs); “similar indicators” (in the case of similar phenomena
monitored, but different measurement units); and “indicators to be downscaled” (if the
measurement units are the same, but not the applied spatial scale).

The potential benefit of considering these additional attributes in the classification
consists in the comparison of the collected measures with both (i) the globally defined
SDGs and (ii) the frameworks for their official statistical monitoring. Since the statistical
measures for the SDGs official monitoring are generally available at the national scale
(i.e., the country level) and, only partially, at the local scale (i.e., the city level) [20], it
would be interesting to verify their potential use or implementation at the urban scale.

Data Analysis. The third phase consisted in the synthetic description of the database
main features, according to the attributes presented above. The results of this analysis
are going to be widely illustrated in the Sect. 2.

Data Selection. At this point, in order to determine the appropriate type of measure-
ments to be taken into consideration for the sustainability assessment of urban trans-
formations, we expressed some preferences upon specific data attributes. In particular,
these categories have been excluded to perform a first data selection: the non-feasibility
of data collection, and the “unknown” type of data. Additionally, all the duplicated data
(i.e., identical indicators traceable in multiple existing frameworks, or similar indicators
aimed at measuring the same phenomenon) have been excluded from the database. The
results of the data selection phase, as well as of the data analysis, are going to be shown
in the following Section.

3 Results

The results of the present research are illustrated in this Section according to the four-step
methodological approach: after a brief depiction of the data collection phase, a synthetic
description of the database main features (i.e., the data analysis) is reported in accor-
dance with the five attributes defined in the previous phase (i.e., the data classification);
finally, similar analyses have been repeated for the selected indicators (i.e., after the data
selection phase).

As previously mentioned, starting from the literature review of 99 publications (refer
to [5]), 28 contributions have proven to be of interest in the collection of different
set of indicators. In total, 661 indicators composed the initial rough database, with an
average of 34,3 indicators per each evaluation framework analysed. Regarding the year
of publication, the higher research production on this topic have been observed in the
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period 2011-2015. By considering the geographic context of the reference revision of
the literature, that concerns developed countries (as defined by the UNs’ Report “World
Economic Situation and Prospects 2023” [21]), the majority of studies came from the
United Kingdom.

An interesting feature to report here, is the temporal phase of application of the anal-
ysed evaluation frameworks (see Fig. 2). Compared to the processes of urban planning
and building realisation, they could be applied: ex-ante, in itinere, ex-post, in two-phases
(i.e., ex-ante and in itinere, in itinere and ex-post), or in a dynamic way (if the monitoring
activity is intended to be dynamically repeated throughout whole process).

Ex-ante In itinere Ex-post
’ !
[ —] N
=
L
6%
0%
0%
2504
200
o

| | I ~
r 1 T )
Process evolution

Fig. 2. The temporal phase of application of different indicators compared to the processes of

urban planning and building realisation.

In the majority of cases, indicators are expected to be applied in the initial phases
(around the 36% ex-ante) or in the final ones (around the 25% ex-post); and a smaller
quantity (around the 20%) is designed to be adopted in a dynamic way. For the remaining
19% of indicators, this information was missing.

Data Analysis. As regards the results of the analysis, first of all, the main features of
the 661 data collected are here reported in accordance with the sustainability dimensions
and the quali-quantitative type of data (see Fig. 3).

The graph shows a great majority of social and environmental data (233 and 167
indicators respectively), compared to the others dimensions. However, such a high num-
ber of social indicators is justified by the presence (in the considered literature review) of
studies specifically focused on measuring the social sustainability [22, 23] (that proposed
85 indicators in total). By considering the type of data, there are 147 total qualitative
indicators, 165 quantitative indicators, and 349 unclassifiable or “unknown” data.
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Fig. 3. The number of total indicators per each sustainability dimension and intra-dimension
(according to the Quadruple Bottom Line — QBL), and per type of data (i.e., qualitative, quantitative
or unknown).

Speaking about the feasibility of data collection, as a matter of fact, we predominantly
considered the Italian local context of the present study. Results show that almost half
of the indicators (306 out of 661) requires data that are not measurable, not available or
useless for our scope (see Table 3).

Table 3. Number of feasible data to be collected

Feasibility Number of indicators
Yes 102

Yes, redefining the measurement unit 214

Potentially yes 39

No 306

Data Selection. The exclusion of (i) the non-feasible data to be collected, the (ii) “un-
known” type of data, and (iii) the duplicated data, has led to the selection of 134 indicators
of synthesis. Figure 4 illustrates the same analysis proposed in Fig. 3, but performed
only for the 134 selected indicators (please, play attention to the different interval scale
on the horizontal axis). Results do not demonstrate relevant changes in the relative com-
position of sustainability dimensions (with the greatest classes represented by social and
environmental indicators), and in the type of data (with 91 quantitative measures and
43 qualitative ones). In more details, the selected indicators per sustainability dimen-
sions amount for: 43 social, 31 environmental, 11 economic, 4 governance, 22 socio-
environmental, 9 socio-economic, 2 socio-governance, 5 env-governance, and 7 neutral
(see the Appendix for the entire list of selected indicators).

Finally, the following Figs. 5 and 6 respectively illustrate the relevance of indicators
to the SDGs of the UNs’ 2030 Agenda, and their correspondence with the framework
for the SDGs official statistical monitoring at the national level.
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Fig. 4. The number of selected indicators per each sustainability dimension and intra-dimension
(according to the Quadruple Bottom Line — QBL), and per type of data (i.e., qualitative or
quantitative).
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Fig. 5. The relevance of indicators to the SDGs of the UNs’ 2030 Agenda (in percentage).

The potential connections identified between the 134 selected indicators and the
17 SDGs show: a predominant and high number of indicators linked to the SDG11 on
“Sustainable cities and communities” (around the 62% of measures could be related
or have an impact on this goal); at the second position, a relatively small amount of
indicators tied to the SDG16 on “Peace, justice and strong institutions” (around the
14%); and a very small number of indicators connected to the others SDGs (less than
the 6%).
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As regard the official statistical frameworks for monitoring SDGs, they were initially
defined by the United Nations Statistics Division (UNSTAT) at the international level,
and were subsequently declined by different Member States’ statistics institutes at the
national level. Since the latter are based on the same foundations of UNSTAT, here we
studied the correspondence with the official national framework in the context of the
present study (i.e., Italy). As previously mentioned, the benefit would be to analyse the
potential application of official statistical measures at the urban scale (currently absent).
Therefore, we considered the ISTAT-SDGs official framework developed by the Italian
Institute of Statistics (ISTAT) [24]. The results of the indicators’ correspondence with
the ISTAT-SDGs official framework are shown in Fig. 6.

{NO CONNECTION ES]]\“IIL;\R INDICATORS EINDI(“ ATORS TO BE DOWNSCALED

'No links found :Similar phenomena monitored 'Same measurement units

' 46% ' Different measurement units 'Different applied spatial scale
| |

i

135%

Fig. 6. The correspondence between indicators and the ISTAT-SDGs official framework of the
Italian Institute of Statistic (in percentage).

The three observed categories (in Fig. 6) show a low presence of official ISTAT-SDGs
indicators that could be used in place of the selected indicators, in order to monitor the
selected phenomena (around the 46% of selected indicators has no connections with the
ISTAT-SDGs framework). Similar ISTAT-SDGs indicators could be used for monitoring
around the 35% of selected indicators; while the category “indicators to be downscaled”
riches only the 4% of selected indicators. The Appendix reports the entire list of selected
indicators with reference to the relevance to the UNs’ SDGs, and to the correspondence
with the ISTAT-SDGs statistical measures (when present).

4 Conclusions

The promotion of new urban planning and design tools can certainly be depicted as an
essential instrument to support the sustainable transformation of our cities. However, the
high level of fragmentation and complexity in the regulatory framework often leads to
face operational difficulties in the planning practice. For this reason, the implementation
of sustainability criteria and of holistic assessment procedures may support the decision-
making process on urban projects.
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In this contribution, we have proposed a general four-step methodology to collect,
classify, analyse and select indicators, that aims at assessing the sustainability of urban
transformations, and we have shown the main features of these measurement systems.
Taking advantage of the previous literature review we have conducted on the topic of
existing sustainability evaluation tools at the urban regeneration scale, 134 out of 661
indicators have been selected. The main attributes considered for the data classification
(not to be intended as ordinated classes) and for the data analysis are: the sustainability
dimension; the type of data; the feasibility of data collection; the relevance of indica-
tors to the Sustainable Development Goals (SDGs) of the UNs’ 2030 Agenda; and the
correspondence between indicators and the framework for the SDGs official statistical
monitoring at the national level.

In response to our initial questions, the results of our analysis have shown that:

— Sustainability dimensions are not equally monitored by the measurement systems
proposed in the scientific literature, with a preponderance of environmental and social
indicators;

— Quantitative data slightly exceed the qualitative ones in both the situations (before
and after the selection of feasible indicators);

— A relative small amount of data could be directly linked to or substituted by official
statistics already in use in the national context; however, it is important to encourage
comparability of measures collected at the different scales also using redundancy.

Our contribution is far from being exhaustive, due to the fragmentation and numeros-
ity of assessment frameworks and procedures already developed by the scientific com-
munity. Moreover, the present database does not include other frameworks developed
by third parties, such as the numerous sustainability certification systems that mostly
belong to the private sector (e.g., BREEM Communities, LEED Neighborhoods, CAS-
BEE Urban Development, GREEN STAR Communities, DGNB Urban District, etc.).
Nevertheless, the abundance of possible data to be considered to holistically assess the
sustainability of urban projects, as well as the site-specific characteristics of places,
decision-makers and their decision habits, lead us to focus on methodologies to explore
this theme, rather than on specific and well defined tools.

Further prospectives on this topic will include a deepen reflection on the meaning-
fulness of inferences that potentially derived from the use of indicators and evaluation
systems, and that can guide important decisions on urban development.
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Appendix

(See Table 4)

Table 4. Selected indicators with reference to: the sustainability dimension, the relevance to the
UNs’ SDGs, and the correspondence with the ISTAT-SDGs statistical measures (see [24] for
reference codes of metadata).

Sustainability
Dimensions
Environmental
Environmental
Environmental
Environmental
Environmental
Environmental
Environmental

Environmental

Environmental

Environmental

Environmental

Environmental
Environmental

Environmental

Environmental

Environmental

Environmental

Indicators
(Measurement Units)

Global warming potential
(kgeqCO2/m2CAy)

Average annual emissions of NO2
(W gNOZ/m3; mgNOZ/m3)

Acidification potential
(kgeqSO2/m2CAy)

Change in volume of storm water
run-off post-development

Construction and demolition waste
recycled (%)

Floor area ratio (mz/mz)

Green public areas (%)

Green surfaces (%)
Increase of mixed land uses (mz/mz)

Infiltration surface and stormwater use
(%)

Harmonization with the context
(qualitative scale)

Land devoted to roads (%)
Number of parking spaces (n. spaces)

Percent of building(s) shell and
non-shell reused (%)

Permeable surface / Territorial surface
(mz/mz)

Ratio of open spaces to built form (%)

Ratio of redeveloped buildings to new
build (%)

Relevance to the UNs’ SDGs
ISTAT-SDGs measures (if present)

SDG 11

SDG 11
11.6.2.7

SDG 13
13.2.2.6

SDG 11
11.3.1.1

SDG 12
12.5.1.5

SDG 11
11.3.1.1

SDG 11
11.7.1.1

SDG 11
11.7.1.1

SDG 11

SDG 11
11.3.1.1

SDG 11

SDG 11
SDG 11
SDG 11

SDG 11
11.3.1.1

SDG 11
11.7.1.1

SDG 11

SDG 13
13.2.24

SDG 13
13.2.2.7

SDG 15
15.3.1.1

SDG 15

SDG 15

SDG 15

(continued)
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Sustainability
Dimensions

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Environmental

Socio-Env

Socio-Env

Socio-Env

S. Bianchi et al.

Table 4. (continued)

Indicators
(Measurement Units)

Reclamation of building materials (%)

Reclamation of contaminated land (%)

Residential car-parking provision (n.
spaces)

Retention of environmental features

(%)

Territorial index (m3/m)
Waste production (kg; tons)
Waste disposal (%)

Urban gardens (m?)

Working car-parking provision (n.
spaces/mz)

Energetic quality (qualitative scale)

Energy consumption (kWh/m?;
CO2/m?)

Reduction in energy use

Per capita water use (I/inhabitant/day)
Reduction in water use

Acoustic emission (dBA)

Average distance to a public transport

stop (m)

Quality of service in public transport
(qualitative scale)

Relevance to the UNs” SDGs
ISTAT-SDGs measures (if present)

SDG 12
12.5.1.5

SDG 11
SDG 11

SDG 11
11.3.1.1

SDG 11
11.3.1.1

SDG 11
11.6.1.2

SDG 11
11.6.1.1

SDG 11
11.7.1.1

SDG 11

SDG 7
72.1.2

SDG 7
7.2.1.1/7.2.1.2/
7.2.1.5/7.3.1.4

SDG 7
7.2.1.1/7.2.1.2/
7.2.1.5/7.3.1.4

SDG 6
6.1.1.1

SDG 6
6.1.1.1

SDG 11
11.1.1.3

SDG 1
14.14

SDG 11

SDG 15

SDG 12
12.5.14

SDG 12
12.5.1.1

SDG 15

SDG 11
11.2.1.1

(continued)
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Sustainability
Dimensions

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Socio-Env

Table 4. (continued)

Indicators
(Measurement Units)

Tying status with “soft” mobility
networks (qualitative scale)
Street layout: integration with existing

streets, paths and surrounding
development (qualitative scale)

Street layout: friendly streets for
pedestrian, cycle and vehicle
(qualitative scale)

Street layout: support to people with
limited physical mobility (qualitative
scale)

Integration of land use and public
transport (qualitative scale)

Work travelling habits (qualitative
scale)

Leisure travelling habits (qualitative
scale)

Average emissions of noise during the
day (dBA)

Average emissions of noise during the
night (dBA)

Car sharing / Bike sharing (n. car/bike
sharing points)

Degree of prevention of light
emissions (qualitative scale)

Conservation of built heritage
resources (%)

Quality of outdoor spaces (qualitative
scale)

Community space (qualitative scale)

Enhancement of cultural heritage
(qualitative scale)

Land dedicated to pedestrians (%)
Occupancy levels (%)

261

Relevance to the UNs’ SDGs
ISTAT-SDGs measures (if present)

SDG 11

SDG 11

SDG 11

SDG 4 SDG 10
4.a.l.1

SDG 11

SDG 11
11.2.1.2/11.2.1.3

SDG 11
11.2.1.5

SDG 11
11.1.1.3

SDG 11

11.1.1.3

SDG 11

SDG 7 SDG 11

SDG 11

SDG 11

SDG 11
SDG 11

SDG 11
SDG 11

SDG 11

(continued)
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Sustainability
Dimensions

Socio-Env

Socio-Env

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Social

Table 4. (continued)

Indicators
(Measurement Units)

Public transport links (m)
Slow mobility (m?)

Access to aggregation spaces
(qualitative scale)

Access to cultural facilities (min)
Access to educational needs (min)

Access to leisure and entertainment
facilities (min)

Access to medical facilities (min)
Access to open space (min)
Access to retail facilities (min)

Accessibility and public transport
(qualitative scale)

Affordable housing as percent of total
residential stock (%)

Average distance to a commercial
zone (m)

Average distance to a cultural centre
(m)

Average distance to a high school (m)
Average distance to a junior
high/middle school (m)

Average distance to a kindergarten (m)

Average distance to a nursery (m)

Average distance to a public park (m)

Relevance to the UNs” SDGs
ISTAT-SDGs measures (if present)

SDG 11
11.2.1.1/11.2.1.4

SDG 11
SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 1

14.14
SDG 1

14.1.1

SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 11

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 11
11.2.1.1

SDG 11

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

SDG 16
16.6.2.3

(continued)
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Table 4. (continued)

Sustainability | Indicators Relevance to the UNs’ SDGs
Dimensions (Measurement Units) ISTAT-SDGs measures (if present)
Social Average distance to a recreational SDG 11 SDG 16
green/natural area (m) 11.7.11 16.6.2.3
Social Universal access (qualitative scale) SDG 4 SDG 10 |SDG 11
4.a.1.1
Social Average distance to a sport centre (m) | SDG 11 SDG 16
16.6.2.3
Social Average distance to an elementary SDG 11 SDG 16
school (m) 16.6.2.3
Social Buffer and common space (qualitative | SDG 11
scale)
Social Co-housing inhabitants (n. residents) | SDG 11
Social Co-working spaces (mm?2) SDG 8
Social Increase of accessibility to urban SDG 11 SDG 16
functions (n. functions within a 16.6.2.3

distance; n. served residents)

Social Number of uses of green space (n. SDG 11
uses)
Social Number of uses of the site (n. uses) SDG 11
Social Percent of occupants with views to SDG 11
outside (%) 11.1.11
Social Retail facilities located on site SDG 11 SDG 16
(qualitative scale) 16.6.2.3
Social Public / Private spaces (mz/mz) SDG 11
Social Residential areas (mz) SDG 11
Social Residential development (%) SDG 11
Social Retail areas (mz) SDG 11
Social Functional mix (qualitative scale) SDG 11
Social Social mixing (qualitative scale) SDG 11
Social Social attractiveness (qualitative SDG 11
scale)
Social Diversity (qualitative scale) SDG 1 SDG 10 |SDG 11
1.2.2.1/1.2.2.2
Social Acceptability to stakeholders (%) SDG 11 SDG 17
Social Degree of security (qualitative scale) | SDG 5 SDG 11 |SDG 16

16.1.4.1

(continued)
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Sustainability
Dimensions

Social
Social
Social

Social

Social
Socio-Eco
Socio-Eco

Socio-Eco

Socio-Eco

Socio-Eco

Socio-Eco

Socio-Eco

Socio-Eco

Socio-Eco
Economic
Economic
Economic
Economic
Economic
Economic

Economic

Economic
Economic

Economic

Economic

Table 4. (continued)

Indicators
(Measurement Units)

Resilience (qualitative scale)
Services for the population (m?)
Sport and leisure areas (mz)

Walking distance to green space (min)

Art and culture (qualitative scale)
Net employment density (job/ha)
New jobs (n. new jobs)

Number of jobs created per 1000
square meters (n. jobs/ 1000m?)

Number of new enterprises created (n.
new enterprises)

Net jobs created (%)

Number of new enterprises created

(%)
Quality of jobs created (%)

Incorporation of training programmes
(qualitative scale)

Knowledge-based economy (n. jobs)
Construction cost (euro/mz)
Investment cost (euro)
Investment cost (euro/mz)
Level of occupancy (%)
Annual operating costs (euro/m?)
Maintenance cost (qualitative scale)

Percent increase in site property value

(%)
Internal rate of return
Total economic value (euro)

Rent premium (i.e., vs. comparable
site)

Gross rental yield (%)

Relevance to the UNs” SDGs
ISTAT-SDGs measures (if present)

SDG 11
SDG 11
SDG 11

SDG 11
11.7.1.1

SDG 4
SDG 8
SDG 8
SDG 8

SDG 8

SDG 8
SDG 8

SDG 8

SDG 4
43.1.1

SDG 16
16.6.2.3

SDG 8

(continued)
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Table 4. (continued)

Sustainability | Indicators Relevance to the UNs’ SDGs
Dimensions (Measurement Units) ISTAT-SDGs measures (if present)

Governance Degree of access to information

(qualitative scale)

Governance Degree of collaboration of SDG 11 SDG 17
professionals (qualitative scale)

Governance Degree of integration of an evaluation
process (qualitative scale)

Governance Consistency with constraints
(qualitative scale)

Socio-Gov Active community organizations SDG 11
(qualitative scale)

Socio-Gov Degree of participation of population | SDG 11
(qualitative scale)

Env-Gov Logic of project footprint (qualitative | SDG 11
scale)
Env-Gov Degree of residual contamination SDG 11

(qualitative scale)

Env-Gov Management of construction SDG 11
disturbances (qualitative scale)

Env-Gov Degree of ecosystem considerations | SDG 11 SDG 15
(qualitative scale) 11.4.1.1

Env-Gov Management of construction waste SDG 12
(qualitative scale) 12.5.1.5

Neutral Flexibility (qualitative scale) SDG 11

Neutral Transformability index (qualitative SDG 11
scale)

Neutral Degree of site remediation (qualitative | SDG 11
scale)

Neutral Net population density SDG 11
(inhabitants/ha; inhabitants/mz)

Neutral Reduction of seismic risk exposure SDG 11 SDG 13
(inhabitants/inhabitants) 11.1.11 13.1.1.11

Neutral Regeneration (m?/m?) SDG 11

Neutral Population retention (n. population)
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