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Preface

Since its founding, the Portuguese Association for Classification and Data Analysis
(CLAD) has played a vital role in fostering collaboration, innovation, and scientific
exchange in Data Science. As a member of the International Federation of Classification
Societies (IFCS), CLAD promotes research and knowledge dissemination across the fields
of classification, data analysis, and statistics, building bridges between academia, public
institutions, and industry. JOCLAD has established itself as an essential annual forum
where data science professionals, researchers, and students come together to exchange
knowledge, foster collaboration, and drive innovation in the field.

The 32nd edition of JOCLAD takes place at the Instituto Superior de Contabilidade
e Administração do Porto (ISCAP), a distinguished school within the Polytechnic
Institute of Porto. Renowned for its strong academic programs in accounting, auditing,
and management, ISCAP fosters a dynamic learning environment with strong industry
connections, making it a prime venue for JOCLAD 2025.

The scientific program of JOCLAD 2025 focuses on a broad spectrum of topics, including
clustering, time series analysis, supervised learning, generalized linear models, and
practical applications in data analysis, among others, with 25 oral contributed talks and
28 poster presentations. A specialized short course is offered by Mia Hubert and Peter
Rousseeuw on methods for dealing with outliers in multivariate statistics, providing
participants with valuable tools for robust data analysis. In addition, three keynote
plenary lectures by distinguished international experts address the latest advances in
robust dimension reduction (Mia Hubert and Peter Rousseeuw), generative artificial
intelligence (António Branco), and high-dimensional regression (Angela Montanari),
highlighting key developments in these evolving fields.

The thematic sessions at JOCLAD 2025 reflect the ongoing collaboration between
CLAD and key institutions that contribute to the advancement of data science and its
applications. We are pleased to feature a session from Banco de Portugal, which explores
the insights gained from in-depth data analysis. Statistics Portugal addresses the evolving
role of administrative data in the production of official statistics and evidence-based
policy. The Portuguese Statistical Society leads a session focusing on methodological
advances in analyzing complex spatial and temporal data.

In addition to these institutional contributions, the thematic sessions also feature
perspectives from the corporate sector. Feedzai and NOS present innovative applications
of machine learning and data analytics, highlighting both the challenges and opportunities
faced by the industry in leveraging data-driven solutions.



CLAD’s dedication to nurturing young talent continues with the award of six scholarships
for students presenting high-quality work at JOCLAD 2025. These scholarships, granted
to promising master’s and doctoral candidates, reflect our commitment to supporting
the next generation of researchers in the data science community. The jury for the
CLAD Scholarships 2025 comprises M. Rosário Oliveira (University of Lisbon, Chair),
A. Manuela Gonçalves (University of Minho), and João Gama (University of Porto).

In recognition of Professor Fernando Nicolau’s role in founding the CLAD, the Fernando
Nicolau Award was established to honor his legacy. Now in its third edition, this award
recognizes outstanding contributions to the field of data classification and analysis, with
the winner being publicly announced during this event. The jury for the award consists of
Helena Bacelar Nicolau (University of Lisbon), Gilbert Saporta (CNAM-CEDRIC, Paris),
Mário Figueiredo (University of Lisbon), and Paulo Gomes (NOVA IMS Information
Management School).

Each abstract published in this volume has been evaluated by the Scientific Committee,
composed by M. Rosário Oliveira, M. Eduarda Silva, Susana Faria, Jorge Cadima,
and Nuno Moniz, whose work significantly contributed to the quality of the JOCLAD
2025 programme. We thank all the authors who submitted an abstract, as well as the
session chairs. We express our gratitude to all sponsors for their generous contribution to
JOCLAD 2025, with a special mention to our long-lasting partners, Statistics Portugal
and Banco de Portugal. Finally, we convey our thanks to the members of the Local
Organising Committee, Cristina Lopes, Cristina Torres, Isabel Vieira, Lurdes Babo, and
João Cordeiro, whose enthusiasm and tireless work have made JOCLAD 2025 come true.

In addition to the scientific program, JOCLAD 2025 offers a rich and engaging social
program. Participants have the opportunity to visit the historic Livraria Lello and savor
the renowned excellence of Port wine. The social dinner, offered in a cosy space of
Matosinhos city, near the Atlantic Ocean, feature a delightful selection of traditional
Portuguese delicacies, providing a relaxing atmosphere for networking and cultural
exchange. These moments of cultural immersion and social interaction are essential
to the JOCLAD experience, strengthening the sense of community and collaboration
beyond the academic sessions.

As we come together in Porto, JOCLAD 2025 reaffirms its mission to promote scientific
exchange, collaboration, and the dissemination of knowledge in data science, classification,
and statistical analysis. We warmly welcome all participants and look forward to three
days of insightful discussions, knowledge sharing, and networking in this beautiful and
inspiring city.

Porto, April 2025

Chair of the Scientific Programme Committee
M. Rosário Oliveira

Conference Chair
Cristina Lopes

President of CLAD
Paula Brito
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Thursday, 3 April – ISCAP Building

08:30 Registration Hall of Grande Auditório
09:00 Short Course – M. Hubert, P. J. Rousseeuw Room 13.2
10:30 Coffee Break Restaurant of ISCAP
11:00 Short Course (cont.) Room 13.2
12:30 Lunch Time Restaurant of ISCAP
13:30 Registration Hall of Grande Auditório
14:00 Opening Session Grande Auditório
14:30 Keynote Lecture I – M. Hubert, P. J. Rousseeuw Grande Auditório
15:30 Coffee Break Restaurant of ISCAP
16:00 Parallel Sessions I Room 13.1 & Room 13.2
19:00 Visit to Livraria Lello Porto
19:30 Porto de Honra Pólo Zero – Porto

Friday, 4 April – ISCAP Building

08:30 Registration Hall of Grande Auditório
09:00 Parallel Sessions II Room 13.1 & Room 13.2
10:10 Parallel Sessions III Room 13.1 & Room 13.2
11:10 Coffee Break Restaurant of ISCAP
11:30 Poster Session I Hall of Grande Auditório
12:00 Keynote Lecture II – A. Branco Grande Auditório
13:00 Lunch Time Restaurant of ISCAP
14:30 Thematic Session I – Bank of Portugal Grande Auditório
15:30 Thematic Session II – Statistics Portugal Grande Auditório
16:30 Coffee Break Restaurant of ISCAP
16:50 Thematic Session III – CLAD 2025 Scholarships Grande Auditório
18:30 General Assembly of CLAD Grande Auditório
20:30 Social Dinner Casa do Ribeirinho – Matosinhos

Saturday, 5 April – ISCAP Building

09:00 Parallel Sessions IV Room 13.1 & Room 13.2
10:10 Thematic Session IV – CLAD Corporate Grande Auditório
11:10 Coffee Break Restaurant of ESTG
11:30 Poster Session II Hall of Grande Auditório
12:00 Fernando Nicolau Award Grande Auditório
12:30 ISCAP Hackathon Awards Grande Auditório
13:00 Lunch Time Restaurant of ESTG
14:30 Thematic Session V – SPE Auditório 1
15:30 Keynote Lecture III – A. Montanari Auditório 1
16:30 Closing Session Auditório 1

xiii
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Thursday, 3 April

08:30 Registration – Hall of Grande Auditório

09:00 Short Course – Room 13.2
Recent developments in robust multivariate statistics
Mia Hubert and Peter J. Rousseeuw, p. 5

Chair: Adelaide Freitas

10:30 Coffee Break

11:00 Short Course (cont.)

12:30 Lunch Time

13:30 Registration – Hall of Grande Auditório

14:00 Opening Session – Grande Auditório

14:30 Keynote Session I – Grande Auditório
Cellwise robust dimension reduction
Mia Hubert and Peter J. Rousseeuw, p. 9

Chair: M. Rosário Oliveira

15:30 Coffee Break

xvii
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16:00 Parallel Sessions I

Room 13.1 Room 13.2
Clustering I Time series analysis

Chair: José G. Dias Chair: Maria Eduarda Silva
16:00 Detecting Airbnb host profiles with

HiMC: the multilevel clustering
methodology, Maria Gonçalves,
Pedro Campos, p. 59

Iterative GMM for bias reduction
in state-space models, Marco Costa,
Magda Monteiro, p. 67

16:20 Clustering for points of interest iden-
tification: insights from recent re-
search, Flora Ferreira, p. 61

A model-based approach for cluster-
ing zero-inflated count time series,
Lúıs Sousa, Isabel Pereira, Magda
Monteiro, p. 69

16:40 Real estate market dynamics in the
Oporto municipality, Francisco Sousa
Matos, Pedro Duarte Silva, p. 63

Clustering health data time se-
ries with the generalized affinity
coefficient, Ana Paula Nascimento,
Mónica Vieira, Bŕıgida Mónica
Faria, Alexandra Oliveira, Cristina
Prudêncio, Helena Bacelar-Nicolau, p.
71

17:00 Exploring voter turnout in Por-
tuguese legislative elections through
municipal profiling, Fábio Coutinho,
Joana Leite, p. 65

19:00 Visit to Livraria Lello – Porto

19:30 Porto de Honra – Pólo Zero

xviii
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Friday, 4 April
08:30 Registration – Hall of Grande Auditório

09:00 Parallel Sessions II

Room 13.1 Room 13.2
Optimization and Statistical
learning

Latent variables and
Generalized linear models

Chair: Pedro Duarte Silva Chair: Susana Faria
9:00 Optimizing energy use in agricutu-

ral irrigation systems: a data-driven
approach for sustainable practices,
José Brito, Conceição Rocha, Renato
Fernandes, Pedro Guimarães, Filipe
Silva, p. 73

Hypothesis testing for goodness-of-fit
in generalized partially linear models
using projections, Rui Costa-Miranda,
Rita Gaio, Christian Heumann,
Wenceslao González-Manteiga, p. 79

9:20 A classification method based on a
cloud of spheres, Tiago Dias, Paula
Amaral, p. 75

The effect of distress on the health
and well-being of workers. PLSc SEM
estimator, Lúıs M. Grilo, Helena L.
Grilo, p. 81

9:40 Randomly perturbed random forests,
Laura Anderlucci, Angela Montanari,
p. 77

Digital transformation in Europe: in-
sights from a multilevel multivariate
probit regression model, José G. Dias,
Lucas de Souza, p. 83

10:10 Parallel Sessions III

Room 13.1 Room 13.2
Clustering II Data analysis applications I
Chair: Margarida G. M. S. Cardoso Chair: Cristina Lopes

10:10 Enhancing fuzzy forests with
consensus clustering for unbi-
ased and robust feature selection,
Mouhamadou Lamine Ndao, Ndèye
Niang, Genane Youness, Gilbert
Saporta , p. 85

A statistical comparison of exter-
nal training load metrics during
congested versus non-congested pe-
riods in football, Paulo Barreira,
Lúısa Novais, Francisco Tavares, João
Pedro Araújo, p. 91

10:30 ClustOfVar: global vs local standard-
ization, Adelaide Freitas, Juliana Cas-
tanheira, Ana Aida Sá, p. 87

Time series features and forecast-
ing of community pharmacy sales,
Maria Inês Vicente, Joana Leite, p. 93

10:50 Clustering density-valued data,
Rui Nunes, Paula Brito, Sónia Dias,
p. 89

Towards a guide to include the
social perspective in engineering
programs: an international perspec-
tive, Teresa Barros, Alexandra Albu-
querque, Inês Braga, Paula Carvalho,
p. 95

xix
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11:10 Coffee Break

11:30 Poster Session I – Hall of Grande Auditório
Chair: Isabel Vieira

Predicting undergraduate dropout at the Polytechnic University of Coimbra
Marta Simões, Joana Leite, António Paulino, Isabel Pedrosa, p. 111

Open government data: a global perspective with a focus on Portugal
Inês Rocha, Clara Viseu, Manuela Larguinho, p. 113

Selection of variables influencing math scores in PISA data using LASSO
and elastic net
Beatriz Silva, Susana Faria, p. 115

Bitcoin price prediction with statistical and neural networks forecast models
João Peixoto, Carlos Grilo, José Martins, p. 117

Forecasting Ibovespa: statistical vs neural models
Elysiario Santos, Carlos Grilo, José Martins, p. 119

The perceived value of cooperative membership in organic cocoa production:
PLSc-SEM approach
Ibrahim Prazeres, Maria Raquel Lucas, Ana Marta-Costa, Pedro Damião
Henriques, Lúıs M. Grilo, p. 121

Analysis of consumer perceived value in food products using PLSc-SEM
Eunice Venâncio, Maria Raquel Lucas, Ana Marta-Costa, Pedro Damião
Henriques, Lúıs M. Grilo, p. 123

The role of social media and influencers in restaurant decision-making
Carla Henriques, Suzanne Amaro, Ana Desiderati, p. 125

Organisational climate and employee well-being
Vera Valente, Cláudia Amanajás, Hugo Carvalho, Cristina Lopes, Isabel Vieira,
Lurdes Babo, Cristina Torres, p. 127

A support vector machine model for stock risk classification
Faustino Sachimuco, Gaspar J. Machado, Irene Brito, p. 129

xx
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Lab-grown diamond price estimates: an interpretation
Margarida G. M. S. Cardoso, Lúıs Chambel, p. 131

Variable selection in low and high-dimensional mixtures of linear regression
models
Ana Moreira, Susana Faria, p. 133

12:00 Keynote Lecture II – Grande Auditório
Generative AI for the Portuguese language
António Branco, p. 11

Chair: João Cordeiro

13:00 Lunch Time

14:30 Thematic Session I – Bank of Portugal – Grande Auditório
What can we discover when we drill-down data further?

Chair: Lúıs Teles

14:30 Inequality and wealth distribution among Portuguese households: introduc-
ing the new Distributional Wealth Accounts, Gonçalo Amado, p. 17

14:50 Enhancing data consistency: an NLP-based approach for harmonizing non-
resident entities, Carolina Costa, Tiago Pinho Pereira, p. 19

15:10 Beyond distance: a data-driven assessment to cash accessibility in Portugal,
André Costa, Fábio Gomes, Hugo Cipriano, Pedro Cruz, Vânia Lopes, p. 21

xxi
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15:30 Thematic Session II – Statistics Portugal – Grande Auditório
From data collection to decision making: the growing use of administrative
data in Official Statistics

Chair: Pedro Campos

15:30 Estimation of free-riding in plastic package waste using placed-on-market
and business turnover information, João S. Lopes, Filipa Chambel, Nuno
Romão, p. 25

15:50 Improving the accuracy of administrative data on property transactions
using a network algorithm, Alexandre Cunha, João Poças, Sofia Rodrigues,
Paulo Saraiva, p. 27

16:10 Clustering expenditure patterns: an application on the Portuguese Household
Budget Survey, Eduarda Góis, Maria Manuel Pinho, Cristina Gonçalves, Carla
Afonso, p. 29

16:30 Coffee Break

16:50 Thematic Session III – CLAD 2025 Scholarships – Grande Auditório

Chair: M. Rosário Oliveira

16:50 Are complex networks useful for generating synthetic time series?,
Jaime Vale, Vanessa Freitas Silva, Maria Eduarda Silva, Fernando Silva, p. 33

17:10 Supervised statistical learning methods in the presence of spatial correlation,
Beatriz Ferreira, Raquel Menezes, p. 35

17:30 Statistical analysis of event impacts: the case of the Feira São Mateus,
A. Catarina Gonçalves, Ana I. Melo, Marco Costa, p. 37

17:50 Spatial imputation in rotating panel data: an analysis using stochastic
partial differential equations (SPDE) with INLA, Antonio Loŕıa-Garćıa, Ĺıgia
Henriques-Rodrigues, Pedro Campos, p. 39

18:10 Analyzing topological gait descriptors for improved classification of parkin-
sonism, Jhonathan Barrios, Wolfram Erlhagen, Miguel Gago, Estela Bicho,
Flora Ferreira, p. 41

18:30 General Assembly of CLAD – Grande Auditório

20:30 Social Dinner – Casa do Ribeirinho – Matosinhos

xxii
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Saturday, 5 April

9:00 Parallel Sessions IV

Room 13.1 Room 13.2
Data analysis applications II Supervised Learning

Chair: Bruno de Sousa Chair: Sónia Dias
9:00 From data to stories: statistics

and creativity in data journalism,
Cláudia Silvestre, Helena Figueiredo
Pina, p. 97

Classification of districts in
Costa Rica using geospatial data,
Luis Eduardo Amaya Briceño, Erick
Alfredo Vásquez Murillo, p. 103

9:20 Enhancing data quality in real-
time environments: metrics and
applications in digital industry,
Eliana Costa e Silva, Óscar Oliveira,
Bruno Oliveira, p. 99

Applying the weighted aggregated
sum product assessment method to
the risk classification of sectors for
greenhouse gas emission, Irene Brito,
p. 105

9:40 R&D in Portuguese companies,
Ĺıdia Maria Galvão Rodrigues Praça,
p. 101

Supervised machine learning
methodologies for longitudinal
data, Elsa Soares, Inês Sousa, p. 107

10:10 Thematic Session IV – CLAD Corporate: Feedzai, NOS – Grande Auditório

Chair: Carlos Ferreira

10:10 Strategic integration of machine learning and artificial intelligence at NOS,
Diogo Santos, p. 45

10:40 Low-latency graph methods for fraud detection systems, Jacopo Bono, p. 47

11:10 Coffee Break
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11:30 Poster Session II – Hall of Grande Auditório
Chair: Lurdes Babo

Trends in mean sea level and extreme events: particular case of Leixões
Dora Carinhas, Pedro Rodrigues, Miguel Picoto, Paulo Infante, p. 135

Titanium prostheses in middle ear reconstruction: a statistical analysis of
audiometric outcomes
Ana Matos, José Marques Santos, Javier Gavilan, p. 137

Statistical approach to establishing geochemical baselines for metal concen-
trations in marine sediments: a case study of Madeira Island
Dora Carinhas, Sandra Moreira, Anabela Oliveira, Carla Palma, Aurora Ro-
drigues, p. 139

Production of papayas in an aquaponics system
Fernando Sebastião, Judite Vieira, Lúıs Cotrim, Ouńısia Santos, Maria Ro-
drigues, Daniela Vaz, Vânia Ribeiro, Raul Bernardino, p. 141

Domestic violence and economic and social vulnerability
Ana Ribeiro, Ana Martins, Daniela Fernandes, Juliana Barbosa, Lurdes Babo,
Cristina Torres, Isabel Vieira, Cristina Lopes, p. 143

The influence of socio-economic conditions on public health
Patŕıcia Pinto, Ivanise Gomes, Jéssica Martins, Lurdes Babo, Cristina Torres,
Isabel Vieira, Cristina Lopes, p. 145

Weekend and holiday work by young people
Jéssica Nadais, Catarina Ferreira, Isabel Gomes, Cristina Lopes, Lurdes Babo,
Cristina Torres, Isabel Vieira, p. 147

Influence of physical readiness on fatigue variation during infantry officer
training course – a case study
João Fonseca, Rui Lucena, André Fonseca, Nuno Almeida, Paula Simões, p.
149

Comparative robustness of machine learning methods for genomic prediction
Vanda M. Lourenço, Joseph O. Ogutu, Hans-Peter Piepho, p. 151

Exploring dynamic neural field self-organizing maps for dimensionality re-
duction, visualization and classification
Paulo Barbosa, Flora Ferreira, Estela Bicho, Wolfram Erlhagen, p. 153
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Assessing risk: an extremal inference methodology
Marta Ferreira, Elisa Moreira, p. 155

Analyzing a method for estimating the tail index
Marta Ferreira, Liliana Monteiro, p. 157

Classification rules for a folded directional distribution
Adelaide Figueiredo, Fernanda Figueiredo, p. 159

A comparative analysis of residential water consumption models and forecasting
approaches
Eliana Costa e Silva, Tatiana Cunha, Flora Ferreira, p. 161

PAGEC: advancing attributed network analysis with joint embedding and clus-
tering
Lazhar Labiod, Mohamed Nadif, p. 163

Clustering, time series and risk analysis in surface water quality monitoring
A. Manuela Gonçalves, Irene Brito, Ana Pedra, p. 165

12:00 Fernando Nicolau Award – Grande Auditório
Chair: Paulo Gomes

12:30 ISCAP Hackathon Awards – Grande Auditório
Chair: Rita Gaio

13:00 Lunch Time
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14:30 Thematic Session V – SPE – Auditório 1
Temporal and spatial modelling

Chair: A. Manuela Gonçalves

14:30 Cross-correlation analysis to identify the drivers of phytoplankton biomass
in Atlantic coastal bays, Helena Mouriño, p. 51

14:50 On the performance evaluation of algorithms for the identification of ARMA
models, Sónia Gouveia, p. 53

15:10 A hierarchical Bayesian geostatistical model for zero-inflated and extreme
spatial data: analysing sardine egg density in Portugal, Soraia Pereira, Raquel
Menezes, Maria Manuel Angélico, Tiago Marques, p. 55

15:30 Keynote Lecture III – Auditório 1
Shrinking or screening: solutions for high dimensional regression
Angela Montanari p. 13

Chair: Paula Brito

16:30 Closing Session – Auditório 1
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Short Course





Recent developments in robust multivariate statistics

Mia Hubert1, Peter J. Rousseeuw1

1 KU Leuven, Department of Mathematics, Belgium, mia.hubert@kuleuven.be,
peter@rousseeuw.net

The topic of this short course is dealing with outliers in multivariate statistics.
The first part is about discriminant analysis in the presence of outlying cases,
with visualizations. The second part gives an introduction to cellwise outliers
and how to detect them.

Keywords: cellwise outliers, classmaps, discriminant analysis, minimum covariance de-
terminant, silhouette plot

In this short course we discuss two important topics in multivariate statistics: robust
classification and cellwise outliers.
In the first part we study classification in the presence of outliers and mislabeled obser-
vations. Here, outlier refers to a case, that is, a row of the data matrix that behaves
differently from the overall pattern. We study discriminant analysis based on robust es-
timates of location and scatter, such as the Minimum Covariance Determinant estimator
(MCD). Next we introduce class maps and silhouette plots as graphical diagnostic plots
for visualizing various aspects of classification results.
The second part addresses cellwise outliers. These are suspicious cells (entries) that can
occur anywhere in the data matrix, and might not reveal themselves in the individual
variables separately. We first describe the cellwise paradigm and address the detection of
outlying cells. Then we look at a cellwise robust version of the MCD that can also deal
with casewise outliers and missing values.

References

[1] J. Raymaekers and P. J. Rousseeuw. The cellwise minimum covariance determinant estimator.
Journal of the American Statistical Association, 119:2610–2621, 2024.
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[3] P. J. Rousseeuw and W. Van den Bossche. Detecting deviating data cells. Technometrics,
60:135–145, 2018.
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Cellwise robust dimension reduction

Mia Hubert1, Peter J. Rousseeuw1

1 KU Leuven, Department of Mathematics, Belgium, mia.hubert@kuleuven.be,
peter@rousseeuw.net

We present two robust dimension reduction methods. The first is a principal
component analysis (PCA) method that can simultaneously deal with casewise
outliers, cellwise outliers, and missing cells. The second is an extension to
multiway data.

Keywords: cellwise outliers, iteratively reweighted least squares, missing values, principal
components, tensor data

The prevalence of ever larger datasets poses substantial challenges for statistical analysis.
A common issue is the presence of outliers and missing data, caused by a variety of factors
such as measurement errors or rare and unexpected events. Multivariate data are typically
represented by a rectangular matrix in which the rows are the cases (objects) and the
columns are the variables (measurements). Depending on the situation, outliers may be
undesirable errors which can adversely affect the data analysis, or valuable nuggets of
unexpected information. Either way we want to detect them. To date research was mainly
focused on casewise outliers, also called rowwise outliers, which are cases not generated by
the same mechanism as the clean data. Many robust methods have been developed for this
framework. These casewise robust methods work by downweighting or deleting outlying
cases, and require that at least 50% of the cases are clean.
In recent years also cellwise outliers have come in the spotlight. These are deviating entries
(cells) that can occur anywhere in the data matrix. They are especially common in high
dimensional data, because then there are many variables in which something can go wrong.
A typical example is process control data recorded by many sensors, some of which are
defective some of the time, whereas we want to extract the information in the clean cells.
This resembles the missing data setting, but it is harder because we do not know which
cells are outlying, especially because they need not reveal themselves when looking at the
individual columns separately.
Even a relatively small proportion of outlying cells can contaminate over half the rows,
which may cause casewise robust methods to fail. Therefore, other approaches are being
developed that can deal with outlying cells. For a recent review of cellwise methods
and their properties, see [5]. Most of these methods were developed for relatively low-
dimensional settings. However, we also need methods that can deal with high dimensions.
Classical PCA is strongly affected by both rowwise and cellwise outliers because it is a least
squares method. In contrast, the MacroPCA method [2] was the first to address the issues
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of rowwise outliers, cellwise outliers, and missing values simultaneously. However, it is a
combination of elements from earlier methods and lacks a unifying underlying principle.
Today we present the cellPCA method [1] which also deals with all three issues, and is the
first method to do so by minimizing a single objective function, which makes it possible
to study its properties. It combines two robust losses that effectively mitigate the effect
of rowwise and cellwise outliers, while skipping missing cells. The method is computed
by an iteratively reweighted least squares (IRLS) algorithm. We provide the casewise and
cellwise influence functions of the estimator, as well as its asymptotic distribution. We also
present enhanced graphical displays of outliers, and illustrate the method on real data.
Next we show how this methodology can be extended towards multiway or tensor data.
Multilinear Principal Component Analysis (MPCA) is a new formulation for tensor decom-
position, proposed in [4]. It extends classical PCA by working directly with the original
tensor data and performs dimensionality reduction across all tensor modes, by identifying
bases in each mode that enable the projected tensors to capture the maximum variation
present in the data. Similar to PCA, MPCA is sensitive to both casewise and cellwise
outliers as it relies on an alternating least squares algorithm. To alleviate this sensitivity,
robust adaptations of MPCA have been proposed [3] but they can either deal with casewise
outliers or with cellwise outliers, but not both. There does not yet exist an MPCA method
that can simultaneously handle both types of outliers as well as missing values. We show
how our new cellMPCA method addresses all these issues simultaneously.

References

[1] F. Centofanti, M. Hubert, and P. J. Rousseeuw. Robust principal components by casewise
and cellwise weighting. arXiv preprint arXiv:2408.13596, 2024.
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Generative AI for the Portuguese language

António Branco
Faculdade de Ciências da Universidade de Lisboa, Portugal,
ambranco@ciencias.ulisboa.pt

This talk will provide an updated overview of the current development of Large
Language Models (LLMs) of generative Artificial Intelligence (gen AI) for the
Portuguese language that are widely open, i.e. that are open source, and openly
distributed for free under a most open license, and furthermore are scientifically
validated.

The crucial importance of open AI for the democratization of AI will be dis-
cussed, including its key societal and strategic impacts, as well as the actual
relevance of the open LLMs, which tend to be unfairly played down usually on
the basis of equivocation about their smaller size and respective capacities and
usefulness.

Keywords: generative AI, Large Language Models (LLMs), Portuguese language, de-
mocratization of AI

This lecture aims to provide an updated overview of the development of Large Language
Models (LLMs) for Generative AI, specifically for the Portuguese language. It will focus
on open models, meaning open-source AI models that are freely distributed under open
licenses, with the goal of making artificial intelligence accessible to all. Furthermore, the
lecture will discuss the scientific validation of these models, which is essential to ensure
their accuracy, efficiency, and applicability across various fields.
One of the central themes of the lecture will be the growing importance of open AI and how
it plays a crucial role in the democratization of artificial intelligence. Unlike proprietary AI
models, which are often controlled by large corporations with restricted access, open models
provide equal opportunities for individuals, researchers, developers, and organizations of
all sizes. This accessibility facilitates the creation of innovative solutions, the advancement
of scientific research, and the ethical and inclusive application of AI.
The lecture will also explore the social and strategic impacts of open LLMs, discussing
how their free distribution can transform various sectors of society, such as education,
healthcare, science, business, and the creative industries. Open models help reduce barriers
to access to knowledge and technology, enabling more people to use and develop AI-based
applications, regardless of their location or socioeconomic context.
Another key point will be the analysis of public perception regarding open LLMs, which are
often underestimated or undervalued compared to larger proprietary models with greater
visibility. A significant part of this undervaluation is based on the misconception that
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smaller models with fewer parameters are less effective or useful than their larger coun-
terparts. This stigma is often driven by a lack of understanding of the real capabilities of
these models, which, despite being smaller in size, can be highly effective, efficient, and
highly applicable in various contexts, particularly in the Portuguese language, where access
to large-scale specialized models is still limited.
The lecture will also address the fundamental role that open LLMs play in strengthen-
ing communities of developers and researchers, creating a collaborative ecosystem where
everyone can contribute to the advancement and improvement of the technology. Unlike
closed solutions, which hinder collaboration, open models encourage collective innovation
and allow for the adaptation and customization of models to meet specific local, cultural,
and linguistic needs, such as those of the Portuguese language.
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Shrinking or screening: solutions for high dimensional

regression

Angela Montanari
University of Bologna, Italy, angela.montanari@unibo.it

It is well known that, in multiple linear regression, the least squares estimates
of the regression coefficients are not unique when p (the number of variables)
is larger than n (the number of units) and even when, for p slightly smaller
than n, a unique solution to the least squares problem exists, the estimates can
be really unstable making inference completely unreliable. In this talk we will
review different solutions that have been proposed in the statistical literature
to tackle these issues and propose some new ones. This presentation is a joint
work with Laura Anderlucci, Matteo Farnè and Giuliano Galimberti from the
University of Bologna.

Keywords: linear regression, random projection, variable screening, regularized covari-
ance estimation

It is well known that, when dealing with high dimensional data, most of the classical
multivariate methods cannot be applied or give unreliable results and it is known as well
that, when the number of observed variables p is large, the relevant information may be
contained in an lower-dimensional subset of the observed variables.

In the context of multiple linear regression this means that, for high dimensional data, the
least squares estimates may be non unique and thus regularization approaches or sparsity
assumptions on the vector of coefficients need to be adopted, in order to obtain reliable
estimates of the model parameters.

Starting from the well known ridge regression approach, many regularized solutions have
been proposed. We review a few of them and focus on a new proposal [5] that explored the
possibility to replace the sample covariance matrix of the predictors by a regularized one,
obtained under the assumption that the true covariance matrix of the predictors follows a
low rank plus sparse structure [4].

From a different perspective, high-dimensionality can be dealt with by resorting to variable
selection. In this framework the ordinary approach based on stepwise methods has turned
out to produce very unstable results and new alternative solutions have recently appeared
in the literature. The problem, for instance, has been addressed by either directly applying
l1 norm regularization to the original data [7] or by screening the variables to identify the
most relevant ones and then applying an l1 penalty to the selected subset [3]. The reasons

5 April, 15:30 - 16:30, Auditório 1
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for this two-step approach lie in the high computational load inherent in the penalized
approach.

Here we describe a new method [1] for variable screening and selection in multiple linear
regression which is based on random projections. The use of random projections to reduce
the dimensionality of a data set is becoming increasingly popular in the multivariate sta-
tistical literature. The common trait of the most effective solutions consists in randomly
combining the p columns of the data matrix X, thus mapping the data onto a random
d-dimensional (with d ≪ p) subspace on which classical analyses can be performed. The
results obtained on different random projections are then summarized by ensemble methods
in order to obtain the final estimates.

We present some novel results exploiting axis aligned random projections and compare our
solution with the one in [6] which is still based on random projections but differs in the
way the members of the ensemble are selected.
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Thematic Session
Bank of Portugal





Inequality and wealth distribution among Portuguese

households: introducing the new Distributional

Wealth Accounts

Gonçalo Amado
Banco de Portugal, gfamado@bportugal.pt

This article examines Distributional Wealth Accounts (DWA) for Portugal,
which combine national accounts and survey data to provide internationally
comparable insights into household wealth distribution. In last years, Por-
tuguese households experienced a rise in net wealth accompanied by decreases
in inequality, though absolute changes were driven mainly by the top 10%.
Debt reduction boosted net wealth for the bottom half, while asset appreci-
ation benefited richer households. On average, the wealthiest 10% hold over
nine times the wealth of the poorer half, reflecting stark differences in balance
sheet composition.

Keywords: inequalities, wealth distribution, national accounts, Portuguese households

This article presents the experimental Distributional Wealth Accounts (DWA) published
by the ECB, a novel high-frequency dataset on household wealth consistent with National
Accounts statistics. By linking Quarterly Sector Accounts with household survey data,
DWA provide new insights on the growth of household wealth on a quarterly basis. The
article provides details on the DWA for Portugal, discussing the evolution of household
wealth and inequality between 2010Q2 and 2024Q2.
The data indicate that the overall increase in the net wealth of Portuguese households
over the past decade has been accompanied by a reduction in inequality. This can be
seen by the reduction in the Gini coefficient. The wealth share of the poorest 50% of the
population has been rising slightly since 2016 (from 5% to 8% in 2024Q2). Also, the ratio
of net wealth between the top 10% and the bottom 50% has been decreasing in the recent
decade. One of the main drivers of the reduction in this ratio, and therefore in inequality,
is the continued reduction in the mortgage debt of the poorest half of the population.
However, for the period under analysis, this ratio had an average value of 9.76. This
means that, on average, the wealthiest 10% are more than nine times richer than the
combined poorer half of the population. DWA data highlights that the wealthiest 10% of
the population holds more than half (57%) of total net wealth in Portugal at the end of
the reference period.
Another meaningful result is the overall increase in absolute value of the net wealth being
driven mainly by the 10% richest decile. Figure 1 shows that the quarterly changes in the
total net wealth are guided by the top 10% (yellow columns).
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Figure 1: Quarterly Changes in Net Wealth, Portuguese households (2010Q3 - 2024Q2)

Looking only to top 10%, changes in net wealth were due to financial assets increases
(mainly equity and deposits) and, more recently, by housing wealth positive changes. The
total assets of the richest have risen steadily over the years, while their liabilities have
remained relatively stable. Therefore, the debt-to-assets ratio (another indicator available
in the database) decreased continuously.
While the net wealth of the bottom 50% of the population has increased, the quarterly
changes, in absolute terms, are less significant compared to those of the top 10%. However,
in relative terms, the wealth growth for the former group remains more substantial. The
quarterly variations in the net wealth of the poorest half of the population primarily stem
from reductions in mortgage debt, with a smaller contribution from increases in housing
wealth. The overall rise in real estate prices in Portugal is reflected across all population
deciles, contributing to a general increase in housing assets.
Over the last ten years, the difference between the relative growth in wealth of the poorest
half and the richest top 10% in Portugal has been positive and has only been greater
in Ireland, compared to other European countries. In this two countries, this difference
increased mainly due to the reduction in mortgage debts of the poorest 50%. The same
happened, in a less significant level, to the other countries with available data. This
reduction in mortgage debt could be due either to debt amortization or to households
moving to higher wealth deciles as a result of the general increase in housing prices.
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Enhancing data consistency: an NLP-based approach

for harmonizing non-resident entities

Carolina Costa1, Tiago Pinho Pereira1

1 Banco de Portugal, cgcosta@bportugal.pt, tppereira@bportugal.pt

This paper presents a tool designed to detect and correct errors and inconsisten-
cies in the identification of non-resident entities, ensuring harmonization and
temporal consistency. Tested across seven countries, the method achieves over
90% accuracy and can be adapted for other applications, such as standardizing
categorical variables like addresses.

Keywords: firm identifiers, NLP models, IES database, RIAD, iBACH database

Every year, non-financial firms report their business group structure through Informação
Empresarial Simplificada (IES). From this information, the Central Balance-Sheet Database
of Banco de Portugal develops a business group database which contains resident and non-
resident entities and the equity participation between them. Regarding non-resident enti-
ties, evidence shows that declarant firms not always report their name and tax number in
the same way which leads to inconsistencies in their identification and generates duplicates
for the same non-resident entity.
Business group structure data constitutes a relevant source of information used for several
purposes, including risk analysis, integration of the data into a reference database, and sup-
porting economic analysis from other departments and researchers. However, institutions
responsible for processing and maintaining these databases face considerable challenges in
ensuring its quality and consistency, particularly in the context of categorical data and
human language.
To address these challenges, comparison with other databases such as Register of Institu-
tions and Affiliates Database (RIAD) and iBACH database as well as Natural Language
Preprocessing (NLP) models are employed to assess text similarity, thus facilitating the
identification of identical entities even when represented differently across the dataset.
This paper outlines the ongoing development of a tool designed to detect and correct errors
and inconsistencies in the non-resident entities database, ensuring its harmonization and
temporal consistency. This tool is implemented using Python and SQL languages and
operates through two main steps:

� Treating errors and inconsistencies
In this stage, we apply data cleaning and transformation techniques to deal with
issues such as syntax errors in the names of entities (e.g., incorrect capitalization,
special characters, articles, and legal forms). The process also includes the detection
of anomalous values and duplicates.
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� Defining a unique name and identifier
Due to the linguistic particularities of each country, this part of the analysis is per-
formed on a country-by-country basis rather than on the entire database. However,
the target is to expand this analysis to all countries represented in the data. This step
focuses on diagnosing and treating five key inconsistencies: (1) Identifier according
to the Value Added Tax (VAT) number format; (2) Invalid identifier; (3) Duplicates;
(4) Identifiers with more than one associated name; (5) Names with more than one
associated identifier. To handle these inconsistencies, we follow an 11-step procedure
centered on an NLP algorithm called RapidFuzz, which evaluates string similarity
using a ratio based on the Levenshtein Distance. Additional control measures are
also implemented to minimize errors and enhance accuracy.

This method has been tested and validated across datasets from seven countries (Spain,
France, Italy, Slovakia, Poland, Netherlands and Norway), yielding positive results. Over-
all, the success rates are above 90%, demonstrating the tools’ effectiveness.

Table 1: Before and after of a fictional company in the database

Identifier Name
Before FR20332710563 Saint Lucas Recording
Before FR2710563 Saint Lucas Recording
Before FR20332710563 SAINT LUCAS RECORDING
Before FR20332710563 Saint Lucas Recording, S.A.
After FR332710563 SAINT LUCAS RECORDING

When applying this method, one should keep in mind that its computational demands are
high, especially when processing substantial volumes of data. Additionally, certain cases
may require detailed analysis, and linguistic variations across countries can introduce fur-
ther complexity. Despite these challenges, the method is highly versatile and valuable for
information processing. It can also be easily adapted to other circumstances, such as the
standardization and treatment of other categorical variables like addresses.

Disclaimer: The analyses, opinions and findings of this paper represent the views of the authors, which
are not necessarily those of Banco de Portugal or the Eurosystem. Any errors or omissions are the sole
responsibility of the authors.
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Beyond distance: a data-driven assessment to cash

accessibility in Portugal

André Costa1, Fábio Gomes1, Hugo Cipriano1, Pedro Cruz1, Vânia Lopes1
1 Banco de Portugal, anfcosta@bportugal.pt, fegomes@bportugal.pt,
hcipriano@bportugal.pt, pfcruz@bportugal.pt, vilopes@bportugal.pt

This study focuses on the spatial distribution of cash access points across
Portugal, analysing its adequacy relative to population needs through a two-
dimensional assessment. It integrates sociodemographic factors — including
tourism intensity and point of sale usage — with geospatial data measuring
distances between people and cash access points. Using coordinate mapping
and statistical analysis, we developed an interactive dashboard that illustrates
these relationships, revealing significant disparities across regions, ultimately
providing valuable insights for the management of the cash access point net-
work regarding coverage and efficiency.

Keywords: cash access, spatial analysis, sociodemographic analysis, data visualization

Maintaining the supply of cash is one of Banco de Portugal’s critical functions. Despite
growing digital alternatives, recent 2024 data shows that cash remains a fundamental
payment method in the Euro area where 52% of point of sale transactions are conducted
in cash, with Portugal exhibiting a slightly higher rate of 54% [1]. Furthermore, cash
accessibility remains a crucial aspect of financial inclusion [2].
This study extends traditional distance-based analyses of cash access points across Por-
tugal by examining their adequacy relative to the population needs. By adopting a
two-dimensional analytical approach, we integrated geographic distances with sociodemo-
graphic variables as proxies of cash demand to assess the adequacy of the infrastructure
[3].
Our methodology leveraged postal codes as population proxies to comprehensively analyse
cash accessibility patterns. For each postal code, using euclidian distances, we identified the
three nearest cash access points for two groups: ATMs (generally available 24/7) and banks
and payshops (time-restricted services). Furthermore, we enhanced our analysis using road
network calculations to determine actual driving distances and times since terrain features
such as mountains, rivers, and coastal areas can significantly increase travel time.
Additionally, we developed demand indicators for cash using Statistics Portugal data.
These indicators aimed to profile areas by cash preference levels (based on age and ed-
ucation), pressure demand on access points (including tourism effects) and point of sale
eletronic payment availability [4].
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This multidimensional demographic profile enables a deeper understanding of each region’s
specific cash access requirements beyond pure geographical coverage.
This analysis culminated in an interactive dashboard, showcased by the figures below,
enabling stakeholders to dynamically explore both geographic and demographic dimensions
simultaneously, highlighting critical areas thus providing valuable feedback on network
adequacy for decision-makers.

Figure 1: Sociodemographic overview Figure 2: Distance overview

Disclaimer The analyses, opinions and findings of this paper represent the views of the
authors, which are not necessarily those of the Banco de Portugal or the Eurosystem. Any
errors and omissions are the sole responsibility of the authors.

Acknowledgements We express our gratitude to the organisers of the 2nd Banco de
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Estimating free-riding in plastic package waste using

placed-on-market and business turnover information
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We present a study to calculate the annual amount of undeclared plastic pack-
ages placed-on-market (i.e. free-riding). The methodology uses information on
annual business turnover and reported placed-on-market values. Using this in-
formation, we estimate an average amount of packaging placed-on-market per
turnover. The businesses are clustered by similar characteristics like activity
field. Then, for each cluster, a hypothetical waste generation can be calculated.

Keywords: plastic packages, placed-on-market, free-riding, business turnover

Since January 1 2021, a new source of revenue for the European Union (EU) budget has
been created based on waste generated from non-recycled plastic packaging (plastic own
resource).
The system of own resources, including the plastic own resource, was established by the
EU for the period 2021-2027 (Decision 2020/2053) [2]. EU Council Regulation 2021/770 of
April 30 2021 [3] established the basis for the application of the plastic own resource, which
is calculated in accordance with Article 6a of Directive 94/62/EC [4] and the methodol-
ogy set out in Decision 2005/270/EC [1], in particular Article 6 thereof. This revised
methodology must be applied by Member States from reference year 2020 onwards.
Like most EU member states, Portugal calculates the generation of plastic packaging waste
based on the placed-on-the-market (PoM) approach. Since 2018, reporting the PoM of all
packaging, including plastic packaging, on the information platform of the Portuguese
Environment Agency (APA) has been mandatory.
Due to the potential for non-declaration of plastic packaging PoM (free-riding), a method-
ology was developed to estimate free-riding based on the turnover (TO) of businesses based
in Portugal. The information on the TO of businesses based in Portugal comes from the In-
tegrated Company Accounts System calculated by Statistics Portugal (INE). This system
integrates statistical information from businesses and administrative data, namely from the
Simplified Business Information (IES), complemented with data on self-employed workers
received through protocols with the Tax Authority (AT).
In this study, we present the methodology for estimating free-riding, which is based on
calculating the ratio between the PoM and the TO of the reporting companies. Firstly,
businesses are grouped by similar characteristics (i.e. Classification of Economic Activity,
CAE; and Number of People Employed, NPS). Secondly, for each grouping, the average
amount of PoM per TO of the reporting companies is estimated. Thirdly, the hypothetical
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non-declared PoM is calculated by multiplying this average amount by the TO of the non-
declarant companies. Fourth, the hypothetical total PoM can be calculated by adding the
declared PoM and the estimated undeclared PoM. Fifth, the proportion of undeclared PoM
in the hypothetical total can be indicative of the presence of free-riding within the specific
grouping.

Table 1: Estimation of total plastic packages PoM for the years 2018-2022

2018 2019 2020 2021 2022
Reported 225.5 232.8 226.3 229.3 237.3
Free-ride 38.9 (14.7%) 35.2 (13.2%) 44.6 (16.5%) 47.1 (17.0%) 24.5 (9.3%)
Total 264.4 268.0 270.9 276.4 261.8

Following the estimation of annual free-riding for specific groups of businesses from 2018
to 2022, we calculated the total plastic packages PoM by considering both reported and
unreported values (Table 1). Our results are consistent with estimations across EU (per-
sonal communication), but there is space for improvement in future work. Namely, in
the choice of grouping of businesses with potential of free-riding, and in the decision of
presence/absence of free-riding within specific groupings.
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Improving the accuracy of administrative data on

property transactions using a network algorithm
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Real estate administrative data offers great possibilities for the production of
official statistics but also many challenges such as incomplete or inconsistent
records. An edge-attributed network algorithm was developed to identify which
records represent real transactions, which are incomplete or inconsistent data,
and to assign an unique identifier linking records to a single property trans-
action. This approach can help improve the accuracy of property transaction
identification, supports better data integration, and facilitates more efficient
tracking and management of property ownership records.

Keywords: edge attributed networks, weight-constrained networks, administrative data,
data consistency

The integration of administrative data into official statistics offers substantial benefits, in-
cluding resource optimization, reduced processing time, and enriched datasets with broader
coverage. However, these datasets often pose challenges due to their design, which prior-
itizes administrative functions over statistical rigor. The real estate datasets provided to
Statistics Portugal exhibit quality issues, frequently containing provisional or incomplete
records that complicate the accurate aggregation and reconciliation of information at the
property level [1].
To address these limitations, each property is represented as a graph, with owners as nodes
and transaction attributes as edges, where the percentage of the transaction defines the
edge weight. Household ownership administrative data and historical transaction records
are incorporated into the model, creating more robust graphs. Initial outlier detection is
applied to remove records likely to generate invalid edges.
Constraint rules are based on network relationships and edge weights. Nodes are prioritized
by ownership status and their role within the graph; for example, if a node represents a
future seller, its edges are given higher priority. An edge is considered valid if the cumulative
sum of the its node and all its neighboring nodes does not exceed 100 percent. Nodes’ edges
are ordered by transaction date, with more recent transactions assigned higher priority and,
older edges of the same node, consider invalid.
Nodes that fail predefined validation criteria, such as network strength, degree, or trans-
action consistency, undergo a more complex analysis. This involves generating all possible
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cumulative sum combinations within the graph to identify inconsistencies and ensure co-
herence in property transactions. This step aims to consider as valid older data over more
recent data if it better satisfies the model’s constraint rules.
The output of the algorithm determines whether each edge is classified as a valid or in-
valid component of a property transaction. Additionally, an unique identifier is assigned
to each property transaction, allowing for clear differentiation and traceability of transac-
tions within the dataset. The process of transaction identification leverages graph theory
principles by calculating the shortest path from designated starting nodes to every other
node within the graph. The path length is used as a distinguishing factor to separate
and classify different transactions associated with the same property. This ensures that
the transaction structure is properly captured and aligned with the underlying network
relationships.
The results are then systematically compared to those derived from current production
methods, enabling an assessment of the algorithm’s accuracy and precision. By evaluating
the model against established benchmarks, the approach ensures that the new method not
only aligns with existing standards but takes advantage of the principles of graph theory
to enhance the reliability and interpretability of real estate transaction data in official
statistics.
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Clustering expenditure patterns: an application to

the Portuguese Household Budget Survey
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We apply the clustering methodology to the Portuguese HBS 2022/2023 data
to enable the characterization of households’ expenditure profiles. We conclude
that high-income households are in a small number and better represented by
large size families with children, owning their home, allocating a significant
share of their expenditure to education. As income decreases, the larger the
homogeneous groups of income become, allocating a higher share of their ex-
penditure to food, housing and transport.

Keywords: household, expenditure, cluster analysis, household budget survey

The national Household Budget Survey (HBS) is part of the European HBS project and
is in line with the recommendations agreed between Eurostat and the Member States.
Its main goal is the five-year calculation of the structure of household expenditure on
goods and services according to COICOP (Classification of Individual Consumption by
Objective), contributing to the updating of the weights of the Consumer Price Index, to
the estimation of the National Accounts private consumption and to approximating the
population diet using the quantities of food purchased. It was launched at the national
level in the late 1960s, and since then there have been 10 rounds, being one of Statistics
Portugal’s most consolidated large-scale statistical, targeting a representative sample of
the population living in the national territory, stratified regionally (NUTS 2 level).
In addition to the survey results available at Statistics Portugal and open to the public,
the anonymised data files, available for research purposes, can be used for detailed analyses
on the allocation of Portuguese households’ expenditure. Our strategy is to, first, apply
the clustering methodology to the 2022/2023 data (the most recent HBS wave) to enable
the characterization of the current expenditure profiles and then, using an exploratory
descriptive analysis, compare the 2022/2023 data with the two previous rounds (2010/2011
and 2015/2016) in order to identify possible significant changes in the expenditure pattern
of Portuguese households.
The main aim of our work is to create homogeneous groups of households according to their
expenditure pattern, using a cluster analysis able to produce, as Cormack [1] suggests, in-
ternally cohesive and externally isolated groups, which requires homogeneity within clusters
and heterogeneity between clusters. The grouping variables are the previously standard-
ised monetary expenditures (in euros) for the COICOP first level (13 Divisions), with the
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application of the survey weighting. Excluding non-monetary expenditure from the group-
ing variables implies disregarding self-consumption, income in kind on employment and
owner-occupied imputed housing rents.
We decided to exclude Division 13, Personal care, social protection and miscellaneous
goods, since it has a residual component and does not bring any discriminatory power.
We also decided to aggregate Division 09, Recreation, sport and culture, and Division 11,
Restaurants and accommodation services, since they capture to some extent similar con-
sumption purposes. In line with the classification of housing acquisition as an investment
expenditure, we also decided to remove from the grouping variables the purchase of vehicles
(Group 071) and of recreative durable goods (Class 0912).
Given the high number of HBS 2022/2023 cases (11,701 households in the sample), a non-
hierarchical classification technique is used, the K-means method, consisting of transferring
an individual to the cluster whose centroid is at the shortest distance. According to Steinley
[2], the K-means method is the most popular non-hierarchical clustering and is particularly
useful for large datasets as hierarchical techniques are far more computationally demanding.
To achieve the best differentiation and interpretative interest regarding the expenditure
profile of the households, our choice is to produce four clusters (K=4).
According to the final results of the 2022/2023 HBS round for Portugal, the mean annual
household expenditure in 2022/2023 was ¿23,900, about 2/3 of which were concentrated in
housing (39.3%), food (12.9%) and transport (12.1%). The results suggest that households
with dependent children spend annually on average ¿9,731 more than households without
dependent children, which leads to a mean monthly expenditure ¿811 higher. This dif-
ference extends to all COICOP divisions. Households in the top income quantile (20% of
households with the highest incomes) spent more than twice as much as households in the
bottom income quantile (20% of households with lower incomes).
Based on the K-means results, we conclude that high-income households are few in number
and are better represented by larger families with children, who own their homes and
allocate a significant portion of their expenditure to education. As income decreases,
the income groups become larger and more homogeneous, with a higher share of their
expenditures allocated to food, housing, and transportation.
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Are complex networks useful for generating synthetic

time series?
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Time series data are vital for multidisciplinary applications but often cannot
be shared due to privacy concerns. The generation of synthetic data has been
appointed as a solution to share data yet preserving its privacy, under a utility
privacy trade-off. Leveraging on complex networks approach to represent time
series, this study proposes a framework to generate synthetic time series. The
utility of the synthetic data is assessed by statistical and structural time series
metrics, while the privacy is assessed by usual privacy metrics for time series.

Keywords: synthetic time series generation, complex networks, time series mappings

A time series is a sequence of observations in chronological order and a key part of to-
day’s data ecosystem. However, time series often contain sensitive information and thus
cannot be shared easily even for research purposes. The generation of synthetic data has
been appointed as a solution to address this critical challenge [4]. Time series analysis
via complex networks offers an alternative approach for analyzing time series data. There
are several mapping methods to transform time series into complex networks, enabling
time series analysis within the network domain [3]. In particular Quantile Graph (QG)
is a transition-based mapping method that transforms time series data into a network,
where each data sample quantile is represented by a node in the network and the weighted
and directed links indicate the probability of transitions between consecutive data points
across quantiles. Additionally, this approach supports reverse mapping, that is, from the
generated quantile graph it is possible to obtain a time series that is statistically similar
to the original [1], offering a method to synthesize time series data. This approach can
help increase data volumes, which is crucial for the accuracy of modern machine learning
and artificial intelligence methods [2], and enable the sharing of sensitive time series data
securely through synthetic data [4]. This work aims to (1) develop a framework to syn-
thesize data using complex networks, (2) assess the utility of the generated synthetic data
through statistical and structural metrics, and (3) assess data privacy using established
metrics such as Mutual Information and Conditional Entropy.
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In this work, we proposed a framework which uses the time series-to-complex network map-
ping Quantile Graph (QG) and its reverse version for synthetic time series data generation.
We utilize the reverse method, which we termed Inverse Quantile Graph (InvQG), as a
way to synthesize time series data that statistically resembles the original. We perform a
set of empirical evaluations conducted on time series from established statistical models,
to analyze data utility through statistical features using tsfeatures package. Additionally,
we compute structural metrics of complex networks using the NetF framework to assess
similarity between original and synthetic data. Subsequently, we assessed the privacy by
computing Mutual Information and Conditional Entropy on the original and synthetic data
sets generated by InvQG, as well as on the original time series perturbed with added noise.
The synthetic time series generated using InvQG exhibited high utility, with some models
showing statistical and structural properties closely mirroring those of the original data.
Others models show increased variability and reduced temporal correlations, mainly in time
series with specific characteristics like trends, long memory effects and state-dependency.
Principal component analysis demonstrated consistent patterns, validating the preservation
of key data characteristics in synthetic data. Privacy analysis showed that synthetic data
outperformed the noise perturbation technique, with lower Mutual Information and higher
Conditional Entropy, indicating better privacy preservation. Additionally, synthetic data
preserves more key properties of the original data than noisy data, making it more useful.
InvQG method offers a scalable solution for generating synthetic data, effectively address-
ing challenges in analyzing sensitive data. By balancing privacy and utility, it can supports
data-driven research and applications, specially in fields with strict privacy regulations.
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Abstract
This project applies machine learning methodologies to data analysis with spa-
tial correlation, focusing on comparing techniques such as Random Forest, Ran-
dom Forest Regression Kriging, and Boosting. The study evaluates their pre-
dictive performance, variable selection processes, and computational efficiency,
highlighting their advantages and limitations. The findings aim to provide
insights for selecting appropriate methods in spatial data contexts.

Keywords: geostatistics, random forest, boosting

The analysis of data exhibiting spatial correlation presents unique challenges that standard
statistical and machine learning methods often fail to address adequately. This study aims
to evaluate and compare the performance of three supervised learning techniques: Random
Forest (RF), Random Forest Regression Kriging (RFRK), and Extreme Gradient Boosting
(XGBoost), in the context of spatial data.
The motivation for this work lies in the growing need to apply robust methodologies capable
of handling the complexities inherent in spatial datasets. These datasets often exhibit
non-stationarity, heterogeneity, and dependencies that can compromise the assumptions
underlying traditional modeling approaches. By leveraging machine learning techniques,
we aim to explore their capacity to address these challenges while providing accurate
predictions and insights.
The methods were applied to the dataset soil250 from the geoR package [2]. This dataset
includes several soil chemistry properties measured on a regular grid of 10 × 25 points
spaced by 5 meters. The target variable for this analysis was CTC (cation exchange
capacity). The analysis focused on evaluating the predictive performance, variable im-
portance, and computational efficiency of each method.

Methodology

1. RF: A learning method that constructs multiple decision trees for a given problem
by using bootstrap random samples of the data. RF is robust to overfitting and
handles non-linear relationships well.
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2. RFRK: An extension of RF that incorporates spatial autocorrelation by combining
the RF predictions with kriging, a geostatistical method. This approach accounts for
spatial dependencies in the residuals of the RF model [1].

3. XGBoost: A boosting algorithm that combines multiple simple models to create a
more robust and accurate predictive model. It trains base models iteratively, where
each new model corrects the errors of the previous ones to minimize a risk function
through stage-wise optimization in the function space [3].

Results and Discussion: The results indicate that XGBoost outperforms RF and RFRK
in terms of predictive accuracy, as measured by metrics such as RMSE, MAE and R2. The
iterative optimization and ability to reduce residual errors at each step likely contribute
to its superior performance. However, RFRK showed significant advantages in capturing
spatial autocorrelation, evidenced by improved residual diagnostics and spatial prediction
maps.
Variable importance analysis revealed that predictors such as coordinates, elevation and
enxofrar content were consistently ranked as the most influential across all models. This
finding underscores the importance of spatial information in driving the observed patterns.
Despite its strengths, XGBoost requires careful hyperparameter tuning and is computa-
tionally more demanding than RF. In contrast, RF offers a simpler implementation and
faster runtime but lacks the ability to explicitly account for spatial dependencies. RFRK
bridges this gap but at the cost of increased computational complexity.
Conclusion: This study highlights the strengths and limitations of RF, RFRK, and XG-
Boost in analyzing spatial data. XGBoost is recommended for scenarios prioritizing predic-
tive accuracy, while RFRK is better suited for applications where spatial autocorrelation
is critical. RF remains a viable option for exploratory analyses and scenarios with limited
computational resources.
Future work will involve applying these methods to additional real-world datasets and
exploring hybrid approaches that combine the strengths of each technique. By advancing
the methodological toolkit for spatial data analysis, this research contributes to more
accurate and actionable insights in fields such as environmental science, soil chemistry,
and geostatistics.
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Abstract
This study analyzes the impacts of Feira de São Mateus in Viseu using a mixed
methods approach. Based on visitor questionnaires and semi-structured inter-
views with merchants and organizers, it examines social, economic, and environ-
mental effects. Quantitative methods include hypothesis testing, ANOVA, and
Spearman’s correlation, while content analysis is used for interviews. Results
highlight positive economic and social impacts, though environmental aspects
need improvement.

Keywords: data analysis, events, impact of events, mixed methods

Over the past two decades, the number of events designed to attract tourists worldwide
has grown exponentially. As a result, cities have increasingly incorporated such events into
their strategies to draw both domestic and international tourists [1]. In fact, in recent years,
events have become instrumental in helping cities to achieve their objectives, which include
infrastructure development, job creation, investment attraction, regional promotion, and
enhancing their public image.
According to [3], events can be defined as gatherings of people at a specific time and
place with a purpose of celebration, commemoration, communication, education, or leisure.
Additionally, [2] classifies events according to their purpose, planning, size, form, content,
and format.
This study adopted a mixed-methods approach, combining both quantitative and qualita-
tive techniques to provide a more comprehensive understanding of the event under analy-
sis. The combination of surveys and semi-structured interviews, accounting for the various
stakeholders involved, enabled a more comprehensive analysis.
For visitors, in-person surveys were conducted during the 2023 edition of the Feira de São
Mateus, as they were leaving the event. The study defined event visitors as the target
population and employed a non-probabilistic quota sampling method, stratified according
to data from the national population of NUTS III Viseu Dão Lafões. A total of 353
responses were collected, based on the established quotas, and the data was subsequently
processed and analyzed using SPSS.
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For merchants, 50 semi-structured interviews were conducted during the event, using ran-
dom sampling to represent various economic sectors. Additionally, to capture the orga-
nizational perspective, semi-structured interviews were conducted post-event with a rep-
resentative from Viseu Marca and a city councilor from the Municipality of Viseu. This
combination of complementary methods facilitated data triangulation, ensuring a robust
and multidimensional analysis.
The Feira de São Mateus attracts a diverse audience, including young people, families, and
emigrants, with a significant proportion of visitors coming from outside the municipality of
Viseu, comprising approximately one-third of the sample. The event is particularly pop-
ular among individuals with higher education levels, and the majority of visitors have a
strong tradition of attending the event annually (75.72%). Additionally, 93.8% of respon-
dents expressed interest in returning, and 97.7% stated they would recommend the event,
indicating high levels of visitor satisfaction. Organizers highlighted the event’s increased
visitor numbers and revenue, while merchants mentioned a decline in the quality of the
event and organizational shortcomings.
In terms of impact, the event yielded social and economic positive effects and environmental
negative effects. Economically, it contributed to job creation and generated business oppor-
tunities for local companies. Socially, the event promoted the city as a tourist destination
and increased Viseu’s recognition. However, negative impacts were reported, including
traffic congestion, increased noise, and inconveniences for residents. Environmental issues,
such as waste generation and pollution, were also highlighted.
The study concludes that despite its challenges, the Feira de São Mateus’ strengths out-
weigh its weaknesses, underscoring the event’s enduring success over the years.
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Abstract
Attrition is a challenge in surveys of the labor force with rotating panel de-
signs. This study uses spatial imputation with stochastic partial differential
equations (SPDE) using data from the Portuguese Labor Survey, from 2023-
2024. Imputation methods were used to treat missing values for net income
along covariates such as age, sex, academic degree, and months of employment,
aimed at improving estimations done by Portugal´s National Statistics Insti-
tute (INE), as a contribution to the development of imputation methods for
spatially structured rotating panel data for complex survey designs.

Keywords: rotating panel data, attrition, spatial imputation, INLA, SPDE

The central problem in longitudinal surveys is attrition and rotating panel data surveys
are not an exception. A comprehensive definition of a rotating panel design, described
by [4], characterizes it as a combination of repeated cross-sectional and panel designs.
We have special interest in individuals or households that, for many reasons, are dropped
out of the labor force surveys, causing attrition, and how this missing information can
be “filled” with imputation. In national statistics with rotating panel data designs, it
becomes fundamental to understand the attrition rate to determine whether respondents
are participating enough to obtain accurate inferences. Depending on how and why these
missing values exist, the validity of inferences may be compromised.
The objective of this research relies on using a spatial imputation approach for net in-
come, with stochastic partial differential equations (SPDE) method using integrated nested
Laplace approximation (INLA) [3], comparing the results with classic INLA and multiple
imputation. We used trimestral data from the Portuguese Labor Force Survey between
2023 and 2024. According to [3], INLA process is computed in three steps: 1) approximat-
ing the posterior marginal of certain parameter θ by using the Laplace approximation, 2)
computing the Laplace approximation, or the simplified Laplace approximation for selected
values of θ, to improve on the Gaussian approximation, and 3) combining the previous two
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steps using numerical integration. The SPDE models that use INLA are greatly explained
by [1] based on the wide studies of [2] to obtain an SPDE solution, using random Gaussian
fields (RGF) and the Mátern covariance.
The results were developed using the programming language R and the IDE RStudio,
applying a methodology that involved regressing net income as the response variable against
one or more covariates—such as age, sex, academic degree, and months employed—using
the available SPDE functions in the INLA-R library.
The models were used to predict the missing values in the net income variable of the
first wave, simulating the full sample. This “complete” net income variable on the first
wave is used as a lagged covariate for the second wave, and the process will be repeated
subsequently for the next waves. If SPDE modeling is useful for imputation, the lagged
covariates should improve the results of the next wave. The results of multiple imputation
and classic INLA models without spatial data were included, to determine the potential
benefits (if exist) of using geographic data and lagged covariates with SPDE and INLA.
A limitation was the inaccessibility of specific individual locations. The proposed solution
to this problem was to randomly determine the location of the household according to the
residence district based on NUTS-II, as the unique geographical reference available. The
lack of specific geographic data for individuals or households opens the door to further
research on the topic, especially to obtain better grids for SPDE with INLA analysis.

Acknowledgements This research was done with the support of Centro de Investigação
em Matemática e Aplicações (CIMA), Universidade de Évora, Portugal, under reference
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Abstract
This study examines Topological Data Analysis (TDA) to improve parkin-
sonism classification based on gait. We applied persistent homology to ex-
tract topological descriptors—Betti Curves, Persistence Landscapes, and
Silhouettes —to capture nonlinear gait dynamics. Combined with a Random
Forest model, these descriptors distinguished between Control and Parkin-
son’s, as well as idiopathic Parkinson’s disease and vascular Parkinsonism.
Betti Curves outperformed others, indicating TDA’s potential in identifying
disease-specific gait changes.

Keywords: gait analysis, machine learning classification, Parkinson’s disease, persis-
tent homology, topological data analysis

The differential diagnosis between Idiopathic Parkinson’s Disease (IPD) and Vascular
Parkinsonism (VaP) is essential for effective clinical management and tailored treatment
strategies. However, the significant phenotypic overlap between IPD and VaP presents
challenges for accurate differentiation using conventional approaches [1, 2]. This study
investigates the application of Topological Data Analysis (TDA) to improve the clas-
sification of Parkinsonian subgroups by revealing nonlinear features in gait dynamics
that are often undetectable by traditional methods.
Using gait time series data from 15 IPD patients, 15 VaP patients, and 36 healthy
controls (CO), persistent homology was employed to extract topological descriptors,
including Betti Curves (BC), Persistence Landscapes (PL), and Silhouettes (SL). These
descriptors capture multiscale topological features from persistence diagrams and were
used as input to a Random Forest classifier. Parameters such as embedding dimension,
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time delay, and the number of bins were optimized to ensure robust feature extraction
and classification performance [3].
The classification between CO and PD patients demonstrates the application of topo-
logical descriptors as features. The results demonstrate that BC outperformed PL and
SL across multiple gait variables, achieving high classification accuracy and Area Under
the Curve (AUC). For IPD vs VaP classification, BC achieved an AUC of 0.80 and an
accuracy of 83%, particularly excelling in features like Strike Angle and Peak Swing.
The superior performance of BC highlights its ability to summarize persistent topolog-
ical features effectively, as opposed to PL and SL, which exhibited greater sensitivity
to noise and dimensionality [4].
This work underscores the potential of TDA to advance gait analysis for neurodegen-
erative disease diagnostics by integrating topological descriptors with machine learning
models. These findings align with previous studies demonstrating TDA’s capacity to en-
hance the understanding of complex gait dynamics. Future efforts will focus on refining
topological parameters and extending this methodology to larger datasets, contributing
to more robust and scalable diagnostic tools for clinical use.
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Strategic integration of machine learning and artificial

intelligence at NOS

Diogo Santos
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Abstract
NOS leverages extensive data and advanced Machine Learning/Artificial Intel-
ligence to enhance customer experience and operational efficiency. This talk
covers predictive models like decision trees and regression, real-world case stud-
ies, and measurable outcomes. It also addresses scaling Machine Learning from
experiments to structured, agile workflows, emphasizing standardized processes
and automation. Key lessons, challenges, and NOS’s future innovation strate-
gies are highlighted.

Keywords: machine learning, artificial intelligence, operational efficiency, predictive
modeling, digital transformation

NOS, as a telecommunications provider, strategically leverages extensive datasets gener-
ated through continuous and diverse customer interactions, enabling numerous practical
applications of advanced Machine Learning (ML) and Artificial Intelligence (AI). These ap-
plications focus primarily on customer experience enhancement and operational efficiency.
This talk will highlight specific methodologies and real-world case studies where predic-
tive ML models, including decision trees and regression analyses, were successfully ap-
plied. Each case study encompasses detailed analyses from problem contextualization and
methodological approaches through to quantifiable business outcomes.
Further, we address organizational challenges associated with scaling ML initiatives, no-
tably transitioning from isolated experimentation and ad-hoc prototyping towards a struc-
tured, agile, and collaborative workflow. Institutionalizing standardized processes, deploy-
ing robust data engineering practices, and automating model management in production
have significantly boosted productivity and innovation capacity.
We conclude by discussing the key lessons learned, ongoing challenges, and future strate-
gic directions, reaffirming NOS’s commitment to sustained technological innovation and
intelligent data utilization.
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Low-latency graph methods for fraud detection

systems

Jacopo Bono
Feedzai, jacopo.bono@feedzai.com

Fraud detection systems must assess events with millisecond latency. Due to the
increasing prevalence of scams, where victims lose funds that are then rapidly
dispersed through multiple mule accounts, there is a need to integrate network-
based information into detection processes. However, performing graph-based
computations within stringent latency constraints poses significant challenges,
often forcing compromises between the timeliness of the data and the com-
plexity of the graph operations. In this paper, we present an overview of our
recent research into encoding real-time graph information specifically tailored
for low-latency production environments.

Keywords: dynamic graphs, low latency, fraud detection

Financial transactions form dynamic graphs linking entities like accounts, merchants, and
devices. Fraud typically manifests as deviations from standard entity behaviors and re-
quires detection within a tight window between transaction initiation and authorization.
Recent years have seen an increase in scam activities, where fraudsters use social engineer-
ing to move funds into mule accounts. These funds often pass through multiple accounts
to obscure origins, making a network-based detection approach essential.
Efficiently encoding graph information within millisecond latencies is challenging. Tradi-
tional graph-based methods involve sampling graph neighborhoods and extracting features,
but this process is computationally intensive, prompting trade-offs between data timeli-
ness and context size, either by heavily restricting the neighborhood or performing graph
operations asynchronously.
Our work aims to avoid neighborhood sampling by using stateful models and message-
passing triggered by interactions. Graph recurrent neural networks (GRNNs) [1], similar
to traditional RNNs, update multiple entity states and exchange information upon each
interaction, naturally incorporating temporal dynamics and neighborhood information.
Nevertheless, training GRNNs using standard backpropagation methods is impractical [1].
We have therefore investigated two variations to overcome using backpropagation. The first
method involves fixing recurrent updates, leading to a graph feature engineering system
that can deliver low-latency graph information effectively [2]. The second method proposes
learnable but linear recurrent dynamics, therefore allowing real-time recurrent learning
instead of backpropagation through time. This simplifies the training process, iterating
through interactions chronologically without needing to keep past interactions in memory
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Figure 1: Trade-off between test ROC-AUC and inference runtime for three dynamic graph
datasets (Wikipedia, Mooc, Reddit). Figure reproduced from [3]

as is required by backpropagation through time [3]. We evaluated our methods against
state-of-the-art techniques (Jodie [4], TGN [5]), achieving comparable performance while
significantly reducing inference latency, as shown in Figure 1.
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Cross-correlation analysis to identify the drivers of

phytoplankton biomass in Atlantic coastal bays

Helena Mouriño
CEAUL, Faculdade de Ciências, Universidade de Lisboa, Portugal, mhnunes@fc.ul.pt

In this presentation, we will mainly apply a modified cross-correlation technique
to identify the drivers of phytoplankton biomass in two Portuguese coastal
bays: Lisbon Bay and Lagos Bay. We will analyse a nine-year chlorophyll-a
time series, as chlorophyll-a is considered a proxy for phytoplankton concen-
tration. The analysis will proceed as follows: First, the periodic behaviour
of chlorophyll-a concentration in each bay will be modelled as a combination
of the periodicities found statistically significant by the Hartley test applied
to the periodogram’s peaks and the one-week lag of chlorophyll-a concentra-
tion. Then, the chlorophyll-a time series will be cross-correlated with various
meteorological and oceanographic variables at different time lags.

Keywords: time series, cross-correlation, simultaneous confidence intervals, spectral anal-
ysis, phytoplankton

Phytoplankton are microscopic, primarily unicellular algae that live in the ocean and con-
stitute the foundation of the marine food chain. Like terrestrial plants, phytoplankton
contain the pigment chlorophyll-a, which gives them a greenish colour. Based on this
characteristic, chlorophyll-a can be used as a proxy for phytoplankton biomass in the
visible light region of the ocean. Monitoring chlorophyll-a levels provides a simple and
cost-effective method for tracking phytoplankton biomass.
In upwelling regions such as theWestern Iberian Coast, phytoplankton biomass patterns are
primarily influenced by water column stratification, nutrient availability and the intensity
and persistence of upwelling conditions. Several studies have highlighted the role of specific
environmental drivers in shaping phytoplankton variability across space and time. The
analysis of chlorophyll-a time series and correlated environmental variables can lead to
identifying the relative importance of phytoplankton variability drivers [1]. In this study, we
will examine the influence of selected meteorological and oceanographic (MetOc) variables
on chlorophyll-a levels.
The present study focuses on nine years (2008–2016) of chlorophyll-a data from two coastal
bays, Lisbon Bay and Lagos Bay. The data under analysis were collected weekly. We began
by assessing the extent to which small latitudinal differences and/or coastline orientations
(Lisbon versus Lagos) contribute to distinct periodic behaviours of chlorophyll-a concen-
tration. To this end, we estimated the periodic behaviour of chlorophyll-a concentration
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in each bay by combining the results of the Hartley test applied to the ordinates of each
periodogram with the partial-adjustment model [2, 3].
Next, a modified cross-correlation technique was applied to quantify the relationship be-
tween chlorophyll-a concentration and the following MetOc variables at different time lags:
sea surface temperature, surface photosynthetically available radiation, upwelling index,
mixed layer depth and precipitation. The approximate variance and covariances of the
sample cross-correlations - used to assess their significances - were derived from Bartlett’s
theorem [4]. Simultaneous confidence intervals for different lags were also computed.
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identification of ARMA models
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Identifying the order of an ARMA model is crucial in time series analysis.
Traditional methods use ACF and PACF, while automated approaches like the
Hyndman-Khandakar (HK) algorithm rely on Information Criteria to improve
computational efficiency, but lack thorough validation. This paper assesses the
HK performance through simulations, comparing the selected orders with those
of the generating processes. The results highlight strengths and limitations of
the algorithm, and offer insights for enhancing the task of model selection.

Keywords: ARMA models, order identification, Box-Jenkins, Hyndman-Khandakar

The analysis of univariate time series data using Autoregressive and Moving Average
(ARMA) models constitutes a cornerstone of data analysis, yet selecting the appropri-
ate model order (p, q) remains a pivotal challenge.
The publication of Box and Jenkins’ seminal book in 1970 brought significant advance-
ments in the field of ARMA model order selection [3]. The book provided a practical and
unified approach to model selection based on an iterative cycle of stages, including (1) the
identification of a candidate model to be tentatively entertained, (2) the estimation of its
parameters and (3) a diagnostic checking aiming to answer the key question “is the model
adequate?”. Initial reactions to the approach were mixed, with some literature questioning
“Is Box-Jenkins a waste of time?” [1, 2], but it has since become a foundational guideline
in time series analysis. The following editions of the book underwent substantial revisions
and expansions, incorporating contributions from new authors [4], including Greta Ljung
(1941 - 2024) who collaborated with George Box (1919 - 2013) in the development of the
Ljung-Box statistical test, widely used to assess the presence of autocorrelation in resid-
uals, helping to determine whether a model adequately captures the underlying temporal
structure observed in the data [6].
Nowadays, the process of building an ARMA model typically involves examining the empir-
ical Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) and
evaluating numerous candidate models using an Information Criteria (IC). Automated
methodologies have been developed to streamline this task, typically involving batch anal-
ysis of a predefined set of orders or systematically exploring all feasible combinations within
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specified ranges (similar to a grid search procedure). While systematic, these methodolo-
gies can be computationally expensive.
Sequential search strategies for ARMA model order selection provide a more efficient al-
ternative to grid search methods. For example, the Hyndman-Khandakar (HK) algorithm
explores a range of models with different (p, q) values, evaluating each candidate combina-
tion using an IC [5]. The algorithm starts with a set of initial models, selects the one with
the lowest criterion value and iteratively adjusts parameters to explore neighboring models
until no further improvement is detected. Despite its appeal, this algorithm has not been
rigorously evaluated, raising concerns about its reliability in identifying the correct model
order.
This study addresses the question “Is Hyndman-Khandakar a waste of time?” by evaluat-
ing the effectiveness of the HK algorithm in determining the order of an ARMA model.
Specifically, the performance of the HK algorithm is evaluated through a systematic sim-
ulation study, comparing the selected orders over realizations with those of the generating
processes, considering different factors such as the ARMA structure, the values of the
parameters and the length of the time series.
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zero-inflated and extreme spatial data: analysing
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Modeling spatial datasets characterized by an excess of zeros and extreme val-
ues poses significant challenges in statistical analysis. Such data structures are
common in ecological studies, particularly in marine biology, where the presence
or absence of a species and rare high-density occurrences can impact population
management strategies. This study introduces a hierarchical Bayesian geosta-
tistical model designed to effectively handle these complexities in the context
of sardine egg density along the Portuguese coast.

Keywords: geostatistical modeling, zero-inflated data, extremes, hierarchical Bayesian
models, sardine egg density

The ability to predict where, and when, a species will be, and at what densities it will
occur when present, is fundamental knowledge to effective management and conservation
of wild species. Here in particular we intend to understand the spatial distribution of the
sardine eggs density in the coast of Portugal and Gulf of Cadiz, using data from the spring
acoustics-trawl survey conducted anually by the Portuguese National Institute for the Sea
and Atmosphere (IPMA). We will look at this as a geostatistical problem, where the main
objective is the prediction of a variable of interest over a domain, based on the values
observed at a limited number of points. Kriging is one of the most classical approaches to
spatial prediction in the point-referenced data setting. However, inference on such models
is not straightforward due to the sparse covariance matrices. That problem is well known
in the literature as big n problem. To overcome the computational costs, Lindgren et
al (2011) [1] proposed a new approach based on stochastic partial differential equation
(SPDE) models. The idea is to approximate the Gaussian field by a Gaussian markov
random field, a discretized version. This approximation can be easily implemented using
the integrated nested Laplace approximation (INLA) methodology ([3]). Here, we will
adopt these frameworks to support the implementation of suggested model.
Since the data presents a high proportion of zeros and overdispersed data compared to
one of the most common distributions to model sardine eggs densities, such as a Gamma
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distribution, we propose a geostatistical Gamma-GP hurdle model, where GP represents
the Generalized Pareto distribution.
The model we propose here has some points of contact with the model of Opitz et al (2018)
[2]. The authors developed a Bayesian generalized additive modeling framework tailored
to estimate complex trends in marginal extremes observed over space and time, where the
latent random effects were modeled using Gaussian process priors. Here, we will extend
this model incorporating a binomial distribution to model the presence/absence, and that
will be applied to the ecological problem here presented.
The integrated modeling strategy is broadly applicable to similar ecological problems and
other contexts involving zero-inflated or heavy-tailed spatial data.

Figure 1: Posterior mean of: probability of presence (left), right truncated positive sardine
eggs density conditional to the presence (middle), exceedances (right)
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Detecting Airbnb host profiles with HiMC: the

multilevel clustering methodology
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We provide a new methodology by applying multilevel segmentation to Airbnb
hosts, focusing on hierarchically structured and interconnected data. This work
compares traditional single-level clustering with HiMC, Hierarchical Multilevel
Clustering. The study highlights the advantages of HiMC in capturing complex
interactions between reviews, properties, and hosts, offering actionable insights
for platform managers and hosts.

Keywords: multilevel clustering, Kmeans clustering, clustering cohesion and comparison,
Airbnb

The traditional clustering approach consists of grouping different types of variables while
ignoring the inherent complexity of the relationships between different layers. By not ac-
counting for the interrelationships between different levels of data, it can lead to a loss of
important nuances and a superficial understanding of the observed patterns [1]. In contrast,
multilevel clustering adopts a more robust approach by recognizing and incorporating the
hierarchy within the data. Studies such as [2] show that the application of these models
can significantly improve quality indicators in data analysis, particularly in environments
that require the processing of large data volumes. The present study introduces an inno-
vative methodology (HiMC - Hierarchical Multilevel Clustering), by applying multilevel
segmentation to Airbnb hosts, focusing on hierarchically structured and interconnected
data.
The HiMC Framework is structured across three levels:

1. Level 1: Clustering Reviews within Properties

� For each property i (where i = 1, 2, . . . , N), we have a set of reviews denoted as
Rij, where j = 1, 2, . . . ,Mi, with Mi being the number of reviews for property
i. Each review Rij is represented by a vector of features, such as cleanliness,
communication, and location:

Rij = [xij1, xij2, . . . , xijm] (1)
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Then, for each property i, clustering is performed on the reviews {Ri1, Ri2, . . . , RiMi
}

to obtain a set of K
(1)
i clusters:

C
(1)
i = {C(1)

i1 , C
(1)
i2 , . . . , C

(1)

iK
(1)
i

} (2)

where C
(1)
ik represents the k-th cluster of reviews for property i.

2. Level 2: Clustering Properties within Hosts

� At this level, the input data are the clusters C
(1)
i obtained in Level 1. Each host

h (where h = 1, 2, . . . , H) manages a set of properties Phi (where i = 1, 2, . . . , Nh

for host h, withNh being the number of properties managed by host h). For each

host h, clustering is performed on the properties {C(1)
1 , C

(1)
2 , . . . , C

(1)
Nh

}, resulting
in a set of K

(2)
h clusters:

C
(2)
h = {C(2)

h1 , C
(2)
h2 , . . . , C

(2)

hK
(2)
h

} (3)

where C
(2)
hk represents the k-th cluster of properties for host h.

3. Level 3: Clustering Hosts

� At this level, the input data are the clusters C
(2)
h obtained in Level 2. Here,

hosts are clustered based on the properties they manage.Clustering is performed
on all hosts {C(2)

1 , C
(2)
2 , . . . , C

(2)
H }, resulting in a set of K(3) clusters:

C(3) = {C(3)
1 , C

(3)
2 , . . . , C

(3)

K(3)} (4)

where C
(3)
k represents the k-th cluster of hosts.

We have also applied a single-level clustering to serve as a benchmark and compared
the two approaches using the Silhouette Index, Davies-Bouldin Index, ARI, NMI, and
the contingency matrix. We concluded that HiMC outperforms single-level clustering in
several key areas. HiMC higher cohesion and separation between clusters, leading to more
accurate and meaningful segmentation of Airbnb hosts. While both models share some
common patterns, the moderate agreement shown by the ARI and NMI metrics highlights
that HiMC uncovers additional details and nuances, offering a more refined segmentation
of hosts.
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Clustering for points of interest identification:

insights from recent research

Flora Ferreira
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Identifying stop locations in GPS trajectories is vital for understanding travel
patterns. This study examines various data mining methods for stop identifi-
cation, focusing on clustering algorithms like K-means and HDBSCAN, as well
as neural network approaches using Dynamic Neural Fields (DNF). Recent ad-
vancements effectively capture shorter stops with higher visit frequencies that
conventional methods often overlook. The presentation highlights the practical
applications of these methodologies and their potential.

Keywords: stop locations, GPS trajectories, clustering algorithms

Identifying stop locations on GPS trajectories is essential to understand travel patterns and
extract meaningful travel information. Accurate identification of these locations facilitates
effective navigation, improves transportation planning and the user experience in smart
urban environments.
Various data mining methods have been employed to extract stop locations from GPS tra-
jectories, with clustering algorithms being the most prevalent. For instance, the K-means
clustering algorithm is commonly used. However, density-based clustering algorithms such
as DBSCAN and its derivatives have gained popularity due to their ability to detect clusters
of varying shapes and densities, providing advantages over K-means in certain scenarios [4].
Hierarchical clustering algorithms, such as agglomerative hierarchical clustering, have also
been used to identify different visited locations. Hierarchical clustering methods, such as
agglomerative clustering, offer intuitive interpretations of clusters and have also been uti-
lized for location identification. More recently, HDBSCAN, which combines the strengths
of both DBSCAN and hierarchical clustering, has shown effectiveness in identifying regions
of interest [2].
Recent advances include the use of recurrent neural network models, such as Dynamic
Neural Fields (DNF), which allow the continuous integration of spatial and temporal in-
formation from GPS data [3]. The DNF approach has shown superior performance com-
pared to traditional clustering algorithms such as K-means and HDBSCAN, particularly
in capturing shorter stops with higher visit frequencies that are often neglected by conven-
tional methods. This methodology is particularly advantageous when both the duration
and frequency of location visits need to be considered. When the temporal integration
of GPS data at a specific location surpasses the bump formation threshold, the location

3 April, 16:20 - 16:40, Room 13.1

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

61



is recorded. In contrast, places visited briefly and infrequently are automatically ignored.
This joint representation of spatial and temporal information about stop locations provides
a new perspective for driver assistant systems. Furthermore, an innovative solution for the
identification of the stop location using K-means enhanced by a user interaction correction
mechanism is presented in [1]. This integration addresses the challenges posed by dynamic
mobility patterns and GPS coordinate ambiguities by allowing users to refine the clustering
of stop points into Points of Interest (POIs).
This presentation will explore these recent approaches and discuss their advantages in
depth. In addition, it will highlight practical applications and prospective research di-
rections, illustrating how these methodologies can transform transportation systems and
effectively capture daily user routines.

Acknowledgements Supported by Portuguese funds through the Centre of Mathematics
and the Portuguese Foundation for Science and Technology (FCT), within the projects
UIDB/00013/2020 and UIDP/00013/2020.

References
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Real estate markets reflect similarities of structural and location characteris-
tics, leading to distinct housing submarkets. This paper studies the existence,
and evolution, of housing submarkets in the municipality of Oporto in 2019 and
2022. Those submarkets were identified with the recent methodology of hier-
archical cluster analysis with contiguity restrictions. Results identified three
relatively stable submarkets, whose delimitation, and characterization gives
valuable information for homeowners, municipalities, lenders, and real estate
investors.

Keywords: real estate markets, market segmentation; spatially restricted cluster analysis

In recent decades, the availability of affordable housing in Portugal has been a major
concern for the Portuguese government and society. However, this market is far from
homogeneous showing strong differences over time and between different areas. This work
aims is to find segments the real estate market in Oporto municipality, and its evolution,
in the years 2019 and 2022.
The housing market is characterized by being segmented and structured according to a
complex pattern that takes into account various elements and not just following a ho-
mogeneous process of spatial organization [4]. In fact, residential housing has various and
diverse characteristics. These include physical characteristics, neighborhood attributes and
location factors [4]. The presentation of multiple attributes means that the different social
groups that participate in the market and have different preferences and economic capaci-
ties organize themselves into clusters both in territorial as well as in social and economic
terms [4]. Thus, there is spatial heterogeneity in the housing market and, as a result,
there are several reasons why the analysis of the segmentation of this market. The devel-
opment and analysis of submarkets makes it possible to understand the particularities of
each submarket, improving the ability of investors and lenders to assess the risk associated
with housing investments. At the same time, housing consumers themselves acquire infor-
mation on how submarket boundaries are defined [1]. From a strategic perspective, the
definition of submarkets contributes to a better understanding of possible problems in spe-
cific submarket areas. This recognition is beneficial for fiscal assessment and community
development, providing an effective source for planners and policymakers to investigate
dynamic change in the housing system [3].
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The issue of housing is a current and emerging concern in Portugal, providing a motivation
for studying the issue of defining submarkets in the municipality of Oporto. The lack
of similar studies in this part of the country, makes this study particularly useful for
many government officials and economic agents. In this work we identified submarkets by
hierarchical cluster analysis with contiguity restrictions [2]. Although this methodology is
arguably the most appropriate for any clustering problems with spatial constraints, it is also
relatively new, and we are not aware of its application to any other housing segmentation
study.
Our results identified four clusters in 2019 and 2022, with three of them sharing most mem-
bers and characteristics for both years. The three common submarkets may be character-
ized in the following way: Submarket 1 - Mostly small apartments located predominantly
around the Asprela university area. Submarket 2 - Historic properties in Oporto center
with a low presence of high-rise apartments. Submarket 3 - High-value properties in the
noble area of Douro’s Foz. Furthermore, in 2019 our analysis suggested a fourth cluster
comprised mostly by old single-story houses in Oporto suburbs, while in 2022 there seemed
to be a small independent submarket in the area between Paranhos and Campanhã.
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Exploring voter turnout in Portuguese legislative
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Electoral participation is a cornerstone of democracy, yet rising abstention and
voter disengagement in Portugal pose significant challenges. This study ex-
amines electoral abstention, political entropy, and a sociodemographic index
across 308 municipalities to define municipal profiles using cluster analysis.
Four unique profiles emerge, revealing distinct regional patterns that are an-
alyzed for the 2002, 2011 and 2022 legislative elections, enriching the under-
standing of electoral dynamics in Portugal.

Keywords: elections, abstention, entropy, cluster analysis, municipalities

The growing abstention in many countries and, in particular, in Portugal threatens the
legitimacy of democratic institutions and reflects a widespread disillusionment with the
political system. This study addresses the phenomenon of electoral participation in the
context of Portuguese democracy, focusing on three particularly significant electoral mo-
ments in Portugal’s recent history: the legislative elections of 2002, 2011, and 2022. These
years were selected for their regular intervals, enabling the observation of changes over two
decades, and also their coincidence with census years, allowing for the incorporation of a
more time-aligned sociodemographic information.
The primary goal of the research is to understand electoral participation patterns at the
municipal level in Portugal, employing cluster analysis to identify municipal profiles. Three
variables are used to form the clusters: electoral abstention, political entropy, and a so-
ciodemographic index. Electoral abstention refers to the percentage of eligible voters who
did not participate in the election. Political entropy, as suggested in [2], is used as an
indicator of electoral uncertainty. It is calculated based on the share of votes obtained by
each party, with the higher values indicating greater uncertainty in the election outcome.
The sociodemographic index is adapted from the Municipal Human Development Index
in [3], considering purchasing power, education level, and longevity, where higher values
reflect greater development. This index provides a portrait of the characteristics of Portu-
gal’s 308 municipalities. All data sources to construct these variables are public, namely
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the Ministry of Internal Administration and the Pordata database. Following [1], the clus-
tering technique used is k-means, which is widely recognized for its efficiency in pattern
identification and clarity in data segmentation, with the number of clusters determined
using the silhouette index.
The results of the analysis reveal that municipalities can be grouped into four meaningful
clusters that reflect unique combinations of sociodemographic characteristics and electoral
patterns, which allow for the definition of four profiles. These profiles highlight significant
regional differences that evolve over the years. For example, in 2002, there are almost no
municipalities with high abstention, low entropy, and a low development index. However, in
2011, the number of municipalities with this profile increases significantly in the northeast
of mainland Portugal and also in the Azores, before seeing another modest increase again
in 2022. This trend demonstrates the growing regional disconnection from democratic
institutions in these areas, offering valuable insights into the regional disparities in electoral
participation.
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State-space models (SSM) offer a flexible framework for modeling dynamic sys-
tems, where latent variables evolve according to a stochastic process, and noisy
observations are linked through a linear relationship. This study introduces a
novel estimation method for SSM parameters, leveraging the double-iterated
Generalized Method of Moments. This approach aims to address biases in pa-
rameter estimation, particularly in small samples and high-variance scenarios,
outperforming traditional methods such as maximum likelihood.

Keywords: state-space models, GMM, parameter estimation, Kalman filter, simulation

A general linear state-space model represents a dynamic system in which the state evolves
over time following a linear process, while observations are linked to the hidden state
through a linear relationship. The state equation is given by:

βt = Φtβt−1 + εt, εt ∼ N (0,Σε) (1)

where: βt ∈ Rs is the state vector at time t, Φt ∈ Rs×s is the state transition matrix that
governs how the state evolves from t − 1 to t, and, εt is the process noise, assumed to be
normally distributed with zero mean and covariance matrix Σε ∈ Rs×s, i.e., εt ∼ N (0,Σε).
The observation equation is given by:

Yt = Htβt + et, et ∼ N (0,Σe) (2)

where Yt ∈ Rm is the observation vector at time t, Ht ∈ Rm×s is the observation matrix
that maps the state vector to the observation space in time t, et is the measurement noise,
assumed to be normally distributed with zero mean and covariance matrix Σε ∈ Rm×m,
i.e., et ∼ N (0,Σe). The process noise et and the measurement noise εt are assumed to
be uncorrelated across time steps, i.e., et ⊥ εs for ∀t, s. The model includes a set of
parameters, denoted as θ. The vector θ may encompass various parameters depending
on the model’s specification, but it typically includes the covariance matrices Σe and Σε

and the state transition matrix Φ, so that θ = {Φ,Σe,Σε}. Growing interest in adopting
time series modeling in fields is evident from the increasing number of review articles and
guides dedicated to applying these models in such contexts. These resources often focus on
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computational methods and practical considerations essential to effectively implement time
series approaches, [1, 2, 3], namely the parameters estimation. The most widely considered
method for estimating unknown parameters is the maximum likelihood method, where the
log-likelihood function for the state model, based on the observed series {Yt}nt=1 and the
normality of errors, is given by:

ℓ(µ,Φ,Σε,Σe) = −np

2
log(2π)− 1

2

n∑

t=1

[
log |Σt|+ η′tΣ

−1
t ηt

]
, (3)

where ηt is the one-step-ahead prediction error, and Σt = HtPtH
′
t+Σε is its covariance. The

maximization of the log-likelihood function ℓ is typically performed numerically, as closed-
form solutions are not available for this class of models. Standard optimization algorithms
such as quasi-Newton methods (e.g., BFGS) or the Expectation-Maximization (EM) are
commonly used to obtain the parameter estimates. The proposed GMM2i approach iter-
atively refines parameter estimates by combining the stochastic properties of SSMs with
Kalman filter predictions. The method uses first-order Taylor expansions to propagate
biases and employs the generalized method of moments to minimize prediction errors. A
simulation study was conducted using a univariate local level model with an AR(1) state
process. The parameters included the autoregressive coefficient (ϕ), and variances of state
and observation errors (σ2

ϵ , σ
2
e). The study compared GMM2i, ML, and a hybrid method

across varying sample sizes and noise levels. Results demonstrated that GMM2i outper-
formed ML in small samples (e.g., n = 25), particularly under high variance. For larger
samples (n = 200), all methods showed comparable accuracy, though GMM2i retained an
edge in estimating variance components.
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This work adopts a model-based clustering approach using finite mixture mod-
els. It includes a method to determine the optimal orders of ZINAR processes
to enter the finite-mixture model, as well as an expectation-maximization al-
gorithm for parameter estimation. A simulation study was conducted across
three increasingly challenging scenarios. This aimed to evaluate the accuracy
of the proposed clustering methodology under varying degrees of complexity,
with closer parameter proximity presenting greater difficulty in distinguishing
between the groups.

Keywords: time series, clustering, model-based, zero inflation, ZINAR

The methodology employed in this study aims to cluster data consisting of n time series of
counts, each with T observations, using a model-based clustering technique. It’s assumed
that each cluster of time series comes from a ZINAR(p*) process, such that [1]

Xt = αp ◦Xt−p + ϵt (1)

where αp ∈ [0, 1], the innovations component, ϵt, is a sequence of i.i.d. zero-inflated Poisson
distributions [2] with parameters ρ (the inflation parameter) and λ and ◦ is the binomial
thinning operator. The data can be seen as a finite-mixture model, such that

f(X|Θ) =
G∑

g=1

πgfg(X|θg) (2)

where πg refers to the mixing proportion of each process and θg = (αg, ρg, λg). The method-
ology used was based on the works of Roick et al. (2020) [3]
The first step of the algorithm is to choose the orders of the ZINAR(p*) processes to
be included in the mixture model, which arise from an analysis of the empirical partial
autocorrelation function, Figure 1 and Figure 2. Then, k-means clustering is used to obtain
initial values for the parameters θg = (αg, ρg, λg) and mixing proportions πg. The main
goal of this algorithm is to predict the group membership of each time series, zig, which
takes value 1 if a certain time series object, (xi)t belongs to group g and is 0 otherwise.
In order to predict the value of the membership variable zig, as well as the the parameters
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Figure 1: Partial autocorrelation
boxplots for one replica of the easy
scenario simulated time series

Figure 2: Third quartiles of the
lags’ PACF boxplot

for each of the processes, θg and its mixing proportions πg, an EM algorithm is employed.
In each E-step, the membership of the series is updated, and in the M-step, the mixing
proportions are updated, and a weighted-likelihood function for each group is optimized
in order to obtatin updated parameter estimates. Finally, the last step of the algorithm is
to select the combination of ZINAR processes which are most fit for the data. Then, when
applying the EM algorithm to all of the combinations, one would choose the combination
which had the lowest BIC.
Four cases of simulations are presented: in the first case, 100 replications of 200 series were
simulated, each with 50 observations that came from a mixture of 2 INAR(5*); in the second
case, the time series were simulated from a mixture of 2 ZINAR(5*); in the third case, a
mixture of 1 INAR(2*) and 1 INAR(3*) and in the last case, a mixture of 1 ZINAR(2*)
and 1 ZINAR(3*). Each of these cases were tested in 3 scenarios with increasing difficulty,
based on how distinguishable the values of the parameters were for both processes. The
results are presented in tables which contain the parameter estimations, the BIC of the
combination selected and the accuracy for each of the scenarios.
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Diabetes mellitus (DM) is one of the non-communicable diseases. The behavior
of Disability-Adjusted Life Years (DALYs) over time, in the context of DM, for
each country was modeled by ARIMA models [3]. Agglomerative hierarchical
cluster analysis was employed using the associated distance of the generalized
Affinity coefficient to measure the dissimilarity between ARIMA models [2].
The hierarchy shows three country clusters based on DALY trends over the
years.

Keywords: diabetes, DALYs, ARIMA models, affinity coefficient, distance

Public Health focuses on studying and preventing diseases, promoting longer lifespans, and
improving quality of life through coordinated efforts and informed decision-making. The
primary health metric used by the Global Burden of Disease (GBD) study is the disability-
adjusted life year (DALY) [1]. This metric serves as a comprehensive tool to evaluate the
effects of diseases, injuries, and risk factors. It merges two key components: years of life lost
(YLL) due to early mortality and years lived with disability (YLD), presenting a complete
picture of the overall health impact of a specific condition. By synthesizing mortality and
morbidity data, DALYs offer deeper insights into the actual burden a disease places on
a population [3]. When analyzing the health data for the European Region it is clear to
see that non-communicable diseases play a big role in the overall burden of disease [3].
Diabetes mellitus (DM) is one of the most severe non-communicable diseases and it can be
prevented with a healthy diet and physical exercise, since obesity and overweight are factors
that contribute to the increase in diabetes’ prevalence. Analyzing data regarding DM is
essential in order to define public and health policies. The behavior of DALYs over time,
in the context of DM across several countries constitutes time series data. This time series
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data can be represented by Autoregressive Integrated Moving Average (ARIMA) models.
The ARIMA models that best fit each time series were estimated [3]. Analyzing these
time series data is essential for identifying geographic and demographic patterns, offering
deeper insights into health disparities across populations [3]. Therefore, agglomerative
hierarchical cluster analysis was employed to explore patterns and relationships among
various countries in the context of DM using the estimated ARIMA models. To measure
the dissimilarity among different countries in the context of DM the associated distance
of the generalized Affinity coefficient between ARIMA models is used [2]. The resulting
hierarchy reveals three main clusters of countries, as shown in Figure 1.

Figure 1: Dendrogram based on the square root of 2(1-Affinity) distance and average
linkage aggregation criterion between countries in DM context

I - The values in this cluster show an upward trend over the years with fluctuations.
II - The values in this cluster show an upward trend over the years with a small fluctuation.
III - The values in this cluster show an upward trend over the years without fluctuations.
These clusters present the similarities between DALYs rate values from 1990 to 2019 per
country and it can be seen that for all groups, there is an increase in DALYs values over
the years, indicating a decrease in life-span. However, in Group I, there are periods where
these values decrease, suggesting phases of increased life-span, while in Group III, DALYs
values consistently increased over the years. These results may help health authorities in
the communication between countries and implementation of health policies in order to
promote better and longer life-span, as well as economic benefits to different countries.
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This study addresses the optimization of energy use in irrigation systems focus-
ing on three objectives: minimizing energy consumption, maximizing the use of
renewable energy with the use of solar production forecasts and reducing energy
costs by strategically purchasing electricity during lower prices periods based
on the Portugal tetra-horary price schedule. These objectives are achieved us-
ing a Mixed Integer Linear Programming (MILP) model to provide optimized
irrigation schedules.

Keywords: MILP, renewable energy, irrigation systems

Efficient resource management is the key to sustainable agriculture, particularly in regions
where water demand exceeds natural availability. This study leverages a MILP model, [2],
to optimize irrigation practices in vineyards and olive groves, ensuring energy efficiency,
environmental sustainability and cost effectiveness.
The MILP model is designed around three main goals:

1. Minimizing energy consumption: The model seeks to reduce the total energy required
for irrigation without compromising water delivery.

2. Maximizing renewable energy use: Weekly forecasts of solar energy production, [1],
are integrated into the model to prioritize the use of sustainable energy sources for
irrigation.

3. Minimizing energy costs: The model assigns weight factors to the four periods de-
fined by Portugal’s tetra-horary pricing schedule1, aligning energy use with economic
efficiency.

The application of the theoretical model requires knowledge of physical parameters of the
system, which are typically unknown and change over time. To address this challenge, this
study explores the use of real data provided by the Herdade do Esporão team2, including
energy consumption and the area to be irrigated over time. Based on this historical data, a

1https://poupaenergia.pt/tarifas-e-ciclos-horarios/.
2https://esporao.com/en.
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predictive model for energy consumption as a function of the irrigated area was developed.
The analysis focused on data consistency and the behavior of consumption patterns over
time for different irrigation periods.
It was observed that energy consumption remains nearly constant during the irrigation
period, with significant increases or decreases occurring before or after this period. To
enhance the model’s robustness, the median energy consumption during the irrigation
period was used for each sector in the dataset. The median consumption values were
found to vary linearly with the irrigated areas, allowing the use of a linear model, derived
from the collected data, as an approximation to the physical model for the implemented
irrigation system. This model will then be incorporated into the MILP model.
TheMILP model integrates irrigation demand, solar energy availability, and energy market
dynamics to optimize weekly irrigation schedules, aligning with the main objectives. Solar
energy forecasts prioritize irrigation during high renewable energy periods, while weight
factors from the tetra-horary pricing schedule, guide grid energy usage to lower-cost peri-
ods, enhancing cost efficiency.
Simulations based on the MILP model demonstrated its effectiveness in optimizing irri-
gation practices. This highlights the robustness of the framework, allowing it to better
account for the unique characteristics and variability of each irrigation system. By incor-
porating renewable energy forecasts, weighted cost prioritization for the pricing schedule,
and advanced data preprocessing techniques, the model balances efficiency, sustainable
resource management, and economic viability.
Although this is an ongoing work, its ability to generate consistent irrigation schedules
demonstrates robustness. This research sets a benchmark for future innovations in agri-
cultural energy management, contributing to sustainable practices.
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A classification method based on a cloud of spheres
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In [1], we propose a binary classification model to distinguish a specific class
that corresponds to a characteristic that we intend to identify (e.g. fraud, spam,
disease). The classification model is based on a connected cloud of spheres that
circumscribes the points of such target class. To solve the Connected Cloud
of Spheres Problem, a quadratic model with continuous and binary variables
(MINLP) is proposed with the minimization of the number of spheres. This
classification model is effective when the structure of the class to be identified
is highly non-linear and non-convex, also adapting to the case of linear separa-
tion. Unlike neural networks, the classification model is transparent, with the
structure perfectly identified. Finding the global optima for large instances is
quite challenging. To address this, a heuristic approach is proposed.

Keywords: classification, MINLP, non-linear separation, interpretable machine learning

Machine learning models have been widely applied across various domains, often without
critically examining the underlying mechanisms. Black-box models, such as Deep Neural
Networks, pose significant challenges in terms of counterfactual analysis, interpretabil-
ity and explainability. In situations where understanding the rationale behind a model’s
predictions is essential, exploring more transparent machine learning techniques becomes
highly advantageous.
In this presentation, we introduce a novel binary classification model called a Connected
Cloud of Spheres [1]. The model is formulated as a Mixed-Integer Non-linear Programming
(MINLP) problem that seeks to minimize the number of spheres required to classify data
points. This approach is particularly well-suited for scenarios where the structure of the
target class is highly non-linear and non-convex, but it can also adapt to cases with linear
separability.
The aim is, given a target class that is separated from another class by a non-convex
surface, to approximate this surface by a cloud of connected spheres, as in Fig. 1.
Unlike neural networks, this classification model retains data in its original feature space,
eliminating the need for kernel functions or extensive hyperparameter tuning. Only one
parameter may be required if the objective is to maximize the separation margin, similar
to Support Vector Machines (SVMs). This simplicity enhances the model’s transparency
and interpretability, avoiding the complexities of black-box approaches.
One of the primary challenges of this approach is finding global optima for large datasets.
To address this, we propose a heuristic solution that performs well on commonly tested
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Figure 1: Approximation of a separation surface by a connected cloud of spheres

real-world problems - when compared to state-of-the-art algorithms, the heuristic delivers
competitive results, highlighting the model’s effectiveness and practical applicability.

Acknowledgements This work is funded by national funds through the FCT - Fundação
para a Ciência e a Tecnologia, I.P., under the scope of the project UIDB/00297/2020
(Center for Mathematics and Applications).

References

[1] T. Dias and P. Amaral. A classification method based on a cloud of spheres. EURO Journal
on Computational Optimization, 11:100077, 2023.

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

76



Randomly perturbed random forests

Laura Anderlucci1, Angela Montanari1
1 University of Bologna, Italy, laura.anderlucci@unibo.it, angela.montanari@unibo.it

In supervised classification, a change in the distribution of a single feature,
a combination of features, or the class boundaries, may be observed between
the training and the test set. This situation is known as dataset shift. As a
result, in real data applications, the common assumption that the training and
testing data follow the same distribution is often violated. In order to address
dataset shift we propose to randomly introduce more variability in the training
set by sketching the input data matrix resorting to random projections of units.
We then modify the random forests algorithm to involve sketched, rather than
bootstrapped, versions of the original data. Results on real data show that per-
turbing the training data via matrix sketching improves the prediction accuracy
of test units that have a different distribution in terms of variance structure.

Keywords: classification, dataset shift, data perturbation

Dataset shift occurs when the testing (unseen) data experience a phenomenon that leads
to a change in the distribution of a single feature, a combination of features, or the class
boundaries ([2]), i.e., when the training and test joint distributions are different:

Ptr(X|y) ̸= Pte(X|y),

where Ptr(X|y) indicate the features’ distribution according to y in the training set, while
Pte(X|y) in the test set.

An example of dataset shift can be found in the classification of metastatic cancer. Specif-
ically, when cancer spreads, the secondary cancer cells usually look like abnormal versions
of the primary cancer cells (in the tissue where the cancer began). For example, if breast
cancer spreads to the lungs, the metastatic tumor in the lung is made up of cancerous
breast cells (not lung cells) and is then described as metastatic breast cancer (not lung
cancer).
A tool that can be employed to identify the tissue of origin of the metastasis is the modelling
of Micro-RNA (mi-RNA) expression profiles. Recently, [3] proposed a miRNA-based tissue
classifier to identify the tissue origin of metastatic tumors and they tested on a dataset
including 205 primary tumors and 131 metastatic tumors, representing 22 different tumor
origins. Exploratory data analysis carried on these data highlighted three main aspects:

� The cancer classes are highly imbalanced;
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� The primary and the metastatic cells have similar expression mean values;

� The primary and the metastatic cells have different variability.

Such features suggest that the problem can indeed be cast within the dataset shift frame-
work.
In this work we propose a novel method that accurately classifies the secondary from the
primary cancer cells, allowing to identify the most likely tissue of origin of metastatic
samples. In order to deal with dataset shift, data perturbation via Random Projections
(RP) is proposed.
In [1], it was shown that using random projections to generate new ‘compressed’ points
would allow not only to fix the imbalance problem, but also to explore information outside
the convex hull of the original data, so as to avoid the risk of overfitting. The perturbation
induced by matrix sketching modified the variability of the training set while preserving
the mean values.
Based on such result, we propose a novel classifier that modifies the random forests algo-
rithm to involve sketched, rather than bootstrapped, versions of the original data. Results
on real data show that perturbing the training data via matrix sketching improves the
prediction accuracy of test units that have a different distribution in terms of variance
structure.
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Building on recent advancements in testing the goodness-of-fit of Generalized
Partially Linear Models (GPLM), we develop a test based on a residual-marked
empirical process considering residuals derived from a kernel-based local poly-
nomial estimation. A simulation study using data generated from Poisson mod-
els was designed to compare the size and power of the test in different scenarios.
Our results show that it can outperform an existent methodology.

Keywords: generalized partially linear models, goodness-of-fit, hypothesis testing, local
polynomial kernel estimation

Generalized Partially Linear Models (GPLM) extend Generalized Linear Models (GLM) by
allowing a combination of linear predictors and nonparametric components. An example
is given by the equation: g(µi) = XT

i β + γ(Zi) (1)

where Xi is a vector of covariates for subject i = 1, . . . , n, Zi is a scalar, β is a finite
dimensional parameter and γ(·) is a smooth function. Also, g(·) is a link function relating
the expected value of the (conditional) response with the partially linear predictor. As
usual, it is assumed that Yi|Xi, Zi follows a distribution belonging to the exponential
family of distributions. The model is estimated by extending local polynomial fitting
to generalized linear models. More precisely, we start by estimating the nonparametric
function locally by maximum likelihood, where, at each value of Z, the function γ is
approximated by a first-degree polynomial using Taylor series expansion [1]. This assumes a
local GLM, which can be estimated by kernel iteratively reweighted least squares algorithm

(IRLS). Given γ̂(Z), the parameters β can be estimated as part of a global GLM.
The starting points for our specification test are those developed by Escanciano (2006)[2]
and Li et al (2024)[3]. The first is foundational, and was designed for parametric linear
regression models, projecting residuals along one-dimensional directions, which simplifies
the analysis in high-dimensional spaces and does not require the choice of bandwidths.
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The corresponding test statistic employs a Cramér–von Mises-type measure in a residual-
marked empirical processs and a wild-bootstrap procedure for estimating the critical values
through the empirical distributions of the test statistic. More recently, Li et al (2024)[3]
extended Escanciano’s test to deal with nonlinear link functions and nonparametric struc-
tures that can be present in GPLM.
In the test we are proposing, we consider the heteroscedastic linearized model formulation
that is obtained from the IRLS algorithm. Then, residuals obtained from the working
response variable and the estimated partially linear predictor are considered in Escanciano’s
test statistic. This approach contrasts with that of Li and Liang’s [3], which includes the
original GPLM residuals. Table 1 presents the results of a simulation study designed to
evaluate the finite sample performance of the two tests, named newHTn [2] and LiHTn

[3]. In order to consider different data generating processes, we chose a = 0 (situation
corresponding to a GPLM) and a = 2 from the following Poisson model family:

log(µi) = 2 +Xi + aXiZi +
1

2
cos(2πZi)

The results were then based on 500 Monte Carlo replications, where, first, a sample of
size n, X ∼ Ber(0.4), Z ∼ U(0, 1) and Y ∼ Pois(µi) is simulated, a Poisson partially
linear model (1) is fitted, and then the described hypothesis tests are applied. A wild-
bootstrap process was repeated 200 times, and nominal levels were set at 0.01, 0.05 and
0.10. Two different sample sizes, n = 50 and 100, were considered. The estimated rejection
probabilities seem to be in favor of the hereby Escanciano-type proposed test.

Table 1: Empirical size and power of tests

n=50 n=100 n=200
α 0.01 0.05 0.10 0.01 0.05 0.10 0.01 0.05 0.10

a=0 newHTn 0.04 0.09 0.16 0.04 0.09 0.16 0.05 0.11 0.16
LiHTn 0.06 0.14 0.20 0.06 0.16 0.22 0.13 0.23 0.32

a=2 newHTn 0.01 0.04 0.10 0.17 0.54 0.81 0.91 1 1
LiHTn 0 0 0.02 0.05 0.33 0.69 0.84 0.99 1
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Occupational stress has been recognized as a potential cause of mental disor-
ders, affecting thinking, feelings, mood and behavior. We proposed a Struc-
tural Equation Modeling with “stress” as the latent exogenous construct while
the endogenous constructs are “burnout”, “sleeping troubles” and “Depressive
Symptoms” (target construct). The Copenhagen Psychosocial Questionnaire
was applied to workers from a Portuguese company. The consistent Partial
Least Squares estimator was used to estimate a model, providing information
on workers’ health and well-being, namely that “stress” has a strong direct
effect on both “depressive symptoms” and “burnout”.

Keywords: bootstrap, non-normal data, structural equation model, survey

The harmful effects of distress (negative stress) on mental health and well-being of workers
in different sectors of activity are now recognized, while associated disorders appear to
become a true epidemic. The specialized literature usually considers that excessive and
continuous occupational “stress” wears down the immune system, often leading to mental
and physical illnesses, including “burnout”, “sleeping troubles” and “depressive symptoms”
([4, 1], among others). As regards “burnout”, the World Health Organization considers
that it results from chronic stress in the workplace that has not been successfully man-
aged. The Portuguese version of the Copenhagen Psychosocial Questionnaire (COPSOQ)
– containing observed variables (measured on a Likert-type scale, with five categories) that
operationalize those latent constructs – was applied to workers from a Portuguese com-
pany. The study sample comprised 256 valid questionnaires, representing approximately
50% of the company’s workforce. Of these, 75% were completed by women. Furthermore,
55.1% of the sample comprised workers aged 20–39 years, and 45.3% possessed more than
nine years of formal education. According to both the literature on this scientific topic
and the empirical experience of those responsible for the company in the area of Medicine
and Occupational Safety, research hypotheses were formulated and a theoretical reflexive
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Structural Equation Modeling (SEM) was proposed, where “stress” is the latent exoge-
nous construct and “depressive symptoms” is the target endogenous construct (such as
[4, 1]). The consistent Partial Least Squares (PLSc) estimator (from the variance-based-
SEM family) was developed after modifications of the original PLS estimator to mimic the
common factors model of the Covariance-Based-SEM family of estimators [3]. It retains
all the strengths of traditional PLS, such as the ability to handle complex models while
it performs well with small sample sizes. Since PLSc-SEM does not require data coming
from a multivariate normal distribution [3], it was used to estimate a model which was
evaluated considering the usual criteria related to the measurement and structural sub-
models. The bootstrap resampling method was also used [3, 2] and all parameters are
statistically significant with R2 = 81.7% for the target latent construct “depressive symp-
toms”. Additionally, the PLSpredict algorithm (allowing the use of a holdout sample to
determine the predictive capability of the model on new unseen data [3]), was also applied.
Furthermore, the Root Mean Square Error (RMSE) was used to compare the performance
of the estimated PLSc-SEM model with a simple Linear Model (LM), in terms of predic-
tion. No “depressive symptoms” indicators have prediction errors greater than the naive
LM benchmark, allowing to consider a good predictive power of the estimated model.
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José G. Dias1, Lucas de Souza2

1 Iscte – Instituto Universitário de Lisboa, jose.dias@iscte-iul.pt
2 UNIFOR – Universidade de Fortaleza, lucaslfsouza@unifor.br

The digital transformation is a phenomenon that has become very relevant in
recent years. This paper analyzes the progress of the digital transformation
in the European business sector using a European survey. We use a Bayesian
multilevel multivariate probit regression model to investigate whether the prob-
ability of adopting digital technologies by the EU businesses can be explain by
their characteristics. Results show that countries are at different stages of
progress in the EU.

Keywords: multivariate probit analysis, multilevel analysis, Bayesian analysis, European
Union, digital transformation

Business digital transformation involves the integration of digital technologies into all busi-
ness areas and leads to substantial challenges in the way firms operate. It involves not only
the introduction of new technologies, but also a cultural change that requires adaptation
to new market realities.
Digital transformation in Europe is driven by a number of factors, including the growing
demand for digital services, the need to improve operational efficiency and the pressure to
internationalize the businesses. It involves technologies such as artificial intelligence, the
internet of things (IoT), big data or cloud computing that allow optimizing processes and
new business models. The introduction of new technologies often demands restructuring
of business processes, which create resistance to change due to the lack of employee’s
digital skills and often demand investments in technological infrastructure. Companies
that successfully implement digital strategies and data-driven decision-making benefit from
increased corporate performance.
To understand and characterize the level of achievements, the European Commission
launched a survey covering companies in all EU Member States to assess the level of
progress of the digital transformation. Therefore, this study aims to analyze the factors
that influence organizations to adopting digital technologies. To this end, managers were
asked whether they implemented seven digital technologies: 1 - Artificial intelligence, 2 -
Cloud computing, 3 - Robotics, 4 - Smart devices, 5 - Big data analytics, 6 - High speed
infrastructure, and 7 - Blockchain. To model these joint binary choices, we implemented a
multilevel multivariate probit regression.
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Let the binary variable yijm denote the response of individual i ∈ {1, . . . , nj} in country
j ∈ {1, . . . , J} to digital technology m ∈ {1, . . . ,M}. The multivariate probit model
models multiple binary outcomes simultaneously and m indexes each of these outcomes.
Let y∗ijm be the latent variable or choice propensity on a continuous scale. Then, we have

yijm =

{
1, if y∗ijm > 0

0, otherwise.

The latent variable is defined by the linear component y∗ijm = β0m+β1mxij1+. . . ,+βKmxijK+
uj + ϵijm, where β0m is the intercept (fixed effect) for the m-th technology; βkm is the co-
efficient for the k-th predictor for the m-th outcome; uj is the random effect for the j-th
country; ϵijm is the residual error term for the i-th manager in the j-th country for the
m-th outcome. As fixed effect factors, we consider variables such as size of the company,
turnover, turnover growth, age, and sector. Random effects were included to account for
the lack of statistical independence at country level. That is, it measures the overall effect
of the digital transformation at country level, which indicates the stage of the country
regarding digital transformation. We assume that the distribution of the random effects is
uj ∼ N(0, σ2

u). Residual errors ϵijm are assumed to be multivariate normal with a variance-
covariance matrix V, where V has values of 1 on the diagonal and correlations ρmm′ as
off-diagonal elements. This residual structure allows dependence between multiple binary
outcomes. Residuals and random effects are assumed to be independent.
The Bayesian specification of the model regarding prior distributions is set as default
(non informative), given the domain of the parameters. The Bayesian estimation used the
MCMC algorithms, in this case the Hamiltonian Monte Carlo (HMC). We ran 4 chains for
8000 iterations with 4000 as burn in and 4000 for sampling from the posterior distribution
(retaining every fourth sample). Convergence was assessed by R̂ and n eff statistics. The
4000 samples were used to characterize the posterior distribution. All the analyses were
conducted using Rstudio and Stan. We assessed the effect of the fixed effects on the
multivariate binary data based on whether the 95% credible interval overlapped zero.
This paper identified the important triggers that should become priority to leverage the
growth and innovation in the digital age. In addition, knowing which technologies are
being implemented and what factors lead to the adoption of these technologies provides a
meaningful overview of where organizations are investing, what knowledge they consider
most important, and which technologies are more difficult to adopt. In this way, these
results can help inform government policies to provide knowledge to help organizations
adopt new technologies.
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This study presents the Fuzzy Forests algorithm, which uses consensus clus-
tering to improve feature selection in high-dimension data and address multi-
collinearity issues. While Fuzzy Forests mitigates feature selection biases, its
effectiveness relies on the clustering method used. Our proposed consensus
clustering framework enhances robustness and reduces variability in results,
demonstrating better feature independence through extensive simulations.

Keywords: feature clustering, feature selection, high-dimension, ensemble clustering,
ensemble learning

High-dimensional data is becoming increasingly common across fields such as genomics,
sensometrics, and biomedical sciences, presenting challenges like the curse of dimensional-
ity, multicollinearity, and redundancy, which compromise model interpretability and per-
formance [4]. Traditional dimensionality reduction methods, such as Principal Component
Analysis (PCA) and feature clustering, address these issues by simplifying data struc-
ture but often sacrifice interpretability or fail to consider the target feature in supervised
contexts.
Feature selection methods such as Random Forest [1] offer feature importance measures
(VIMs) but are biased when some features are highly correlated and independent features
are often ignored in the feature selection process. The Fuzzy Forests algorithm [2] extends
Random Forest by incorporating feature clustering and recursive feature elimination to
reduce multicollinearity effects and provide unbiased feature selection based on VIMs.
However, the Fuzzy Forests’s results heavily depends on the choice of the feature clustering
algorithm, as different methods yield varying feature partitions, impacting the final results.
To address this limitation, we propose a robust extension of Fuzzy Forests that integrates
consensus clustering, combining multiple partitions into a stable and reliable consensus
[6, 5]. This approach leverages the strengths of diverse clustering algorithms, improves
partition stability, and reduces noise sensitivity. Extensive simulations, varying data struc-
tures and the relationship between predictors (X) and target features (Y ) demonstrate the
superior performance of our consensus-based Fuzzy Forests in correcting VIM biases and
selecting relevant features. The proposed algorithm outperforms all Fuzzy and Random
Forest algorithms in selecting relevant features, even if they are in an independent cluster.
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Applications to real-world datasets, including the Liver Expr gene expression dataset and
the SECOM [3] semiconductor manufacturing dataset, further validate its effectiveness in
handling high-dimension data, improving interpretability, and addressing challenges like
multicollinearity and class imbalance. These results promote the robustness and utility
of the proposed method for feature selection and predictive modeling in complex, high-
dimension contexts.
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ClustOfVar is a technique for clustering variables in mixed data. It is already
implemented in R software with both hierarchical and partitioning clustering
algorithms. Both use normalized data, given by removing the mean and di-
viding by the standard deviation of each numerical variable. We propose a
new standardization conditioned on the categories of some predefined qualita-
tive variable in the dataset. The effect of this new type of normalization in
ClustOfVar will be studied using several real datasets.

Keywords: standardization, clustering, mixed data

In many real situations, individuals in the dataset are described by both quantitative and
qualitative variables. For example, in customer segmentation for a retail store, customers
can be described by numerical variables such as “age” and “monthly spending” and categor-
ical variables such as “most frequent payment method” (categories: cash, credit card) and
“membership tier” (categories: standard, premium, VIP). Moreover, categorical variables
can be used to typify individual groups (e.g., customer groups by payment method).
ClustOfVar is a technique of clustering variables for mixed (quantitative and qualitative)
data that was introduced by[1] and involves a hierarchical clustering algorithm and a k-
means type partitioning algorithm. Both clustering algorithms focus on maximizing the
homogeneity of the clusters. This homogeneity provides information about the quality
of the association between each variable in the cluster and a new numerical synthetic
variable, which corresponds to the first principal component of PCAMIX applied to all
variables within the cluster [1, 2]. The ClustOfVar technique is implemented in the R
package ClustOfVar [1].
In many clustering procedures, data preprocessing is required. In ClustOfVar, the algo-
rithm is executed on normalized data. For quantitative variables, this involves standard-
ization by removing the mean and dividing by the standard deviation of each variable.
For qualitative variables, it is achieved through the standardization of the corresponding
indicator matrix. This standardization step is essential to ensure all variables contribute
equally to the analysis, preventing variables with larger scales from dominating the results
and minimizing biases from discrepant scales.
When we have categorical variables, they can be understood as an aid for classifying or
grouping individuals. Moreover, two standardized numerical variables can be correlated

4 April, 10:30 - 10:50, Room 13.1

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

87



because both are associated with a given categorical variable, potentially biasing the iden-
tification of variable groups in ClustOfVar.
We intend to analyze the effect of this type of (local) standardization versus the (global)
standardization for the quantitative variables, as already implemented in the ClustOfVar
technique. Given the difference between these two types of standardization, it was neces-
sary to make several changes to the functions of the R package ClustOfVar.
Preliminary results with R datasets show that the clusters formed can differ depending on
the standardization procedure used, with local standardization outperforming the global
one in several situations. For instance, for the well-known mtcar dataset, cophenetic
coefficient values are consistently higher when local standardization is applied.
In this project, a summarization of the behavior of the ClustOfVar technique under global
and local standardization will be presented, based on several real datasets and using dif-
ferent evaluation measures of the quality of the clustering.
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Symbolic Data Analysis offers a framework for analyzing complex data with
intrinsic variability. This study focuses on clustering data described by density-
valued variables, employing Kernel Density Estimation for representation. Hi-
erarchical methods, specifically agglomerative clustering with complete linkage,
are employed using distance measures such as Bhattacharyya, Hellinger, and
Jeffreys divergence. The methodology is applied to U.S. Communities and
Crime data, highlighting insights into state-level patterns across five numerical
features.

Keywords: clustering, symbolic data, distances, density-valued data, kde

The data encountered in contemporary research problems are increasingly large and com-
plex. Furthermore, there has been a paradigm shift from focusing on individual behavior to
analyzing group behavior, which requires the aggregation of data. Traditional aggregation
methods relied on summarizing data into a single central descriptive measure, such as the
mean or median, to represent a group of individuals. However, this approach inherently
reduces the richness of the data by ignoring its variability. To address this limitation,
Symbolic Data Analysis (SDA)[1] was introduced in the 80’s of the last century. SDA is
designed to accommodate data with intrinsic variability, which may arise from either the
original recorded data or as a result of aggregation processes. SDA distinguishes between
two primary types of aggregation: Contemporary : Data are recorded at a single point
in time, and the analysis focuses on higher-level entities (e.g., groups of first-level units)
rather than the first-level units themselves. Temporal Aggregation: Data are collected at
multiple time points for the same individual, and time is not a primary concern; in this
case, the analysis focuses on the original first-level units. A symbolic variable Y is defined
by a mapping on a set E of statistical units.

Y : E → B
i 7→ Y (i) = ξi

(1)

For a Density-valued variable Y , to each unit, i corresponds a density function estimated
from the micro data applying a Kernel Density Estimator (KDE).
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Clustering aims at identifying groups of similar units within a dataset. This study focuses
on hierarchical clustering, with particular emphasis on agglomerative approaches. Distance
measures are pivotal for density-based clustering. Table 1 lists the distances used.

Table 1: Distances between density functions

Bhattacharyya DB(f1(x), f2(x)) = −ln(BC(f1(x), f2(x)))

Hellinger DH(f1(x), f2(x)) =
√
1−BC(f1(x), f2(x))

Mallows DM(Ψ1(t),Ψ2(t)) =
√∫ 1

0 (Ψ1(t)−Ψ2(t))2dt

Total Variation DTV (f1(x), f2(x)) =
1

2

∫

X
|f1(x)− f2(x)|dt

Jeffreys divergence DJ(f1(x), f2(x)) = DKL(f1(x), f2(x)) +DKL(f2(x), f1(x))

In distances defined in Table 1, BC(f1(x), f2(x)) =
∫
X
√
f1(x)f2(x)dx; DKL(f1(x), f2(x)) =∫

X f1(x)ln(f1(x)/f2(x))dt is the Kullback–Leibler divergence; f1(x), f2(x) are density func-
tions where we assume the same domain X and Ψ1(t),Ψ2(t) are the quantile functions of
density f1(x) and f2(x) respectively, with t ∈ [0, 1]. In hierarchical clustering methods, the
choice of the linkage criteria plays a crucial role in defining the clustering structure. For
this study, the Complete Linkage method is employed, which is mathematically defined
as: DC(A,B) = maxa∈A,b∈B DU(a, b) where A and B represent two clusters, and DU(a, b)
denotes the distance between units, considering that each unit is described by p variables,

then DU(a, b) =
√∑p

j=1D(aj, bj)2, where distance D is defined in Table 1.
This methodology is applied to the U.S. Communities and Crime dataset, focusing on the
following four numerical variables: % of people 25 and over with less than a 9th grade
education; % of people 16 and over who are employed; % of population who are divorced;
% of immigrants who immigrated within last 10 years; Total number of violent crimes per
100K population. We aggregate the micro data by state. To decide on the number of
clusters, we use the well-known Silhouette coefficient [2]. The clustering allowed putting
in evidence groups of states with similar distributions of the considered variables.
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In football, periods when official matches are interspersed by 5 days or less
have become a present reality. These congested fixture periods can occur fre-
quently throughout a football season, with players competing in both domestic
and international competitions. The purpose of this study is to analyse and
compare the performance of external training load metrics over a series of back-
to-back matches during congested and non-congested periods, on players with
consecutive rates of match exposure above 75% of total match time.

Keywords: data analysis, mechanical load, physical performance, football

Football calendars and season fixtures are becoming increasingly demanding for football
players, both from a physical and mental health perspective, with congested periods of
competition occurring frequently throughout a season. These periods of matches being
played with less than five days of interval (back-to-back matches) may compromise the
ability to fully recover physically, as this process can last up to three to five days. Enti-
ties such as the Fédération Internationale des Associations de Footballeurs Professionnels
(FIFPRO) have been creating awareness of the detrimental effects for players’ health, and
for football as a sport, of the increasing number of matches and congested periods.
Regardless of the rationale associated with performance decrements during congested peri-
ods in football, research has been contradictory in this matter, with distance performances
at several velocity thresholds seeming to be unaffected by the congested calendar. Despite
the existent research on physical performance during congested fixtures, research is scarce
in analysing the effect of these periods on players with a high consecutive rate of match
participation.
In this study, we statistically compare the performance of external training load metrics
over a series of back-to-back matches during congested (CP) and non-congested (NCP)
periods. External load metrics include velocity-related distances, for instance, we analysed

4 April, 10:10 - 10:30, Room 13.2

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

91



high-speed running (HSR), sprint and higher velocity zones such as above 80% (V80)
and above 90% (V90) of maximal speed. These variables, represented in meters, were
presented as an intensity measure (meter per minute), because there were differences in
minutes played by each player.
Matches from two seasons (2022-2023 and 2023-2024) from a Portuguese male professional
football team were analysed. In total, congested and non-congested sequences of matches
from 22 football players were included. A minimum and maximum number of two and five
consecutive matches, respectively, with a minimum participation of 70 minutes from the
players, from CP and NCP periods, were included for analysis. A match was considered
a back-to-back match (i.e. a CP match) if between the final whistle of a match and the
next kick-off there was a period of less than five days. For NCP sequences, a match was
considered a consecutive match within a NCP sequence if a period of more than five days
and of less than eight days existed from the previous match, as that would be a regular
one game per week schedule.
Comparisons of total match load, first and second halves, were performed for consecutive
matches within each period and for the same matches between the two periods (CP versus
NCP). Additionally, a whole team analysis and a positional analysis was also performed,
where four positions were considered: central-defenders (CD), wingbacks (WB), central-
midfielders (CM) and forwards (F).
Future studies should further investigate how different external load metrics, such as ac-
celerations and decelerations, either in the form of volume or intensity, could potentially
continue to clarify the effect of consecutive matches during both periods on performance.
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Martinho do Bispo, 3045-093 Coimbra, Portugal, iscac16490@alumni.iscac.pt
2 Polytechnic University of Coimbra, Rua da Misericórdia, Lagar dos Cortiços, S.
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The pharmaceutical retail sector is rapidly evolving, leveraging its ability to dig-
itally process data to enable forecasting that optimizes inventory management
and meets consumer demand. This study examines and forecasts twelve time
series of medication sales from a community pharmacy, grouped by pharma-
cotherapeutic classifications, using ARIMA and ETS models. The forecasting
method selected for each series is then evaluated against the identified time
series features, providing insights for easier implementation in this context.

Keywords: pharmaceutical retail, sales forecast, STL decomposition, ARIMA, ETS

Health promotion and care provision are becoming increasingly relevant in progressively
aging societies, as is the case in Portugal. The pharmaceutical sector is undergoing sig-
nificant advancements, driven by the ability to digitally collect and store information. As
highlighted in [1], technological evolution enables sales forecasting in retail, offering nu-
merous benefits for pharmacy management and also enhancing the customer experience
through a better understanding of purchasing patterns. Despite these technological op-
portunities, community pharmacies often face challenges in implementing these tools and
fully integrating them into their operations.
This study aims to contribute by addressing the challenges in forecasting for pharmaceuti-
cal retail. Specifically, based on the survey in [1], it focuses on widely accepted forecasting
methods in this sector, assessing their effectiveness for forecasting, ease of implementa-
tion, and alignment with time series characteristics to provide more precise and actionable
recommendations for practical application. To achieve this, historical monthly sales data
from a community pharmacy, covering the period between January 2013 and March 2023,
is analyzed. Given the wide variety of products typically offered in community pharmacies,
the focus is on respiratory system medicines. As emphasized in [4], these medicines are
particularly significant due to their frequent purchase patterns, especially during periods
of seasonal demand, and their relevance during the COVID-19 pandemic. Sales data is
aggregated by pharmacotherapeutic classifications, resulting in twelve distinct time series
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to be examined, with aggregation necessary due to the discontinuation of certain medicines
over time.
The analysis begins with Seasonal-Trend decomposition using LOESS (STL decompo-
sition), which enables visualization of the time series components, measurement of the
strength of its trend and seasonality, and detection of outliers. This is followed by statisti-
cal hypothesis testing for stationarity and normality. Several forecasting methods are then
tested for one-step-ahead forecasts, including Näıve and Seasonal Näıve, Autoregressive
Integrated Moving Average (ARIMA), and state-space Exponential Smoothing, known as
ETS (Error, Trend, Seasonal). The automated versions of ARIMA and ETS modeling,
based on the algorithms described in [3], are used for their efficiency and ease of use, as
they are better suited for this context. Following best practices recommended in [2], the
evaluation is performed using time series cross-validation, with classical accuracy measures
reported.
The results indicate that pharmacotherapeutic classifications with high sales volumes typ-
ically exhibit time series with strong seasonality, which tend to favor ARIMA models. In
contrast, for series with weaker seasonality, ETS models are generally preferred. However,
for these highly seasonal series, the accuracy measures suggest that historical sales data
alone cannot capture all relevant information, highlighting the need for future work to
integrate additional sources, such as influenza cases reported by the Portuguese National
Health Service.
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Awareness of environmental hazards and resource depletion from electronics is
rising yet integrating social perspectives in engineering education lacks consen-
sus. A survey of lecturers and students explored this issue. Findings reveal
age minimally impacts sustainability views, with older individuals prioritizing
social impacts. Engineering education moderately addresses social, economic,
and political factors, though effectiveness varies by country. Social science
students show greater concern for sustainability and social development than
engineering students.

Keywords: social perspective, engineering programs, survey, guide, technical/social com-
petencies

There is increasing awareness and concern about the environmental hazards and use of
limited Earth resources in producing goods and services. Reviewing literature, we found
that there are different strategies but the most applied are specific projects, conferences,
courses, and end-of-studies projects. Other authors mention that the most frequently
used methodologies to integrate transversal competencies in engineering are case studies
and questionnaires, while the least frequent are interviews and literature reviews. Some
studies [2] emphasize that sustainability should be included in all teaching programs and
throughout all courses and point out that several universities worldwide, such as Kaunas
University of Technology, teach sustainability programs in all knowledge areas to raise
awareness. Yet, there are constraints arising from the curricula adaptation. Some research
[1] concluded that difficulties stemming from the curriculum structure and planning, where
most professors felt that the teaching load was already too high to incorporate additional
content, and challenges observed during teaching practice, primarily involving the difficulty
of integrating relevant transversal competencies with technical content.
With the purpose of developing a guide to the inclusion of the social perspective in engi-
neering programs (bachelor’s and master’s degrees) it was decided to collect information on
the experience, preferences and opinions of the lecturers and students as a first approach
to the design of the modules that will form the mentioned guide. A comprehensive survey
by means of a questionnaire was conducted (between September and October 2024) to
assess the current state of integration and identify areas for improvement, garnering 203
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valid responses from international students and lecturers collected from the HEIs that are
involved in a transnational project with the authors of this research.
The survey findings revealed a strong consensus on the importance of societal impacts in
engineering practices. Respondents rated the need to consider these aspects at an impres-
sive 6.10 on a 7-point scale, with sustainability emerging as the top priority, achieving the
highest average score of 6.25 from the following items: Infrastructures and Industry, Nat-
ural resources and raw materials, social development, social policies and legal regulations.
This strong agreement between the respondents regarding importance of societal impacts
in engineering practices indicates widespread recognition of the need to align technological
advancements with societal well-being. The average response (4.64), although above the
midpoint (3.5), is noticeably lower than other results. This suggests that there is still
room for improvement in the way education addresses these broader societal aspects. For
example, when the respondents were asked whether education should incorporate these
considerations, the average response is much higher (5.78). The difference between satis-
faction with the level of inclusion of these aspects and the importance of their inclusion in
the educational process may indirectly mean that people don’t feel totally satisfied with the
way the necessary aspects are addressed in the current situation, or that they see barriers
to incorporating these aspects. This discrepancy underscores the urgent need for reforms
to better integrate social perspectives into engineering education.
Cultural differences also emerged prominently in the data highlighting the influence of
cultural and institutional contexts on educational priorities. Furthermore, disciplinary
distinctions were evident, as social science students displayed significantly more concern for
sustainability and social development than their engineering peers. Findings highlight the
pressing need to align engineering education with broader sustainability goals and societal
expectations. By addressing the identified gaps, fostering interdisciplinary collaboration,
and tailoring educational practices to regional and cultural contexts, the project aims to
create a comprehensive guide to embedding social perspectives in engineering programs.
This initiative aspires to cultivate a new generation of engineers who possess not only
technical expertise but also a deep commitment to social responsibility and sustainable
development.
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Data journalism has become increasingly prominent, expanding its influence
within newsrooms and playing a vital role in society. It not only leverages
the growing availability of data enabled by new technologies, but also fosters
greater public understanding of data and visual information. This work under-
scores the importance of collaboration between journalism and data analytics,
highlighting the critical role of statistics throughout the process, from data
collection and analysis to effectively and clearly communicating insights.
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In recent years, concerns about the credibility of news media have grown, with many ques-
tioning the accuracy and impartiality of reporting. Data journalism offers a promising path
to rebuild public trust and uphold journalism’s societal role by promoting transparency
and openness. By sharing data sources and methodologies, news organizations can demon-
strate their commitment to accountability [3]. Achieving this requires collaboration among
professionals with diverse yet complementary skills.
Data journalism occupies a dynamic space at the intersection of statistics, creativity, and
storytelling, merging analytical rigor with artistic innovation to produce impactful nar-
ratives. Statistical analysis lies at the heart of this discipline, serving as a foundational
tool for extracting meaningful insights, ensuring data accuracy, and establishing credibility
[4]. Robust statistical methodologies enable data journalists to assess data quality, uncover
patterns and trends, and draw evidence-based conclusions, setting the stage for storytelling
that is both compelling and trustworthy.
Creativity is equally indispensable in data journalism, transforming raw numbers into vi-
brant, engaging narratives that resonate with diverse audiences. Through the thoughtful
design of data visualizations and storytelling techniques, creativity bridges the gap be-
tween complex datasets and audience understanding. These visual and narrative elements
are not merely aesthetic; they are integral to enhancing comprehension, fostering emo-
tional connections, and encouraging engagement [2]. Data visualization emerges as the
pivotal medium in this process, translating abstract numerical insights into accessible and
emotionally compelling forms that drive the narrative forward.
This work emphasizes the essential synergy between statistical rigor and creativity in data
journalism. While creativity serves as a powerful tool to captivate and inform, its appli-
cation must remain faithful to the underlying data. Ethical responsibility is central to
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this balance, ensuring that data visualizations and narratives amplify truth rather than
distort it. Statistical expertise plays a crucial role in maintaining this integrity, offering a
safeguard against misrepresentation while enabling journalists to craft stories that are not
only visually striking but also grounded in factual accuracy [1].
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Enhancing data quality in real-time environments:

metrics and applications in digital industry
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Real-time data environments face challenges in maintaining high data qual-
ity due to the continuous influx of large, heterogeneous data sets. Addressing
issues, such as incompleteness, inconsistency, and inaccuracy, is critical for en-
suring reliable analytics and decision-making. This work synthesizes insights
from previous studies to propose and validate data quality metrics. These me-
trics enable monitoring and assessment of data quality in streaming pipelines,
ensuring robust foundations for analytics in Digital Industry contexts. The
results show the applicability of the proposed metrics on data quality assess-
ment. Further, it was observed that longer time-windows on the longitudi-
nal score yielded less reactive scores but increased computational effort, while
shorter ones enhanced reactivity. Also, adjusting the decay rate controls score
behavior without altering the computational cost.

Keywords: Data quality, monitoring, real-time manufacturing, digital industry

In the era of Digital Industry, the proliferation of Internet of Things (IoT) devices and
sensors has revolutionized real-time monitoring. However, the continuous and dynamic
nature of data streams poses significant challenges. In fact, data quality issues, such as,
missing values, outliers, and inconsistencies, can lead to erroneous insights and operational
inefficiencies. To effectively tackle these challenges, it is imperative to develop robust and
specialized data quality metrics specifically tailored to the unique demands of streaming
scenarios.
The following metrics have been designed to address real-time data quality challenges:

� Weighted Quality Score (WQS): Provides a snapshot of data quality at a specific
time by evaluating adherence to predefined quality rules.

� Longitudinal Weighted Quality Score (LWQS): Measures historical data qual-
ity, assigning greater importance to recent data while accounting for past trends.

� Quality Score Delta (QSD): Quantifies the difference between WQS and LWQS,
offering insights into the evolution of data quality over time.
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These metrics rely on a weighted sum method, therefore allowing stakeholders to assign
importance to specific quality dimensions and rules based on context and relevance.
A service-oriented data ingestion pipeline was implemented in a manufacturing environ-
ment. The pipeline integrated tasks such as raw data ingestion, time-series processing, and
quality assessment. This pipeline, built around Apache Kafka, demonstrated the effective-
ness of the proposed metrics, in terms of: Enhanced Monitoring: Real-time alerts for
data quality issues enabled immediate corrective actions; Improved Reliability: Contin-
uous quality checks ensured the integrity of data used for analytics; Operational Insights:
Historical analysis of metrics highlighted recurring issues and their root causes.
The Metrics were applied to evaluate data streams involving sensor readings of tempera-
ture, pressure, and speed, illustrating their practical utility in maintaining data integrity.
The application of WQS, LWQS, and QSD in real-time scenarios highlights their potential
to transform data quality management. However, future work should focus on:

� Dynamic Weighting Schemes: Refining the weighting of dimensions and rules
based on evolving data characteristics.

� Automated Rule Generation: Leveraging machine learning to identify and adapt
quality rules in dynamic environments.

� Broader Applications: Extending these metrics to other domains, such as health-
care and finance, where real-time data is critical.

Maintaining high data quality in real-time environments is a cornerstone of effective ana-
lytics and decision-making. The proposed metrics provide a robust framework for assessing
and enhancing data quality in streaming pipelines. By addressing key challenges in data
integrity, these metrics contribute to operational efficiency and data-driven innovation.
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R&D in Portuguese companies

Ĺıdia Maria Galvão Rodrigues Praça
Polytechnic Institute of Bragança, lpraca@ipb.pt

The purpose of this study is to characterize and evaluate the Research and
Development (R&D) activities of Portuguese companies, from 2016 to 2022.
This is a descriptive statistical analysis of R&D activities, from an internal and
external perspective of the companies and by sector of activity, based on the
Community Innovation Survey. It was possible to observe an increase in R&D
activities, especially intramural activities, as well as in activities carried out
internally, on a continuous basis.

Keywords: companies, extramural, intramural, R&D activity, sector

Research and Development (R&D) means all creative work carried out in a systematic
way, with a view to expanding the body of knowledge, including knowledge of man, cul-
ture and society, as well as the use of this body of knowledge in new applications [4].
It can be carried out intramurally (R&D carried out within the company) and/or extra-
murally (external acquisition of R&D). Intramural R&D concerns activities carried out
by the company to create new knowledge or to solve scientific or technical problems (it
may include software development within the company when it falls within this scope).
Extramural R&D concerns the contracting or acquisition of R&D services from other com-
panies or public or private research organizations and may have to do with: (i) Acquisition
of machinery, equipment, software and buildings; (ii) Acquisition of existing knowledge
(know-how) in other companies or organizations; (iii) Training for innovation activities;
(iv) Introduction of innovations to the market, (v) Design, among others. Still regarding
intramural R&D, it is important to know whether this occurs continuously, which presup-
poses that the company has permanent personnel carrying out R&D activities within the
company, or whether it only occurs occasionally, when necessary. It is in this context that
the present study is intended to be carried out, applied to Portuguese companies and using
a descriptive statistical analysis as its methodology, based on the results obtained through
the Community Innovation Survey - CIS, for the period between 2016 and 2022. These
surveys are biennial and regulated by the European Union/Eurostat, in accordance with
the Oslo Manual, being carried out obligatorily since 1993, in all member states and whose
results are published with a two-year lag. Therefore, this study is based on three surveys:
CIS 2018 [1], CIS 2020 [2] and CIS 2022 [3]. The CIS 2018 survey collected information
from 2016 to 2018 and the results were published in 2020; the CIS 2020 survey collected
information from 2018 to 2020 and the respective results were made public in 2022; and
the CIS 2022 survey collected information from 2020 to 2022, the results of which are
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the most recently published, in 2024. From the analysis of the aforementioned results, it
was possible to conclude that: In the 2016-2018 three-year period, 7,5% had intramural
R&D activities, 4,3% developed these activities on an ongoing basis and 4,0% contracted
R&D services to other companies or public or private research organizations (extramu-
ral R&D). In the 2018-2020 three-year period, 9,3% had intramural R&D activities, 4,7%
developed these activities continuously and 3,6% contracted R&D services to other com-
panies or public or private research organizations (extramural R&D). In the 2020-2022
three-year period, 10,2% had intramural R&D activities, 4,9% developed these activities
on an ongoing basis and 4,2% contracted R&D services to other companies or public or
private research organizations (extramural R&D). Over the period under analysis, there
was a significant percentage increase in R&D activities, especially intramural, which was
accompanied by an identical increase in activities carried out internally, on a continuous
basis. It should be noted that this percentage fluctuation in activities carried out on a
continuous basis presupposes that Portuguese companies have valued the human resources
dedicated to R&D to the detriment of meeting this need on an occasional or extramural
basis. We can also see that in the last three years under analysis, there was an increase in
R&D activities as a whole, as well as in each of the categories (internal and external). By
sector of activity, industry or services, none is clearly demarcated throughout the period
under analysis, with both being R&D activity. In conclusion, the study allows us to foresee
positive results regarding the role of Portuguese companies in the scope of R&D activities,
which need, however, to be proven with a more complete analysis to be carried out in the
future and with the inclusion of size, economic activity (CAE), geographic region (NUTS),
among other aspects.
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Classification of districts in Costa Rica using

geospatial data
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In recent decades, the collection and use of geospatial data has generated in-
terest in various fields, including economics, biology, and health.

In our paper, we present our experience collecting, cleaning, and transforming
such data. We then used it to classify Costa Rica’s districts and cantons. The
results were compared with other indices developed by government agencies in
the country.

Keywords: geospatial data, google cloud, human development index, principal compo-
nents, classification

Every day, within the analysis of data, the use of geospatial data becomes more relevant,
these allow us to show a more complete image of the events [4] in our environment. They are
not always easily accessible, either due to the cost or access of them or the computational
management.

Using geospatial data, we share our experience in the characterization of the districts and
cantons of Costa Rica. This with the aim of being able to contrast our segmentation with
existing groupings at the cantonal level, such as the human development index [3] or the
consumer confidence index prepared by the University of Costa Rica [2]. To do this, we
collect information related to social variables (schools, hospitals), economic variables (bars,
restaurants, malls, banks)and religious variables (churches), this information was provided
by Google Maps [1], we used a Google Cloud API, which returns the values found for a
variable indicated in that area based on a center and radius. In our process, we made a
circle overlay of the entire country. The process generated millions of records, which were
cleaned and transformed by us, to build a summary table of information that served as
input for subsequent statistical analysis.

A principal component analysis and a classification using k-means were performed. The re-
sults found allow us to observe the formation of classes of districts that are comparable with
what was observed or that can be validated with instruments such as the aforementioned
indexes.
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Applying the weighted aggregated sum product

assessment method to the risk classification of sectors

for greenhouse gas emission

Irene Brito
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The weighted aggregated sum product assessment method is a multi-criteria
decision making method that combines the weighted sum and the weighted
product models for ranking a set of alternatives based on different criteria.
The purpose of this work is to apply this method to the risk analysis of green-
house gas emission by sectors, using different risk measures for the definition
of the criteria and data corresponding to annual greenhouse gas concentrations
measured in Portugal from 1990 to 2022.

Keywords: WASPAS, decision-making model, risk assessment, risk measures, greenhouse
gas emission

Multi-criteria decision-making (MCDM) methods are decision support systems that per-
mit making decisions under different criteria, by evaluating and ranking the alternatives
with respect to the different criteria. The weighted aggregated sum product assessment
(WASPAS) method is one of these methods, that combines the well known weighted sum
model and weighted product model (see e.g. [4]).
In the present work, this method will be adapted to the risk analysis of greenhouse gas
emissions by sectors. Since greenhouse gases trap heat and are responsible for raising
the surface temperature of the earth, contributing to climate change, the reduction of
greenhouse gas emissions is essential to slow the rate of global warming and mitigate its
impact on environment and human health. In the European Union, the European Climate
Law sets a target to reduce the emissions by at least 55% in 2030, compared to 1990
[3]. In order to fulfill these ambitions, risk measurement of greenhouse gases and the
identification and risk classification of sectors responsible for the emissions is important
for the implementation of appropriate solutions.
This study specifically analyses the emissions of the three most emitted greenhouse gases,
CO2 (carbon dioxide), CH4 (methane), N2O (nitrous oxide), in Portugal by different sec-
tors: industrial processes, agriculture, forest and land use change, waste, energy, consider-
ing annual data from 1990 to 2022 (emissions in kt of CO2 equivalent), extracted from the
Portuguese Institute of Statistics (INE) [2]. The analysis will incorporate three different
risk measures for establishing the assessment criteria [1], including mean, value at risk, and
conditional tail expectation.
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The method consists first in calculating the risk measures for each pollutant emitted by
the five sectors (or alternatives: A1 – industrial processes, A2 – agriculture, A3 – forest
and land use change, A4 – waste, A5 – energy) based on the empirical distribution. Then,
the WASPAS method will be applied to the risk decision matrix, whose entries are the risk
values of the alternatives determined with the risk measures, in order to obtain a ranking
of the alternatives. Table 1 contains the rankings obtained for the three greenhouse gases,
where the order 1 corresponds to the lowest risk and the order 5 to the highest risk.

Table 1: Risk rank orders of the alternatives for each greenhouse gas

CO2 CH4 N2O
Industrial processes 5 1 1
Agriculture 2 4 5
Forest and land use change 4 3 4
Waste 1 5 3
Energy 3 2 2

Based on the proposed risk classification method, one can conclude that A1 (industrial
processes) is classified as the riskiest sector considering the emissions of CO2, whereas it
is classified as least risky sector with respect to the emission of the other two greenhouse
gases. As for CH4, the sector A4 (waste) is the riskiest sector for the emission of this
greenhouse gas, however this sector was classified as having the lowest risk for CO2 emission.
Considering N2O, the sector A2 (agriculture) represents the highest risk for the emission
of this greenhouse gas.
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Longitudinal data are characterized by repeated measurements over time. Tra-
ditional statistical models applied to longitudinal data have been widely used,
but are notable limitations. Machine learning techniques are emerging as
promising alternatives, especially for high-dimensional data. This study re-
views these methodologies, comparing it with traditional models and discusses
challenges such as correlation among repeated measures and missing data, high-
lighting their clinical relevance.

Keywords: dynamic prediction, longitudinal statistical models, mixed-effects machine
learning, multi-task learning, supervised machine learning

Longitudinal data, characterized by repeated measurements of individuals over time, are
a cornerstone of analysis in various fields, including biomedicine, social sciences, and eco-
nomics. In biomedical contexts, longitudinal data are especially critical for understanding
disease progression, predicting individual trajectories, and informing real-time decision
making. Proper analysis of such data can yield substantial benefits, such as early diag-
nosis, identification of at-risk individuals, and the development of targeted preventive or
therapeutic strategies [1].
Traditionally, longitudinal data analysis has been dominated by statistical methods, par-
ticularly Generalized Linear Mixed Models, introduced by Nelder and Wedderburn in 1972.
Although effective in capturing basic trends and describe statistical associations between
variables, these models face notable limitations in complex and high-dimensional settings.
Specifically, they require the specification of parametric forms for variable relationships,
which are often unknown a priori.
Machine learning has emerged as a powerful alternative for analyzing longitudinal data,
proving to be significant promise in various clinical contexts [4]. For example, this ap-
proach has outperformed traditional algorithms in tasks such as long-term prediction of
chronic heart disease [3]. Additionally, the integration of longitudinal big data into ma-
chine learning models has been demonstrated to improve predictive accuracy and facilitate
personalized healthcare solutions [2].
The primary objective of this study is to provide a comprehensive review of supervised
machine learning methodologies for longitudinal data, including Summary Features (SF),
Longitudinal Features (LF), Multiple Instance Learning (MIL), Stacked vertically (SV),
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Multi-Task Learning (MTL), and Mixed-Effects Machine Learning (MEML). Particular
emphasis will be placed on MTL and MEML, as these methodologies offer significant
advantages in modeling complex temporal dependencies and managing data heterogeneity.
Furthermore, these approaches will be critically compared with traditional longitudinal
models to evaluate their respective strengths and limitations.
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Student dropout is a current concern in Portuguese Higher Education Insti-
tutions due to its substantial implications, requiring the creation of evidence-
based strategies. This study develops a predictive model for undergraduate
dropout at the Polytechnic University of Coimbra, identifying key predictors
from the institution’s database. To facilitate adoption within the academic
community, standard and interpretable machine learning algorithms are em-
ployed.

Keywords: dropout, higher education, prediction, machine learning, interpretability

Student dropout in higher education is a critical concern globally, particularly in Portu-
gal, where recent statistics reveal that 11.1% of first-year students at public institutions
dropped out of their courses during the 2021/22 academic year. This marks a noticeable
increase of two percentage points compared to the 2019/20 academic year, according to
the Directorate General of Education and Science Statistics (DGEEC) in the infocurso.pt
portal, underscoring the urgent need for targeted interventions aimed at improving student
retention. Dropout not only affects the academic and professional futures of students but
also has far-reaching consequences for higher education institutions and society at large,
including wasted resources, reduced workforce competitiveness, and social instability. In
response to this challenge, this study aims to develop an interpretable predictive model
for undergraduate dropout at the Polytechnic University of Coimbra (IPC), leveraging
institutional data to identify its key predictors. The goal is to contribute to a more ef-
fective understanding of the factors leading to dropout and provide actionable insights for
developing targeted retention strategies.
The significance of interpretability in machine learning models, particularly within educa-
tional settings, cannot be overstated. As defined in [1], interpretability refers to a system
where users can not only see the outputs but also understand how inputs are mathe-
matically mapped to those outputs. In the context of this study, interpretability enables
stakeholders such as university administrators, faculty, and policymakers to comprehend
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the reasoning behind predictions. This transparency enhances trust in the model and
facilitates its adoption for informed decision-making.
The literature review plays a pivotal role in identifying key predictors of undergraduate
dropout, drawing from studies that highlight a range of factors influencing student reten-
tion [2, 3]. These factors can be categorized into four dimensions: organizational (e.g.,
teaching methods, institutional conditions), personal life management (e.g., financial diffi-
culties, family background), professional (e.g., employability, alignment with the course),
and relational/social (e.g., social integration, peer relationships). The study uses these
dimensions to guide the collection of data from the institution’s database, which has data
from the six organic units of IPC, for the 2020/21 and 2021/22 academic years. Data
preprocessing techniques, including normalization and handling of missing values, ensure
the quality and consistency of the data. Feature selection methods are then applied to
focus on the most relevant predictors for dropout risk.
To ensure the results are accessible and actionable, two interpretable machine learning
algorithms – k-nearest neighbors and decision trees – are used. The model’s performance
is assessed using accuracy, precision, and recall. Given the imbalanced nature of the data –
dropout cases are less frequent than non-dropout cases – the precision metric is particularly
important, as it indicates the proportion of predicted dropouts that are true dropouts. The
results show interesting performance, with high accuracy and a promising level of precision,
suggesting that the model can effectively identify at-risk students.
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This study provides an overview of Open Government Data (OGD), focusing
on its components, principles, and perspectives. Explores the benefits and
barriers associated with OGD and highlights its alignment with the Sustainable
Development Goals. The study also examines the maturity of OGD in Portugal,
with an emphasis on national and European evaluations. By addressing these
topics, the study aims to foster a deeper understanding of the role of OGD in
promoting transparency, innovation, and sustainable growth.

Keywords: open government data, Portugal, sustainable development goals, data acces-
sibility, open data maturity

In today’s increasingly technological world, vast amounts of data are being generated daily,
which have become valuable for governments, businesses, and society as a whole. However,
much of this data remains inaccessible due to storage and usage limitations [4]. Open
Government Data (OGD) emerged as a solution to this problem, aiming to make public
data freely available and reusable without restrictions [2]. Governments have implemented
legislative measures and regulations that promote public access to the data they generate,
thereby encouraging citizen participation and creating a global repository for data and
information (Agência para a Modernização Administrativa, 2016). Then, the main goal
of OGD is to create public value by ensuring that data is not only accessible but also
effectively utilized by citizens. Governments, leveraging Information and Communication
Technologies (ICT), play a crucial role in this process by supporting the opening of data
and fostering public participation [3]. Through ICT, government data becomes available
online in formats that are machine-readable and easily processed, enabling businesses and
citizens to access, reuse, and generate new products or services. Actually, OGD brings
multiple benefits, such as providing vital information on public services including health-
care, the environment, demographics, and education. Despite its many advantages, OGD
adoption faces several barriers that prevent its full potential from being realized. These
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barriers, identified by some authors, include institutional challenges, implementation dif-
ficulties, legal compliance issues, and concerns over data quality and technical access.
Addressing these barriers is essential for overcoming the ambiguity that surrounds the
widespread adoption of OGD. Moreover, OGD plays a crucial role in the achievement of
the United Nations’ Sustainable Development Goals by providing essential data on nat-
ural resources, government operations, public services, and demographic characteristics
[1]. Open data allows countries to define priorities and develop strategies to address both
national and global challenges. Turning to Portugal, the “dados.gov.pt” portal, launched
in 2011, serves as the country’s central platform for open data. It hosts a wide range of
datasets provided by public organizations, which can be downloaded, modified, and reused
by citizens, businesses, and other entities for diverse purposes (Agência para a Modern-
ização Administrativa, 2016). Portugal’s OGD initiatives are evaluated annually within
the European context, with assessments focusing on key dimensions such as policy, portal
infrastructure, impact, and data quality. These evaluations aim to measure how effectively
Portugal manages and publishes open data, helping to identify areas for improvement and
ensuring alignment with broader European standards. Through these evaluations, Portu-
gal’s progress in advancing open data is monitored, supporting ongoing improvements in
data accessibility and usage.
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data using LASSO and elastic net
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The importance of mathematical literacy is increasingly being recognized. How-
ever, various factors can impact students’ mathematical literacy, resulting in
diverse performance patterns. This study assessed the performance of LASSO
and Elastic Net methods, along with the traditional forward stepwise regression
approach, in selecting predictor variables associated with students’ mathemat-
ics performance based on PISA 2022 data.

Keywords: mathematical literacy, PISA 2022, variable selection, LASSO, elastic net

Variable selection has become highly important in linear regression models, particularly in
recent years, due to the growing complexity and dimensionality of most datasets, making
it an essential step in any modeling process.
The development of new variable selection methods has become essential to address chal-
lenges related to computational complexity. Methods based on penalty functions have
emerged as a solution, as they shrink a subset of coefficient estimates to zero. Among
these, the Least Absolute Shrinkage and Selection Operator (LASSO) proposed by Tibshi-
rani [3] and Elastic Net (Enet) proposed by [4] are widely regarded as effective approaches,
enabling both variable selection and parameter estimation in a model.
Penalized regression methods provide a powerful approach to analyzing the relationships
within the extensive datasets collected in large-scale educational assessment studies. An
example is the Programme for International Student Assessment (PISA)[2], an interna-
tional evaluation that collects data from students, teachers, and parents to assess the skills
and knowledge of 15-year-old students in mathematics, reading, and science.
This study applies both penalized regression techniques and the traditional forward step-
wise regression approach to select predictor variables for Portuguese students’ mathemat-
ics scores, using data from the PISA 2022. Specifically, it seeks to examine the impact
of students’ backgrounds, attitudes toward mathematics, home environment, parental in-
volvement, and school-related factors on their mathematical literacy.
The dataset includes 6793 Portuguese students from 224 schools, drawn from the PISA
2022 assessment. Students’ mathematics performance scores were used as the outcome
variable, with 44 variables from the student questionnaires using as predictors.
Students’ economic, social, and cultural status (ESCS), gender, repeat, self-efficacy toward
formal and applied mathematics, preference for mathematics, students’ access to ICT
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at home, family support for self-directed learning were the most influential predictors
associated with students’ math performance.
Both LASSO regression and Enet produced similar findings, selecting fewer variables by
shrinking insignificant ones to zero. This approach improves model interpretability and
reduces the risk of overfitting.
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Bitcoin’s capped supply and price volatility have made it a popular speculative
asset, drawing attention from investors seeking accurate forecasts to manage
risk and seize opportunities. This study compares the performance of various
forecasting models, from traditional statistical methods to advanced neural
networks, providing insights into their ability to analyze price dynamics and
predict Bitcoin’s price movements.

Keywords: bitcoin, forecast, time-series analysis

The aim of this study is to predict bitcoin next day closing price [2]. Daily closing prices in
US dollars for 10 complete years, from 2015 to 2024, were extracted from yfinance1 using
the ticker BTC-USD. Exogenous variables were also extracted from yfinance for the same
time period. These included the US Dollar Index, Gold, S&P 500, Treasury Yield 5 Years,
and Oil Prices. The price of Bitcoin during this period, illustrated in Figure 1, exhibited
substantial volatility and growth, starting at $314.25 in January 2015 and climbing to
an all-time high of $106,140.60 by December 2024. Data was divided into three subsets:
training, validation, and testing. The training set covered 2015–2020, the validation set
spanned 2021–2022, and the test set included 2023–2024.

Figure 1: BTC Daily Closing Price 2015-2024

1https://pypi.org/project/yfinance/
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Multiple models were tested, beginning with Auto Regressive Integrated Moving Average
(ARIMA) and extending to neural network architectures, including Multilayer Perceptrons
(MLP), Long Short-Term Memory (LSTM), Gated Recurrent Units (GRU), DeepAR, Neu-
ral Basis Expansion Analysis Time Series Forecasting (N-BEATS), and Neural Hierarchi-
cal Interpolation for Time Series Forecasting (N-HITS). More recent models introduced
in 2024, such as Patch Time Series Transformer (PatchTST), Time-series Dense Encoder
(TiDE), and Kolmogorov-Arnold Networks (KAN) [1], were also evaluated. All models un-
derwent automated hyperparameter fine-tuning using Mean Absolute Error (MAE) as the
loss function. Two approaches were tested: one predicting the closing price directly and
another forecasting Bitcoin’s daily returns. Models were evaluated using Mean Absolute
Percentage Error (MAPE) as performance metric, summarized in Table 1. To mitigate
neural network randomness, results represent the mean of 30 runs with sequential random
seeds and predicted returns were converted to price to standardize metrics for comparison.

Table 1: MAPE by model

Model Price Return Price with Exogenous Return with Exogenous
ARIMA 1.777 - - -
MLP 1.819 1.780 1.793 1.781
LSTM 3.549 1.796 4.052 1.787
GRU 6.082 1.775 4.490 1.981

DeepAR 3.146 1.857 - -
NBEATSx 1.781 1.781 1.781 1.848
NHITS 1.785 1.791 1.787 1.859

PatchTST 1.769 1.853 - -
Tide 1.782 1.784 1.782 1.786
KAN 1.780 1.781 1.785 1.777

The best MAPE for each model ranged from 1.769% to 1.857%, demonstrating that all
models achieved high performance with minimal variation, effectively fitting the training
data and generalizing to unseen data. However, when applied to a simple trading strat-
egy—buying or holding Bitcoin if a price increase was predicted and selling if a decrease
was forecast—only TiDE and N-BEATS marginally outperformed a basic buy-and-hold
approach during the testing period. This suggests that for trading purposes, models may
require optimization with alternative loss functions that minimize errors based on their
impact on trading outcomes.
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This paper analyzes the predictive accuracy of statistical models and neural net-
works for forecasting the closing values of the Brazilian stock index (Ibovespa).
By comparing traditional approaches, such as ARIMA, with modern machine
learning models, including MLP, LSTM, TiDE, and KAN, we evaluate forecast
errors using metrics like MAPE and RMSE. The results show that while recent
algorithms perform well, traditional methods such as ARIMA and MLP achieve
competitive accuracy, offering valuable insights to academia and investors.

Keywords: neural networks, ARIMA, Ibovespa, stocks index, forecast

The Brazilian financial market offers a diverse ecosystem, balancing stability and volatility
through fixed and variable income assets. At the heart of this landscape is B3, the country’s
sole stock exchange, reflecting Brazil’s economy and comprising over 400 listed companies
in various sectors. This paper focuses on the Ibovespa, an index tracking the performance
of B3’s major stocks, aiming to forecast its closing values using traditional econometric
models and advanced machine learning techniques.
The methodology involved selecting 10 years of historical data, from January 2013 to
December 2023, normalizing them for consistency, and splitting the data set into training
sets (75%), validation sets (10%) and tests (15%) [1]. Different configurations were used
for ARIMA and neural networks. The AutoARIMA function and the Optuna library were
used for hyperparameter optimization, and a sliding window approach was used so that a
fair comparison could be made between ARIMA and neural networks [2]. Neural network
predictions were denormalized before error calculation to ensure a correct comparison with
real values. To ensure statistical significance, the results shown for neural networks are
averages of 100 runs.
The results presented in Table 1 demonstrate consistent metrics, highlighting the reliability
of the evaluations. We can see that all models achieve a MAPE value of less than 1%, except
LSTM, GRU and DeepAR. ARIMA achieved the highest R² value (0.9700), indicating its
superior ability to explain data variability, while also maintaining low error metrics (MAE
of 1085.9085 and RMSE of 1370.4918). Among the neural network models, NHITS achieved
the best overall performance, with the lowest MAE (1065.5834), RMSE (1357.6058), and
MAPE (0.9573). In contrast, LSTM exhibited the highest error metrics, with a MAE of
1423.9116 and an RMSE of 1728.3206, despite achieving an R² of 0.9488.
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Table 1: Results of Ibovespa Predictions

Model MAE RMSE MAPE R2
ARIMA 1085.9085 1370.4918 0.9671 0.9700
LSTM 1423.9116 1728.3206 1.2758 0.9488
GRU 1366.8244 1731.4238 1.2156 0.9478
MLP 1077.0929 1373.6700 0.9675 0.9675

NBEATS 1069.0547 1358.6425 0.9608 0.9683
NHITS 1065.5834 1357.6058 0.9573 0.9683

DeepAR 1373.1770 1685.2074 1.2350 0.9511
PatchTST 1069.8394 1366.6299 0.9615 0.9679

TiDE 1069.3313 1358.9113 0.9611 0.9682
KAN 1075.2727 1373.1950 0.9665 0.9676

Figure 1: ARIMA Model, real versus predicted values

Figure 1 shows the values predicted by the ARIMA model compared to the real values.
We can see that the predictions follow the real values very closely.
The results indicate that the models’ performances are closely aligned, with slight variations
in accuracy and error metrics. Overall, the models performed consistently well on the
different evaluation criteria.
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Cooperatives are recognized as key drivers of organic production, sustainability,
and inclusive business, but little is known about the values connecting produc-
ers to cooperatives. To assess these values in São Tomé e Pŕıncipe’s organic
cocoa cooperatives, a Structural Equation Model was proposed with “functional
value” as an exogenous construct, and “social,” “emotional,” and “monetary”
values as endogenous. Using Partial Least Squares and a convenience sample
of cocoa producers, the model reveals key relationships between these values.

Keywords: organic cocoa, PERVAL, São Tomé e Pŕıncipe, structural equation model,
survey

Cooperatives play a critical role in discussions on inclusion, rural development, food secu-
rity, and agricultural sustainability, as well as their impact on income, poverty reduction,
and producers’ livelihood strategies [2]. However, limited research explores the value con-
structs that connect rural producers to cooperatives and their membership experiences.
Traditionally, this value has been examined through monetary or social dimensions [4].
Yet, other dimensions from the PERVAL scale [3], encompassing functional, emotional,
monetary, and social values, can be explored. This study examines how these dimensions’
influence perceptions of cooperative membership among organic cocoa producers in São

4 April, 11:30 - 12:00, Hall of Grande Auditório
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Tomé e Pŕıncipe. Data were gathered through face-to-face questionnaires conducted be-
tween June and December 2021 with a convenience sample of 400 organic cocoa producers,
representing 12,2% of the total population of 3,274 producers. Participants were affiliated
with the two main cooperatives—CECAB and CECAC11—or smaller residual organiza-
tions. Of the respondents, 32% were women, 61.5% were aged 40–60, and 78,5% had
primary school education. These cooperatives act as vital intermediaries, linking farmers
to national and international chocolate markets while providing resources, information, and
support to cocoa producers. In this study, research hypotheses were formulated based on
the scientific literature and also considering the empirical knowledge of cooperative lead-
ers. A reflective Structural Equation Model (SEM) was then proposed, where ”functional
perceived value” served as a latent exogenous construct and the endogenous constructs
were ”emotional”, ”monetary” and ”social” values. We used the consistent Partial Least
Squares (PLSc) estimator, which has been used to handle complex models, with Likert-
type scale (ordinal variables) and non-normal data [1]. The Bootstrap resampling process
[1] was used to assess the model’s goodness-of-fit and confirmed that its parameters are
statistically significant at a significance level of 5%. In the model estimated with PLSc-
SEM, the largest positive direct effect was found between ”functional perceived value” and
the ”emotional” (0.742; p < 0.001), where the amount of variance explained (coefficient
of determination) was R2 = 55.1%. The insights from this research contribute to a better
understanding of cooperative value and its implications for governance strategies in organic
cocoa production.
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This study examines “consumer perceived value in food” choices using a Struc-
tural Equation Model considering the dimensions — “functional/quality”, “emo-
tional”, “social”, “price” and “environmental” — as latent constructs, and
where “satisfaction” and “consumption” are the target constructs. Based on
a sample of consumers, obtained through survey adapted from the PERVAL
scale, a model was estimated with consistent Partial Least Squares estima-
tor. Preliminary results show that “functionality/quality” and “price” have
the strongest influence on “consumer satisfaction”.

Keywords: consumer, food, PERVAL, PLS predict, survey

The overall perception of value in food products has gained increasing importance, driven
by concerns about quality, emotional responses, social influences, price, and environmental
practices. According to existing literature, each of these dimensions contributes uniquely
but complementarily to perceived value, impacting both satisfaction and purchase or con-
sumption decisions [1, 2]. To investigate these relationships, a Structural Equation Model
(SEM) was proposed, postulating that the five dimensions—”functional/quality”, “emo-
tional”, “social”, “price”, and “environmental”—act as exogenous latent constructs pre-
dicting “satisfaction”, which in turn is directly linked to food product consumption. A
convenience sample (444 valid responses) was collected via an online questionnaire based
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on the PERVAL scale [4], conducted in Portugal in 2024. The dataset is relatively het-
erogeneous in terms of age, education, and food consumption habits: 71.6% were women,
50% were between 31 and 50 years old; 34.2% of respondents were employed and 42.3%
were single. The 5 point Likert scale measured participant agreement with each indica-
tor (observed variable). The consistent Partial Least Squares estimator (PLSc) [3], which
does not assume multivariate normal distribution and is recommended for complex and
also early-stage models, was used to estimate and validate the proposed model. Initial
evaluation of the measurement model showed satisfactory convergent validity, with outer
loadings exceeding 0.70, composite reliability (CR) between 0.82 and 0.90, and Average
Variance Extracted (AVE) values ranging from 0.56 to 0.64. Preliminary results from the
structural model indicated positive and statistically significant effects (standardized path
coefficients) of all five perceived value dimensions on “satisfaction”. “Functional/quality”
(0.42, p < 0.001) and “price” (0.38, p < 0.001) had the greatest impact, followed by
“emotional” (0.31, p = 0.033) and “environmental” (0.29, p = 0.021) dimensions. These
relationships explained 64% of the variance in “satisfaction” (R2 = 64%), highlighting the
significant role of perceived value in shaping “satisfaction”. The robustness of the esti-
mates, obtained with the PLSc-SEM, was confirmed through bootstrap resampling, while
the predictive capacity of the model was assessed using the PLSpredict algorithm and Root
Mean Square Error (RMSE). None of the “consumption” indicators exceeded the predic-
tion errors of a simple linear model, indicating strong predictive validity of the estimated
model.
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This study seeks to understand how Portuguese and Brazilians are influenced
by social media and digital influencers when choosing a restaurant, using data
from 169 Portuguese and 338 Brazilian respondents.

Keywords: social media, restaurants, influencer, data analysis

In today’s digital age, the widespread reliance on information from social media in the
purchasing decision process is undeniable, and the restaurant sector is no exception [1].
Social media platforms serve not only as a source of information for decision-making but
also as a means of engaging with favourite restaurants. This study investigates the influence
of social media and digital influencers on restaurant selection, using data collected through
a questionnaire. The sample comprised 169 Portuguese and 338 Brazilian respondents,
allowing for cross-national comparisons of consumer behaviour. Our findings revealed
that over 60% of respondents follow their favourite restaurants on social media (65.7%,
95% CI: 61–70%) and similarly, over 60% often follow digital influencers (66.3%, 95% CI:
62–70%). These results underscore the importance of understanding how these platforms
can be leveraged for customer acquisition and retention. Data were analysed using factor
analysis for dimensionality reduction, regression models, and non-parametric tests for group
comparisons.
The percentage of Brazilian respondents who report following their favourite restaurants
on social media at least occasionally (69%) is significantly higher than that of Portuguese
respondents (59%; p = 0.017). This propensity is also more prevalent among women than
men (70% vs. 52%, p < 0.001) and appears to exhibit a non-linear relationship with age,
increasing until approximately 30 years old and then decreasing. It was also found that
individuals who tend to follow restaurants on social media are not necessarily those who
spend more time daily on these platforms; that is, this behaviour does not appear to be
driven by a potential addiction to social media engagement. However, it is noteworthy
that following favourite restaurants on social media is associated with higher restaurant
expenditure (median of 20–30 Euros vs 15–20 Euros, per-person per visit, p = 0.005). In
other words, these individuals tend to spend significantly more money per restaurant visit.
Following restaurants on social media is also associated with following digital influencers
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XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

125



(70% follow digital influencers, compared to only 57% in the group that does not report
following their favourite restaurants on social media, p = 0.005).
A considerable proportion of respondents (70%, 95% CI: 66–74%) acknowledged that in-
formation obtained on social media influences their restaurant selection decisions. This
influence is more pronounced among Brazilians than Portuguese (75% vs. 60%, p < 0.001)
and among women than men (75% vs. 54%, p < 0.001), but no association was found with
restaurant visit frequency or expenditure. Thus, while many individuals use social media
to aid in their decision-making process, this behaviour was not significantly associated with
those who frequent restaurants more often or spend more.
No significant differences in Brazilian nationality, gender, age, or education level were
observed between respondents who reported being potentially influenced by digital influ-
encers and those who did not. This suggests that the influence of digital influencers on
restaurant decision may now be widespread across various demographic groups. However,
a significant difference emerged in restaurant expenditure, with the influencer-influenced
group reporting higher median spending (median of 20–30 Euros vs. 15–20 Euros, per
person per visit, p = 0.004).
Using specific photo and video posts included in the questionnaire, respondents were asked
about their intention to visit the featured restaurant. Respondents were randomly assigned
to view either a restaurant-generated post or an influencer-generated post. Intention to
visit was significantly higher for restaurant-generated photo posts compared to influencer-
generated photo posts (p = 0.002); no significant difference was observed for video posts.
Thus, in this context, influencers did not offer an advantage over restaurant-generated
content. Regarding positive attitudes toward the posts, no significant differences were
found between restaurant and influencer video posts; however, for photo posts, restaurants
received significantly higher ratings (p < 0.001). Influencers demonstrated a relative ad-
vantage only in perceived post credibility for video content (p = 0.006). It is important
to acknowledge that these findings may be influenced by the specific stimuli used in the
questionnaire. While these results offer preliminary insights into the comparative impact
of influencer and restaurant-generated content, further research employing diverse stimuli
and methodologies is necessary to confirm these observations.
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1 ISCAP, Instituto Politécnico do Porto, 2202143@iscap.ipp.pt, 2240334@iscap.ipp.pt,
2191144@iscap.ipp.pt
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This study analyses factors related to organisational climate and employee well-
being. Results show no gender differences in job satisfaction. However, men
and women have different perceptions of work-life balance, with men tending to
feel they have a better balance. The study’s findings underscore the significance
of key predictor variables such as the general working environment, fair pay-
ment, work recognition, and an inclusive and diverse work environment. These
variables collectively account for approximately 71% of the observed variance
in job satisfaction.

Keywords: satisfaction, organisational climate, well-being, generation, hypothesis testing

The labour market is in constant transformation, driven by generational changes that
redefine mentalities and priorities. The organisational climate and employees well-being
have come to play a prominent role when it comes to hiring and retention and are, in fact,
interconnected and essential elements for the performance and longevity of companies.
To analyse these elements, a questionnaire was developed with 17 closed questions (eval-
uated in a 5-level Likert scale) and one open question, and 129 responses were collected
between October and November 2024. The survey included questions such as “How would
you rate the general working environment in the company?”; “Does your company promote
an inclusive and diverse working environment?”; “Do you think your pay is fair compared
to your peers?”; “Do you feel that you are valued for your work in the company?”.
The majority of the sample were female (69%), and had a higher education degree (74.4%)
or secondary education (22.5%). The majority of respondents worked face-to-face (75.2%),
20.2% worked on a hybrid basis and only 4.6% worked remotely. The sample covered differ-
ent generations currently in the labour market, with 54.3% of participants from Generation
X, followed by 33.3% of Millenials, 9.3% of Generation Z and 3.1% Baby Boomers. Fig. 1
shows that the generations who have been in the labour market for a longer period of time
are more satisfied than the younger generations.
The Kruskal Wallis test (p-value = 0.019) confirms the existence of significant differences in
job satisfaction between the generations. This conclusion is in line with various generational
studies [1] which indicate that baby boomers are less focused on balance and more willing
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Figure 1: Job satisfaction by generation

to work longer hours, and that younger generations expect a healthy work-life balance,
with a strong preference for flexibility and well-being.
Various factors were analysed to assess organisational climate and employee well-being.
The analysis showed that there are no significant differences in job satisfaction between
genders (Mann-Whitney test: p-value = 0.389). However, men and women have different
perceptions of the balance between personal and professional life. Men tend to feel they
have a better balance, although the difference is not very significant (Mann-Whitney test:
p-value = 0.086). The linear regression model (Table 1) shows that 70.8% of overall
job satisfaction varies according to the work environment, fair pay compared to peers,
professional recognition and an inclusive work environment, while the remaining 29.2% is
unexplained, i.e. due to other factors not included in the model.

Table 1: Overall job satisfaction linear regression model

Variable Coefficient p-value
Constant 0.217 0.332

General working environment 0.322 < 0.001
Fair payment 0.186 0.002

Work recognition 0.182 0.008
Inclusive atmosphere 0.302 < 0.001

The findings of this study indicate that organisations must implement inclusive and diverse
working environments, fair remuneration, and the appreciation of employees in order to
retain high-calibre personnel.
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In this work a support vector machine model is proposed that can be used
for stock risk classification, which is relevant for building efficient portfolios in
investment decision problems. The model is constructed on the basis of various
risk-related attributes from stock returns over a given time period. The method
is applied to data from the Portuguese stock market index.

Keywords: support vector machine, risk assessment, risk measures, stock classification

Recently, different machine learning approaches were proposed for assessing the risk of a
portfolio. Most of these approaches combine a machine learning model for the selection
of stocks with the classical mean-variance optimization model, see e.g. [2], or with modi-
fications of this model, see e.g. [3], where the optimization was based on maximizing the
Sharpe ratio. Risk is in these cases expressed by variance. On the other hand, methods
were developed where risk is assessed by other measures, see for example [1], who used tail
risk measures, such as value at risk and expected shortfall.
The aim of the present work is to develop a support vector machine (SVM) model to clas-
sify stocks, where the purpose is to assess risk based on the most relevant risk attributes for
an efficient portfolio construction. Given a set of stocks with returns collected over a given
in-sample period, the method consists first in assessing the stocks considering a combina-
tion of the mean with one of the following risk measures: variance, upper semivariance, loss
probability, entropy, value at risk, conditional value at risk. Regarding the combination of
risk measures, the experiments will be performed using the weighted sum model and the
weighted product model. For each combination of risk measures, 50% of the best classified
stocks are selected forming a set with lowest risk. Then, equally weighted portfolios are
formed with the best classified stocks. The performance of these portfolios is evaluated
in an out-of-sample period using cumulative returns, Sharpe ratio, Sortino ratio and Beta
value. The performances are compared with the benchmark portfolio’s performance. An
aggregated ranking permits selecting the most efficient portfolio. The associated combi-
nation of risk measures is identified. These risk measures are the most relevant ones for
an efficient portfolio construction and serve as attributes for the construction of the SVM
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model. The proposed SVM classifier separates the two-dimensional risk attribute space in
two regions, a high risk region and a low risk region. The methodology is applied to stocks
of the Portuguese stock market PSI using data from January 2021 to December 2023 for
the in-sample period and data from January 2024 to December 2024 for the out-of-sample
period. Figure 1 presents the SVM classifier and the stocks of the PSI index belonging to
the high risk region and to the low risk region considering the risk attributes mean and
upper semivariance.

Figure 1: SVM classifier for risk attributes mean and upper semivariance

The SVM classifier will be used in subsequent works for updating the portfolio considering
future investment periods, by selecting stocks belonging to the low risk region.
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2 Śınese, luischambel@sinese.pt

This study aims to understand how lab-grown diamond prices are formed. We
rely on the results of Supervised Learning techniques and resort to specific
measures of the relative importance of predictors and Shapley values.

Keywords: supervised learning, relative importance of predictors, Shapley values, lab-
grown diamonds, diamonds’ prices

Addressing the relative importance of predictors is relevant in many practical prediction
tasks. While some supervised models can easily provide a ranking of predictors - e.g.,
Multiple Linear Regression or Classification and Regression Trees (CART), [2] -, using
more complex models such as Ensembles - e.g. [3] - requires a different approach.
In this work, we resort to Shapley values to address the relationship between predictors
and estimates obtained using an Ensemble approach. Shapley values explain the difference
between the prediction and the global average prediction. They quantify the contribution
of feature values to the estimates obtained, when in conjunction with different subsets of
predictors -[1].
We specifically analyze the role of the main physical characteristics of diamonds - the 4 Cs
(Carat, Color, Clarity, and Cut) - when estimating the unit price of lab-grown diamonds
using Multiple Linear Regression, CART, and Random Forests. While the relationships
between these predictors and prices are reasonably known for natural diamonds, the results
obtained are expected to shed light on the same relationship when referring to synthetic
diamonds. Shapley values associated with individual observations (Queries) can also bring
understanding on the price formation for certain diamonds - e.g. rarer diamonds.
We analyze a data set with 44443 observations collected from the website of an online re-
tailer of lab-grown diamonds (https://www.1215diamonds.com, accessed September 2022).
We note that the TwelveFifteen site closed around September 2023 and now the company
offers its products through its sister company, Diamond Nexus.
We resort to R packages “tree” and “shapr” to implement the proposed approach.
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The selection of variables is a critical step in constructing a regression model, as
it dictates which covariates will be considered to explain or predict the response
variable. In this study, we investigate the problem of variable selection in mix-
tures of linear regression models using penalized maximum likelihood estima-
tion with the Expectation-Maximization (EM) and Classification Expectation-
Maximization (CEM) algorithms. We conduct a simulation study to compare
the performance of variable selection methods and apply these methods to real
datasets.

Keywords: CEM algorithm, EM algorithm, penalized maximum likelihood estimation,
simulation study, mixtures of linear regression models

Finite Mixture Regression (FMR) models provide a flexible tool for modeling data that arise
from a heterogeneous population, where the relationship between the dependent variable
and the explanatory variables varies among the various subpopulations. In the applications
of these models, a large number of explanatory variables is often considered, for this reason,
variable selection assumes great relevance for mixture models.
All subset selection methods, such as the Best Subset Selection, Backward and Forward
Stepwise selection, and their modifications, have been widely investigated in the context
of FMR models. However, all subset selection methods are computationally intensive. In
order to overcome this problem, more efficient methodologies were developed such as, for
example, methods based on penalty functions.
The methods of variable selection in the linear regression model can be extended to the
models of mixtures of linear regressions. Variable selection through penalized maximum
likelihood has attracted great attention in recent literature. For example, in [3] the authors
propose a new method, based on the penalized likelihood function, penalizing not only the
regression coefficients, but also the mixing proportions in mixtures of regression models.
This work addresses the problem of variable selection in mixtures of linear regression models
with a large number of explanatory variables, using a penalized likelihood approach and em-
ploying the Expectation-Maximization (EM) and Classification Expectation-Maximization
(CEM) algorithms for parameter estimation. Different selection methods based on penal-
ization functions are studied, specifically: the Least Absolute Shrinkage and Selection
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Operator (LASSO) method (see [2]), the Adaptive Least Absolute Shrinkage and Selec-
tion Operator (ALASSO) method (see [4]) and the Relaxed Least Absolute Shrinkage and
Selection Operator (RLASSO) method [1]) and their performance in the selection of ex-
planatory variables compared. We apply the developed methodologies to real datasets,
specifically to both low-dimensional and high-dimensional examples. The low-dimensional
case is represented by a baseball dataset available on the website of the Journal of Statistics
Education (https://jse.amstat.org/jse data archive.htm), while the high-dimensional case
is illustrated using a genomic dataset: the NCI-60 cancer cell panel dataset. Our study
reveals how different scenarios affect the performance of these algorithms and penalization
functions in selecting explanatory variables. The results indicate that the ALASSO vari-
able selection method demonstrates superior overall performance, leading us to strongly
recommend its use. Regarding algorithm choice, while the CEM algorithm is considerably
less computationally demanding than the EM algorithm, our findings show that the EM
algorithm delivers better overall performance.
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References

[1] T. Hastie, R. Tibshirani, and R. Tibshirani. Best subset, forward stepwise or lasso? analysis
and recommendations based on extensive comparisons. Statistical Science, 35(4):579 – 592,
2020.

[2] R. Tibshirani. Regression shrinkage and selection via the lasso. Journal of the Royal Statistical
Society Series B: Statistical Methodology, 58(1):267–288, 1996.

[3] C. Yu and X. Wang. A new model selection procedure for finite mixture regression models.
Communications in Statistics-Theory and Methods, 49(18):4347–4366, 2020.

[4] H. Zou. The adaptive lasso and its oracle properties. Journal of the American Statistical
Association, 101(476):1418–1429, 2006.

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

134



Trends in mean sea level and extreme events:

particular case of Leixões

Dora Carinhas1, Pedro Rodrigues2, Miguel Picoto2, Paulo Infante3
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Climate change has intensified its impact on coastal regions, including the rise in
mean sea level and the occurrence of extreme tidal events. This study analyzes
these dynamics in Leixões, using statistical methods and data classification
techniques. The results indicate an increasing trend in mean sea level and the
frequency of extreme events, correlated with adverse meteorological conditions.
The findings highlight the importance of monitoring and modeling to mitigate
impacts on coastal regions and enhance resilience to climate change.

Keywords: climate change, coastal events, extreme value theory, ocean monitoring, time
series

The rise in mean sea level and the occurrence of extreme tidal events are critical issues in
assessing the impacts of climate change on coastal regions. This study focuses on analyzing
the evolution of mean sea level in Leixões, one of Portugal’s main ports, with special
attention to extreme tidal events, which can have significant economic and environmental
impacts [1].
Sea level rise is primarily caused by two factors associated with global warming: water
added by melting polar ice caps and the expansion of sea water as it warms [3].
The data used in this work were obtained from sea level measurements in Leixões, covering
a period of 65 years. Statistical analysis methods were applied to identify long-term trends,
and data classification techniques were used to characterize extreme events. The methodol-
ogy included: statistical modeling of time series using e.g., seasonal decomposition, ARIMA
models; trend estimation through the Mann-Kendall test and linear regression; extreme
event analysis based on Extreme Value Theory (EVT).
The results indicate an increasing trend in mean sea level in Leixões over the studied period,
with an average rate of 2.28 mm/year; the upward trend is consistent with the findings
of Mendes et al [2]. The analysis revealed a significant correlation between extreme tidal
events and meteorological conditions such as storms and strong winds. The Gumbel model,
with a variable scale parameter, provided the best fit to the observed surges in Leixões,
leading to the study of return levels (Figure 1).
For this model, a rising trend in return levels over time was identified, with the highest
predicted surge being 1.2 meters for an 80-year return period.
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Figure 1: Return levels for the monthly maxima in Leixões

The findings underscore the importance of monitoring and modeling sea levels to predict
extreme events and mitigate their impacts. The application of data classification techniques
revealed useful patterns for predicting and categorizing future extreme events. This study
provides a comprehensive overview of the trends in mean sea level and the analysis of
extreme tidal events in Leixões, contributing to the adaptation and resilience of coastal
regions to climate change. The methods presented can be replicated in other locations to
broaden the understanding of global impacts.
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Titanium prostheses are a cornerstone in the surgical reconstruction of the
middle ear, renowned for their biocompatibility, durability, and effectiveness
in improving hearing outcomes. This study retrospectively examines 156 mid-
dle ear surgeries performed between 2017 and 2020, where different types of
titanium prostheses were employed. Inferential methods were used to quan-
titatively assess postoperative audiometric improvements, evaluate extrusion
rates and causes, and analyze success rates across prosthesis types and surgical
techniques.

Keywords: statistical inference, titanium prostheses, middle ear

The study included 156 patients (88 females, 68 males) aged 15 to 71 years, with an average
age of 41. All participants were patients with an indication for ossicular reconstruction
with chronic simple or cholesteatomatous otitis media or with a rupture of the ossicular
chain without inflammation. All patients underwent tonal audiometry preoperatively and
12 months after surgery. A post-surgical air-bone gap (ABG) ≤ 20 decibel (dB), based on
the frequencies 0.5, 1, 2 and 4 kHz, was considered as the criterion for success [1].
In ear surgeries for ossicular reconstruction, different types of titanium prostheses were
applied: Partial Ossicular Replacement Prosthesis (PORP), Total Ossicular Replacement
Prosthesis (TORP), and ANGULAR Clip. The success rate varied with prosthesis type:
PORP achieved an 87.1% success rate, TORP 69.5%, and ANGULAR Clip 100%. Statis-
tically significant reductions in ABG were observed across all prosthesis types (paired sign
test, p < 0.005). The ANGULAR Clip prostheses demonstrated the highest auditory im-
provement (p=0.037, Kruskal-Wallis; p=0.047, multiple comparison test with Bonferroni
correction).
When comparing 44 patients submitted to Canal Wall Down (CWD) versus Canal Wall
Up (CWU) tympanomastoidectomy, CWU procedures were associated with significantly
higher audiometric success (success rate of 79.2%; 95% CI, 62.5%-91.7%; p=0.007). Some
of these cases involving reconstruction in one or two stages. Statistical analysis indicated
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that single-stage surgeries were more effective than two-stage surgeries (p=0.041). Only one
case of extrusion (0.64%) was recorded, underscoring titanium’s excellent biocompatibility.
In conclusion, titanium prostheses provide a robust solution for middle ear reconstruction,
combining superior biocompatibility, durability, and auditory benefits. Success rates were
significantly influenced by the type of prosthesis used and surgical timing. These results
provide valuable guidance for optimizing surgical techniques and prosthesis selection in
otologic procedures.
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Reconstrucción Quirúrgica del Oı́do Medio. PhD thesis, Universidad Autónoma de Madrid,
2021.

XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

138



Statistical approach to establishing geochemical

baselines for metal concentrations in marine

sediments: a case study of Madeira Island

Dora Carinhas1, Sandra Moreira2, Anabela Oliveira2, Carla Palma3, Aurora
Rodrigues2
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Establishing reference values for metal concentrations in marine sediments is
crucial for identifying temporal trends and quantifying anthropogenic impacts
on environmental changes. This study focuses on Madeira Island, where concen-
trations of certain metals in marine sediments exceed legislative thresholds for
non-contaminated sediments. A regional geochemical baseline for the concen-
trations of chromium, nickel, copper, and zinc in the southern shelf sediments
of the island will be established using two approaches: regression analysis and
the relative cumulative frequency (RCF) method.

Keywords: anthropogenic influence, environmental contamination, regression analysis,
relative cumulative frequency, trace metals

Madeira Island is a volcanic island, in which the marine sediments that accumulate up to
approximately 120 meters deep result from coastal and marine erosion of basaltic rocks,
naturally rich in high concentrations of certain metals.
This study uses a geochemical database of surface sediments from Madeira [1] to evaluate
the most effetive statistical aproaches, such as regression analysis or relative frequency
(RCF), for establishing regional baseline values for metals. The analysis is based on a
dataset comprising the results of chemical analyses of 166 sediment samples collected in
2002 and 2007 during oceanographic surveys conducted by the Hydrographic Institute, in
collaboration with the Madeira Regional Government (Figure 1).
The regression analysis approach uses linear regression to establish a relationship between
metal concentrations and a geochemical reference element, such as aluminium (Al) or iron
(Fe) [1]. This method assumes that elemental concentrations follow a normal or lognormal
distribution. Samples falling outside the 95% confidence interval are flagged as poten-
tially influenced by anthropogenic activities. However, most variables in large datasets
from regional geochemical and environmental surveys do not follow normal or lognormal
distributions, even after applying transformation methods. These datasets often exhibit
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Figure 1: Location of surface sediment sampling stations on the southern shelf of Madeira
Island

skewness, outliers, and the influence of multiple processes [3]. In contrast, the RCF method
does not require specific distribution assumptions. It analyzes cumulative frequency curves
for individual elements, with the first inflection point on the curve representing the upper
limit of the geochemical baseline concentrations. This method is particularly useful for
elements that lack a strong correlation with a reference element [2].
The application of these two distinct methods provides complementary approaches for
establishing regional geochemical baselines, both of which are essential for monitoring
environmental changes and supporting decision-making in coastal ecosystem management.
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Sustainability challenges increasingly require innovative solutions, like balanc-
ing aquaponics to maximise papaya production, boost economic value and uti-
lize by-products. This work aims to analyse papaya production in aquaponics.
Over 13 months, plant growth was assessed using Leca® and brick waste as
substrates, comparing morphological characteristics and fruit yield for signifi-
cant differences. Mathematical models were applied to stem growth, and fruit
production was monitored until harvest.

Keywords: Carica papaya, Clarias gariepinus, plant growth, sustainability, statistical
tests

In recent decades, aquaponics has become a sustainable alternative for food production.
Rising temperatures and sea levels, soil salinity and changes in productivity resulting from
climate change have a significant impact on food and fish production [2]. Although papayas
(Carica papaya) are mainly grown in tropical and subtropical regions, due to their growing
economic value and demand from a nutritional point of view in the human diet [3], some
varieties can, under controlled conditions, be produced in greenhouses.
This project involves the production of papayas in two aquaponics systems containing
African catfish (Clarias gariepinus), one of the most farmed fish around the world with
great economic value. The main purpose is to study papayas’ morphological growth and
determine productivity levels, namely quantity and quality of the fruits.
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The project began on May 2022, as did the respective morphological growth measurements
of the young plants that were placed in the plant beds (in deep water culture) of the two
aquaponics systems, in two different substrates: Leca® as conventional and broken waste
brick as an alternative. Measurements continued monthly until May 2023 (13 months).
The morphological characteristics evaluated monthly were leaf number, biggest leaf length,
foliage diameter, plant height, plant greenness, plant health and number and characteristics
of the fruits. The normality (Kolmogorov-Smirnov test) and equality of variances (Levene’s
test), at a 5% significance level, of the number of leaves, the biggest leaf length and the
diameter foliage, in each of the substrates were applied. It was concluded that in each
month there were no significant differences in each characteristic depending on the substrate
(T-test for independent samples). Plant height was compared for each of the 13 months
of plant growth, for both the Leca® and brick substrates. Plants had an intermediate or
high level of greenness until the 7th month of growth, and after that some had a low level
of greenness. On the other hand, the health status of the plants, until November 2022
was generally strong and from that month onwards some plants showed slightly damaged
leaves with fungus and some dry parts.
Two mathematical functions (Lundqvist-Korf and the Richards functions [1]) were used to
model the biological growth of papayas, in particular stem growth, by measuring diameters
in three different regions. The number of fruits was monitored until they ripened and were
harvested. After ripening, basic statistics of the diameter, length and weight of the papayas
were analysed. For each papaya, the skin was classified as smooth or rough, whether it
had seeds or not and the colour of the seeds, and whether the flesh was tasty or not.
Some physical and chemical parameters were also measured daily in the water (temper-
ature, pH, dissolved oxygen, oxidation reduction potential and total dissolved solids) as
well as temperature and humidity of the air inside the greenhouse. It was also found that
water remained of good quality and the fish were in good health. Although some of the
papayas’ leaves died due to the low temperatures, in general, the plants grew well.
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This paper investigates the link between social and economic factors and do-
mestic violence in Portugal. Data from 278 municipalities show that social
factors, especially unemployment, significantly impact domestic violence, while
economic variables like income and wage gap have less influence. Lower pur-
chasing power index tended to be associated with higher levels of domestic vio-
lence. Although violence cases slightly declined from 2011 to 2021, the decrease
was not significant. Higher population density and marriage/divorce rates also
increased incidence. The study finds social conditions impact domestic violence
more than economic factors.

Keywords: domestic violence, social factors, economic factors

Domestic violence is a complex and multifaceted phenomenon that affects thousands of
people around the world. A wide range of factors, including cultural, social, economic and
psychological elements, can contribute to the occurrence of violence. In order to analyse the
relationship between domestic violence and economic and social vulnerability, this study
considers 12 quantitative variables relating to 278 Portuguese municipalities [2].
The descriptive statistics revealed a slight decline in the average rate of domestic violence
from 80.65 in 2011 to 76.70 in 2021. However, both variables exhibited high standard
deviations (135.841 in 2021 and 161.690 in 2011), indicative of considerable variability in
domestic violence rates across municipalities. Nevertheless, the T-test revealed that this
observed difference was not statistically significant (T = −1.123; p-value = 0.262).
An exploratory factor analysis was conducted using the Principal Components extraction
method with Varimax rotation (KMO = 0.824). Based on the Kaiser [3] criterion, two fac-
tors of correlated variables were obtained, which collectively accounted for approximately
89% of the total variance in the data. Factor 1 comprises social variables (population
density, number of divorces, number of marriages, total females, total males, domestic
violence 2021, male unemployed population, female unemployed population) and Factor
2 corresponds to economic variables (average monthly earnings for men, average monthly
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earnings for women, purchasing power, wage gap). The ’Domestic Violence 2021’ variable
falls under Factor 1, suggesting that it correlates more with social than economic factors.
The study found a positive correlation between the incidence of domestic violence cases
and the rate of marriages and divorces within municipalities (r = 0.890 and r = 0.957,
respectively). Furthermore, regions characterised by higher population density have been
observed to experience a concomitant increase in domestic violence cases (r = 0.705).
Furthermore, unemployment has been evidenced to play a significant role in the occurrence
of domestic violence cases, as indicated by the high values of the Pearson correlation
coefficient (r = 0.980 and r = 0.964, in the male and female population, respectively).
Conversely, the economic variables in Factor 2 exhibited a lower correlation with domestic
violence, specifically the variable wage gap (r = 0.164).
The municipalities were categorised according to three levels of the Purchasing Power Index
(PPI): low purchasing power (values between 0 and 50), medium purchasing power (val-
ues between 51 and 100) and high purchasing power (values between 101 and 200). This
categorisation facilitated the exploration of the relationship between local economic condi-
tions and the prevalence of domestic violence. A One-Way Analysis of Variance (ANOVA)
revealed statistically significant differences in the levels of domestic violence between the
three PPI groups (p-value < 0.001). The magnitude of this effect was subsequently eval-
uated using metrics such as the Eta Square (0.284), which indicates that approximately
28.4% of the variability in levels of domestic violence at 2021 can be explained by the PPI
categorisation. This is regarded as a moderate to large effect [1], thereby reinforcing the
PPI’s status as an explanatory factor for the observed disparities. The data indicates that
municipalities with lower purchasing power exhibit higher levels of domestic violence on
average.
The findings of this study suggest that, while economic factors must not be disregarded,
enhancing social conditions in Portugal is imperative for the reduction of domestic violence.
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This article aims to investigate the impact of socio-economic conditions on
health conditions. The results revealed that material and social deprivation
is related to higher rates of pre-obesity, indicating that a lack of adequate
resources can negatively affect eating habits and health. Similarly, poverty
is also associated with an increased prevalence of obesity, suggesting that, in
addition to a lack of resources, the environment in which people live plays a
crucial role. Women face more challenges in accessing medical examinations,
highlighting the need for more equitable health policies.

Keywords: socio-economic conditions, health policies, obesity, equity

Despite progress in European health systems, inequalities persist that threaten the goals
of equity and efficiency. This study analyses how socio-economic conditions impact health
conditions in different European countries, focusing on the relationship between poverty
and health, in line with Sustainable Development Goals (SDG) 1 (no poverty) and 3 (good
health and well-being).
A quantitative methodology was used, with data collected from Eurostat and processed
using SPSS software. Eight quantitative variables were analysed for 27 European countries.
There was a moderate positive linear correlation (r = 0.687) between the rate of severe
material and social deprivation and the rate of pre-obesity. This result is in line with the
Food and Agriculture Organization of the United Nations (FAO) report [2], which states
that socio-economic inequalities make it difficult to reduce food insecurity and malnutrition,
i.e. the population has a limited diet, there is a lack of access to nutritious food, which
can lead to overweight and obesity.
According to the World Health Organization [4], environments that promote the accessibil-
ity of unhealthy foods, along with limited opportunities for physical activity, can contribute
to the problem and FAO [2] adds that the food environment, i.e. food insecurity and in-
adequate dietary patterns, contributes to an increase in pre-obesity. Our study found
that there is a significant moderate positive linear correlation (r = 0.530) between the
at-risk-of-poverty rate and the pre-obesity rate.
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XXXII Meeting of CLAD, Porto, 3 – 5 April 2025

145



The non-parametric Wilcoxon test concluded that there are statistically significant differ-
ences between the unmet medical needs of men and women (p−value < 0.001). According
to the European Institute for Gender Equality [1], gender is a determining factor in access
to medical care. Society tends to discourage men from seeking diagnosis and treatment,
and they are less likely than women to consult a doctor. On the other hand, because
women spend more time caring for children and relatives, they make greater use of health
services and may find it easier to obtain medical assistance.
In this study, a weak positive linear correlation (r = 0.383) was observed between the rate
of risk of poverty or social exclusion in the city and suburbs and the rate of pre-obesity.
There was also a moderate positive linear correlation between the rate of risk of poverty
or social exclusion in rural areas and the rate of pre-obesity (r = 0.643). Rural areas
therefore have a greater impact on the prevalence of pre-obesity. The fact that people
living in rural areas often face difficulties in accessing health services, especially nutritional
prevention and monitoring programmes, may result in less early detection of the problem
[3]. Although agriculture is an important source of income for many people, productivity
in the sector lags behind other sectors in Europe and Central Asia. This difference leads
to higher rates of poverty and food insecurity in rural areas [2].
These findings highlight the need to address SDG 1 and 3, to promote the reduction of
economic inequalities and to improve access to health services for the most vulnerable
populations.
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This paper presents an analysis of young people’s tendency to work weekends
and public holidays, based on data collected through an online questionnaire. It
was concluded that young people’s preference for this type of work is influenced
by a number of factors, but there is no evidence that gender or job type has a
direct impact on the number of hours worked or satisfaction. These data suggest
that policies to promote work-life balance could be beneficial in improving the
experience of young people working at weekends and on public holidays.

Keywords: young people, work, weekends, statistical analysis, hypothesis testing

Many young people choose to work during the weekend to supplement their income, gain
work experience or to combine their studies with work. However, this practice can have
a significant impact on quality of life, work-life balance and perceived job satisfaction. A
healthy and effective reconciliation of roles requires individual, family and organisational
efforts, together with appropriate management of time and professional responsibilities [1].
The aim of this study was to understand the phenomenon of young people working on
weekends and public holidays. An online questionnaire was carried out and a sample of
132 people was obtained. The age range of the participants varies between 21 and 62 years,
with a higher prevalence of women (74%). The majority of respondents live in the districts
of Porto (81 responses) and Aveiro (33 responses). As regards their educational level,
the majority have a university degree (53 responses), followed by secondary education (41
responses) and a master’s degree (27 responses). Regarding their professional situation,
the vast majority (100) are in full-time employment.
The descriptive analysis shows great variability in the number of hours worked on weekends
and holidays. The mean number of hours worked per month by the subjects in the studied
population was found to be between 21.21 and 32.29 hours, with 95% confidence, indicating
a moderate commitment to weekend work.
Although a significant proportion of respondents are satisfied with their working hours,
there is also a significant group who are dissatisfied with the impact of work on their
personal lives. The analysis in Fig. 1 suggests that those who perceive the impact of
work negatively may work longer hours than those who perceive it positively or neutrally.
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Figure 1: Working on weekends and public holidays and the impact on personal life

However, the ANOVA test obtained a test statistic of F = 0.225 and p-value = 0.799,
so there was no statistically significant evidence that the groups differed in the average
number of hours worked per month.
The chi-squared test shows that there are no statistically significant associations between
employment status (full-time/part-time) and the perceived impact of working on weekends
and public holidays (p-value = 0.947). In addition, Mann-Whitney tests show that the av-
erage number of hours worked on weekends and public holidays does not differ significantly
by gender (p-value = 0.462) or by type of employment status (p-value = 0.079).
The results show that there is a strong positive correlation between salary level and the
ability to reconcile work and family life (r = 0.750). Working hours are strongly related
to the perception of work-life balance (r = 0.821).
In terms of satisfaction with working hours, there was a greater concentration of responses
at the ’moderately satisfied’ and ’very satisfied’ levels. The study recommends that the
promotion of flexible and balanced labour market policies is essential to reduce the negative
impact and improve the quality of life of young workers.
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The Infantry officer training course is the culmination of the practical instruc-
tion of Infantry Student Aspirants in the Military Academy. The goal of this
research is to understand how physical preparation before the Internship in-
fluences the variation of fatigue during it. Measurements regarding heart rate
variability before and during the internship as well as training load measure-
ments were collected. Grades for basic physical training and physical training
of military application in the 4th and 5th year of the Military Academy were
also considered. It is conclude that the pre-internship physical training has
positive effects, avoiding periods of overexertion.

Keywords: fatigue, military, heart rate variability, training load, hypothesis tests

Physical readiness has always been crucial for military performance. The Infantry is con-
sidered the most physically demanding branch of the military. The Infantry officer training
course (IOTC) involves a heavy workload of practical and theoretical-practical instruction,
which results in high physical exertion and subsequent fatigue, and physical difficulties.
Monitoring fatigue and training status is crucial for in prescribing physical training and
adequate rest [1]. The effective monitoring of heart rate variability (HRV) to address
the course of adaptations of athletes and military populations is crucial for understanding
whether functional (adapting positively) or non-functional (adapting negatively) overreach-
ing is occurring [4]. The interpretation of changes in HRV must consider the parasympa-
thetic saturation effect and the natural logarithm of the square root of the mean sum
of the squared differences between R–R intervals (Ln rMSSD) to R-R interval (time in
milliseconds of the intervals between successive heart beats) relationship [1].
Data regarding to physical training scores, average weekly training load, the weekly average
of resting heart rate, HRV, the Ln rMSSD/RR ratio over time, were collected from the
military participants during the 16 weeks of the IOTC. The data was analysed using various
descriptive statistical methods using IBM SPSS Statistics 28 software. Statistical Inference

5 April, 11:30 - 12:00, Hall of Grande Auditório
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techniques and probability models were considered when assessing physical fitness in the
military scope, evaluated according to the basic physical training and physical training
of military application, in two different moments. Point estimation, interval estimation
and implementation of various hypothesis tests (Parametric and non-parametric) for the
parameters of interest (mean and median value) are considered with a significance level of
5% [2].
Results have shown that physical preparation before the IOTC avoid periods of overexer-
tion. The IOTC generates high levels of fatigue due to the high training load and lack of
sleep. Better physical preparation may contribute to the prevention of the accumulation of
fatigue and ultimately to states of overreaching or overtraining. Furthermore, this study
lends support to a possible relation between Ln rMSSD/RR ratio and individual fatigue.
The Ln rMSSD/RR ratio over time reveals a tendency for athletes with higher levels of
fatigue, to show a lower ratio. On the other hand, athletes who are not fatigued, seem
to maintain or increase this ratio over time. Thus, analysing the behaviour of the ratio
over time can be useful in understanding an individual’s state of fatigue [3]. As expected,
fatigue varies with training load and sleep hours. Increasing training load increases fatigue,
while decreasing sleep hours also increases fatigue. Thus, the proper exercise prescription
and control of fatigue status of the candidates is crucial for safety and health care but also
for proper increases in performance.
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Accurate prediction of genomic breeding values is key to genomic selection in
plant and animal breeding. Genomic prediction uses thousands of molecular
markers, requiring methods able to handle high-dimensional data. We com-
pare the predictive performance and robustness of supervised machine learning
methods, including regularized, ensemble, and instance-based approaches, us-
ing simulated data. This study evaluates their accuracy and errors under clean
and contaminated phenotypic data scenarios.

Keywords: genomic prediction, SNPs, machine learning, robustness, breeding studies

The accurate prediction of genomic breeding values is pivotal in genomic selection for
plant and animal breeding studies. Genomic prediction (GP) relies on thousands of molec-
ular markers distributed across the genome, requiring computational methods capable of
efficiently handling high-dimensional data. In this context, machine learning (ML) meth-
ods have gained significant attention due to their flexibility and potential to address the
complexity of GP.

While many studies have compared the predictive performance of individual ML methods,
few have offered comprehensive evaluations of different groups of methods, and even fewer
have examined how data contamination can affect their predictive performance. Under-
standing how different groups of ML methods perform under both clean and contaminated
data scenarios is critical, as it can help identify robust methods and reveal their relative
advantages and limitations compared to established classical approaches.

This study addresses these gaps by evaluating the predictive accuracy and robustness of
several groups of supervised ML methods, including regularized, ensemble, and instance-
based approaches, discussed in [1]. Using a simulated dataset derived from an animal
breeding population (Table 1; [2]), we assess their performance in terms of predictive ac-
curacy and prediction errors under varying data contamination conditions. These findings
deepen our understanding of the merits and demerits of different ML groups, and offer
valuable guidance for genomic prediction in real-world breeding contexts.
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Table 1: Summary statistics for the animal quantitative trait dataset (trait T1; n = 3000)

Trait Min. 1st Qu. Median Mean 3rd Qu. Max. Sd
T1 -584.993650 -116.244762 -1.711490 -0.000004 112.248515 587.189720 176.518911
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Dynamic Neural Fields are Recurrent Neural Networks modeling neural activ-
ity in a continuous feature space using localized activity regions called bumps.
Despite their robustness to noise and low data requirements, DNFs struggle
with high-dimensional inputs. The Dynamic Neural Field Self-Organizing Map
overcomes this by integrating self-organization to create low-dimensional rep-
resentations, using an adaptive learning rule for complex data and real-time
applications. We illustrate its potential with a practical example for dimen-
sionality reduction and classification.

Keywords:
dynamic neural field, self-organizing map, unsupervised learning, dimensionality reduction,
classification

Dynamic Neural Fields (DNFs) [1] are Recurrent Neural Networks that describe the coarse-
grained activity of populations of interacting neurons organized in a continuous feature
space. Information in DNFs is represented by supra-threshold, localized regions of neural
activity, commonly referred to as bumps. The recurrent interactions within the neural
population give rise to dynamic behaviors, such as standing bumps (stable localized activ-
ity) and traveling waves (propagating activity), which have been observed in various brain
regions, namely in those involved in sensory processing, motor control, navigation, and
memory formation. Furthermore, coupling multiple DNFs enables the implementation of
higher cognitive phenomena, such as perception, working memory, decision-making, and
forgetting.
These networks excel under regimes that demand continuous feedback, making them par-
ticularly well-suited for robotics, where agents operate in highly dynamic and changing
environments [3]. Moreover, they are robust to noise and perturbations in external stim-
uli, which are ubiquitous in most real-world applications. Another significant advantage is
that they typically require far less training data than most traditional Machine Learning or
Deep Learning models, primarily due to their intrinsic structure and biologically inspired
mechanisms.
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However, arguably the most significant limitation of DNF-based architectures lies in their
reliance on smooth, continuous variables, which renders them inefficient at processing the
high-dimensional and complex inputs typically found in real-world datasets. Hence, it
is essential to employ mechanisms that can transform high-dimensional inputs into low-
dimensional, smooth representations compatible with DNFs, thereby extending their ap-
plicability to a broader range of problems.
The Dynamic Neural Field Self-Organizing Map (DNF-SOM) [2] integrates the biologically
inspired principle of self-organization into DNFs to address the aforementioned limitation.
Self-organization essentially creates a low-dimensional representation of high-dimensional
data while preserving the original topology in a fully unsupervised manner. Unlike the
original Self-Organizing Map (SOM), proposed by Teuvo Kohonen (1982) [4], the DNF-
SOM, introduced by Giorgios Detorakis (2013), employs a modified learning rule capable of
processing complex topologies, skewed data distributions, and performing online learning.
This makes the DNF-SOM adaptive, allowing it to dynamically adapt to changes in the
input distribution, making it ideal for real-time learning tasks.
We argue that the DNF-SOM holds significant potential for the machine learning commu-
nity. To illustrate the potential of this framework in practical machine learning applica-
tions, we apply the DNF-SOM to a classification task. A key advantage of the DNF-SOM is
its minimal need for precise hyperparameter tuning. Unlike methods like K-Nearest Neigh-
bors, which require an explicit specification of the number of clusters, the self-organizing
nature of the DNF-SOM enables it to automatically uncover meaningful structures in the
data without prior knowledge of cluster counts.
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Marta Ferreira1, Elisa Moreira2
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Extreme Value Theory focuses on inference at the tails of distributions and can
go beyond observations. It thus provides the natural framework for inferring
risk measures with applications in diverse contexts such as finance, insurance,
environment, engineering, among others. This paper presents a tail inference
methodology with the aim of assessing risk in financial data.

Keywords: extreme value theory, tail index, POT method, coefficient of variation, thresh-
old choice

The main result in extreme value theory establishes the possible limiting laws of the linearly
normalized maximum, which can be described by the generalized extreme value (GEV)
distribution function (df).
An alternative approach denoted “Peaks over Threshold” (POT) is to consider the largest
observations above a high threshold, whose df can be well approximated by a Generalized
Pareto (GP) distribution. Both models share a shape parameter, γ, called the tail index,
which governs the type of tail: γ < 0 indicates a short tail with a finite right endpoint,
γ = 0 corresponds to an exponential-type tail, and γ > 0 determines a heavy tail of
polynomial-type, with an infinite right endpoint.

In modeling the excesses above a high threshold t with a GP, the main difficulty lies
precisely in choosing t: if t is too high, we lose valuable information about the tail, where
data tends to be scarce, complicating inference; if t is too low, we may include information
that no longer corresponds to the tail, thus biasing the results.
A typical empirical approach is to consider the plot of the empirical mean excesses based
on the mean excess function of a GP model, which corresponds to a linear function of the
threshold t and is only defined for γ < 1. Thus, the method involves selecting the threshold
t from which the plot exhibits linearity.

An alternative approach was proposed in [1, 2], based on the coefficient of variation (CV)
of a GP model, which is a constant function depending only on γ:

CV = (1− 2γ)−1/2, γ < 1/2.

The analysis of the empirical CV plot becomes simpler to apply than the empirical mean
excesses plot. An automatic threshold selection methodology can be seen in [1, 2]. Al-
though the CV is only defined for γ < 1/2, the aforementioned authors propose a data
transformation that allows for any value of γ, thus eliminating any application restrictions.

5 April, 11:30 - 12:00, Hall of Grande Auditório
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In this work, we present the results of a simulation study on the application of this methodo-
logy. These results allow us to obtain guidelines for its application to real data. The
approach is applied to the inference of the risk measures, Value-at-Risk and Expected-
Shortfall, for the Portuguese stock index PSI20, during the period 2020-2024.
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The tail index is the primary parameter in inferring extreme values in a uni-
variate random sample. In semi-parametric estimation of the tail index we
have to choose the number k of top ordinal statistics to be considered. Such
a choice is based on a balance between variance (small k) and bias (large k).
We will address the maximum likelihood estimator in light of the application
of a method for choosing k. The performance will be evaluated based on a
simulation study. An illustration with real data concludes this work.

Keywords: extreme value theory, semi-parametric estimation, maximum likelihood

Extreme Value Theory (EVT) aims to characterize the tails of a distribution, where ex-
treme values are found. The Extremal Types Theorem establishes the limiting models for
the linearly normalized maximum of a random sample, these being Weibull (of maxima),
Gumbel and Fréchet. The Generalized Extreme Values (GEV) model unifies the writing
of the three, defining itself as:

Gγ(x) =





exp
{
−

[
1 + γ

(
x−µ
σ

)]−1/γ

+

}
, γ ̸= 0

exp
[
− exp

(
−x−µ

σ

)]
, γ = 0

.

The real constants µ, σ > 0 and γ are, respectively, the location, scale and shape pa-
rameters. In the context of EVT, γ is called the tail index and plays the main role, as it
dictates the type of tail of a distribution: if γ > 0 we have a heavy tail of polynomial type
and therefore we are in the Fréchet maximum domain of attraction, if γ = 0 we have an
exponential tail corresponding to the Gumbel domain and if γ < 0 we have a short tail
respecting the Weibull domain (of maxima).
In parametric inference, we fit extreme models to the data and estimate their parameters,
including the tail index. For example, in a random sample of maxima, a typical approach
is to fit the GEV model, using for example the maximum likelihood method. In semi-
parametric inference, it is simply assumed that the distribution underlying the data is in
one of the three maximum domains of attraction, with the estimators of γ defined from
the top k ordinal statistics of the sample. The choice of k involves a trade-off between
bias and variance, where larger values of k correspond to larger bias and smaller variance.
There are several methodologies in the literature for choosing k. See, for example, Beirlant
et al. [1]. In this work we consider the Reiss and Thomas method in [3] applied to the
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semi-parametric maximum likelihood estimator (Smith [4]) which we denote ML. This
method seeks the value of k that minimizes an average distance with a penalty factor
for the observations furthest from the tail. A study involving several estimators of γ is
found in Neves and Fraga Alves [2]. However, to the authors’ knowledge, there is still no
analysis of the method involving the semi-parametric ML estimator. This is the objective
of this work, namely, to find penalty values that contribute to the best performance of the
method. An application to real data is also presented.
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A folded directional distribution is preferable for modeling data on the positive
orthant of the unit hypersphere compared to a simple directional distribu-
tion. In this paper we consider Bayes classification rules based on a folded von
Mises-Fisher distribution to assign data into predefined groups. We evaluate
the performance of these classification rules through simulations across various
dimensions of the hypersphere.

Keywords: Bayes rule, directional data, folded distribution

The statistics of directional data, which deals with unit vectors on the surface of the hyper-
sphere Sp−1, has seen significant advancements in recent years. Numerous applications of
directional data have emerged in the literature. Initially, most applications focused on the
circle and the sphere, but more recently, there has been a growing interest in applications
on the hypersphere.
Discriminant analysis for directional data has been explored in the literature, with notable
contributions by Morris and Laycock [4] and El Khattabbi and Streit [1] for circular and
spherical data. Additionally, several studies have investigated discriminant analysis based
on directional distributions on the hypersphere. For instance, Figueiredo and Gomes [3]
and Figueiredo [2] provided classification rules for the Watson and von Mises-Fisher distri-
butions, respectively, and evaluated the performance of these classification rules in various
scenarios.
The von Mises-Fisher distribution, denoted by Mp (µ, κ), is one of the most commonly
used distributions for modeling directional data. Its probability density function is defined
by

f(x|µ, κ) = cp(κ) exp(κµ
′x) x ∈ Sp−1, µ ∈ Sp−1, κ > 0 , (1)

where the normalising constant is given by cp(κ) = κ
p
2
−1/[(2π)p/2 Ip/2−1(κ)] and Iν (·)

denotes the modified Bessel function of the first kind and order ν, which is defined by
Iν (κ) =

1
2π

∫ 2π

0
cos νθeκ cos θdθ. The parameter µ is the mean direction and κ is the concen-

tration parameter around µ. This distribution is rotationally symmetric about µ.
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However, when data fall on the positive orthant of the unit hypersphere, a folded von
Mises-Fisher distribution should be used instead of a von Mises-Fisher distribution.
If X = (X1, X2, ..., Xp)

′ has a von Mises-Fisher distribution Mp (µ, κ), then Y = |X| =
(|X1|, |X2|, ..., |Xp|)′ has a folded von Mises-Fisher distribution on the positive orthant of

the unit hypersphere Sp−1
+ defined by Sp−1

+ =

{
(υ1, υ2, , ..., υp)

′ : υj ≥ 0,
p∑

j=1

υ2
j = 1

}
.

In this study we present the classification rules for a folded von Mises-Fisher distribution
to assign data into predefined groups and evaluate its performance in various scenarios.
The performance of the rules was analyzed using data generated from two von Mises-Fisher
populations, considering both known and unknown parameters for various dimensions of
the hypersphere and different parameter values. It was concluded that when the parameters
are unknown, the performance of the folded von Mises-Fisher rule is not greatly affected by
estimating the parameters using maximum likelihood. When the parameters are known, the
results showed that for the considered dimensions of the hypersphere, for each concentration
parameter value and each angle between the mean vectors, the folded von Mises-Fisher rule
performs better than the von Mises-Fisher rule.
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Efficient water resource management requires accurate modeling and forecast-
ing of consumption patterns. In this work, different models and forecasting
approaches are used in the analysis of hourly data from residential clients.
The results show that TBATS demonstrated strong capabilities in modeling
multiple seasonalities, while SARIMA excelled in simplicity and precision for
specific users. The findings reveal distinct consumption patterns and empha-
size the need for tailored approaches, guiding utilities toward sustainable water
resource management.

Keywords: Times series forecasting, TBATS, SARIMA, sustainability

The increasing demand for water, coupled with its limited availability, underscores the im-
portance of accurate forecasting models for consumption patterns. This research compares
Seasonal Autoregressive Integrated Moving Average (SARIMA) with Trigonometric Box-
Cox Transformation with ARMA errors, Trend, and Seasonal Components (TBATS), aim-
ing to identify the more robust approach for individual consumption monitoring. SARIMA
models is suited for linear seasonal patterns, while TBATS is capable of addressing complex
multiple seasonality
A dataset with 8,760 hourly observations is used, and interpolation is applied for out-
lier detection. The data analysis was performed R software. The performance of each
model and forecasting approach was assessed using Root Mean Squared Error (RMSE).
SARIMA’s ability to simplify short seasonal data contrasts with TBATS’s advantage in
handling multifaceted seasonal trends.
TBATS presented better RMSE values for all consumers expect one. Thus TBATS rev-
eled higher accuracy in capturing intricate consumption behaviors. Nonetheless, SARIMA
presented better Akaike Information Criterion (AIC) scores, which suggests greater model
parsimony. Unique patterns of consumption came to light, with notable variations during
peak hours and across consumers.
An additional evaluation of the forecasting models involved analyzing the percentage of
the 80% prediction intervals that captured the real hourly consumption over 49 weeks
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Figure 1: Percentage of prediction intervals containing the real hourly water consumption

(Fig. 1). Results demonstrated variability across consumers and methods. SARIMA con-
sistently achieved higher median coverage percentages for consumers 1, 3, and 4, indicating
slightly better reliability in capturing actual consumption. However, TBATS outperformed
SARIMA for consumers 2 and 5, with intervals containing the real consumption in 95%
and 99% of cases, respectively, compared to SARIMA’s 90% and 98%. This suggests that
while SARIMA provides stronger overall predictions for certain profiles, TBATS excels
in scenarios with more complex seasonal patterns, offering greater robustness in coverage
accuracy for specific consumers.
The comparative analysis provides actionable insights for integrating these models into
monitoring systems, guiding water utilities in tailoring strategies to specific consumer pro-
files. Future work aims to expand the dataset and incorporate external factors like climatic
variables for enhanced predictive accuracy.
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Representation learning in Attributed Networks is challenging, requiring both
meaningful node embeddings and effective clustering. Traditionally, these tasks
are addressed separately, missing potential benefits of joint optimization. We
propose PAGEC (Power Attributed Graph Embedding and Clustering), a uni-
fied framework integrating embedding and clustering via a powered proximity
matrix, capturing both structural and attribute-based affinities. Our theoreti-
cal analysis reveals strong links between this matrix and random walk theory.

Keywords: clustering, embedding, attributed graph

In recent years, Attributed Network Embedding (ANE) [1] has become a crucial task in ap-
plications like social networks, citation networks, and protein-protein interaction networks.
ANE aims to create low-dimensional continuous representations of nodes while preserving
both the topological structure and attribute proximities of the original network.
While Network Embedding (NE) has inspired numerous methods [11], research specifically
focusing on ANE remains limited. Unlike NE, which relies solely on structural proximity,
ANE incorporates both node connections and attribute affinities. These two sources of
information differ significantly, rendering NE algorithms inadequate for ANE tasks. In
fact, learned representations from ANE have proven beneficial for various tasks, including
network clustering [10], node visualization [2], node classification [6], and link prediction
[8]. However, ANE research faces critical challenges like high dimensionality, sparsity, and
nonlinearity. Existing AN clustering methods often underperform due to two main lim-
itations: (1) approximate continuous embeddings can deviate significantly from optimal
discrete clustering solutions, and (2) the sequential nature of embedding and clustering
leads to information loss. As a result, simultaneous embedding and clustering approaches
have been proposed to bridge this gap [9, 3, 4, 5]. Here, we propose a novel simultaneous
ANE and clustering framework [7]. Building on matrix decomposition, our approach jointly
learns embeddings and discrete cluster labels by integrating node topology and attribute
information. Unlike traditional methods, we enforce a discrete transformation on interme-
diate continuous embeddings, resulting in a tractable optimization problem with discrete
solutions. Smooth transformations (e.g., rotations) map the relaxed continuous embedding
to discrete clusters, addressing information loss in sequential methods. Experimental eval-
uations show that the PAGEC algorithm surpasses state-of-the-art algorithms in terms of
both clustering accuracy and embedding quality across diverse attributed network datasets.
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This study combines clustering, time series forecasting and concepts from risk
theory, to predict and analyze the surface water quality in a monitoring process.
The aim is to analyse the risk for water pollution in the water monitoring
stations clusters, proposing an average risk index predictor for water quality
pollution, and to investigate if the overall ranking result (obtained in the in-
sample period) can serve as a risk index for future water quality risk forecasts.
Time series forecasting models will be applied to the data, to examine the ability
of the risk measures and forecast the risk of water pollution. The methodologies
are illustrated using a data set of surface water quality variables collected in
the Douro River basin, in Portugal.

Keywords: clustering, time series, risk measures, risk ranking, surface water quality

The development of statistical methodologies for water quality variables analysis is a very
important tool for the monitoring management of water pollution, such as in a river basin.
The main objective of this work is to develop new methodologies by combining concepts
from clustering analysis, risk theory and times series approaches in order to analyze, predict
and forecast surface water quality. The methodologies are illustrated using a data set
regarding the Douro River basin (in Portugal) in terms of environmental water quality
variables, measured monthly by 18 monitoring stations and recorded in the period from
January 2002 to December 2013 [2].
A cluster analysis was carried out to group homogeneous water monitoring stations in terms
of surface water quality variables: dissolved oxygen (DO) and conductivity [3]. Since water
quality depends on the flow variation, this approach differentiates and studies separately
the time horizon from May to September (the dry period) and the time horizon from
October to April (the wet period), after considering all the data. Several risk measures
[1], such as value at risk, loss probability, variance, among others were determined for
the considered clusters in order to assess the risk of water pollution for each one. Time
series modeling approaches, such as SARIMA models and exponential smoothing methods,
[5], were applied to the clusters to obtain forecasts for the last 12 months. The results
were compared with the classifications obtained through risk measurements. This identifies
clusters (of sampling stations) at the highest risk and concludes that pollution levels are
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higher in the dry period [4]. Also, in order to analyze the risk of water pollution in the
water station clusters, different risk measures, such as expected value and variance are
calculated based on the DO and conductivity measurements in the in-sample period (from
January 2002 to December 2012). The water station clusters are classified in terms of risk
according to each risk measure, and a final ranking is established, considering the total,
the dry and the wet periods. These results were compared with the ranking obtained from
the average predictions and forecasts of the time series models, in the in-sample period
and in the out-of-sample period (between January 2013 to December 2013), to analyze the
performance of the risk index predictor using the time series forecasts.
The methodologies developed apply not only to the particular case of a hydrological basin,
but are also a general procedure, which can be applied to any other situations where similar
data are involved.
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Vânia Lopes, 21
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