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Preface

In principle, Risk is de�ned as exposure to the chance of injury or loss. Practically it is a hazard

or dangerous chance and is wondering about the probability that something unpleasant will take place.

Therefore the probability of damage, caused by external or internal factors, has to be evaluated. The

essential factors that in�uence the increment of the Risk are asked to be determined. That is why

eventually we are referring to Relative Risk (RR). In epidemiological studies, it is needed to identify and

quantitatively assess the susceptibility of a portion of the population to speci�c risk factors. It is assumed

that all the individuals have been equally exposed to the same possible hazardous factors. The di�erence,

at the early stage of the research study, is only due to a particular factor that acts as a susceptibility.

Under this line of thought, we started the ICCRA (International Conference on Cancer Risk Assess-

ment) conferences on August 22, 2003, in Athens and we proceed in Santorini, in 2007 and 2009. We

moved to Limassol, Cyprus 2011, with the essential adjustment to ICRA (International Conference to

Risk Analysis) opening to other areas besides risks in cancer research. ICRA5 was held in Tomar, a Tem-

plar city in Portugal, where actually the extension of RA to Bioinformatics, Management, and Industry,

was established. The SPRINGER volume with Eds. Christos P. Kitsos, Teresa A. Oliveira, Alexandros

Rigas, and Sneh Gulati, entitled �Theory and Practice of Risk Assessment: ICRA 5, Tomar, Portugal,

2013� was published in 2015, and provides the appropriate evidence. One step forward, further from

game theory, towards more �elds under risk, was o�ered by a second SPRINGER volume, in 2018, enti-

tled �Recent Studies on Risk Analysis and Statistical Modeling�, with Eds. Teresa A. Oliveira, Christos

Kitsos, Amílcar Oliveira and Luìs Grilo.

Meanwhile, as for the meetings, ICRA6 moved to Barcelona-Spain in 2015, ICRA7 to Chicago-USA

in 2017, and ICRA8 was held in Vienna-Austria in 2019. A new Springer volume will appear soon, with

Eds. Jürgen Pilz, Teresa A. Oliveira, Karl Moder, and Christos P. Kitsos, entitled �Mindful Topics in
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Risk Analysis and Design of Experiments - Selected Contributions from ICRA8, Vienna 2019�.

We try all these years to extend the �eld in di�erent scienti�c areas such as Food Science, Environ-

mental Problems, Management and Economics, and Engineering, among others. Thanks to the interest

and active research work of the distinguished participants, many improvements have been succeeded.

Due to the COVID19 pandemic ICRA9, which was supposed to be held in 2021, was postponed one

year and thus it will take place NOW in 2022, in the beautiful city of Perugia, Italy. We are looking

forward to seeing the ICRA9 presentations, and we are grateful to all the participants for the submitted

Abstracts, as well as to all the Session Organizers and Chairs.

We acknowledge the Magni�cent Rector of Universidade Aberta, Professor Carla Oliveira, for the

Book of Abstracts (BOA) support and for allowing to allocate it and make it available at the Univer-

sidade Aberta Institutional Repository, https://repositorioaberto.uab.pt/. Finally, we are deeply

grateful to the Scienti�c Committee, to the Local Organizing Committee, and, especially to the Execu-

tive Committee, Professor Francesca Pierri and Professor Marialuisa Restaino, who worked really hard

in order to provide us with a wonderful experience in ICRA9.

We also wish that you can enjoy a lot the Italian environment, music, pasta, ice-creams, co�ee and

other tasty delights.

WELCOME TO PERUGIA!!!

The Honorary Committee

Christos P. Kitsos
Professor Emeritus

University of West Attica, Athens, Greece
Invited Full Professor

at DCeT-Universidade Aberta
xkitsos@uniwa.gr

Teresa A. Oliveira
Associate Professor with Habilitation

Universidade Aberta-Lisbon and CEAUL
ISI- International Statistical Institute,

Chair of the Committee on Risk Analysis
teresa.oliveira@uab.pt
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Greetings from the Executive

Committee

Dear Delegates,

thank you for your participation in The 9th International Conference on Risk Analysis (ICRA9).

Due to the COVID-19 pandemic, the conference has been organized in a hybrid form by the Depart-

ment of Economics of the University of Perugia, with the partnership of the Department of Economics

and Statistics of the University of Salerno, and is held from 25 to 27 May 2022 in Perugia (Italy).

The aim of ICRA is to provide a forum for presenting and discussing the most emergent topics

in theoretical and computational models and methods in Risk Analysis with applications for the risk

assessment and the risk management in Life, Biological and Environmental Sciences & Public Health,

Economics and Finance, Reliability of Engineering, Technical, Biological & Biomedical Systems.

The conference objective is to assemble researchers and practitioners from universities, institutions

and industries from around the world, involved in the same �eld. Moreover, the meeting encourages and

provides opportunities for the participants to exchange ideas and discuss, face to face, new theoretical

and practical issues, to establish new collaborations and to contact global partners and research centers

leaders for future teamwork.

In this book, the ICRA9 conference abstracts, focused on methods and models applied for analyzing,

managing and preventing risks in all research areas, are reported. It is organized into two main parts

according to the type of sessions (organized and contributed), and for each session the respective abstracts

are shown. Some abstracts are missing, because they are extracted from published papers.

With the Honorary Committees, we are planning to publish the Conference proceedings in a special

volume edited by Springer, and extended papers in some special issues of ISI and Scopus-indexed journals.

We thank the Honorary Committee, Professor Christos Kitsos and Teresa A. Oliveira, for giving us
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the opportunity to organize this conference and all the members of the Scienti�c Committee for their

availability. A dutiful and sincere thanks is also addressed to the speakers, Professor Chrys Caroni,

Professor Paolo Giudici, Doctor Emanuela Ra�netti, and Professor Daniel Farewell, for accepting our

invitation to take part in the plenary sessions.

We sincerely thank all session organizers for their contribution to the success of the conference and

all speakers for their interesting contributions.

We hope you all enjoy the Conference and Perugia.

Sincerely,

Francesca Pierri
Assistant Professor

University of Perugia, Italy
francesca.pierri@unipg.it

Marialuisa Restaino
Assistant Professor with Habilitation

University of Salerno, Italy
mlrestaino@unisa.it
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Schedule

Wednesday, 25th May 2022

Palazzo Murena - Piazza dell'Università 1

Room Dessau Room 7

15:00 Opening Session

15:45 Keynote Session

17:10 OS01 - Statistical Robust Analysis and OS02 - Risk analysis in public health
applications in variable selection, in collaboration with Italian Society
classi�cation and insurance of Medical Statistics and Clinical
modelling Epidemiology (SISMEC)

19:00 Welcome Reception at the �Chiostro� of Palazzo Murena



Thursday, 26th May 2022 - Morning

Department of Economics - Via Giovanni Pascoli, 20

Room 4 Room 5

08:40 OS03 - Statistical Approaches OS04 - Statistical Modelling
Towards Sustainability and Risk Analysis

10:40 Co�ee Break - Foyer Room 4 & 5

11:10 OS05 - Exploring challenges in analyzing OS06 - Statistical Modelling
medical data across di�erent study for Risk Evaluation in social
designs and settings, sponsored and economic sciences
by the International Biometrical
Society - Italian Region

12:10 CS01 - Risk analysis and assessment CS02 - Modelling in Risk
in health care applications Analysis

13:30 Lunch - 110 Bar Cafè

Thursday, 26th May 2022 - Afternoon

Department of Economics - Via Giovanni Pascoli, 20

Room 4 Room 5 Room Salzano

14:30 Keynote Session

15:40 OS07 - Modeling risks of OS08 - Statistics in Modelling OS09 - Extreme Value
neoplasia: Chance, Analysis in Weather
environment and genes Events and the Environment

17:00 Co�ee Break - Foyer Room 4 & 5

17:20 OS10 - Statistical and Data OS11 - Statistical Modeling OS12 - New Perspective in
Science Developments for Risk and Inference Financial Risk Management
Assessment in Urban Areas

20:00 Social Dinner - Ristorante del Sole Living Cafè
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Thursday, 27th May 2022 - Morning

Department of Economics - Via Giovanni Pascoli, 20

Room 4 Room 5

08:40 OS13 - High-frequency data in economics CS03 - Risk Analysis in new disease
and �nance development

10:40 Co�ee Break - Foyer Room 4 & 5

11:10 OS14 - Topics in Financial Econometrics CS04 - Statistical and Machine learning
models for risk detection

12:10 Keynote Session

13:30 Lunch - 110 Bar Cafè

Thursday, 27th May 2022 - Afternoon

Department of Economics - Via Giovanni Pascoli, 20

Room 4 Room 5 Room Salzano

14:30 OS15 - Advanced CS05 - Model and OS16 - Recent advances
Statistical Models Methods in Risk in systemic risk
for Risk Evaluation Analysis assessment

15:30 OS17 - Risk and CS06 - Risk Analysis in OS18 - Computational
opportunities in �nancial Applied Science Mathematics and
innovation Statistics in Risk Analysis

17:10 Closing Session
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Organized sessions

OS01 - Statistical Robust Analysis and applications in variable selection,
classi�cation and insurance modelling. Organizer & Chair: Hongsheng
Dai.

OS02 - Risk analysis in public health in collaboration with the Italian
Society of Medical Statistics and Clinical Epidemiology - SISMEC. Or-
ganizers & Chairs: Rosaria Gesuita and Beatrice Gasperini.

OS03 - Statistical Approaches Towards Sustainability. Organizer &
Chair: Maria do Rosário Ramos.

OS04 - Statistical Modelling and Risk Analysis. Organizers & Chairs:
Teresa Oliveira and Amílcar Oliveira.

OS05 - Exploring challenges in analyzing medical data across di�erent
study designs and settings, sponsored by the International Biometrical
Society - Italian Region. Organizer & Chair: Valeria Edefonti.

OS06 - Statistical Modelling for Risk Evaluation in social and economic
sciences. Organizer & Chair: Francesco Santelli.

OS07 - Modeling risks of neoplasia: Chance, environment and genes.
Organizer & Chair: Marek Kimmel.

OS08 - Statistics in Modelling. Organizer & Chair: Milan Stehlik.

OS09 - Extreme Value Analysis in Weather Events and the Environment.
Organizer & Chair: Sneh Gulati.

OS10 - Statistical and Data Science Developments for Risk Assessment
in Urban Areas. Organizers & Chairs: Rodolfo Metulini and Maurizio
Carpita.
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OS11 - Statistical Modeling and Inference. Organizer & Chair: Luis M.
Grilo.

OS12 - New Perspective in Financial Risk Management. Organizer &
Chair: Giovanni De Luca.

OS13 - High-frequency data in economics and �nance. Organizer &
Chair: Alessandra Amendola.

OS14 - Topics in Financial Econometrics. Organizer & Chair: Vincenzo
Candila.

OS15 - Advanced Statistical Models for Risk Evaluation. Organizer &
Chair: Silvia Osmetti and Silvia Facchinetti.

OS16 - Recent advances in systemic risk assessment. Organizers &
Chairs: Francesco Porro and Anna Maria Fiori.

OS17 - Risk and opportunities in �nancial innovation. Organizer &
Chair: Gianna Figá Talamanca.

OS18 - Computational Mathematics and Statistics in Risk Analysis. Or-
ganizer & Chair: Filomena Teodoro.
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OS01 - Statistical Robust Analysis and

applications in variable selection,

classi�cation and insurance modelling
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Feature Screening and Selection for Ultra-high-dimensional
Additive Quantile Regression

Daoji Li1, Yinfei Kong2, Dawit Zerom3

1 California State University, Fullerton, Department of Information Systems
and Decision Sciences, USA, dali@fullerton.edu

2 California State University, Fullerton, Department of Information Systems
and Decision Sciences, USA

3 California State University, Fullerton, Department of Information Systems
and Decision Sciences, USA

Abstract

This paper is concerned with feature screening and selection for addi-
tive quantile regression models in the ultra-high-dimensional setting, i.e. the
number of potential variables can grow exponentially with the sample size.
We propose a two-step procedure, where in the �rst step, variable screening
is performed using an additive quantile forward regression algorithm, and
in the second step we further select the best models by adopting a modi-
�ed Bayesian information criterion. We establish the screening consistency
for the proposed method and examine its �nite-sample performance using
Monte Carlo simulations.

Keywords

Variable screening, High dimensions, Quantile regression, Sure screening
property.
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Optimal Reinsurance with Multiple Risks under Dependence
Uncertainty

Junlei Hu1

1 University of Essex, Department of Mathematical Sciences, United
Kingdom, j.hu@essex.ac.uk

Abstract

In this paper we study the optimal reinsurance models for multiple risks,
where the marginal distributions are �xed but the dependence structure be-
tween these risks are unknown. Due to the unknown dependence structure,
the optimal strategy of the worst case of reinsurance models is investigated.
We consider two types of risk measures: Value-at-Risk (VaR) and Range-
Value-at-Risk (RVaR) including expected shortfall (ES) as a special case,
and the general premium principles satisfying certain conditions. It turns
out that the capped stop-loss reinsurance treaties are optimal for the worst
case scenario under dependence uncertainty for both VaR and RVaR and
the general premium principles. Moreover, for the case when the multiple
risk n = 2, we derive a simpler expression for �nding the optimal ceded loss
function with VaR by employing a di�erent approach. Finally, applying our
obtained results, some numerical studies have been implemented to obtain
the optimal reinsurance strategy for some speci�c multiple risks.

Keywords

Optimal Reinsurance, Dependent Uncertainty, Multiple Risks, Value-at-Risk,
Range-Value-at-Risk, Expected Shortfall.
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Sequential Estimation for Mixture of Regression Models

Hongsheng Dai1

1 University of Essex, Department of Mathematical Sciences, United
Kingdom, hdaia@essex.ac.uk

Abstract

Mixture model is a classical statistical model to cluster the heterogeneous
population into homogeneous subpopulations. However, for highly hetero-
geneous population with multiple components, its parameter estimation and
clustering results may be ambiguous due to bad local maxima. For subtyping
purpose, we work on the �nite mixture of regression models with concomi-
tant variable to quantify the mixing probabilities and propose a novel sta-
tistical method to identify the components in the mixture sequentially. The
presentation will mainly focus on the methodology and precision-medicine
application.

Keywords

Mixture model, Clustering, Precision-medicine application.

10



Feature selection for competing risks model in high and
ultra-high dimensions: the case of business failure prediction

Francesco Giordano1, Sara Milito2, Marialuisa Restaino3

1 University of Salerno, Department of Economics and Statistics, Italy,
giordano@unisa.it

2 University of Salerno, Department of Economics and Statistics, Italy,
smilito@unisa.it

3 University of Salerno, Department of Economics and Statistics, Italy,
mlrestaino@unisa.it

Abstract

Since the 1930s, and over the last 90 years, both predicting the �rms
survival and studying the e�ects of �nancial ratios on �rm's exit has re-
cently attracted new attention from both academics and practitioners. Mod-
els Business failure prediction models are important in providing warning for
preventing �nancial distress and bringing about some actions that could have
helped to restore �rms' �nancial situation.
Most of the existing literature has mainly focused on only one form of exit,

separately investigating any decision to leave the market. Since the seminal
paper of Altman (1968), researchers have essentially focused on the binary
variable (failing vs. non-failing), and analyzed the companies that actually
went bankrupt by means of some models (logit, probit, discriminant analysis,
survival analysis and so on) (Ohlson, 1980; Zmijewski, 1984; Lennox, 1999;
Shumway, 2001).
However, di�erent exit options exist and may force �rms to leave the busi-

ness. Besides entering in involuntary exit procedure (such as bankruptcy), a
�rm could opt for merger or acquisition or decide for a voluntary liquidation.
Each exit could be driven by di�erent factors (Schary, 1991). Therefore, in-
vestigating the determinants leading to the di�erent forms of distressed �rm's
exit is particularly relevant. In order to examine the e�ects of explanatory
variables across the states of �nancial distress, a multi-state and competing
risks approach can be used (Jones and Hensher, 2004; Rommer, 20015; Jones
and Hensher, 2007).
Competing risks data are encountered when �rms may fail from multiple

causes and the occurrence of one failure event precludes the others from
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happening. Two main approaches can be used, to investigate the e�ects
of covariates on the hazard function: cause-speci�c hazard (CSH) model
and subdistribution hazard (SDH) model. The di�erence between these two
approaches relies on the de�nition of the risk set. In CSH, subjects who
experience the competing events are treated as censored, while in SDH they
are included in the risk set.
Nevertheless, some issues are still under investigation, such as the selec-

tion of �nancial ratios to de�ne business failure and the identi�cation of an
optimal subset of predictors. For this purpose, di�erent methods can be
used. Among others we recall the popularity (i.e. variables have been chosen
among those mostly used in previous studies), the predictive power (i.e. vari-
ables have been selected among those considered more powerful in predicting
corporate failure), statistical tests (e.g. test for di�erences between means,
correlation tests, t test, F test), automatic selection procedure (e.g. Step-
wise procedure, Wilks lambda, likelihood ratio), penalized variable selection
methods (e.g. Lasso, Lars, Elastic Net, etc.).
In many applications involving competing risks, identifying variables that

have e�ects on CSH or SDH is a critical task.
In the CSH model, screening and variable selection methods developed for

Cox model can be easily extended. For the SDH approach, due to the di�er-
ent de�nitions of the risk set, naive applications of these procedures may be
problematic and not suitable. This is particularly true when the number of
covariates is larger than the number of observations (n < p and n << p) and
in presence of multicollinearity between covariates. Thus, the aim is to com-
pare the performance of some existing methods for screening and selecting
the most signi�cant variables for predicting business failure, for both CSH
and SDH models, for highlighting their main advantages and disadvantages
and proposing a new procedure able to identify the relevant covariates in
the framework of high and ultra-high dimensions, able to identify the factors
that may better in�uence the risk of leaving the market.

Keywords

Competing risks model, Feature selection, Business failure prediction.
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E�ect of socio-demographic, environmental and individual factors
on SARS-CoV-2 spreading dynamics: endemic-epidemic

spatio-temporal point process model*

Katiuscia Di Biagio1, Marco Baldini1, Jacopo Dolcini2, Pietro Sera�ni3,
Emilia Prospero2

1 Environmental Epidemiology Unit, Regional Environmental Protection
Agency of Marche, Ancona (Italy)

2 Department of Biomedical Sciences and Public Health - Section of
Hygiene, Polytechnic University, Ancona (Italy)

3 Medical Direction Department, Local Health Authority of Marche,
Ancona (Italy)

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) transmis-
sion rates and host susceptibility are in�uenced by several factors, such as,
among others, demography, age, gender, socio-economic factors and educa-
tion. Recently, it has been shown how atmospheric particulate matter (PM)
may play an important role in the di�erential distribution and transmission
rates of SARS-CoV-2. For surveillance and prevention in public health, the
correct identi�cation of sources and transmission dynamics concerning the
endemic and epidemic component of infection, respectively persistent spo-
radic and rapidly clustered in space and over time, can help to implement
intervention strategies to reduce the burden of disease. The aim of this study
is to assess the e�ect of long-term residential exposure to atmospheric par-
ticulate matter on COVID-19 incidence and on the dynamics of infectious
disease spreading in Marche Region (central Italy) during the �rst pandemic
wave, with a prediction model including both endemic and epidemic com-
ponents. This study includes all individuals with �rst positive SARS-CoV-2
nasal/oropharyngeal swab test from February up to May 2020, residents and
domiciled in Marche region. All tests are recorded in a healthcare database
by the Regional Health Service, along with gender, age, domicile/residence
address and employment. Linkage with administrative healthcare data gave
information about pre-existing diseases (PED) within the previous 5-years
from the �rst positive SARS-CoV-2 molecular test. Long-term exposure
to outdoor �ne particulate matter air pollution of 10 microgram or less in
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diameter (PM10) concentrations, Temperature and Relative Humidity were
estimated at 10 km2 grid cells of Marche region; all residential addresses were
geocoded and subjects were assigned pollution and meteorological variables
of grid cell containing their addresses. PM10 concentrations was estimated
as average of daily concentrations on 2010-2019 years at 10 km2 spatial grid,
recorded at the stations of Regional Air Quality Monitoring Networks located
across Marche. Daily Temperature and Relative Humidity were provided by
the Regional Civil Protection Service. To identify individuals and contextual
factors that in�uence the SARS-CoV-2 spread and its disease rate we used
the endemic-epidemic spatio-temporal point process regression model (Meyer
et al. 2012; Meyer and Held 2014; Meyer et al. 2017, Paul et al. 2008). The
conditional intensity function, that represents the instantaneous infection
rate at a speci�c location and time point given all past infections, was ad-
ditively decomposed into endemic and epidemic component. The epidemic
component regards infected cases directly linked to the previously observed
cases, whereas the endemic component concerns new infected cases inde-
pendent, not directly attributable to the epidemic process, then they do not
generate secondary cases. Results showed a signi�cant increment of rate ratio
for exposure to increased levels of PM10 both in endemic and epidemic com-
ponents, in agreement with �ndings observed by an individual-level study
in a city of Northern Italy (Veronesi et al. 2022). Targeted interventions
are necessary to improve air quality in most polluted areas to minimize the
burden of endemic and epidemic COVID-19 disease and to reduce unequal
distribution of health risk.
*The paper is under the peer review process to the Environmental Research

Journal.
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Abstract

The analysis of the relationship between environmental condition and the
distribution of disease is a key point in public health, both to evaluate the
e�ect on health status of the population and to use estimates in risk assess-
ment. Issues for these analyses came for estimation of spatial and time e�ect.
We have dealt with these issues in two di�erent setting: the description of
diseases distribution in a polluted area near a big industrial plant and the
evaluation of the relationship between environmental and climate condition
that could have fostered the spread of COVI19 in Lombardy during 2020.
1. The description of disease distribution in an environmental pollution risk
area.
It is well known that Taranto, a city in Apulia, southern of Italy, is considered
a high risk environmental area. Local health authorities are always engaged
in monitoring health status to have information to use in the risk assessment
of population. Data came from continuous surveillance systems such as reg-
istry (death and tumor) and hospitalizations (Hospital Discharge Forms). To
evaluate time and spatial distribution of many di�erent cancer sites and of
a list of chronic and acute non neoplastic conditions in census areas we have
applied a bayesian hierarchical model model that took into account the con-
tribution of adjacent areas to estimate the relative risk in small areas and
thus manage the spatial structure of the data and their overdispersion. The
Besag-York-Molliè model was chosen after comparing its goodness of �t with
the Zero In�ated Poisson model and Lawson mixuteres model. The choice of
the range of mutual in�uence between two census areas was made in accor-
dance with the data on the di�usion of air pollutants. The main challenge
is in the dynamic assignment of spatial location of each single case and the
dynamic location of the population, that are crucial information to determine
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rates and relative risks. The risk was estimated for the factor �area of living�
and a subject in his life could reside in more than one area, therefore this
mobility should be accounted before estimation. To adjust results accounting
for this issue we have de�ned the weight of participation in an area as the
ratio between the time of staying in an area divided the total time of living
resulting from the registry o�ce data.
The estimation techniques used, and the weight attributed to mobility have
reduced the variability of the relative risks between neighboring areas and
together with the choice to show them through choroplet maps, it has allowed
the identi�cation of risk clusters. The disease mapping has shown a more
accurate spatial risk pattern for the areas in the proximity of the implant,
identifying the risk by area as expected.
2. The relationship between environmental condition and the spread of acute
disease: the case of COVID19 in Lombardy.
In February 2020, after the �rst case of COVID19 in Lodi, Lombardy became
the Italian area with higher number of cases of SARS-CoV2 infection. It's
well known the way the virus could be disseminate among the population,
but an association between environmental conditions and area of di�usion
of the infection could be investigate. The aim of the working group was to
apply an explorative analysis to evaluate if there was a direct relationship
between air pollution, meteo-climatic factors and spread of the infection.
It is an application of a complex regression model that should hold variability
of cases among the county of the region, daily and spatial variability of pollu-
tant in the region and the incubation period. Therefore, a hierarchical mixed
model was estimated assuming a Poisson distribution with logarithm trans-
formation as link function; the province information was entered as random
intercept. We assumed that the e�ect of air pollution and climate condition
could have an e�ect some days before the day of the diagnosis, thus a model
for each of the 15 days before (lag) the day of the new cases was run.
Regression coe�cients, anyway, were di�erent by levels of the factors and
lag day, and we need to evaluate, for each lag, the level of the factors that
could be considered e�ective in facilitating the infection. The solution was
taken by the analysis of �uctuation test applied in econometrics, that is the
structural change regression; we tested the null hypothesis that the regres-
sion coe�cients remain constant between factor levels compared with the
alternative hypothesis that at least 1 coe�cient varies. Among relevant re-
sults, we detected at lag 10 for the ozone classes <20, 20-24, 25-29, 30-34,
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35-39, 40-44, 45-49, 50-59, >=60 µg/m3, we found the estimation through
least square means of the new cases equal respectively to 4.6, 5.6, 9.5, 11.1,
15.3, 18.0, 12.5, 30.1, 34.1, and therefore a signi�cant break point (BP) for
ozone levels above the threshold of 44 µg/m3 (p = 0.028). BPs were found
for temperature below 5◦C at lags 1, 4, 7, 8, 9 and 10, and for temperature
below 6◦C at lags 3 and 5, in all the cases with the trend of cases increasing.
Conclusions. In complex settings the process of risk assessment request ac-
curate epidemiological approach. The examples have shown that: in descrip-
tive analysis, even without an individual and causal approach, the accuracy
of risk determination should a�ect estimates; in relationship between air and
climate variables as a possible cause to facilitate the spread of the COVID19,
a complex approach should be used to have detailed information of the e�ect
on disease.
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Abstract

Risk assessment is largely used in di�erent setting. To better understand
risk assessment it is necessary to de�ne risk. According to Royal Society
(1972) when the word �risk� is used, in relation to the risk assessment process,
it may be de�ned as: �The combination of the probability, or frequency, of
occurrence of a de�ned hazard and the magnitude of the consequences of the
occurrence�. Environmental risk assessment (ERA) is the evaluation of risks
due to human activities that are dangerous for nature, animals and humans.
ERA includes human health risk assessment that may be conducted using
di�erent type of studies: descriptive, ecological, and analytical.
Starting from the epidemiological approach it needs to plan the most ap-

propriate statistical methods. The descriptive study requires simple statisti-
cal analyses to describe the health pro�le of exposed people. The ecological
design needs statistical methods which permits to verify the �rst relationship
between exposure and health outcome. Among these approaches, in particu-
lar, the Bayesian spatial-temporal methodologies have a relevant role in case
of municipalities with small dimensions since they ensure to smooth easily
the background noise. The analytical studies o�er a wide type of statistical
approaches to evaluate the association between exposure and health outcome.
In some condition might be more interesting to investigate the health risk due
to di�erent scenarios of exposure. In this case, the �rst phase of the analysis
will assign to each subject its level of exposure and then on the basis of the
cluster of exposure to which it belongs, the association with health outcomes
will be estimated. In detail, two di�erent �case studies� will be presented:
1) a spatial-temporal distribution of cardiovascular mortality in the Province
of Pavia in 2010 through 2015 in association with environmental pollution
exposure by means of an ecological study; 2) the health impacts of the exist-
ing facility re�nery on people living in the neighbouring areas by means of a
case control study after clustering of exposure identi�cation through k-means
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model. In the �rst study di�erent models (hierarchical log-linear model) have
been assessed: temporal parametric trend components were included together
with some random e�ects that allowed the accounting of spatial structure of
the region. The best model has been selected using Watanabe-Akaike Infor-
mation Criteria (WAIC) and Leave One Out Information Criteria (LOOIC).
The environmental exposure (PM2.5) showed a strong signi�cant e�ect on
cardiovascular mortality accounting for the urbanisation level of each geo-
graphical unit. In the second case study, a sample size from eligible people
living in two municipalities was selected and individual environmental expo-
sure (using ground level pollution from AERMOD model) was assigned by
linking the geocodes of participants' addresses to the modelled surface, apply-
ing a bilinear interpolation. The identi�ed clusters using a non-hierarchical
K-means were considered as a proxy of individual level of exposure. In order
to estimate the impact of a cluster of exposure on health outcome a multivari-
able logistic regression models have been implemented adjusting for several
covariates. The adjusted estimate e�ect of environmental exposure (PM10)
on hospitalization indicated a possible excess in most-exposed people, but
the e�ect was not signi�cant.

Keywords

Spatial analysis, Environmental pollution exposure, Cardiovascular mortal-
ity, Case control study.
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Abstract

Introduction. The currently most accepted de�nition of frailty is �a clin-
ically recognizable state of greater vulnerability resulting from the decline
in reserve and function associated with aging in multiple physiological sys-
tems, including the ability to cope with daily or acute stressors� (Fried et al.,
2001). The problem of estimating frailty becomes of increasing importance,
from both an etiological and social perspective, if considering that up to a
quarter of the older adult population is "frail", depending on the criteria
used to de�ne it. (Sepehri et al., 2020). Di�erent approaches can be taken to
measure frailty (Clegg et al., 2013): the approach based on the concept of the
phenotype of frailty (Fried et al., 2001) and the approach that refers to the
accumulation of de�cits, developed by Rockwood and operationalized with
the Frailty Index (FI) (Rockwood and Mitnitski, 2007). Both approaches
have shown to successfully predict the development of adverse events in older
people, including mortality. However, while the construction of the FI may
include the presence of impairment and/or disability, the frailty phenotype
is considered a condition that precedes the development of disability. On
the other hand, the FI provides a quantitative value and thus may o�er an
estimation of the severity of frailty which has substantial advantages. In the
context of these two approaches, many indicators of frailty have been pro-
posed. Currently, little information is available on the comparison between
predictive performance of these indicators and other measures commonly
used to identify patients at risk of poor outcomes.
Aim. To compare the ability of FI and other frailty indicators (i.e. Clinical

Frailty scale (CFS)) and measures of comorbidity (i.e. Charlson Comorbidity
Index (CCI)) in predicting clinical outcome with real data based on a cohort
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of older patients admitted to an Acute Geriatric Unit (AGU) of San Gerardo,
Monza (Italy) with a diagnosis of sepsis.
Methods. Real data derived by a retrospective cohort study including pa-

tients, aged 70 years, acutely hospitalised at the AGU of the San Gerardo
hospital (Monza, Italy) between March 1 st, 2017 and January 31 st, 2020
with a diagnosis of sepsis. Frailty was assessed with two tools: the Clin-
ical Frailty Scale (CFS), a nine-point scale which is based on the clinical
evaluation of symptoms, mobility, physical activity, and function and the
FI, developed in accordance with the Rockwood's approach and based on
29 variables, including diseases and functional impairments, sensory de�cits,
malnutrition and blood examinations. Univariate and multiple logistic mod-
els were �tted to evaluate the performance in predicting the in-hospital and
6-month mortality of each single indicators and of their combination. Dis-
criminating performance was reported as the Area under the Receiver Oper-
ating Characteristic (AUROC) curve and its corresponding 95% Con�dence
Intervals (CI). All statistical tests were two-sided and signi�cance level was
set at 0.05.
Results. In the study period, 290 (8.7%) patients admitted to AGU, were

diagnosed with sepsis. Fifty patients were excluded from the analysis be-
cause of missing data. Overall, 240 patients were included; the median age
was 85 years old (interquartile range, IQR, 80 � 89), and 98 (40.8%) were
women. Eighty-one patients (33.8%) died during the hospital stay, and 145
(60.4%) within 6 months from hospital admission. CFS and FI showed simi-
lar accuracy to predict in-hospital mortality (CFS - AUROC=0.605; 95% CI
0.531�0.678; FI - AUROC=0.582; 95% CI 0.505�0.659). Comorbidity indexes
showed lower predictive capacity. The best predictors of 6-month mortality
were FI (AUROC=0.677; 95% CI 0.607�0.746).
Conclusions. Although frailty is frequently associated with comorbidity,

this study shows that it is an independent nosological entity which provides
more relevant information in terms of mortality than comorbidity. Data
relative to the predictive performance of di�erent frailty indicators proposed
in literature may be useful to provide a setting-speci�c tool to identify frail
hospitalised patients and quickly predict their risk of poor outcomes.
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Abstract

State space models have been applied in several areas due to their �exibil-
ity, as they can accommodate more than one source of variability. Another
added value of these models is the possibility of explaining the response vari-
able from an unobserved variable, the state. In many areas the state is a
focus of modeling, that is, the variable of interest is not observed directly
but its linear transformation is observed and may have an additive noise. In
these cases the main goal is to get the best prediction of the state variable
at each instant in order to minimize by �ltering out the noise. However, in
many other situations, state space models are considered stochastic models
that allow establishing stochastic relations between a variable and a quantity,
usually between an observed quantity, taken without error, and another, the
variable of interest, which is related to the quantity through the equations
of the model. In this work it is analyzed the possibility to improvement
short-term forecasts from a website for a speci�c location based on other
data more accurate. In this �rst step, a state space model is adjusted in
order to establish a stochastic relation-ship between the observed maximum
temperature in the location of interest with a portable station installed tem-
porarily and the website's forecasts for that location. This approach was
developed on the basis of data obtained from the ongoing �TO CHAIR: The
Optimal Challenges in Irrigation� project. The adjustment of the state space
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model in this context raises several issues that need solutions or adequate ap-
proaches. In fact, in this case, the state variable is not the main interest or
the noise �ltering is not the main perspective in the modeling. First issue
that need some analysis and attention is the possibility of outliers. This can
be a problem because outliers can a�ect the �t of the model, can introduce
bias in parameter estimation, and can also lead to con�dence intervals with
larger amplitudes. These consequences can in�uence the forecasts in a very
signi�cant way. Usually, outliers are studied in the perspective of ARIMA
or GARCH models, (Muller et al., 2009; Hotta and Tsay, 2012). In this case
the relationship between the observed temperature, Yt, at the location and
the temperatures predicted, Wt,h, by the website h =1, 2,. . . or 6 days in
advance was carefully analyzed. It is expected that the ratios Yt/Wt,h will
be close to 1. In this perspective the outlier de�nition has to be adjusted
to this case. The outliers' analysis is related, or can be, to some di�culties
on the parameter estimation. For this, the parameter estimation is discussed
in order to provide suitable models which allow to improve the short-term
forecasts of the maximum temperature.
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State space modeling, Kalman �lter, Forecasting, Temperature, TO CHAIR
project.
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Abstract

The high urbanized zones in the coastal regions and maritime economic
activities are increasing globally and, consequently, causing pressures on the
marine and coastal ecosystems (Cristina et al., 2016; Bertram et al.,2014).
Therefore, it is essential to monitor the water quality of the marine and
coastal waters to assess the e�ect of human pressures on these waters, which
are a risk to human health and on economic activities (Brito et al., 2020).
Due to this concern, European directives such as the Water Framework Di-
rective (WFD, 2000/60/EC) and Marine Strategy Framework Directive were
developed to achieve and maintain these water's good ecological and envi-
ronmental quality status.
Currently, the monitoring programs use in situ data. However, this is

limited by time and space and is expensive, unlike the data acquired by ocean
colour satellite sensors, which allows for increasing the time scale. One of the
main water quality indicators that can be retrieved from space is chlorophyll-a
(Chl-a). The 90th percentile, P90, is a commonly used descriptive measure to
assess the Chl-a concentration because it is robust in the presence of outliers.
This work uses time series of Chl-a retrieved by satellites, with a time hori-

zon from January 1997 until June 2021, from two stations o� the coast of the
Algarve: Sagres and Guadiana. These time series have di�erent stochastic
behaviours: Sagres is characterised by a strong seasonal pattern, with higher
Chl-a values in spring and summer, and Guadiana has a weak seasonal pat-
tern. In general, the concentration of Chl-a in Guadiana has higher values
than in Sagres, due to its proximity to the Guadiana estuary. Thus, Sagres
is classi�ed as a �High state� once the P90 for Chl-a concentration is lower
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than the reference value of 8 mg m−3. In the case of Guadiana, the value is
closer to the reference value, 1.8 mg m−3, and it is often exceeded.
The objective is to study the pertinence of using satellite data in water

quality assessment and contribute with new statistical methodologies, such
as time series models. In addition, the results achieved using these methods
will be compared with the �traditional� one. Moreover, it is possible to
identify the seasons or the months that occur the most signi�cant changes
in the Chl-a concentration. This is a valuable information that is useful for
di�erent stakeholders, such as the Portuguese Environment Agency, coastal
managers and the economic activities sectors (such as aquaculture, �sheries
and tourism).
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Abstract

Amputation is the loss (surgical or traumatic) of a segment of the body,
applied in the event of an injury (traumatic, vascular or other) that has
irreparably a�ected the human being, causing functional limitation. Am-
putation also represents a considerable negative socio-economic impact for
families and governments.
Knowing the numbers, establishing the prevalence and future trends in

limb loss is important for health care planning and for the rational allocation
of resources, as a response to the growing indicators of demand for prostheses
and related services.
Diabetes is known as one of the leading causes of morbidity and mortality

worldwide. Portugal is the fourth country in the European Union with the
highest incidence rate of diabetes, according to the IDF Atlas (International
Diabetes Federation, 2021).
In the Annual Report of the National Diabetes Observatory - 2019 Edition,

it is estimated that in 2018 there will be between 605 and 618 new cases of
diabetes per 100 000 inhabitants.
Although diabetes prevalence data are updated annually in Portugal through

the INSA - Médicos Sentinela, with the COVID-19 pandemic, it is estimated
that at least 20,000 diabetics have not had access to the necessary conditions
for an early diagnosis. Therefore, data from this period underestimate the
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prevalence rate of Diabetes. The prevalence of complications related to dia-
betes, namely diabetic foot, tends to increase with the increasing number of
people with the pathology.
Studies show that 1 in 7 diabetics will develop foot ulcers in their lifetime,

which is a risk factor for amputation. Amputation is probably the most
feared and recognized complication of diabetes. It is estimated that about
50 % of amputations and ulcerations can be prevented by evaluating the foot,
degree of risk of ulceration, thus allowing the implementation of preventive
strategies.
The main objectives of this work are: i) quantify and characterize the

amputations performed in Portugal from the year 2000 to the present; ii)
Model, estimate and predict the number of amputations by etiology and by
level for the future.
This is a retrospective observational cross-sectional study, designed using

the �Hospital Morbidity Database (BDGDH), for episodes with amputations�,
provided by the Central Administration of the Health System, IP. (ACSS),
supervised by the Ministry of Health.
The data refer to hospitalizations related to amputations in public hospi-

tals of the National Health Service (SNS) in the mainland, which occurred
between 2000 and 2019. It includes the dependent variables, calendar year,
age, district (place of birth), gender, etiology and level of amputation. It
consists of the 20 initial records of diagnoses and the respective procedures
associated with each episode of hospital admission. The disease and proce-
dure criteria were de�ned according to the International Statistical Classi�-
cation of Diseases, Injuries and Causes of Death1�3, in the 9th revision of
1975 (ICD-9), with the respective code limits.
Annual trends were estimated through Poisson regression models as well

as the future incidence rates, sex and age group strati�ed. Incidence rate
projections were adjusted to the distribution of the resident population in
mainland Portugal, considering the Portuguese statistical projections (Na-
tional Institute of Statistics - INE).
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Abstract

The analysis of �nancial returns and associated risks is an important is-
sue. Some statistical methods consider modelling �nancial returns through
the normal distribution. However, as it is known, the kurtosis that mea-
sures the degree of peakedness of a distribution relative to the tails usually
shows, for that kind of data, higher values than for a normal setup. This
means that most of the variance is due to extreme deviations that are not
predicted by the normal distribution and can be a signal that a return series
has fat tails. Extreme value theory must be then applied to the analysis and
modelling of those series. In classical time series modelling, a key issue is
to determine statistically how many parameters have to be included in the
model. However, special care must be given to extreme events in the series
that need speci�c statistical procedures based on the behaviour of extremes.
Extreme value models were initially obtained through arguments that as-
sumed an underlying process consisting of a sequence of independent and
identically random variables. However, in the �nancial area, temporal inde-
pendence is unrealistic. A stationary setup is the most natural generalisation
of a sequence of independent random variables. In the last decades, many
signs of progress have been made in parameter estimation of extreme values
in time series relevant to asymptotic results. However, for �nite samples,
limiting results provide approximations that can be poor. Computer inten-
sive methods, among which we refer to Generalised Jackknife and Bootstrap
methodologies, have improved results in parameter estimation in statistics
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of extremes. Resampling techniques and exponential smoothing methods for
modelling and predicting a time series are computational procedures pro-
posed to improve the performance of some risk measures estimators. Our
approach will be applied to a set of observed stock market data, using the R
software.
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Abstract

This work presents a comparative analysis of several approaches for detect-
ing multiple change points in long time series of air temperature in Europe.
The modelling of the series is performed through state space models and
the detection of change points is done by applying two complementary ap-
proaches, one using the innovations series, in parametric and non-parametric
perspectives, and the other using Kalman �lter smoothers which represent
the trend prediction of the series under analysis, in a parametric perspective.
In half of the analyzed cities only one change point is detected, mostly at the
end of the eighties, with all the applied methods. In the remaining series,
there are di�erences between the number of change points detected by the
di�erent approaches. We highlight the cities in western Europe, where two
change points are detected for the majority of the cities and methods. In
Lisbon case, the smoother approach has detected three change points, being
this situation the only case with this number of changepoints. In Prague and
Vienna, only the non-parametric method applied to innovations has detected
two change points.
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Jarušková, D., Antoch, J. (2020). Changepoint analysis of klementinum
temperature series. Environmetrics, 31:e2570. https://doi.org/10.

1002/env.2570.

Ross, G.J. (2015) Parametric and nonparametric sequential change detec-
tion in R: The cpm package.Journal of Statistical Software, 66 (3), 1�20.
http://www.jstatsoft.org/v66/i03/.

Ross, G. J. (2015). Parametric and Nonparametric Sequential Change De-
tection in R: The cpm Package. Journal of Statistical Software, 66 (3),
1�20. https://doi.org/10.18637/jss.v066.i03.

38

https://doi.org/10.1002/env.2570
https://doi.org/10.1002/env.2570
http://www.jstatsoft.org/v66/i03/
https://doi.org/10.18637/jss.v066.i03


OS04 - Statistical Modelling and Risk

Analysis

39



Data Science Training for Finance and Risk Analysis: A
Pedagogical Approach with Integrating Online Platforms

Afshin Ashofteh

NOVA Information Management School (NOVA IMS), Universidade Nova
de Lisboa, Campus de Campolide, 1070-312 Lisboa, Portugal,

aashofteh@novaims.unl.pt

Abstract

The main discussion of this paper is a method of data science training,
which allows responding to the complex challenges of �nance. To create and
deploy �nancial models for risk management, the ability to incorporate new
data and Big Data sources, as well as bene�t from emerging technologies
such as web technologies, remote data collection methods, user experience
Platforms, and ensemble machine learning methods, becomes increasingly
important. Automating, analysing, and optimizing a set of complex �nan-
cial systems requires a wide range of skills and competencies that are rarely
taught in typical �nance and econometrics courses. Adoption of these tech-
nologies for �nancial problems necessitates new skills, and knowledge about
processes, quality assurance frameworks, technologies, security needs, pri-
vacy, and legal issues. In this paper, I discuss a pedagogical approach for
data science training in �nance and risk analysis, with a graphical summary
of necessary skills. A case study of active learning and learning by doing
for �nancial data science course is presented, following with the results of a
teaching experience of this course, online and in-person, with a combination
of di�erent technologies and platforms in an integrated manner. The out-
comes of an online Q/A on the Kaggle competition platform, an online book
club, an online video platform, and an online discussion group for this course
are presented with their advantages and disadvantages, and vulnerabilities.
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Abstract

The procedures for determining the probability density function (PDF) of
a product of two distributions are not, in general, straightforward to derive.
There are several procedures for di�erent types of distributions and their
characteristics (domain, independence, range, . . . ) In order to determinate
the PDF of the product of two variables the Rohatgi's theorem is an impor-
tant result. Rohatgi (1976) de�nes the density function of the product of
two distributions from the density functions of each of the elements of the
product. The determination of the density function of the product requires
the use of integrals, which do not always have analytical solutions, which
means that in many cases it will be necessary to resort to approximations by
means of numerical integration. On the other hand, the theorem presents a
discontinuity at the product value zero, since the product density function
cannot be de�ned at that point.
In 2004, Glen et al. adapt the theorem to the product of various types

of distributions (continuous and discrete), by applying numerical integra-
tion methods and de�ning the various regions of integration according to
the values of the product variables. The application to the product of two
uncorrelated normally distributed variables is only de�ned for the particular
case of the product of two standard normal distributions. In this case, we
have an exact expression of the integrals via the modi�ed Bessel function.
For other situations, however, exact expressions of the product density func-
tion could not be determined. The published version has several limitations:
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the authors restrict themselves to two distributions that fall entirely in the
positive range. However, it is easy to adapt this theorem to other scenarios.
One can even consider the variables with positive and negative values. This
approach also poses the additional problem that the density function of the
product is not de�ned for the value zero. Another important limitation of
this approach is the range of the statistical distribution. This range can't be
in�nity and this fact could be a problem for normal distribution.
Our study analyses the implementation of a procedure in R to calculate

the Probability Density Function (PDF) of the product of two Normally
Distributed Random Variables. We consider the analyses of this problem de-
velopment by Glen et al. (2004), where a similar procedure is implemented
in a Maple list-of-list data structure. Our approach using R is numerical
calculus oriented one. We develop a procedure in R that allows us to obtain
the distribution function of the product of two normal variables, considering
di�erent scenarios depending on the range of variation of the variables con-
sidered. This procedure uses numerical integration processes to calculate the
distribution function.
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Abstract

The ability to adequately model risks is crucial for �nancial companies.
The measurement of �nancial risks has been one of the main preoccupations
of actuaries and �nance practitioners for a long time. They are required to
consider more risk types into their models in order to achieve the goal of
integrated risk management. The challenge of integrated risk management
is how to aggregate di�erent risk types as well as risk distributions. This
objective requires modelling the multivariate dependence between the various
risk types to be considered.
The Integrated risk management for �nancial institutions requires an ap-

proach for aggregating risk types (such as market and credit) whose distribu-
tional shapes vary considerably. Ignoring the coupling risk's in�uence often
leads to underestimating the �nancial risk involved.
We introduce an aggregation model as well as copula-based Conditional

Value-at-Risk (CVaR) sampling algorithm. The risk aggregation method
is a �exible way to aggregate risks since the model does not require a fully
speci�ed joint distribution of all risks until an additional assumption is added.
By using this technique it will be possible include more realistic marginal
distributions that capture essential empirical features of the risks, including
accurate skewness and heavy-tails and a rich dependence structure.
A copula is a function that links univariate marginal distributions to the

joint multivariate distribution function, which is a defective way to describe
joint distributions of two or more random variables. Copulas allow the ag-
gregation of diverse marginal distributions and capture some of the essen-
tial features found in risk management such as skewness and heavy tails, as
introduced in the seminal paper by Sklar, where is demonstrated that all
�nite-dimensional probability laws have an associated copula function that
describes the dependency of their marginal distributions. The copula ap-
proach will be yet enhanced by using mixture distribution to improve the
modelling of the marginal distribution.
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Abstract

In random varying environments, we can describe the evolution of a �shed
population size using stochastic di�erential equations. Based on general ex-
pressions for the mean and standard deviation of �rst passage times by lower
and upper risk thresholds, we compute such values for the particular case of
the logistic model, considering several lower and upper risk threshold values.
For a �xed risk value, we also present a way to estimate, by numerical inver-
sion of its Laplace transform, the probability density function of the time to
reach the risk thresholds.
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Abstract

Purpose: Allostatic load (AL) refers to the cumulative burden of chronic
stress and life events and results in multi-systemic physiological dysregula-
tion. Periodontal Disease (PD) has been associated with various systemic
diseases and is impacted by metabolic dysregulation. The aim of this re-
search is to assess the relationship between AL and PD using unsupervised
machine learning fuzzy methods.
Methods and Results: Data from the National Health and Nutrition Ex-

amination Survey (NHANES) 2011 were used. AL was measured using
eleven surrogate biomarkers representing cardiovascular, in�ammatory, and
metabolic system functioning. A total of 1414 US adults aged 35 years and
older were allocated to two fuzzy clusters, using an unsupervised machine
learning classi�cation method, the fuzzy k-means clustering algorithm. The
cluster 1 presented more advantageous values for the allostatic load surrogate
biomarkers. In both clusters, the membership degrees (MD) varied from 0.5
and 1.0, with an average of 0.7. The PD parameters' were compared between
both clusters using GAMLSS models, yielding statistically signi�cant di�er-
ences (p < 0.05) for pocket probing depth (PPD) mean and maximum and
clinical attachment loss (CAL) rate. The correlation coe�cients between
PD parameters and cluster 1 MD's ranged from −0.06 and −0.11, being
statistically signi�cant. The association of PPD mean with cluster 1 MD's
statistical signi�cance did hold up after adjustment for age and gender.
Conclusion: The latent nature of AL together with the absence of an

universally accepted AL score poses major di�culties when classi�cation of
individuals is needed and to correlate their allostatic burden with other con-
ditions. We propose to tackle this issue using fuzzy clustering methods in
combinations with GAMLSS models. This approach allowed us to �nd an
association between AL and PD by measuring individuals AL through the
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membership grade to a cluster that's hold after adjustment for age and gen-
der. This methodology appears to be promising to deal with variables that
results from a complex combination of surrogate endpoints, and which ag-
gregation is di�cult or impossible.
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Abstract

This study is developed within the scope of the TO CHAIR - Optimum
Challenges in Irrigation project and aims to estimate and predict water losses
by evapotranspiration in the context of �nding technical solutions to improve
the e�ciency of daily water use in irrigation systems. In this study, a class of
models called calibration models, which admit a state space representation
associated with the Kalman �lter, were proposed to study meteorological
time series. Besides allowing dealing with time series with unstable behaviour
(which is a predominant characteristic of environmental data), these models
are quite e�ective from a stochastic point of view.
The state space models have the versatility to incorporate unobserved

components such as trends, cycles, and seasonality. Since these models in-
corporate an unobservable component, the state, it needs to be estimated.
For that, the Kalman �lter is applied, which is a recursive estimation algo-
rithm that allows both obtaining the optimal estimator of the state vector
(based on the information available up to time t) and 1- step-ahead predic-
tions by updating and improving the predictions of the state vector in real
time when new observations become available. The linear regression model
is a particular case of state space models and has been the most applied ap-
proach when a forecasting model is needed. The formulation of a problem in
the state space representation seeks to evidence a functional, dynamic, and
stochastic dependency between components of a system.
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In this study, the aim is to calibrate the short-term forecasts in real time
(obtained from the weatherstack.com website) through the state space model-
ing to improve the accuracy of the initial h-steps ahead, considering a six-day
temporal window. In particular, a comparison of the two forecasting meth-
ods for the meteorological time series (daily maximum temperature) it is pre-
sented: the state space representation associated with the Kalman �lter and
the linear regression models. The statistical analysis was performed using the
dataset that includes both the observations of daily maximum temperature
(◦C) in farm Senhora da Ribeira in Bragança, Portugal, between February 20
and October 11, 2019, and the forecasts obtained from the weatherstack.com
website.
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State space models, Kalman �lter, Linear models, Forecasting, Temperature,
TO CHAIR project.
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Abstract

Sequential Multiple Assignments Randomized Trials (SMARTs) represent
a study design where individuals are randomized multiple times at key pre-
speci�ed decision points and on the basis of their treatment history or char-
acteristics and behaviors or intermediate outcomes. Such designs aim to
determine optimal treatment strategies, which are particularly relevant for
managing many chronic diseases, including cancer. Chronic conditions often
require a sequential approach whereby treatment is adapted and readapted
over time in response to the changing state of the individual, which is the
basic idea of personalized medicine, i.e., tailor treatments to the individual
characteristics of each patient.The present work investigates the state-of-
the-art SMART designs in oncology, focusing on the discrepancy between
the available methodological approaches in the statistical literature and the
procedures applied within clinical trials of solid tumors.
A systematic search in three electronic databases (PubMed, Embase, and

CENTRAL - Cochrane Trial Registry) was conducted. No restrictions to
publication date were applied, and only English-language publications were
considered. Published protocols or results of SMART designs and registra-
tions of SMART designs in clinical trial registries were considered eligible.
To be included, the SMART design should be applied to solid tumors re-
search, without restrictions on the intervention type. The criterion to iden-
tify SMART designs was the presence of ≥ 2 stages in which patients were
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re-randomized to subsequent treatments according to a set of pre-speci�ed
decision rules. Conference proceedings, book chapters, systematic reviews,
and meta-analyses were excluded, but they were checked for eligible papers.
The review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines.
The search of the electronic databases resulted in the inclusion of 14,586

records. After duplicates removal, title/abstract and full-text screening, 33
records were included in the present systematic review. Fifteen were reports
of trials' results, four were trials' protocols, and fourteen were trials' registra-
tions. The study design was de�ned as SMART by only one out of �fteen trial
reports. Conversely, except four, all study protocols and trial registrations
de�ned the study design SMART. Only one study reported that determining
the optimal treatment regimen was the study's primary objective. Further-
more, only six records, i.e., three reports of trials results and three protocols,
employed statistical analyses techniques accounting for patients' characteris-
tics and history through the trial to identify the optimal treatment strategy.
SMART designs in oncology are still limited, but the interest in such meth-

ods in solid tumors research is growing.However, study powering and analysis
are mainly based on statistical approaches traditionally used in single-stage
parallel trial designs, probably because the design and analyses of such trials
are challenging, and no formal guidelines are available. Further research in
this �eld is needed to allow for broader use of such designs in oncology.
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Sequential multiple assignments randomized trial, Dynamic treatment regi-
mens, Multistage intervention strategies, Treatment policies, Individualized
treatment sequences.
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Abstract

Background: The Fragile Families Child Wellbeing Study (FFCWS) is a
longitudinal study collecting data from 4,898 children and their parents, the
majority of whom were unmarried (Reichman et al., 2001).
Methods: We study DNA methylation regions, corresponding to participant
ages 9 and 15. Our primary aim is to identify methylation associated with
two phenotypes in adolescent health, i.e., early puberty and teen depression,
from these two-time points. In our models, we consider counfounders to bet-
ter identify the association between methylations.
Results: Firstly, we estimate di�erentially methylated regions (DMRs) asso-
ciated with depression and early puberty. Secondly, we include interaction
terms in our regression models to estimate DMRs associated with the inter-
action between these two conditions and age. This will allow understanding
how age-related changes in methylation are in�uenced by depression or early
puberty. We also identify methylation quantitative trait loci (meQTLs) us-
ing genotype data from the participants. Finally, we validate our results by
replicating our meQTLs in data from the GoDMC study.
Conclusions: We will be able to identify methylation states associated with
both depression and early puberty on low socioeconomic status participants,
providing crucial results on how genetic regulation will impact adolescents
with these two conditions.
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Abstract

Fluorescence recovery after photobleaching (FRAP) is a method used to
study the dynamics of actin in neuronal dendritic spines, responsible for
synaptic transmission in vitro neuronal cultures. FRAP data provide re-
covery trajectories over time within a nested hierarchical structure; namely,
our data consists of 64 dendritic spines, each providing 65 measures equally
spaced in time over a period of 100 seconds; spines belong to 26 neurons,
grouped in 6 cultures. The number of spines within neurons ranges from 1
to 4, and the number of neurons within cultures from 2 to 8.
Traditional approaches to FRAP assume an asymptotic exponential curve,

or one phase association curve, to model the observed recovery pattern. The
hierarchical data structure is usually not considered in the model procedure,
and hypothesis testing is performed either at the spine or the neuron level,
averaging the values of di�erent spines within the same neuron. Nonlinear
mixed-e�ects models provide a suitable statistical tool to estimate the curves
handling at the same time the hierarchical data structure. Indeed, random
e�ects are added to model the variability at culture, neuron and spine levels.
Our work examines the asymptotic exponential function choice, evaluat-

ing if more �exible approaches estimate curves similar to the assumed one.
Therefore, we �t two mixed-e�ects models in which two spline functions re-
place the asymptotic exponential curve: one is a penalised linear spline, the
other is a free knot linear spline without penalisation.
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The three models di�er in the parameterisation of the �xed and random ef-
fect structure, hence parameter estimates are not fully comparable. Notably,
three parameters characterise the asymptotic regression function describing
the starting point of the curve, the steepness and the �uorescence recovered
in time. The linear spline function with penalisation has 11 equally-spaced
internal knots (one every �ve observations), whereas the linear spline function
with free knots and without penalisation has 2 knots. For ease of comparison,
the random-e�ects structure of the three models assumes independent and
normal-distributed random e�ects at the three nested levels. The asymptotic
regression model includes random e�ects on the parameters describing the
starting point and the �uorescence recovered in time, while the spline models
have random intercepts.
Numerical comparisons among the three models are performed approxi-

mating the curve parameters estimates. The starting point is compared with
the value of the spline functions at time 0, while the �uorescence recovery
with the spline functions values at time 100. Lastly, to compare the curve
steepness, we introduce the recovery half-time de�ned as the seconds required
to get half of the maximal �uorescence recovery.
Graphic and numerical comparison of the �tted curves highlights a com-

mon functional form compatible with the asymptotic exponential curve.
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Abstract

This contribution investigates undergraduate students' attitudes to change
the �eld of study and/or university during their bachelor's careers. Inter-
degree students relocation, also de�ned as churn decisions (La Rocca et al.,
2022), can be seen as a measure of universities' attractiveness since it can be
related to their ability to meet students' needs and expectations. A churn
decision is observed when students enrolled in one university decide to en-
rol: i) at the same university but in a di�erent �eld of study, ii) at another
university in the same �eld, and iii) at another university in a di�erent
�eld. Recent studies highlight that students' educational choices, despite de-
pending on their attributes (Impicciatore & Tosi, 2019), are heavily a�ected
by universities' characteristics such as research quality (Bratti & Verzillo,
2019), �nancial aid (Pigini & Sta�olani, 2016), and hosting areas' features
(Giambona et al., 2017) by applying a wide range of approaches, from lon-
gitudinal analysis (Attanasio et al., 2019) to network analysis (Columbu et
al., 2021).
Moving from this framework, the analysis exploits two main sources of

data: MOBYSU.IT1 and USTAT. MOBYSU.IT provides the administrative
data regarding all students enrolled in an Italian university between the aca-
demic year 2010/2011 and 2016/2017. Speci�cally, we follow each student
during her/his �rst career for up to four years to examine the variations in
her/his chosen university and �eld of study to de�ne the churn indicator.
This information is used to assess the risk of churn associated with each
university and �eld of study in Italy and to identify the main determinants
of this phenomenon. At this aim, we exploit the information available in

1Data drawn from the Italian `Anagrafe Nazionale della Formazione Superiore' has been processed according to the
research project `From high school to the job market: analysis of the university careers and the university North-South
mobility' carried out by the University of Palermo (head of the research program), the Italian `Ministero Università e
Ricerca', and INVALSI.
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the open-data portal USTAT regarding several characteristics of Italian uni-
versities: the number of professors by �eld of study, the amount of tuition
fees revenues, and the services aimed to reduce students' costs of attendance
(e.g. grants). Moreover, we combine these data with information on hosting
areas' attributes such as geographical position, unemployment rate, and the
population of students in the area.
This information is used in an integrated methodological approach. First,

we de�ne a network in which the combination of universities and �elds of
study are the nodes, and the churn �ows are de�ned as the number of stu-
dents that change nodes within their �rst career. Second, the network central-
ity measures computed are summarized by applying a Principal Component
Analysis to evaluate nodes' attitudes towards students' churn behaviour (i.e.
whether nodes are net exporters or importers). Finally, the resulting score of
the �rst dimension is regressed against a set of universities' and hosting areas'
determinants to assess the role of these characteristics on nodes' attractive-
ness. This approach allows us to understand the role played by each node in
the network and to understand which dimensions of universities' supply are
more related to students' churn behaviour and universities' attractiveness.
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Abstract

Bibliometric analysis as a subdiscipline of scientometrics represents an
e�ective method to explore the emergence and development of the analyzed
scienti�c �eld and credit risk and business failure prediction models are no
exception. Some previous works on similar topics are those by Alaka et al.
(2018), Merigó and Yang (2017), Shi and Li (2019), Zambrano Farias et al.
(2021).
This study presents the analysis of scienti�c publications that investigate

the methods and techniques used for studying credit risk and business failure
and for evaluating researches about both topics. Therefore, in the current
study statistical methods and techniques used for credit risk and business
failure analyses are identi�ed and described. Thus, thanks to this bibliomet-
ric analysis, it will be possible to address the research trends on both topics
and to assess their progress over time and across countries.
Our bibliometric study analyses the time period from the �rst papers pub-

lished on these topics to the end of 2021. Data are collected from the Web
of Science (WoS) database, one of the larger database in academic research.
More speci�cally, research papers in WoS Core Collection consisting of the
terms: Credit, Business, Failure, Risk, Prediction and Models, and their pos-
sible combinations were collected. We used some restrictions regarding the
documents, e.g. only English language, only journal articles etc., to ensure
the quality of the analyzed material.
This analysis uses quantitative techniques to analyze the academic pro-

duction through citations, co-citations, autorship, co-autorship, keywords
and journals as well as through bibliographic distribution, growth and evolu-
tion. In particular, some mathematical and statistical tools are used to �nd
publication and authors patterns, through relational networks. Thus, a map
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of the conceptual structure and evolution of the performance management
is drawn in both of them for addressing scholars in positioning their future
research work.
In more detail, the aims of the current study can be summarized in three

main points. The �rst would describes how these areas of research are or-
ganized and progressed in terms of publications, authors, and journals, and
identify some trends of both topics not only by looking at co-autorship, ge-
ographical area of authors, co-citation, co-occurrence, and also by analyzing
the abstracts and keywords through text mining. Then, the second point
is to present an overview study bringing together research work classi�ed in
business, �nance, and management �elds, so as to have a multidisciplinary
research in prediction modelling. Finally, based on results obtained in the
�rst two steps, the third point is to discuss the under-explored areas and
re�ect on possible future research opportunities to gain some insights and
understanding of the research topics.

Keywords

Bibliometrics, Business Failure, Credit risks, Global trends.

References

Alaka, H.A., Oyedel, L.O., Owolabi, H.A., Kumar, V., Ajayi, S.O., Akinade,
O.O., and Bilal, M. (2018): Systematic review of bankruptcy prediction
models: Towards a framework for tool selection. Expert Systems with
Applications, 94, 164�184.

Merigó J.M., Yang J.-B. (2017). Accounting Rsearch: a Bibliometric Anal-
ysis. Australian Accounting Review, 27 (80), 71�100.

Shi, Y., and Li, X. (2019). A bibliometric study on intelligent techniques of
bankruptcy prediction for corporate �rms. Heliyon, 5, (12).

Zambrano Farias, F., Valls Martínez, M.D., and Martín-Cervantes, P.A.
(2021). Explanatory Factors of Business Failure: Literature Review and
Global Trends, Sustainability, 13 (18).

64



Exploring the relational patterns among Italian Firms

Ilaria Primerano1, Marialuisa Restaino2

1 University of Salerno, Department of Political and Social Studies, Italy,
iprimerano@unisa.it

2 University of Salerno, Department of Economics and Statistics, Italy,
mlrestaino@unisa.it

Abstract

In this contribution we provide a network analysis of Italian �rms rela-
tions de�ned according to the positions hold by managers in companies and
also by considering their belonging to an Italian Industrial District. The im-
portance of inter-�rms networking has been widely addressed in the related
literature. The de�nition of a network system made up of nodes and links
is considered very powerful for business and �nance to better investigate the
main patterns and the type of occurring exchanges. Several empirical studies
emphasize the importance of network perspective investigating, for example,
the structure of �rms ownership revealing a concentration of power among
a small number of shareholders controlling many �rms (Engel et al., 2021);
and knowledge relationships' pattens among �rms within an Italian Indus-
trial district demonstrating that the position of a �rm in these networks also
a�ects its innovative performance (Boschma et al., 2007).
Industrial districts represent a manufacturing system characterized by a

strong industrial specialization whose production is targeted to a speci�c pro-
duction sector. Traditionally, these agglomerates were made up of small and
tiny industries with solid relationships. Becattini (1991) de�nes the indus-
trial district as a socio-territorial entity, characterized by the active presence
of both a community of people and a population of �rms in a natural and
historical bounded area, developing the so-called belong feeling. This de�-
nition underlines the districts communities' tendency to identify themselves
with the district. Furthermore, since �rms located in industrial districts are
always looking for new forms of cooperation, the study of the relationships
within industrial district is a very relevant feature for the Italian economy
and society. These entities are even more important for the Italian econ-
omy since they represented about one-fourth of the Italian economic system
(Istat, 2015).
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In this work, we consider the Orbis database, which provides detailed in-
formation about more than million of �rms worldwide. In particular, Orbis
ownership data holds information about the management composition of each
�rm over time. At our aim, we extract data about all small and medium-sized
Italian manufacturing enterprises (with less than 250 employees and NACE
codes 03-C), active in 2020 and operating over 10 years. We retrieve also
information about all current and previous directors and manager, such as
gender, age, job title, and nationality. The resulting �rms are then grouped
into several Industrial Districts according to the NACE codes and the geo-
graphical position. In doing so, we refer to the de�nition given by Istat based
on di�erent criteria, mainly referring to �rms' Local Market Areas (LMA) of
origin, economic specialization, and dimension. Thus, an industrial district
is identi�ed where there is a predominantly manufacturing LMA consisting
of small and medium-sized enterprises.
Moving from this framework, we aim to read our data into the Social

Network Analysis (SNA) framework (Wasserman, 1994). We de�ne a inter-
�rm network consisting of a set of nodes represented by the Italian �rms,
and a set of weighted edges linking �rms according to the role occupied by
each manager in the �rms. The presence of the same manager in two or
more �rms de�nes a link between the �rms. At the same time, the weight
depends on the number of di�erent managers that each pair of �rms has in
common. In addition, since we have speci�ed the �rms' belonging to speci�c
industrial districts, we will have di�erent networks for each district. SNA
centrality measures allow to explore the role and the position of each �rm
within the network de�ned at Italian and district level. Furthermore, the
presence of relationships between companies belonging to di�erent districts
will highlights exchanges among them and may provide some insights for
district governance.
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Abstract

Lung cancer is a deadly disease still claiming around 200,000 lives per year
in the United States alone. This talk summarizes research on quantitative
understanding of progression of lung cancer which was carried out for past 30
years by a group mainly at Rice University, MD Anderson Cancer Center and
Baylor College of Medicine. I will �rst review statistical concepts of screening
for early detection of cancer. They culminated in design of a major clinical
trial that demonstrated, in 2011, the ca. 20% mortality reduction potentially
achievable by screening for lung cancer using computed tomography.

However, earlier than this, mathematical modeling predicted a reduction of
similar magnitude. This was accomplished by careful studies of incidence
and mortality, by researchers from all over the world, which then informed
mathematical models capable of predicting the long-term e�ects of public
health interventions. Building such models involves splitting the natural
course of disease into an early phase at which the tumor is growing slowly
and remains localized, so that removal may lead to cure, and later phases
with faster growth and local and distant aggression, which might be targeted
by systemic therapies, but with less certainty of cure.

Due to recent progress in DNA sequencing, including single-cell sequencing,
insights can be gained into the timing of the waves of mutations and other
genome transformations, which leave trace in the cancer cell genomes. Anal-
ysis based on probabilistic models of genetics can help estimate the relative
rates of evolution of di�erent clones and hence the relative durations of phases
corresponding to small vs. large and slowly vs. fast growing tumors. I will
review some of these estimates and discuss their potential importance.
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Abstract

A malignant tumor is often composed of classes (i.e. subclones) of cells
that compete for scarce resources in the tumor micro-environment. Previ-
ous works have used the variant allele frequency (VAF) distribution from
bulk sequencing data to estimate birth times and �tness advantages of these
subclones, as well as the overall mutation rate of a tumor. Here, we use
some additional theory from population genetics, a set of neutral equations,
and the site frequency spectrum (SFS) of bulk sequencing data to estimate
the growth rates, mutation rates, and birth times of each subclone. We
simulate tumors from a branching process that explicitly incorporates these
parameters, and then perform a heuristic search of the space of the neutral
components of each subclone to estimate these parameters. We show that
incorporating estimates of the neutral and selective mutation components of
each subclone can allow us, on average, to accurately predict these subclonal
parameters. We show similar results when simulating single-cell sequenc-
ing data based on estimates of the neutral and selective mutations from the
single-cell data directly.
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Abstract

Motivation. Lung cancer is the leading cause of cancer-related death world-
wide, responsible for 11 % of all cases and 18 % deaths. Such lethality is
associated with a high risk of metastasis (primarily to bones, brain, liver, or
another lung), which is one of the most signi�cant negative prognostic fac-
tors in cancer due to the vast majority of secondary cancers being treatment-
resistant. Thus, metastasis is a turning point in cancer therapy, signifying
the transition from curative to palliative care. Prediction of risk of metasta-
sis before its occurrence could provide an opportunity to adjust and intensify
treatment. Thus, an e�ective predictive model would become a valuable aid
in therapy planning.
Several attempts have been made to predict metastasis in lung cancer

based on clinical characteristics, as well as molecular and imaging data. The
latter shows particular promise since medical imaging, usually PET/CT, with
relatively low invasiveness and easy acquisition, is currently a routine diag-
nostic procedure. This allows for model construction and potential applica-
tion without additional tests.
Data. Data was collected retrospectively at Maria Sklodowska-Curie Na-

tional Research Institute of Oncology (NRIO), Gliwice Branch, from patients
treated for non-small-cell lung cancer between 2009 and 2017. From a cohort
of over 800 patients, we selected non-metastatic patients for whom PET/CT
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images and clinical data (age, sex, Zubrod score, tumor location, TNM clas-
si�cation, and histopathology) were available, resulting in a total of 125 pa-
tients included in this analysis.
Methods. Regions of interest (ROIs) were manually created for the im-

ages, with between 1 and 11 ROIs per patient. For each of the 319 ROIs,
105 radiomic features were extracted using pyRadiomics Python package:
�rst-order features, shape features, and higher-order statistics texture fea-
tures, including Grey-Level Co-occurrence Matrix (GLCM), Grey-Level De-
pendency Matrix (GLDM), Grey-Level Run Length Matrix (GLRLM), Grey-
Level Size Zone Matrix (GLSZM) and Neighboring Grey Tone Di�erence
Matrix (NGTDM).
Cox regression was used to model metastasis-free survival in two scenarios

� based on all available ROIs and only the largest one per patient. We
tested several feature selection methods: �ltering based on univariate analy-
sis, stepwise elimination, and LASSO.
Results. Generally, LASSO allowed for the most e�ective model reduc-

tion, producing models with the comparable predictive ability and fewer
variables than the other approaches. In both scenarios, a model integrating
radiomic and clinical features performed better (c-index 0.78) than either
clinical-only (c-index 0.68) or radiomic-only (c-index 0.71). The �nal models
were similar for both scenarios with regard to predictors, di�ering slightly
in their statistical signi�cance. The statistically signi�cant features for all
ROIs were: spread to lymph nodes (N in TNM classi�cation), histopathology,
minimum (�rst-order), normalized run-length non-uniformity (GLRLM), and
small area low grey level emphasis (GLSZM). Also for the single-ROI sce-
nario texture features displayed high signi�cance, in particular normalized
size zone non-uniformity (GLSZM).
Conclusion. PET/CT imaging data are routinely collected during diag-

nostics, which makes them perfect candidates as a source of prognostic sig-
natures. Indeed, radiomic features have a high potential for predicting time
to metastasis in non-small cell lung cancer. Moreover, adding clinical char-
acteristics to the model improves its performance.
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Abstract

Recent advances in single-cell whole genome sequencing enable pro�ling of
copy number aberrations at high resolution in thousands of cells. Single-cell
genomics data from these technologies has enabled quantitative measure-
ments of tumor dynamics, and measurements of the rate of chromosomal
aneuploidy, whole-genome duplications and replication errors in tumors.
We have developed a simulation algorithm for studying single-cell dynam-

ics in a population of cells, incorporating somatic copy number changes,
clonal selection of driver mutations and accumulation of neutral passenger
mutations. The simulator follows population dynamics as input by the user,
generates the clonal evolution forward in time, where clones are de�ned by
their copy number and driver mutation pro�les. The phylogeny of a sample
is then computed backward in time. The algorithm is designed to be e�cient
for large cell populations while maintaining statistical accuracy.
We present two examples from the simulator package. The �rst follows the

neutral evolution of copy number events in the population of epithelial cells in
the fallopian tube. The second investigates the evolution of high-grade serous
ovarian cancer (HGSOC) driven by genomic instability. The simulator may
also be used to calibrate clonal reconstruction algorithms used on single-cell
DNA sequencing data.
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Abstract

At the early stage risk was involving to political or military games for
a decision making with the minimum risk. The pioneering work of Quincy
Wright (1964) on the study of war was devoted to this line of thought. The
Mathematics and Statistics involved, could be considered in our day as low-
level. Wright (1964) applied eventually the di�erential equation theory with
a successful application. Almost two decades later, Megill (1984) in his �rst
edition of the book on Risk Analysis for Economical Data was emphasising
that the fundamental in RA was to isolate the involved variables. Still the
Statistics background was not too high. But the adoption of the triangle
distribution was essentially useful. The triangle distribution has been faced
under a di�erent statistical background recently, but still the triangle ob-
tained from the mode, the minimum value and the maximum value of the
data can be proved very useful, as a special case of trapezoidal distributions.
In Biostatistics and in particular to Risk Analysis for the Cancer problem,
the evolution of the Statistical applications can be considered in the over
1000 references in Edler and Kitsos (2005). The development of methods
and the application of particular probabilistic models and statistical analyses
appear on extended development after 1980. Recently, Stochastic Carcino-
genesis Models, Dose Response Models on Modeling Lung Cancer Screening
are medical ideas with a strong statistical insight which have been adopted
by the scienti�c community.
The cumulative distribution function (cdf) of the GN(µ, σ2; γ) is:

ΦG(x) = 1− Γ(γ0, γ0z
1
γ0 )

2Γ(γ0)
, γ0 =

γ − 1

γ
, γ ∈ R− [0, 1]

In this line of thought Kitsos and Toulias (2015) as well as Toulias and Kit-
sos (2018) worked on the Generalised Normal Distribution GN(µ, σ2; γ) with
γ ∈ R− [0, 1] being an extra shape parameter.
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Moreover most of the evaluated measures, Fisher's Entropy information mea-
sure, J(X) say, entropy powerNp(X), Shannon entropy, depend on γ, namely
on γ0 = γ−1

γ . therefore a generalisation of RA due to a new general Fisher's
information measure was considered as well as a General Normal Distribu-
tion.
Under this foundation the commutative hazard function, H(·) say, of a ran-
dom variable X ∼ GN(µ, σ2; γ) can be proved equal to

H(x) = − log
Γ(γ0, γ0z

1
γ0 )

2Γ(γ0)
= − log

A(γ0, z)

2Γ(γ0)
, x > µ

H(x) = − log(1− Γ(γ0, γ0|z|
1
γ0 )

2Γ(γ0)
) = − log(1− A(γ0, |z|)

2Γ(γ0)
) , x ≤ µ

z =
x− µ
σ

where the de�nition of A(γ0, z) is obvious.
Example: As γ → ±∞ the Generalised Normal Distribution tends to Laplace,
L(µ, σ). Then it can be proved that:

H(x) = log(2 +
x− µ
σ

) , x > µ

H(x) = log(1− 1

2
e
x−µ
σ ) , x ≤ µ

Moreover for the future lifetime rv X0 at point x0, X ∼ GN(µ, σ2; γ) the
density function (d·f), the c.df can be evaluated and the corresponding ex-
pected future lifetime is

E(X0) =
2(x− µ0)Γ(γ0)

A(γ0, z)

The above mentioned results, among others, provide evidence to discuss,
that the theoritical inside is moving faster than the application needed such
results. These comments need special consideration and further analysis.
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Risk Analysis, Hazard function, Generalised Normal Distribution.
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Abstract

We consider discrimination between mammary cancer and mastopathy
tissues, which plays a crucial role in clinical practice. Based on my recent
projects, I will discuss results how stochastic processes can model the both
tissue modalities, mammary cancer and mastopathies. I will use exponential
families with geometric-topological canonical parameters, like Euler charac-
teristic. Application of such discrimination techniques has been applied to
real biopsy images from patients in German clinics with reasonable improve-
ment of false positive rates. Such approach can be considered as stochastic
and statistic modelling for image processing which can provide good bench-
marks for false-positive rates in most typical cancers assessments. Pure ma-
chine learning techniques can bene�ts from these obtain results and thus
contribute to addressing �inherent data ambiguity� in medical imaging. The
inter-patient variability of fractal dimension for mammary cancer is high and
therefore multi-fractality can serve as a better concept. This is a feasible and
parsimonious solution for a more delicate problem of multi-objective aggre-
gation of information, relevant in modeling clinical assessor intervariability.
Such problem is well visible if one considers several fractal and texture char-
acteristics of biopsy images. This helps to re�ne a fractal cancer hypothesis,
well applicable for several standard cancers, e.g. mammary or prostate can-
cer. In this talk I will also introduce a very di�erent type of cancer growth
which is not related to fractal cancer hypothesis. Nephroblastoma (given
by Wilms tumor) is the typical tumor of the kidneys appearing in child-
hood, which does not satisfy fractal cancer hypothesis. I will illustrate by
recent pre/post clinical study the e�ect on invasive treatments to Euclidean
volumes of such tumors. A special transfer function �SPOCU� for neural
network support for image processing has been also developed.
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Abstract

We present two analytic ways of construction of k-Markovian stochastic
processes with discrete time. These models are special cases of more gen-
eral �processes with long memory�. Recall, the typically applied Markovian
processes catch dependence of modeled phenomena at a given time from the
most recent history only, with no regard to what had happened at any time
moments earlier than the nearest past. Unlike that, using the triangular
transformation or parameter dependence method it is possible to construct
nice and useful stochastic processes with arbitrarily old history involved.
Those may stand as models of realities with signi�cantly higher accuracy
(better �t to data) than the Markovian with their usually strongly limited
history. Their drawback, however, is that often too many parameters must
be estimated, and their number increases as time goes on. This would require
samples with huge amounts of data that often are not available. A remedy
for that is to limit the history within the models. This can be done either
by introducing the �forgetting factors� of the parameters that quickly decay
in time or by limiting the considered amount of past events to the last k
(k = 1, 2, . . . ) time moments. Applying the last paradigm we arrive at the
notion of k-Markovian stochastic processes. If k = 1 then the k-Markovian
process reduces to an ordinary Markovian.
In this presentation we intend to introduce this kind of models for any

k. Description of k-Markovian processes involves �k-conditional probabil-
ity distributions� (see (3)). We will present two methods. The �rst is the
so-called triangular (in particular pseudoa�ne) transformation method. Sup-
pose, given any in�nite sequence of independent random variables T1, T2, . . .
each having the probability density fj(tj; j), where each j is a scalar or a
vector parameter. Applying for n = 2, 3, . . . a triangular transformation
Rn → Rn to any random vector (T1, T2, . . . , Tn) we obtain as output, the

83



random vector (X1, X2, . . . , Xn). This procedure is recurrently repeated for
n = 2, 3, . . . with n→∞.
Recall, a triangular transformation Rn → Rn is characterized by the fact

that the underlying Jacoby matrix is triangular which results in a simple
form of the jacobians. A particular case of a triangular transformation is
the pseudoa�ne transformation de�ned as follows: X1 = T1, and for j =
2, 3, . . . , n we have:

Xj = Φ(X1, X2, . . . , XJ−1)Tj + Ψ(X1, X2, . . . , XJ−1), (2.1)

where Φ(X1, X2, . . . , XJ−1) and Ψ(X1, X2, . . . , XJ−1) are arbitrary continu-
ous functions with Φ(X1, X2, . . . , XJ−1) never being zero.
As a result, for all n = 2, 3, . . . , one obtains the joint probability density

of each random vector (X1, X2, . . . , Xn) in the following product form:

g(x1, x2, . . . , xn) = g1(x1)g2(x2|x1) . . . gn(xn|x1, . . . , xn−1), (2.2)

where for j = 2, . . . , n we have:

gj(xj|x1, . . . , xj−1) = fj(xj; θj ∗ (x1, . . . , xj−1))

with the continues functions θj ∗ (x1, . . . , xj−1) determined by the functions
Φ(X1, X2, . . . , XJ−1) and (x1, . . . , xJ−1) from (1) in place of the former nu-
merical values of the parameters θj. Realize, this procedure results in creating
the stochastic process {Xn} n = 1, 2, . . . ,∞, with a �full memory�.
This fact is not very convenient in applications. The memory is too long

and one has to reduce it. To do this we limit the history at each time epoch
n = k + 1, k + 2, . . . (k = 1, 2, . . . ) to the last k time moments by imposing
the condition:

Xn = Φ(Xn−k, Xn−k+1, . . . , Xn−1)Tn + Ψ(Xn−k, Xn−k+1, . . . , Xn−1),

where the functions Φ(·) and Ψ(·) are assumed not to depend on the variables
X1, . . . , Xn−k+1.
The foregoing assumption results in the fact that in (2) for each j =

k + 1, k + 2, . . . , n > k we have

gj(xj|xj−k, xj−k+1, . . . , xj−1), (2.3)

instead of the former gj(xj|x1, xj−1, . . . , xj−1).
That means k-conditional probability density of any Xj , as considered

above, do not depend on realizations of the random variablesX1, . . . , Xj−k−1.
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The joint densities (2) (but now with the factors gj(xj|xj−k, xj−k+1, . . . , xj−1)
instead of gj(xj|x1, xj−1, . . . , xj−1), which determine the k-Markovian stochas-
tic process {Xn}, can also be obtained by the method of parameter depen-
dence in rather simple way. Namely, it is enough to replace the numeri-
cal parameters θj of the densities of the elements of the original sequence
{Tn} by continuous (only) functions θj ∗ (xj−k, xj−k+1, . . . , xj−1) which in
this second procedure stands for the stochastic model. This, obviously, is a
simpler method. However, the triangular transformation such as (1) [in its
k-Markovian version] is very useful in simulation problems. Namely, using
the triangular transformations one can easily sample realizations of the vari-
ables X1, X2, . . . based on a simpler sampling from the independent random
variables T1, T2, . . . .

Keywords

Stochastic processes, Construction, Triangular transformation method, Pa-
rameter dependence method, Application, Simulation.
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Abstract

It is not unusual to observe in a sample a false positive or negative cor-
relation between two random variables, which are either not correlated or
correlated with a di�erent direction. This is known as Berkson's paradox
and is one of the most famous paradox in probability and statistics the-
ory. Berkson's paradox may occur due to the over- or under-representation
of individuals with speci�c properties in the sample. In the current work,
the concept of weighted distributions is utilized to describe Berskon's para-
dox and a proper procedure, based on Approximate Bayesian Computation
methods, is suggested to make inference for the population based on a biased
sample which possesses all the characteristics of Berkson's paradox. More-
over, we focus on revealing the contribution of each variable to the bias in
the bivariate sample by comparing the �t of the models obtained by using
di�erent weight functions based on the Deviance Information Criterion. The
proposed method is illustrated to real data sets.
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tions.
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Abstract

It is important to quantify and predict rare events that have signi�cant so-
cietal e�ects. Existing works on analyzing such events rely mainly on either
in�exible parametric models or nonparametric models that are subject to the
�curse of dimensionality." We propose a new semiparametric approach based
on the tail single-index model to obtain a better balance between model �ex-
ibility and parsimony. The procedure involves three steps. First, we obtain
a
√
n-estimator of the index parameter. Next, we apply the local polynomial

regression to estimate the intermediate conditional quantiles. Lastly, these
quantiles are extrapolated to the tails to estimate the extreme conditional
quantiles. We establish the asymptotic properties of the proposed estima-
tors. Furthermore, we demonstrate using a simulation and an analysis of Los
Angeles mortality and air pollution data that the proposed method is easy
to compute and leads to more stable and accurate estimations than those of
alternative methods.
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Abstract

Probabilistic, statistical, and stochastic methods, as well as physical and
numerical models, are commonly used for designing and assessing water in-
frastructure such as spillways. The classical statistical techniques have as-
sumed that hydrological processes such as precipitation, sea levels, and �ow,
evolve in an environment where inputs and outputs of the underlying hydro-
logical cycle are stationary over time. It has now become increasingly evident
that, in many areas of the world, the foregoing assumptions are no longer
applicable, due to the e�ects of various anthropogenic and climatic induced
stressors that cause changes on the environment, i.e. a nonstationary envi-
ronment. Land-use change due to urbanization and deforestation, natural
variability such as climatic cycles, and climate change are among the factors
that may cause such nonstationarity. Recent research e�orts have led to the
development of a new paradigm that includes techniques useful in situations
where there is good evidence of signi�cant changes and
This paper will focus on developments of nonstationary counterparts of

continuous and discrete distributions that have been typically applied in en-
gineering practice under stationarity. They include new methods for deter-
mining return period, risk, reliability, and the temporal frequency of extreme
events in a changing environment. The major emphasis is on extreme events
of precipitation, �oods, and sea levels. The paper presents several alternative
techniques proposed in the �eld, their applications, and points out some of
the key challenges ahead in their future development and application.
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Abstract

South Florida has always been popular as a tourist destination and a place
to live. Covid-19 has made it even more popular with people moving to the
state in record numbers � it is after all the sunshine state! However, we are
also the state that is vulnerable to hurricanes and to sea-level rise. Hurricanes
threaten the coast of Florida six months of the year and seem to be getting
bigger every year. Perhaps policy changes in development along the coast
and stronger building codes could serve to avoid the catastrophic caused by
powerful hurricanes that cover a large swath of the state. However before any
changes can be proposed, it is imperative that we investigate the risk from
such events and quantify it. In this paper, we will investigate whether the
odds of observing extreme hurricanes in the Atlantic are increasing and if the
hurricanes are getting bigger. To examine this hypothesis, we will be using
logistic regression model for our two response variables y1 and y2; where y1
is the type of hurricane based on intensity (extreme vs non-extreme) and y2
is the type of hurricane based on its radius of maximum winds (extreme or
not extreme). Based on available data, the covariates to be considered will
be recent/past (recent 50 years vs prior to that), sea surface temperature,
LaNina/ El Nino year, annual rainfall, amongst others.
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Abstract

This paper investigates pooling strategies for tail index and extreme quan-
tile estimation from heavy-tailed data. To fully exploit the information con-
tained in several samples, we present general weighted pooled Hill estimators
of the tail index and weighted pooled Weissman estimators of extreme quan-
tiles calculated through a nonstandard geometric averaging scheme. We de-
velop their large-sample asymptotic theory across a �xed number of samples,
covering the general framework of heterogeneous sample sizes with di�er-
ent and asymptotically dependent distributions. Our results include optimal
choices of pooling weights based on asymptotic variance and MSE minimiza-
tion. In the important application of distributed inference, we prove that the
variance-optimal distributed estimators are asymptotically equivalent to the
benchmark Hill and Weissman estimators based on the unfeasible combina-
tion of subsamples, while the AMSE-optimal distributed estimators enjoy a
smaller AMSE than the benchmarks in the case of large bias. We consider
additional scenarios where the number of subsamples grows with the total
sample size and e�ective subsample sizes can be low. We extend our method-
ology to handle serial dependence and the presence of covariates. Simulations
con�rm the statistical inferential theory of our pooled estimators. An appli-
cation to rainfall data is discussed.
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Abstract

The assessment of risk related to car crashes in road networks is a relevant
topic for both social and political decisions and for insurance companies. To
this end, we show how the spatial objects and the information concerning
the structure of the roads, that can be collected e.g. from open data sources,
along with the crash history can be used to map the risk related to each
road. In particular, we follow a combined approach. On the one hand, a
statistical model is developed in order to assess the risk on the basis of a set
of features related to the characteristics of the streets. On the other hand,
from the spatial object we build a weighted network, where vertices and arcs
correspond to geographical elements as junctions and roads respectively and
where the assessed risk of each segment is used as a weight. We study the
topology structure of the graph obtained and we show how classical network
indicators can provide meaningful insights about the risk of an area.
To achieve our aim, we need to adapt the current methodology about

geospatial modelling to the constraints derived from the maps of the roads
of a particular area and to exploit supervised/unsupervised statistical learn-
ing algorithms to estimate the local risk of the frequency of accidents (and
potentially of the severity). We do not consider here (actually a research in
progress) other features that can be detected by telematic data or by adding
other data sources (e.g., driving behaviour, driving habits, KM coverage,
daytime, weather conditions, etc.).
To consider spatial dependence, spatial models with errors in variables are

compared with CAR/SLM/SLX models using distances among edges com-
puted using the minimum path in the directed graph based on the road
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network. Moreover di�erent stochastic mechanisms that govern the occur-
rence of accidents are assumed (as a Poisson or a Negative Binomial random
variable). The rich and highly computational intensive experimental frame-
work is due to the need of �tting the model partitioning the overall domain
into sub-areas. The aim is indeed to get the model that assures the best
adaptation to the peculiar details of an area and, at the same time, is not
a�ected too much by details and characteristics observed far from the spatial
domain of interest.
An application refers to Milan (city and province). To apply the proposed

approach, we have to overcome a bit of bias in the data, that is somehow
unavoidable in this type of research. For instance, an important feature,
represented by the number of road crossings, is not directly available in the
databases and, therefore, it is computed as the number of segments that
have in common one coordinate with that road. This method represents an
approximation of the true crossings but it returns an estimate quite close
to reality. Moreover, coordinates of accidents are not always strictly in line
with its segment. Misalignments are due to proxies implicit into the reverse
geocoding algorithms or to errors in the registration of accident locations. In
addition for some regions, some features are not available and thus not useful
for model identi�cation. The proposed model has been applied introducing
the Vehicle Miles Traveled (VMT) as an o�set. It is de�ned as the product of
the length of the segment and the volume of tra�c and it has the advantage
to provide a measure of exposure at risk in each road.
The spatial object and the accident risk assessed by the model for each

road are then converted in a directed and weighted graph. In particular, we
focus on a �junction graph�, where each segment is an arc and nodes are given
by junctions (or by termination of closed streets). Each arc is then weighted
according to the risk of the segment detected at previous step. Focusing on
network topological indicators, we observe a signi�cant correlation between
the risk associated to a node and the node betweenness measured on the net-
work. Therefore, the centrality of a node in the topological structure appears
related to the risk measured by the model. Additionally, by means of the
Louvain methodology, we detect communities in the area. The communities
depend on both the arc density and on the weights. We �nd 287 communities
considering the whole area of Milan (city and province). The split of the area
into clusters can be used by insurance companies to measure the propensity
to get an accidents in the neighbour of a point, and then to �ne tune the cost
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of premiums to be paid to drive a car.
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Abstract

Flooding risk exposures maps, traditionally developed by using census and
surveys data, have some limitations like high costs and static nature of the
data (i.e., they assume amount of presences constant over time). Real-time
monitoring and forecasting of people and vehicles mobility is thus a relevant
aspect for metropolitan areas subjected to �ooding risk, as crowding is a
highly dynamic process in metropolitan cities. It is a matter of fact that
typical �smart� cities present emerging forms of mobility and time-variations
in the use of urban spaces, by both residents and temporary population. Re-
cently, the advent of Information and Communication Technologies (ICT)
allows growing availability of data to be used, e.g., in support to the opti-
mization of tra�c �ows, in tracking real-time citizens' position or in collecting
their opinions.
To obtain a dynamic measure for the exposure risk we make use of mo-

bile phone network data, that have already been used in Balistrocchi et
al. (2020) and Metulini and Carpita (2021) with the aim of producing
dynamic information on people's presences for areas with hydrogeological
criticality. More precisely, the methodological approach proposed in this
work goes in the direction of developing a framework for an early warning
detection of �ood exposure risk associated to human presence and people
mobility, in support of the broad topic of natural disaster management. We
use mobile phone data of Telecom Italia Mobile (TIM) retrieving the Origin-
Destination (OD) tra�c �ows from/to di�erent census areas (ACE of IS-
TAT, the Italian National Statistical Institute) on hourly basis for twelve
months (September 2020 � August 2021). Data are provided by Olivetti
(www.olivetti.com/en/iot-big-data) and FasterNet (www.fasternet.
it) for the MoSoRe@Unibs Project of Lombardy Region, Italy (https:
//ricerca2.unibs.it/?pageid=8548, CallHub ID 1180965; bit.ly/2X).
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We aim to develop a statistical modelling approach to forecast tra�c �ows
transiting through speci�c �ooding risk areas. In such a way, it may be
possible to identify in advances periods of higher than expected exposure
risk.
Empirical evidences highlight the presence of a temporal pattern in the

time series of OD �ows in which a daily and a weekly seasonality are pre-
dominant. These evidences motivate the adoption of an Harmonic Dynamic
Regression (HDR) for complex seasonality, based on approximate temporal
periodicity with the use of Fourier basis (Hyndman and Athanasopoulos,
2018). Since we have reasons to believe that �ows in the opposite directions
may belong to two dependent processes, to allow such a �ows to be con-
temporaneously correlated to each others and correlated to each others' past
values, we include HDR terms into a Vector AutoRegressive with eXogenous
covariates (VARX) modelling structure (Hamilton, 1994). A peculiarity of
our proposal is that the model does not rely on including the immediately
previous hours lag terms among covariates, in such a way a prediction of
real-time tra�c �ows is feasible even if recent data are still not available.
An evaluation of the performance of the adopted model in terms of fore-

casting accuracy is made by means of an approach based on repeatedly split-
ting the sample on a training and a validation set. In such a way to be able
to circumscribe the prediction accuracy, based on Mean Absolute Percentage
Error (MAPE) we detect those year's days for which the performance of the
method is not as good as in the rest of the days (i.e. the �outliers�). Finally
we evaluate prediction performance by means of the Hit-Rate measure for
confusion matrices, after having turned observed and predicted values of the
validation set into categories using quintiles representing di�erent levels of
exposure risk (�very high�, �high�, �moderate�, �low�, �very low�).
Possible future directions regard re�ning the data related to the areas

interested by �ood risk. A solution may be to match original tra�c �ows
data with additional sources such as mobile phone presences or administrative
and online sources (e.g. �OpenStreetMap�).
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Abstract

The substantial lack of good quality data on losses hinders the assessment
and prediction of the �nancial cost of natural hazards. In order to over-
come this issue, insurers are increasingly relying on catastrophe risk models
for premium rating and �nancial planning (Mithcell-Wallace et al., 2017).
These models compute expected monetary losses by estimating and combin-
ing four fundamental components of risk: hazard, exposure, vulnerability,
and loss. In this work we propose a preliminary catastrophe modeling ap-
proach to �ood and earthquake risks assessment for residential buildings in
Italy. This work aims at supporting governors in the de�nition of a natural
risk management strategy to enhance the social and �nancial resilience of
the country. In order to detect the critical areas of the territory, we consider
the Italian municipalities and compute the expected losses of the country by
aggregation. Moreover, our approach identi�es the areas where the exposure
strongly shapes the risk pro�le due to the high inhabited density or the pres-
ence of fragile building structural typologies. This information can be useful
for urban planning purposes.
Since the two perils can be assumed independent, �ood and earthquake

risks are assessed separately. Earthquake losses are estimated using the model
by Asprone et al. (2013), which we extend by applying the most recent seis-
mic risk maps by INGV for the hazard module. For �ood risk assessment,
we combine hydrological information from the basin authorities in the �Aree
vulnerate italiane� database by the Italian National Research Council (CNR)
and the most recent �ood risk maps for the hazard module. We use a se-
lection of depth-percentage damage curves from the literature to estimate
the vulnerability component. For both the perils, the database �Mappa dei
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rischi dei comuni italiani� by ISTAT and information in Agenzia delle En-
trate (2015) are used to represent the exposure. Since a set of hypotheses
and parameters are needed in catastrophe risk modeling, the uncertainty of
the estimate for each component is discussed.
We �nd that earthquakes in Italy generate annual expected losses approx-

imately equal to 6234.66 million Euros, while �ood expected losses amount
to about 875.90 million Euros per year. Although earthquakes produce the
highest expected losses at the national level, �ood losses per square meter
often exceed the corresponding earthquake ones. This happens because of
the di�erent extent of the areas exposed to the two perils: while almost all
the Italian territory is exposed to earthquakes, �oods a�ect a limited area.
Comparing municipal losses and losses per square meter allows to cap-

ture the di�erent e�ects of hazard and exposure. In particular, our analysis
shows that the highest earthquake losses per square meter are associated to
sparsely inhabited municipalities in the central area of the Appennino moun-
tain chain. This result re�ects the high probability of earthquake occurrence
in the area. However, the highest municipal expected losses correspond to
densely populated cities on the coast. Indeed, the probability that a natu-
ral phenomenon will hit these cities is quite low, but their large population
densities strongly a�ect their riskiness. As far as �oods concern, Northern
Italy is the most �ood-prone area, and the highest expected losses per square
meter are estimated around the Po river and correspond to municipalities
in the Emilia-Romagna, Veneto and Lombardia regions. Most of these mu-
nicipalities are densely inhabited and are therefore also associated to some
of the highest municipal �ood losses. In addition to those, high municipal
expected losses are also estimated on the north-west coast, in north Sardinia
and Rome.
To conclude, we propose an application of the models to the insurance

sector. We assume risk aversion of the individuals and estimate the maximum
premium that individuals are willing to pay for a full coverage residential
policy covering the risk of either earthquakes or �oods.
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Abstract

Flood events are one of the natural disasters which cause signi�cant social
and economic impacts on human life as, when an area is �ooded, many people
need to evacuate to a safer place. This phenomena is unpredictable, fast and
intense and can develop rapidly with little or no warning. A fast response in
evacuating people is one of the main �ood risk management issues. Maps of
�ood risk and exposure generally assume people density constant over time,
despite this is not the case in the real world, as crowding is a highly dynamic
process in urban areas. Monitoring people mobility is a relevant aspect for
urban areas subjected to high risk of �ooding. In this study, a combination of
�ood propagation modeling in three stage of time periods and a time series
modeling strategy for tra�c �ows prediction based on Harmonic Dynamic
Regression (HDR, Hyndman, Athanasopoulos, 2021) are performed to ob-
tain dynamic maps of �ood risk. To simulate �ood propagation, obtained
hydrograph from HEC-HMS hydrologic modeling system is utilized. Flood
processes, especially in the small catchment, are mainly caused by intense lo-
calized precipitation and plane features. To �ne describing the e�ects of land
use on the basin response to storm rainfall, the elevation of 350 critical points
in the �ood plain area were obtained by GNSS technology, and a combination
of DEM and �eld surveying in critical points to present topography is used
(see Figure 2.1a). During the physical modeling of overland �ows, the highly
irregular microtopography is sometimes replaced by a smooth surface. This
does not lead to signi�cant di�erences in discharge hydrographs because the
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continuity requirements are met in both cases (Tayfur et al. 1993), unless the
micro topography is represented at a very �ne scale: in this case all the local
irregularities in the soil surface manifest in terms of vastly di�erent slopes
for neighboring nodes and mobile phone network data better suits with the
aim of develop dynamic exposure to �ood risk maps (as done in Balistrocchi
et al., 2020). We use data on �ows of Telecom Italia Mobile users among dif-
ferent census areas of the Mandolossa (an urbanized area close to Brescia),
recorded hourly basis from September 2020 to August 2021 and data coming
from Minimization of Drive Tests (MDT) 4G technology, representing the
number of signals that mobile phones send to the operator in an interval of
time. Both data are provided by Olivetti (www.olivetti.com/en/iot-big-data)
and FasterNet (www.fasternet.it) for the MoSoRe Project 2020-2022 (Call-
Hub ID 1180965; bit.ly/2Xh2Nfr, https://ricerca2.unibs.it/?page id=8548).
People exposure obtained from mobile phone data and processed with the
HDR model will be combined to �ooding hazard maps at di�erent storm
return periods to estimate dynamic �ood exposure risk maps (Figure 2.1b
giving a provisional idea).

(a) (b)

Figure 2.1: (a) Flooded area and obtained points by the GNSS technology. (b) "Shp_SCE_MDT_22Nov": MDT signals in the

interval 7:45am/8:00am (November 22nd, 2021), aggregated at Sezione di CEnsimento (SCE). Amount of signals are expressed by
colors' intensity.
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Abstract

Linear mixed models have gained prevalence as statistical tools in several
�elds, as biology, medical research, agriculture, genetics, or industry, due to
their suitability in correlated data situations. A particular class of linear
mixed models (models with commutative orthogonal block structure) is in-
teresting for the possibility of obtaining least squares estimators giving best
linear unbiased estimators for estimable vectors. Aiming at the joint analysis
of models obtained independently, the operation of models joining, involving
initial models with commutative orthogonal block structure, originates a new
model with commutative orthogonal block structure, ensuring that the con-
ditions for the good properties of the estimators are preserved. In this work
we focus on the possibility of applying the operation of models joining in the
circumstance that the initial models have identical space spanned by their
mean vectors and having covariance matrices that are linear combinations of
the same pairwise orthogonal projection matrices.
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Abstract

This study presents a procedure for analyzing networks of randomized
block designs often conducted in breeding studies to evaluate new varieties in
di�erent environments. These experiments are more frequently called multi-
environment trails that consider the same set of varieties in di�erent loca-
tions and years. By computing the largest eigenvalues and the corresponding
eigenvectors of cross-product matrices (where we work with a randomized
block design data matrix), the proposed method can extract the required
information from the observed data. On the basis of the orthogonality of the
eigenvectors, some F-statistics are then developed for evaluating the hypothe-
ses of interest. The proposed method is illustrated using a wheat dataset.
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Abstract

Patients no-show (appointment absenteeism) can severely impact the health
system and public health, leading directly to a waste on structural and �nan-
cial resources, representing additional costs. It a�ects productivity indicators
related to employees, equipment and o�ce. The intensi�cation of queues for
procedures (a medium-term e�ect of patients no-show) may the delay in the
provision of care representing a threat to health (Kalb, et al., 2012). Hence,
it becomes urgent for hospital management services to understand the risk
factors associated with patients no-show, in order to implement actions to
mitigate it. In an extent literature review, Carreras-García et al. (2020)
resumes and details the factors related to patients no-show tested by several
authors in the last decade. Common procedures to predict patients no-shows
are the traditional logistic regression methods, neural networks, Naive Bayes
classi�er and decision trees. The purpose of the present study is to com-
pare the results of the traditional logistic approach with the results of a
generalized estimating equations (GEE) analysis that includes the repeated
measurements of the outcome of interest (patients' attendance), to �nd out
whether the latter approach produces di�erent parameter and standard error
estimates. For the GEE, di�erent �working� correlation structure identi�ca-
tion were tested. To attend our main objective, both analytical approaches
were applied to real data from a hospital located in the north of Portugal,
to examine the relation between selected risk factors related to patient's no-
show, extracted from the literature. Data consists of information regarding
61.522 consultations of 2001 patients of the Physical Medicine and Rehabil-
itation specialty between 03 November 2018 and 15 March 2020. Repeated
measures for each patient's consultation, alongside the information if the
patients have attended or not (no-show) were registered. For the model's
speci�cation the following variables were tested: gender, age, marital Sta-
tus, month of consultation, weekday of consultation, waiting time between
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consultation creation and its date, number of prior no-shows, distance be-
tween residence and hospital, mean temperature and season (winter, summer,
spring and autumn). The GEE method (Liang & Zeger, 1986), an extension
of the quasi-likelihood approach, is used to analyze longitudinal and other
correlated data. The GEE logit model estimates a similarly model to the
standard logistic regression. However, unlike in logistic regression, it allows
for dependence within clusters (in this case the patients), such as in longitudi-
nal data. Since we have repeated measures for patients the standard logistic
regression could be insu�cient since it does no captures a possible cluster de-
pendence. The GEE model needs the speci�cation of a �working� correlation
matrix for the clusters. The �working� correlation matrix is a TxT matrix
of correlations, where T is the size of the largest cluster and the elements
of the matrix are correlations between within-cluster observations. In this
analyze four �working� correlation within clusters were tested, namely: i) in-
dependence: the correlation matrix is the identity matrix, hence it assumes
no correlation within the clusters, becoming the equivalent to the standard
logistic regression; ii) exchangeable: assumes that the correlations are the
same for all observations within the cluster; iii) unstructured: no constraints
are placed on the correlation which will then be estimated from the data; iv)
AR(1): assumes a non-stationary dependence of order 1 between observa-
tions. The choice of the appropriate �working� correlation structure was done
by comparing the values of the Quasi-likelihood under Independence Model
Criterion (QIC) proposed by Pan (2001), where the lowest value corresponds
to a better model. Furthermore, the area under the receiver operating char-
acteristic (ROC) curve was calculated in order to compare the accuracy in
the distribution models. Results have shown that the GEE model with the
independence correlation structure was the one with lower values of QIC and
higher values of AUC, providing evidence that in the context of predicting
patients no show the standard logistic regression is appropriated.
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Abstract

To assess psychosocial risks of workers in a Portuguese industrial com-
pany the medium version of the Copenhagen Psychosocial Questionnaire
(COPSOQ II), a reliable and internationally validated instrument with 76
questions (variables expressed in a Likert-type scale), was applied in a sur-
vey. Considering the latent constructs available in COPSOQ II and based
on the specialized literature and also on some of the authors' experience, a
theoretical path model was proposed. The Structural Equations Modeling
(SEM) is an advanced and powerful multivariate statistical technique that
has been used to deal with complex models in several scienti�c areas, namely
in the social and health sciences, and the Partial least squares (PLS) is a
variance-based SEM estimator that maximizes the explained variance of the
endogenous constructs while it simultaneously relaxes the demands on data.
Thus, with the sample collected from the company's workers about their per-
ception of their health and well-being and using the consistent PLS (PLSc)
version, that corrects for bias, to consistently estimate SEM's with common
factors, an estimated model that meets all statistical criteria (for outer and
inner submodels) was obtained. All statistically signi�cant e�ects among the
latent constructs were expected: the exogenous construct �justice� has a pos-
itive direct e�ect on �job satisfaction� and this, in turn, has a negative direct
e�ect on "stress", which has a positive direct e�ect in the target construct
�burnout�; the exogenous construct �quantitative demand� also has a positive
direct e�ect on "stress" and, through this, an indirect e�ect on �burnout�.
Considering the model estimated with the full sample (n = 268), two sub-
models were also estimated by gender (categories: female and male), but a

115



multigroup analysis, to test whether the di�erences between both groups are
statistically signi�cant in the population, was not developed because one of
the requirements of its application is that the sizes of the groups are simi-
lar, which is not the case in this study. However, in a comparative analysis,
only at the sample level, and regarding the values of the path coe�cients,
the direct e�ect of �justice� on �job satisfaction� is the same for both gender
categories, the direct e�ect of �quantitative demands� on �stress� is greater
in men and the direct e�ect of �stress� on �burnout� is greater in women, but
the biggest di�erence found between two groups was in the direct e�ect of
"justice" on "job satisfaction", which is greater for women. As for the value
of the coe�cient of determination in the endogenous construct �burnout�, it
was 76.2% for women and 59.9% for the men's model. These results can help
to better understand the phenomenon and, thus, lead to the development of
prevention mechanisms to reduce absences from work due to illness, as well
as lead to a better well-being of workers in their workplace and, consequently,
to a higher increase in its productivity.
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Abstract

In this work we explore the information content of senior, subordinated
and additional tier 1 (or contingent convertible) bonds issued by euro area
banks. We analyze both the asset volatility implied in senior and subordi-
nated bonds and credit default swap market spreads, and the CET1 ratio
volatility extracted from additional tier 1 bonds secondary market spreads
in the period from December 31, 2012 to March 31, 2021. Furthermore, we
jointly consider the following important bank variables: asset, equity and
CET1 ratio volatilities. In doing so, we can obtain the market view on credit
spreads, banks balance sheet and capital ratio dynamics on a daily basis even
if bank data are released quarterly. The approach can be used to monitor
the risk of each bank, as perceived by the market, and to investigate bank-
ing fragility at a stand-alone or at a country level. Finally, we compare our
estimated equity implied volatilities with the volatilities implied in equity
option quotes and we show that this indicator depends on the model and the
�nancial instruments considered in the calibration.
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Abstract

Moving from the customary conditional mean (µt) � standard deviation
(σt) decomposition of the return rt of a well-diversi�ed portfolio, we model
time-varying conditional quantiles of the standardized residuals zt = (rt − µt) /σt:
the ultimate goal is to investigate their incidence on the (possibly time-
varying) conditional Value-at-Risk, say VaRt(τ) for τ ∈ (0, 1), of rt.
We provide a new methodological framework and we propose several model

speci�cations which we group in two categories: Direct Dynamics (those
driven by lagged �actual� quantiles) and Indirect Dynamics (those driven
by lagged empirical �rejection frequencies�). The Conditional Autoregressive
VaR (CAViaR) popularized by Engle and Manganelli (2004) is a member of
the latter group.
Estimation is done by minimizing the asymmetric Mean-Absolute Devi-

ation (MAD(τ)), similarly to Koenker and Bassett (1978) for quantile re-
gression. Due to the discontinuity of this loss function, such minimization is
performed by adaptive simulated annealing.
The proposed speci�cations are compared in the tracking of time-varying

quantiles of simulated data (107 observations) and evaluated in terms of: 1)
in sample RMSE between predicted (1-step ahead) and true quantiles; 2)
in-sample MAD(τ) (distance between data and predicted quantiles); 3) in-
sample coverage of the predicted quantiles in the full period; 4) in-sample cov-
erage, again, but within sub-periods (for example by �scal year). It emerges
that: 1) Model speci�cations in the Indirect Dynamics category tend to track
better the time-varying quantiles (lower RMSE between predicted and true
quantiles); 2) despite being a good estimation criterion, MAD(τ) is not a
reliable loss function for the evaluation of in-sample predictions and out-
of-sample forecasts (its model rankings are completely di�erent from those
produced by RMSE); 3) coverage in the full period is not guaranteed (despite
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the length of the time series) except for one model speci�cation; 4) coverage
in the subperiods is again better matched by Indirect Dynamics speci�cations
but is not necessarily aligned with quantile tacking ability.
Motivated by such evidence, we propose a post-estimation correction pro-

cedure that we named fail-safe. The target of such a correction is to match
the coverage in some reference time window (for example by �scal year). The
fail-safe adjustment does not require estimation of parameters and can be
applied to any of the speci�cations proposed.
The empirical application analyzes the conditional quantiles of daily stan-

dardized returns of representative equity portfolios (25 Fama-French value-
weighted portfolios and 19 European stock market value-weighted indices,
both on 2010-2019) on a rolling window, 5-year period: the �rst 4 years
are used for model �tting and the last one for out-of-sample, 1-step ahead
evaluation. Preliminarily, we test for the in-sample presence of time-varying
conditional quantiles by performing a signed-likelihood ratio test of indepen-
dence. After estimation, we run forecasts backtesting based on the random-
ness of the hit sequences, the demeaned violations I(rt < VaRt(τ))− τ (I(·)
is the indicator function) based on the estimated model. The main empirical
results are that: 1) the in-sample hit sequences do not exhibit the ubiqui-
tous violations of independence that are typical of conditional variances; 2)
the fail-safe correction provides a marked improvement of the forecasts in
terms of prediction coverage; 3) the lack of a suitable measure of prediction
accuracy (in the sense of Hansen and Lunde, 2006) makes di�cult to rank
quantile forecasts.
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Abstract

To improve on the forecasting accuracy of conditional covariance matrices
of asset returns, we propose a novel forecast combination approach based
on mixed information from high and low frequency data. The combination
strategy relies on an economic loss function based on portfolio selection.
Speci�cally, it identi�es the mixing weights using portfolio diversi�cation
optimality criteria. Our approach does not require a proxy for the latent
conditional covariance matrix and facilitates the economic interpretation of
the combination strategy for decision maker. Two empirical applications in-
volving energy futures and S&P100ETs show that the proposed combination
strategy leads to minimum variance portfolios with lower risk on an out-of-
sample basis with respect to a number of alternative speci�cations based on
pure statistical loss functions. The results suggest that low-frequency data
improve volatility forecasting even when high frequency data is available at
medium and long horizons.
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Abstract

This paper presents a structural model introduced in the seminal paper
of Berry, Levinsohn & Pakes (1995) and implemented in a recent Python-
Package by Conlon & Gortmaker (2020) that is used to study price competi-
tion for OTC-drugs among pharmacies. Data on OTC-sales of over one third
of Germany's Brick-and-Mortar pharmacies is used to recover information
on elasticities and markups for drugs that are used to treat infections of the
upper respiratory tract. Preliminary analysis yields that margins in the fed-
eral states and across ZIP postal codes of Germany are quite di�erent. This
�nding can be traced back to socio-economic factors.
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Abstract

This paper empirically analyzes the impact of leadership communication
on the COVID-19 vaccination rate using a quasi-experimental design. Based
on a speech by the President of France, Emmanuel Macron, we examine how
political leaders can in�uence the willingness to get vaccinated of a country's
citizens by transmitting scienti�c insights into a clear and vivid message
as well as by threatening credibly with future restrictions for unvaccinated
people. In a Di�erence-in-Di�erences (DiD) framework it is shown that a
televised address of Macron has increased the vaccination rate in France by
roughly 5%. We test the robustness of this result by applying an event
study design. Our �ndings imply that leadership communication is an e�ec-
tive weapon to change the beliefs of unvaccinated citizens and to overcome
COVID-19 vaccination hesitancy.
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Abstract

Forecasting time-varying conditional (co)variances is an interesting re-
search topic, due to the importance of asset returns correlation for �nancial
applications: hedging, asset allocation, pricing, risk management, and so on.
Early multivariate volatility models (e.g. the BEKK of Engle and Kroner,

1995) were based on daily cross-product returns and assumed a constant av-
erage (or long-run) level of (co)variances, though empirical evidence suggests
that it is time-varying (see, for example, the results in Gallo and Otranto,
2015, for the S&P500 volatility). In the last decade, a great deal of e�ort was
put into the development of models based on Realized Covariance (see, for
example, the Conditional Autoregressive Wishart (CAW) model of Golosnoy
et al., 2012), modeling directly a nonparametric estimation of the covariance
matrices, based on intra�daily returns.
A recent stream of literature is devoted to detect long and short�run com-

ponents that characterize, with di�erent dynamics, the realized covariance
series (see, for example, Bauwens et al., 2016). By decomposing the covari-
ance matrix into a short-run and a long-run component, it is possible to
capture, in a parsimonious way, the long�memory behavior of (co)variances.
The short-run component is aimed to capture daily �uctuations and transi-
tory e�ects; conversely, the long-run component represents the average level
that varies over time according to economic conditions. However, dynamic
component models are based on the Cholesky decomposition, which makes
the short-run component potentially sensible to asset order.
We propose a new additive component model belonging to the MIDAS

family, in the spirit of Colacito et al. (2011), with features that help overcome
some drawbacks:
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• it does not depend on the Cholesky decomposition to the covariance
matrix, so that the order of the series is not relevant in the estimation
of the model parameters;

• the multiplicative decomposition of the covariance matrix, adopted in
other models, requires the calculation at each time of the inverse of the
Cholesky factor, thus slowing down the optimization algorithm. Our ad-
ditive speci�cation does not require this step, with a clear computational
gain;

• multivariate volatility models, to overcome the curse of dimensionality
problem, usually assume a scalar speci�cation of the conditional (co)variances,
imposing the same dynamics for each series. This hypothesis is very
strong and not supported by empirical evidence. The model we pro-
pose adopts the Hadamard exponential function proposed by Bauwens
and Otranto (2022), which allows asset-pair-speci�c and time-varying
parameters. This speci�cation o�ers a more �exible dynamics with only
one more parameter than the baseline speci�cation, thus preserving the
parsimony of the model.

In the empirical analysis we �t our set of models to the Realized Covariance
series of 9 assets belonging to the Dow Jones Industrial Average (DJIA) index.
Then, we compare the in-sample �tting of the estimated models through
some information criteria and statistical loss functions. Finally, we verify the
superior forecasting performance of our model with respect to the competitive
ones in terms of statistical and economic loss functions.
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Abstract

The estimation of risk at extreme levels of signi�cance (such as 0.1%)
can be crucial to capture the losses during market downturns, such as the
global �nancial crisis and the COVID-19 market crash. For many existing
models, it is challenging to estimate risk at extreme levels of signi�cance.
In order to improve such estimations, we extend the one-factor GAS model
and the hybrid GAS/GARCH model to estimate Value-at-Risk and Expected
Shortfall for two levels of signi�cance simultaneously, namely for an extreme
level and for a more common level (such as 10%). Our simulation results
indicate that the proposed models outperform the GAS model benchmarks in
terms of in-sample and out-of-sample loss values, as well as backtest rejection
rates. We apply the proposed models to oil futures (WTI, Brent, Gas oil and
Heating oil) and compare them with a range of parametric, nonparametric
and semiparametric alternatives. The results show that our proposed models
are generally superior to the alternatives.
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Abstract

Since the territoriality of small cooperative banks is limited, network ef-
fects can prevail across the bad loans of mutual banks that operate in the
same geographical district. It is worth noting that the credit recovery poli-
cies of local banks can have a cascading e�ect on the quality of neighboring
banks' loan portfolios. The current study provides compelling evidence that
bad loans are geographically contemporaneous and lagged dependent. The
two spatial terms, in particular, have opposed e�ects: the contemporaneous
spatial lag term has a direct e�ect, whereas the space-time autoregressive
coe�cient has a negative e�ect. In contrast to the contemporaneous e�ect,
which can be attributed to business cycle �uctations, the time-spatial lag
e�ect con�rms the insight that neighboring �nancial institutions' credit re-
covery policies can have a detrimental e�ect on the credit recovery capacities
of local banks. Finally, the empirical model depicts a signi�cant relation-
ship between the Lerner index and non-performing loans. This compelling
evidence supports the hypothesis of competition-stability.
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Abstract

Standard likelihood�based inference su�ers from the presence of nuisance
parameters. In the context of Mixing�Data Sampling (MIDAS) methods
dedicated to the volatility estimation and forecasting (Engle et al., 2013,
Conrad and Lock, 2015 and Amendola et al., 2021), this problem is of great
importance. In such a framework, testing the null of no signi�cance of the
MIDAS terms is complicated by the presence of nuisance parameters that
under the null hypothesis are not identi�able. This alters the asymptotic
distribution of the common statistical tests employed. The present paper
proposes a bootstrap likelihood ratio (BLR) test to overcome this problem,
simulating the likelihood ratio test distribution. Using two Monte Carlo
experiments, the proposed BLR test presents quite good performances in
terms of size and power, beating the standard LR and Wald tests.
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Abstract

Financial networks are recently emerging as useful tools for describing the
propagation of systemic risk inside the �nancial global system. While most
applications focus on time-constant networks, it is widely known that in-
teractions among �nancial assets change over time, especially during crisis
periods and system-wide extreme events. To address these issues, in this
paper we introduce a time-varying quantile graphical model for inferring dy-
namic graphical structures in multivariate data at di�erent quantile levels
of interest. The proposed methodology relies upon the Multivariate Asym-
metric Laplace distribution, which allows to jointly model the conditional
quantiles of multivariate random variables, whose covariance matrix changes
over time using a kernel smoothing approach. To �t the model we exploit its
location-scale mixture representation and we implement a fused lasso penal-
ized ADMM-based algorithm for estimating the sparse temporally dependent
inverse correlation matrices at each time point. The introduced method is
applied to �nancial returns of a set of market indexes, cryptocurrencies and
commodities.
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Abstract

This paper presents and discusses the properties of the HD(1), a Marko-
vian process of order one with hyperbolic reversion toward the long-run equi-
librium. A �rst-order approximation aHD(1) is introduced to allow for an
estimation-calibration procedure based on ARMA routines. Limiting dis-
tributions of unit root tests are derived for the aHD(1) speci�cation of the
alternative and the corresponding critical values tabulated. The empirical
study revisiting the non-stationarity of interest rates �nds that overall the
aHD(1) is preferred to ARMA and SETAR speci�cations and rejects the unit
root hypothesis for all rates and yields considered.
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Abstract

Air pollution is a serious issue that currently a�ects many industrial cities
in the world and can cause severe illness to the population. In particular,
it has been proven that extreme high levels of airborne contaminants have
dangerous short-term e�ects on human health, in terms of increased hospital
admissions for cardiovascular and respiratory diseases and increased mor-
tality risk. For these reasons, an accurate estimation of airborne pollutant
concentrations is crucial.
In this paper, we propose a �exible novel approach to model hourly mea-

surements of �ne particulate matter and meteorological data collected in
Beijing in 2014. We show that the standard state space model (Durbin and
Koopman, 2000 and 2002), based on Gaussian assumptions, does not cor-
rectly capture the time dynamics of the observations. Therefore, we propose
a non-linear non-Gaussian state space model where both the observation and
the state equations are de�ned by copula speci�cations (Kreuzer et al., 2022).
The observation and state variables are coupled using two bivariate copulas
(Czado, 2019). Since the copula approach allows for separate modeling of
the margins and dependence, the observation variables are allowed to follow
any time invariant statistical model. In the application we utilized a GAM
to allow for non-linear e�ects of covariates. Once the marginal distribution
of the response variables is speci�ed, they can be transformed to the uniform
scale using the probability integral transform. The resulting value on the
uniform scale at time t, Ut, is then coupled with a [0,1] valued state variable
for time t using a bivariate copula. Therefore, the observation equation of the
copula based state space formulation is given by the conditional distribution
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of Ut given the value of the state variable at time t. The time dynamics of
the state variables is then similarly modeled as the conditional distribution
of the state variable at time t given the state variable at time t − 1, where
these two state variables are jointly modeled by a bivariate copula. We �rst
show that, in the case of bivariate Gaussian copula, standard linear state
space models result. Since many di�erent parametric bivariate copulas exist,
the �exibility of the copula-based state space model is evident and thus a
signi�cant extension of linear Gaussian state space models is possible.
Of course, such an extension has its price. In our case this means we cannot

follow a standard estimation approach as provided by the Kalman �lter for
linear state space models. Therefore we propose and develop a Bayesian
approach based on Hamiltonian Monte Carlo. Further we deal with some
identi�ability issues of the copula state space, which we solve by restricting
the strength of the dependence among the lag-one state space variables to
be at least as high as the one of the observation variable Ut and the state
variable at time t.
The state variables can be interpreted as a way to capture non-measured

e�ects and thus are very appropriate for the Beijing air contaminants data
set. It allowed us to identify unusual high levels of pollution, which were not
captured by the measured variables.
In conclusion, the proposed copula state space approach is very �exible,

since it allows us to separately model the marginal distributions and to ac-
commodate a wide variety of dependence structures in the data dynamics.
The proposed approach allows us not only to accurately estimate particulate
matter measurements, but also to capture unusual high levels of air pollution,
which were not detected by measured e�ects.
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Abstract

Climate change due to anthropogenic emissions is a�ecting nature, the
economy, society, and the �nancial system (e.g., Calabrese et al., 2021; Mag-
nan et al., 2021). The low carbon transition and the mitigation of damages
from extreme weather events are among the most important challenges of our
century and an opportunity to build a new economic model based on sustain-
ability. In considering climate-related risks and opportunities, a crucial role
for investors is the evaluation of the �nancial impacts (e.g., stock returns)
deriving from �rms' exposure to climate policy risks (e.g., a carbon price
policy to encourage the divestment from fossil fuels and reduce emissions).
Investors and regulators have a growing awareness that climate transition
risks (such as carbon pricing policy) are among the new risk drivers for the
�nancial system. One of the relevant implications of a shock in carbon price
is the increase in business costs which may diminish pro�tability and a�ect
capital market returns, especially of the most pollutant �rms.
We propose a modelling framework for medium-term projections of re-

turns of stocks and portfolios under di�erent transition scenarios. Firstly,
we suggest evaluating the �rms' exposure to climate policies through a green
factor, by constructing a market-weighted portfolio with long positions in
�rms labeled as green and short positions in �rms labeled as brown. Af-
ter building the green factor, we estimate an extended capital asset pricing
model (CAPM; market factor + green factor) using the classic ordinary least
square estimator. Then, we compare the results with those obtained using
a robust MM-estimator (e.g., Yohai, 1987) for accounting for possible out-
liers or extreme events in stock returns. To evaluate the transmission chan-
nel from carbon price to the stock market, we propose estimating a Large
Bayesian Vector Autoregression (LBVAR) model (e.g., Ba«bura et al., 2010;
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Cimadomo et al., 2021). This model estimates the relationship between car-
bon price and factor returns (i.e., the market factor and the green factor)
included in the extended CAPM by considering some macro-�nancial vari-
ables according to relevant literature in the �eld (e.g., Bjørnland and Leitemo,
2009; Kumar et al., 2012). After projecting the factors of the CAPM con-
ditional to di�erent NGFS carbon price pathways using the LBVAR model,
we project the stock returns of each �rm into the portfolio under di�erent
transition scenarios up to 2030 (that are: Hot House World (Current policies;
Nationally Determined Contributions), Orderly (Below 2◦C; Net zero 2050),
and Disorderly (Divergent net zero; Delayed transition)).
From the projections of returns by sectoral portfolios, �rms of the mining

and quarrying sector would su�er the most from introducing a carbon policy,
especially assuming to anticipate a delayed transition scenario (that is, an
immediate and high shock in carbon price). This negative performance is
explained both by a strongly negative exposure to the green factor (highly
sensitive sector to direct transition risk) and large systemic risk, due to the
strong correlation of the revenues of this sector to business cycle �uctuations.
In general, it emerges that in the short run the portfolios tend to both un-
derperform the current policies scenario, with a worse performance in the
disorderly scenario compared to the orderly one. However, in the medium
term, they both outperform the current policies scenario, with a better per-
formance in the disorderly transition scenario compared to the orderly one.
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Abstract

The proportional odds model, which was introduced by McCullagh (1980),
is probably the most commonly used ordinal regression model. The assump-
tion that e�ects of covariates are not category-speci�c makes it a simply
structured model that allows to interpret parameters in terms of cumulative
odds. However, in many �eld of study, the model shows poor goodness-of-�t
and does not adequately represent the underlying probability structure. As
alternatives, parallel (non-proportional) and semi-parallel (partial propor-
tional) odds models were proposed. Regularization techniques such as the
lasso (Tibshirani 1996) and elastic net (Zou and Hastie 2005), among others,
can be used to improve regression model coe�cient estimation and predic-
tion accuracy, as well as to perform variable selection. In the contribution
we consider the elementwise link multinomial-ordinal class, which includes
ordinal regression models, obtaining results with improved prediction accu-
racy and estimation results. For further details we refer to Yee (2010) and
Tutz and Gertheiss (2016) about penalized regression models for ordinal re-
sponse data that allow the parallelism assumption to be relaxed. Estimation
is implemented in the R package ordinalNet (Wurm et al. 2021).
The analysis concerns the role of some individual characteristics and at-

titudes on the perceived risk for Covid-19 analysing data collected in Italy
during 2020. The perceived risk has been assessed by means of a rating
variable on 5-point Likert scale (ranging from 1= not at all risky to 5 =
very risky). Details on the survey were reported in Bacci et al (2021). The
study contributes to determine if existing control measures are perceived as
adequate and how they impact on the perception of the riskiness for for the

149



Italian society. Furthermore, the interest for new media with related impact
on the person's reaction has been examined, and also the perception of in-
dividuals with weak immune system and infected by Covid-19 was explored.
A comparison among di�erent models with an increasing level of restrictions
was assessed. The cumulative model with parallel assumption represents the
best candidate model with the lowest BIC index. Results show that respon-
dents with high levels of interest for news from media and of agreement with
Government guidelines were associated with an increasing perceived risk for
Covid-19. High perceived risk has been also recorded for respondents with
high level of education, a�ected by Covid-19, who perceived themselves as
correctly informed and with a weak immune system. On the contrary people
who frequently quit in contrast with the provisions of the government turned
out to be less insightful/perceptual with respect the risk perception. Clusters
of respondents were composed and displayed to identify the the adherence to
the government containment measures and address alternative policies.
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Abstract

Global �nancial markets can be seen as part of a strongly interconnected
system, so modelling them using a network tool can be useful to understand
how systemic risk rises and how shocks propagate, thus preventing future
�nancial crises. This work moves from this premise and proposes a novel
measure of systemic risk in the context of �nancial networks. To this aim,
we provide a de�nition of systemic risk based on the structure of neighbours
around the nodes of the network. In the literature of �nancial networks,
there are several measures of systemic risk based on the clustering coe�cient
(see Battiston et al. (2012), Billio et al. (2012) and Markose et al. (2012),
Castellano et al. (2021)).
Indeed, being formally constructed on the number of triangles a node be-

longs to, these local coe�cients generate synthetic global indicators that well
includes the interconnections between elements of the system. However, the
classic clustering coe�cient takes into account only the neighbours of a node
(Watts and Strogatz (1998)). Our aim is to consider the interconnections of
the entire network simultaneously, opening the view beyond the adjacent. To
this end, we introduce the concept of local l-adjacency clustering coe�cient
of a node i as an opportunely weighted mean of the clustering coe�cients of
the nodes at geodesic distance l from i. Then, we de�ne a global adjacency
clustering coe�cient of i as the mean of the l-local adjacency clustering coef-
�cients of i and we explore its properties in terms of systemic risk assessment.
Empirical experiments on the time-varying global banking network show the
e�ectiveness of the presented systemic risk measure and provide insights on
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how systemic risk has changed over the last years, also in light of the recent
�nancial crisis.
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Abstract

A key component of the US government's response to the 2008 �nancial
crisis is the enactment of the 2010 Dodd-Frank Wall Street Reform and Con-
sumer Protection Act, among the most all-encompassing �nancial regulations
of the current millennium. Section 619 of this Act incorporates one of its
core regulatory directives, known as the Volcker Rule, which aims to reduce
banks' overall risk pro�le. This key provision restricts banking entities from
proprietary trading, as well as either sponsoring or maintaining an ownership
interest in covered funds, a class of entities which includes both hedge funds
and private equity funds. The Act became law in July 2010, granting banks
a �ve-year time-frame to achieve full regulatory compliance.
This paper examines two key questions. First, do Volcker Rule regulations,

targeted at the banking sector, also in�uence the risk pro�le and liquidity
transmission channels in the hedge fund industry? Second, is the nature of
any in�uence mediated by prime broker's connections to funds?
We �nd that following the Volcker Rule's enactment, which constitutes an

exogenous shock to the �nancial system, the funding liquidity of hedge fund's
deteriorates. Average hedge fund �ows declines while their �ow-performance
sensitivity increases. The e�ect is especially discernible in funds with high
operational risks. Such an environment of tighter funding liquidity leads to a
reduction in hedge funds' exposure to market liquidity risk, inducing a drift
towards more liquid investments and a further reduction in hedge funds' liq-
uidity provision to illiquid market segments. One implication of this �nding
is that overall market e�ciency may be adversely a�ected by the collective
response of hedge funds to the changing trading environment after the Vol-
cker Rule. These e�ects are mitigated for funds with low operational risks
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and prime brokerage connections to large and complex �nancial institutions
(LCFIs) in the US. US LCFIs appear to facilitate trading by funds with low
operational risks, enabling them to retain their pre-Volcker levels of expo-
sure to market liquidity and to maintain their liquidity provision to more
illiquid segments of the equity market. The results are robust when we use:
direct hedge fund holdings as reported to 13f, matched sample analysis, as
well as within-fund changes in funding liquidity, liquidity risk exposure and
comparing liquidity provision in periods before and after the Rule.
The signi�cance of hedge funds in global �nancial markets is becoming in-

creasingly noteworthy. According to BarclayHedge, global hedge fund assets
under management increased 75-fold within 30 years, from $40 billion in 1990
to nearly $3 trillion in 2017. Hedge fund trades account for at least one-third
of the total daily trading volume on the New York Stock Exchange (NYSE)
(Cao at al., 2017), acting as crucial providers of liquidity and drivers of price
formation (Mügge, 2014), thereby attenuating aggregate equity market mis-
pricing (Akbas at al., 2015). At the same time, their relatively high use of
leverage leaves hedge funds particularly vulnerable to market and funding
liquidity risk, while their close relationships with LCFIs potentially enhances
�nancial instability risks, as became evident following the collapse of Long-
Term Capital Management L.P. This network of institutional connectivity
has initiated increasing calls for the imposition of controls on hedge fund
activity, with indirect regulation of their counterparties often considered to
be the most e�ective mechanism for restraining funds' operations (King and
Maier, 2009; Dardanelli, 2011). Our results provide empirical evidence to
inform such policy debates.
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Abstract

The global �nancial crisis of 2007-2009 highlighted the crucial role sys-
temic risk plays in ensuring stability of �nancial markets. Accurate assess-
ment of systemic risk would enable regulators to introduce suitable policies
to mitigate the risk as well as allow individual institutions to monitor their
vulnerability to market movements. One popular measure of systemic risk is
the conditional value-at-risk (CoVaR), proposed in Adrian and Brunnermeier
(2011). We develop a methodology to estimate CoVaR semi-parametrically
within the framework of multivariate extreme value theory. According to its
de�nition, CoVaR can be viewed as a high quantile of the conditional distri-
bution of one institution's (or the �nancial system) potential loss, where the
conditioning event corresponds to having large losses in the �nancial system
(or the given �nancial institution). We relate this conditional distribution to
the tail dependence function between the system and the institution, then
use parametric modelling of the tail dependence function to address data
sparsity in the joint tail regions. We prove consistency of the proposed esti-
mator, and illustrate its performance via simulation studies and a real data
example.
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Abstract

The connection between tourism �ows and the level of perceived risk in
the world wide web is analyzed through two types of regressions: quantile
and expectile through inverse and direct F-transform.
In particular, Fuzzy transform has proved to capture stylized facts and

mutual connections between time series having di�erent nature.
Tourism �ows and Google Trends are analyzed in order to establish new

perspectives in the description of their dynamics.
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Abstract

The calculation of the prices of �nancial derivatives often requires some
numerical approximation. We show how the so-called repeated Richardson
extrapolation (Ballestra, 2014, 2018, 2021) can be a very e�ective tool to ob-
tain accurate and fast approximations of derivative prices. We consider both
European vanilla options and barrier options on underlying assets described
by the popular Black-Scholes model. Moreover, we also consider commodity
derivatives under a model with several stochastic factors accounting for the
so-called convenience yield (Schwartz, 1997). In the case of double barrier
options, the repeated Richardson extrapolation is used in conjunction with a
suitable change of variables, which allows us to align the computational mesh
with the options' payo�. Numerical results will be presented showing that
the repeated Richardson extrapolation, performed in both space and time,
allows us to achieve a high level of computational e�ciency. In particular, in
the one-dimensional case, errors of the order 10e-6 or even smaller can be ob-
tained in a CPU time smaller than a second. Very satisfactory performances
are achieved also in the case of several stochastic factors.
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Abstract

With the availability of social networks, specialized forums and online
news, sentiment analysis has become a common and useful technique for the
analysis of economic and �nancial scenarios. Several data-providers, such as
Bloomberg and Thomson Reuters have also started computing proprietary
sentiment indexes on �nancial assets to be delivered together with traditional
�gures such as price and trading volume. Inspired by Papanicolaou and Sircar
(2014), we propose and analyze a modi�ed version of the Heston model,
where the price volatility also varies according to regime changes related to a
sentiment indicator and that can be extended to allow for jumps in the asset
price process. Under the suggested model speci�cation we will attempt to
derive distributional characteristics of asset returns, a numerical procedure
for its estimation/calibration on market data as well as pricing formulas for
European-style derivatives.
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Abstract

Motivated by �nancial considerations, we study a system of forward-backward
stochastic di�erential equations (FBSDEs) in the spirit of the theory devel-
oped by Pardoux and Peng. The forward process evolves according to a
jump-di�usion dynamic while the BSDE presents a time delayed generator
and it is driven by a Lèvy-type noise. We provide a probabilistic repre-
sentation for a (mild) solution of a path-dependent non-linear Kolmogorov
equation by establishing a non-linear Feynman�Kac representation formula
to match the FBSDE solution to the one for the associated path dependent
non-linear Kolmogorov equation. The obtained results are then applied to an
insurance problem based on a step process whose risk is quanti�ed by means
of a dynamic measure.
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Abstract

Sentiment analysis is the �eld of machine learning that uses text mining
techniques to infer opinions and moods expressed in messages and posts and
then classify their polarity. In this paper, we propose an empirical analysis of
the relative impact of sentiment measures on the returns of 150 components
of the S&P 500 index by using the quantile regression to the historical data.
Speci�cally, we consider companies with higher market capitalization among
the 11 sectors of the S&P 500 index, and we measure sentiment through
Bloomberg News and Twitter company-level indexes. Empirical results show
that sentiment indicators mainly a�ect the quantiles on the left tail of re-
turns distribution, underlying the di�erent behaviors of investors according
to moods and states of the market itself.
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Abstract

The forest surveillance carried in Portugal presents some di�culties. To
improve and solve some of these problems the use of new technologies such as
unmanned aerial vehicle systems (UAVS) cam be implemented in an e�cient
way. To do so we need to determine the risk of occurrence of a forest �res
at a certain time in a certain region. With such goal, we have used several
statistical techniques, such as ARIMA or GLM approaches. We built ade-
quate models in certain regions but for others it was impossible to determine
a good quality model. The work is still going on, we expect to enlarge the
area that we can get a good quality prevision of �re risk.
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Abstract

Disaster situations, of natural origin or caused by man, in general, are
emergency situations of great demand, both in terms of human issues and as
to the spatial-geographical needs that require a quick response, whether to
meet the �rst assessments of a�ected sites or to discontinue the process.
The main objective of this project is to build and implement a set of aux-

iliary tools to di�erent decision support systems that allow, in each process,
de�ne priorities for scaling teams, taking into account the importance of each
team in action, and what should be the sequence of tasks and orders to be
carried out from which the alert is given until the �nal action is considered.
The de�nition of a decision support system (DSS) that introduces the

possibility of rede�ne and adjust in real time the weights assigned to the ex-
perts involved in the solution obtained by the THEMIS - Distributed Holis-
tic Emergency Management project Intelligent System shall be considered
as an improvement. To rede�ne the weights, it was intended to use tech-
niques multi-criteria, namely the multi-criteria decision analysis approach
(Multiple-Criteria Decision Analysis - MCDA).
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Model of excellence, Costumer satisfaction, Electricity distributors, Paramet-
ric and nonparametric approach.
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Abstract

The objective of the present study is to characterize the blood pressure
(BP) pro�le of the Portuguese pediatric population at school age and to assess
the prevalence of pediatric arterial hypertension (PAH), normal BP, high-
normal BP, and analyze the relationship between normal-BP, high-normal
BP, PAH and some demographic characteristics. A representative sample
of the pediatric population was drawn up at the national level and data
collection was completed recently. The statistical approach evidences that
the results obtained are in agreement with some literature con�rming a high
prevalence of PAH among children and adolescents of the Portuguese popu-
lation.
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Abstract

Disaster situations, of natural origin or caused by man, in general, are
emergency situations of great demand, both in terms of human issues and as
to the spatial-geographical needs that require a quick response, whether to
meet the �rst assessments of a�ected sites or to discontinue the process.
The main objective of this project is to build and implement a set of aux-

iliary tools to di�erent decision support systems that allow, in each process,
de�ne priorities for scaling teams, taking into account the importance of each
team in action, and what should be the sequence of tasks and orders to be
carried out from which the alert is given until the �nal action is considered.
The de�nition of a decision support system (DSS) that introduces the

possibility of rede�ne and adjust in real time the weights assigned to the ex-
perts involved in the solution obtained by the THEMIS - Distributed Holis-
tic Emergency Management project Intelligent System shall be considered
as an improvement. To rede�ne the weights, it was intended to use tech-
niques multi-criteria, namely the multi-criteria decision analysis approach
(Multiple-Criteria Decision Analysis - MCDA).
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perts.

172



References

Teodoro, M.F., Marques, M.J.S., Nunes, I., Calhamonas, G., Andrade, M.A.P.
(2022). New Re�nement of an Intelligent System Design for Naval Op-
erations. In: Machado, J., Soares, F., Trojanowska, J., Yildirim, S.
(eds) Innovations in Mechatronics Engineering. icieng 2021. Lecture
Notes in Mechanical Engineering, 164�177. Springer, Cham. https:

//doi.org/10.1007/978-3-030-79168-1_16

Teodoro, M.F., Marques, M.J.S., Nunes, I., Calhamonas, G., Andrade, M.A.P.
(2020). Using MDS to compute the contribution of the experts in a Del-
phi forecast associated to a naval operation's DSS. In: Gervasi, O et al.
Lecture Notes in Computer Sciences, 12251, 446�454. Springer, Cham.
ttps://doi.org/10.1007/978-3-030-58808-3_32

173

https://doi.org/10.1007/978-3-030-79168-1_16
https://doi.org/10.1007/978-3-030-79168-1_16
ttps://doi.org/10.1007/978-3-030-58808-3_32


Contributed sessions

CS01 - Risk analysis and assessment in health care applications. Chair:
Paolo Trerotoli.

CS02 - Modelling in Risk Analysis. Chair: Christos Kitsos.

CS03 - Risk Analysis in new disease development. Chair: Teresa Oliveira.

CS04 - Statistical and Machine learning models for risk detection. Chair:
Chrys Caroni.

CS05 - Advanced Statistical Models for Risk Evaluation. Chair: Amílcar
Oliveira.

CS06 - Risk Analysis in Applied Science. Chair: Rosaria Gesuita.

174



CS01 - Risk analysis and assessment in

health care applications

175



Analysis of acute exacerbation and mortality in idiopathic
pulmonary �brosis using secondary sources

Marica Iommi1, Andrea Faragalli1, Alessandro Fontanarosa1, Luigi Ferrante1,
Martina Bonifazi2, Lara Letizia Latini2, Edlira Skrami1, Flavia Carle1,

Rosaria Gesuita1

1 Center of Epidemiology, Biostatistics and Medical Information
Technology, Marche Polytechnic University, Ancona, Italy,

m.iommi@sta�.univpm.it
2 Department of Biomedical Sciences and Public Health, Marche

Polytechnic University, Ancona, Italy

Abstract

Introduction: Idiopathic pulmonary �brosis (IPF) is a rare, chronic, and
progressive disease, causing irreversible decline of lung function over time
which dramatically impairs the quality of life. It mainly occurs in male,
older people and it is characterized by a poor prognosis, with a median sur-
vival time ranging between 3 and 5 years. The aim of the study is to evaluate
the risk of acute exacerbation and the determinants of death in new cases
of IPF using secondary sources, during the period 2014-2019. Results of the
Motive project (PRIN 2019-2021, code 2017728JPK).
Methods: This observational prospective study was based on administrative
databases of hospital discharges, drug prescriptions, regional bene�ciaries'
database, and outpatient care database; all adult residents in the Marche
Region with a �rst prescription of anti�brotic drugs or a �rst hospitalization
with diagnosis of IPF occurred between 01/01/2014 and 30/06/2019, were
included in the incident cohort of IPF. Subjects had to have been resident
for at least 3 years prior to the date of inclusion and had no hospitalizations
for IPF or anti�brotic prescriptions in the 2011-2013 period. Outcomes were
acute exacerbation, de�ned as any acute respiratory-related hospitalization
occurred after the date of IPF incidence, and all-cause mortality. Survival
analysis was used to estimate the two outcomes, using the Kaplan-Meier pro-
cedure, with 95% Con�dence Interval (95%CI). IPF cases were followed from
the date of inclusion to the date of the outcome of interest, migration, or
December 31, 2019, whichever came �rst. All patients were followed up for
at least 180 days. Kaplan-Meier curves were estimated stratifying by sex,
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age (dichotomized at 75 years), and comorbidities at baseline, evaluated us-
ing the Multisource Comorbidity Score (MCS) (score 0-4, good or fair health
conditions; score ≥55, poor health conditions). Log-rank test was used to
compare the curves. Multiple Cox regression was applied to estimate the risk
of death adjusted by sex, age groups, MCS classes and the number of acute
exacerbations (0, 1, 2, or more than 2) during the follow-up considered as
time dependent. Since in clinical practice IPF patients with a severe disease
are generally not eligible for anti�brotic treatment, subjects were strati�ed
in patients with no anti�brotic prescription (never treated) and those with
at least one prescription (treated patients) in all statistical analyses.
Results: During the study period, 676 new cases of IPF were identi�ed (66.6%
males), the median age was 75 years (1st-3rd quartile: 68-80) and 57.7% had
poor health conditions at diagnosis; 271 patients (40.1%) had at least one
anti�brotic prescription. During the follow-up, 276 deaths (225 of patients
never treated) and 248 acute exacerbations (175 of patients never treated)
occurred. The median time to death was 6 months in never treated patients
and 21 months in treated patients; the median time to acute exacerbation
was 5.4 months and 16 months in never treated and treated patients, re-
spectively. After �ve years from the IPF diagnosis, the survival was 55.1%
(95%CI: 43.3-70.1) in the treated group and 34.2% (95%CI: 28.8-40.7) in the
never treated group (p<0.001); whereas the probability of being free from
acute exacerbation was of 49.6% (95%CI: 38.6-63.8) and of 37.6% (95%CI:
31.0-45.6), respectively in treated and in never treated patients (p<0.001).
In never treated patients, the probability of no acute exacerbation was signif-
icantly higher in younger patients or in subjects with a MCS score between
0-4. No signi�cant di�erences were observed in treated patients. In never
treated patients, the risk of death was signi�cantly higher in males (HR=1.43;
95%CI: 1.08-1.90), in patients aged ≥75 (HR=2.14; 95%CI: 1.58-2.91) and in
those with poor health conditions at baseline (HR=2.24; 95%CI: 1.58-3.17).
Compared to patients with no exacerbation, having 1, 2, or more than 2
episodes increased the risk of death by 7.02, 8.28, and 7.03-fold, respectively.
In treated patients, older age (HR=1.88; 95%CI: 1.07-3.31) and having 1, 2,
or more episodes of exacerbations increased the risk of death (by 16.9, 16.5,
and 17.9-fold, respectively).
Conclusions: Using healthcare administrative databases, it was possible to
evaluate the risk of acute exacerbation and the determinants of death in new
IPF cases in the Marche region. IPF patients were characterized by high
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mortality and a high risk of exacerbation, already within the �rst year of
diagnosis. Older age was an independent and signi�cant determinant of sur-
vival both in not treated and treated patients; the general clinical condition
at IPF diagnosis was associated with the risk of exacerbation in not treated
patients and independently impact the risk of death in both groups.

Keywords

Healthcare administrative databases, Survival analysis, Cox regression, Real-
world evidence, Idiopathic pulmonary �brosis.
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Abstract

Introduction: Idiopathic pulmonary �brosis (IPF) is a rare, devasting, �-
brosing lung disease of still unknown aetiology. The recent approval in Italy
of Pirfenidone (2014) and Nintedanib (2016) for IPF treatment, has changed
the therapeutic management and improved patient prognosis. The aim of
the study was to investigate the adherence and tolerance to Pirfenidone and
Nintedanib in patients with newly IPF diagnosis using healthcare adminis-
trative databases, during 2014-2019. Results of the Motive project (PRIN
2019-2021, code 2017728JPK).
Study population: The target population was adult inhabitants in Marche
Region; included IPF incident cases were all individuals at their �rst hospi-
tal discharge with ICD-9-CM code 516.3 in primary or secondary diagnosis
�elds (diagnosis of IPF), or at their �rst drug prescription of Pirfenidone
or Nintedanib, between 01/01/2014 and 30/12/2018. To exclude prevalent
cases, subjects had to have been resident for at least 3 years prior to the date
of inclusion and had no hospitalizations for IPF or anti�brotic prescriptions
in the 2011-2013 period.
Outcome: The adherence to anti�brotic prescription was estimated using the
Proportion of Days Covered (PDC), i.e., the proportion of days in which a
person has access to the anti�brotic drug, over a period of 12 months after
the �rst prescription. Patients were adherent if PDC ≥ 75%. In case of
two consecutive prescriptions of di�erent drug (switch from Pirfenidone to
Nintedanib and vice versa) or of Nintedanib in reduced dosage (switch from
150 mg to 100 mg) within 12 months of the �rst prescription, the patient
was de�ned as intolerant.
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Statistical Analysis: The cumulative probability of receiving the �rst anti�-
brotic prescription after 12 months from IPF diagnosis was evaluated consid-
ering IPF cases identi�ed by hospital discharge record applying the Kaplan
Meier method. Adherence to anti�brotic prescription was estimated as the
proportion of patients with PDC ≥ 75%, and 95% Con�dence Interval (95%
CI), considering two sub-periods: 2014-2015 (only Pirfenidone was available),
and 2016-2018. Patients were followed up until the �rst event between a drug
switch, end of health care, death, or because at the end of the 12-month
period from the �rst prescription. Logistic regression model was used to esti-
mate the association between the adherence to anti�brotic prescription and
type of anti�brotic therapy (Pirfenidone vs. Nintedanib), adjusting by sex,
age classes (<75 years, ≥ 75 years), and classes of Multisource Comorbidity
Score (MCS) (health conditions: 0-4 good or fair, 5-14 slightly poor, ≥ 15
poor). The cumulative probability of anti�brotic intolerance at 12 months
from the �rst prescription was estimated using the Kaplan-Meier method,
considering new IPF cases detected between 2016-2018.
Results: During the study period, 600 new IPF cases were detected; the me-
dian age was 75 years (1st-3rd quartile: 68-80), 68% were males, and 13% had
poor health condition at baseline. During follow up, 234 (39%) patients re-
ceived at least one drug prescription (only-users). Of 471 (78.5%) IPF cases
�rstly identi�ed from hospital discharge, 92 patients received at least one
anti�brotic prescription within 12 months from discharge and the cumula-
tive probability was 23.3% (95%CI: 18.9-27.3). The adherence to Pirfenidone
prescription was 70.3% (95% CI: 52.8- 83.6) in the cohort of only-users identi-
�ed in 2014-2015 (n=37) and 65.9% (95% CI: 57.2-73.7) in those of 2016-2018
(n=135), while the adherence to Nintedanib prescription (n=104) was 63.5%
(95% CI: 53.4-72.5). The adherence to treatment was not signi�cantly di�er-
ent between Pirfenidone and Nintedanib (p=0.165). Among all the patients
treated with Pirfenidone (n=101), the cumulative probability of intolerance,
i.e. switching to Nintedanib, was 13% (95%CI: 6.1-19.3). Only 2 patients
out of 75 switched from Nintedanib to Pirfenidone. There were 33 patients
out of 71 that reduced the Nintedanib daily dosage from 150mg to 100mg,
with intolerance cumulative probability of 31.3% (95%CI: 19.5-41.3).
Conclusion: The use of healthcare administrative databases allowed to de-
scribe and analyze the adherence and tolerance to anti�brotic prescription in
patients with IPF and both are in line with real world data derived from co-
hort hospital-based studies. New IPF cases detected by hospitalizations had
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a low probability of receiving anti�brotic treatment, because they might have
a severe onset of the disease and, hence, not eligible for treatment in clini-
cal practice. High adherence and a fair level of tolerance were observed for
both Pirfenidone and Nintedanib. Despite the e�cacy of anti�brotic treat-
ment in reducing adverse IPF outcomes has been already shown, the current
percentage of treated patients remains low.

Keywords

Estimation of adherence and tolerance, Secondary sources, Real world evi-
dence, Anti�brotic treatment, Idiopathic pulmonary �brosis.
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Abstract

Bivariate survival outcomes arise frequently in many research areas such
as health and epidemiology. For example, bivariate survival data are often
used in clinical trials studying diseases concerning paired organs, where the
outcomes of interest are measured on the same individual and as a conse-
quence are associated. The main feature of survival data is censoring. We
propose a general and �exible copula regression approach that can handle
bivariate survival data subject to various censoring mechanisms, which in-
clude a mixture of uncensored, left−, right−, and interval-censored data.
The proposal permits to specify all model parameters as �exible functions of
covariate e�ects, �exibly model the baseline survival functions by means of
monotonic P-splines, characterise the marginals via transformations of the
survival functions which yield, e.g., the proportional hazards and odds mod-
els as special cases, and model the dependence between events using a wide
variety of copulae. The algorithm is based on a computationally e�cient and
stable penalised maximum likelihood estimation approach with integrated
automatic multiple smoothing parameter selection. Despite the proposed
framework is complex in that it allows for many layers of structure, there is
no price to pay in terms of usability and interpretability. The potential of the
approach is illustrated via a simulation study as well as using data from the
Age-Related Eye Disease Study (AREDS), a multi-center randomised clin-
ical trial exploring the development and progression of age-related macular
degeneration (AMD), sponsored by the National Eye Institute. The analysis
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aims to quantify the e�ect of clinical risk factors on the joint risks of AMD
progression as well as to predict the progression pro�les of AMD patients with
di�erent characteristics. The modelling framework has been incorporated in
the newly-revised R package GJRM, hence allowing any user to �t the desired
model(s) and produce easy-to-interpret numerical and visual summaries.

Keywords

Additive predictor, Bivariate survival data, Copula, Link function, Mixed
censoring scheme, Simultaneous penalised parameter estimation.
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Abstract

The statistical analysis of univariate quantiles is a well developed research
topic. However, there is a profound need for research in multivariate quan-
tiles. We tackle the topic of bivariate quantiles and bivariate quantile re-
gression using vine copulas. They are graph theoretical models identi�ed by
a sequence of linked trees, which allow for separate modelling of marginal
distributions and the dependence structure. We introduce a novel graph
structure model (given by a tree sequence) speci�cally designed for a sym-
metric treatment of two responses in a predictive regression setting. We
establish computational tractability of the model and a straight forward way
of obtaining di�erent conditional distributions. Using vine copulas the typ-
ical shortfalls of regression, as the need for transformations or interactions
of predictors, collinearity or quantile crossings are avoided. We illustrate the
copula based bivariate quantiles for di�erent copula distributions and provide
a data set example. Further, the data example emphasizes the bene�ts of
the joint bivariate response modelling in contrast to two separate univariate
regressions or by assuming conditional independence, for bivariate response
data set in the presence of conditional dependence.
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Abstract

The probability of a multi-state system to reach a �bad� state (death, fail-
ure, negative performance, etc.) multiplied by the cost of this event provides
the risk. The time to reach such a state for the �rst time is the so called
hitting time.
For a process Zε(t), t ≥ 0 indexed by the small parameter ε > 0, with

general state space E, and D a measurable subset of E, the bad states for
which transition probabilities, from E \ D, are small and depend on the
parameter ε. De�ne now hitting time τ ε of D, by the process Zε(t), i.e.,
τ ε := inf{t ≥ 0 : zεt ∈ D}.
We can consider D as a single merged state since we are interested just by

the hitting time to D. The problem we are considering now is the asymptotic
behaviour of mean hitting time in regards of the asymptotic merging of states
E \D. For a large family of stochastic processes, as Markov chains, Markov
processes, semi-Markov processes, semi-Markov chains, di�usion processes,
etc., the expectation function of τ ε, ηε(x) := Exτ

ε, x ∈ E, satis�es the
operator equation Lε0η

ε = −1, where Lε0 is a partial operator on E \ D
which is specialized for each particular family of processes. This is a singular
perturbation problem which we solve by V.S. Koroliuk's method in order to
obtain limit results.
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Abstract

Edgeworth series are a powerful tool in probability used to describe the
asymptotic behavior of standardized sum of independent and identically dis-
tributed random variables. However, when evaluating options using tree
methods, the standard Edgeworth expansion method does not apply directly
because only triangular arrays of independent and identically distributed
random variables arise. We show how the extension to triangular arrays
of the Kolassa-McCullagh approach to Edgeworth series for lattice distribu-
tions combined with recent advances in Edgeworth expansion for triangular
arrays yield Edgeworth series for digital and standard European put and call
options. We develop closed form formula for the coe�cients of 1/

√
(n) and

1/n under a general framework. We provide examples with the most popular
trinomial models.
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Abstract

Due to the emergence of new variants of the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), the question of how the viral genomes
evolved, leading to the formation of highly infectious strains, becomes par-
ticularly important. Three early emergent strains, Alpha, Beta and Delta,
characterized by a signi�cant number of missense mutations, provide natural
testing samples.
In this study we are exploring the history of each of the segregating sites

present in Alpha, Beta and Delta variants of concern (VOC), to address the
question whether de�ning mutations were accumulating gradually leading to
the formation of sequence characteristic of these variants or whether this
phenomena can be explained by recombination of two genomes with subsets
of mutations. We also check if mutation patterns observed in whole genome
samples of viral variants classi�ed as VOCs indicate the presence of stronger
selection than in non-VOC samples.
The analysis was carried out using nucleotide sequences of SARS-CoV-2

genomes, downloaded from the Global Initiative on Sharing Avian In�uenza
Data (GISAID) database (Shu and McCauley, 2017). Segregating sites, char-
acteristic of Alpha, Beta and Delta SARS-CoV-2 variants (see Background
section) were identi�ed from the Multiple Sequence Alignment based on com-
parison with reference sequence (NC_045512.2, the �rst sequenced SARS-
CoV-2 genome from Wuhan). We quanti�ed the change in the abundance of
individual mutations over time, and studied possible combinations of 2, 3,
4 etc. mutations present together in one genome as well as the dates when
such combinations arose.
For all variants, we observe that there is a large number of genomes car-

rying only one or two from VOC-de�ning mutations but � especially in case
of Alpha variant � there is also a lot of sequences containing the complete
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set. The least numerous are genomes having mutations in 4-6 out of all seg-
regating sites. Moreover, we observe that genomes carrying combinations
of higher number of mutations (even full set) emerge earlier than genomes
carrying only some of them (e.g. combinations of 5 or 6 mutations).
We compared observed counts of unique combinations of mutations in

tested samples with expected number of combinations, given the count of
segregating sites. Obtained results signi�cantly depart from expectations.
In order to check whether there is higher selection pressure among genomes

belonging to the VOC strain, for each week we compared site frequency
spectra (SFS) of all mutations present in VOC versus all genomes sequenced
in that week of the pandemic. The results presented in the form of log-log
cumulative tails indicate that the shape of SFS tails di�ers between sample
with VOC genomes and the sample with all genomes sequenced in given
week.
In this study we analysed SARS-CoV-2 genomes to see how the individual

mutations that de�ne the Alpha, Beta and Delta variants were appearing over
time. Our analyses showed that these mutations did not arose gradually, but
rather co-evolved rapidly leading to the emergence of the full VOC strain.
We do not observe transient states which would be expected under neutral
evolution. These results seem to indicate that segregating sites in Alpha,
Beta and Delta variants evolved under strong positive selection. Another
possible explanation might be recombination event between viruses carry-
ing subsets of VOC-de�ning mutations or the possibility that such genomes
avoided collection and sequencing.
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Abstract

Here we describe pitfalls encountered in reviewing epidemiological litera-
ture dealing with occupation or demographic risk of severe Covid-19. Fol-
lowing are the items to be discussed:

1. Loss-to-follow, Self-selection, and Detection biases in Cohort data

2. Measurement errors in endpoint and explanatory variables

3. Odds ratio and Relative risk

4. Signi�cance in variable selection

5. Merging di�erent stages in logistic models

6. Confounder and Intermediate factors in the workplace

7. Age-dependent e�ects

Examples from the literature will be used to illustrate the pitfalls out-
lined above. Using our previously published study, which used PCR-positive
cohort data of all COVID-19 cases in Osaka prefecture, Japan that were
not subject to selection or follow-up biases, as a reference. We will also de-
scribe appropriate, standard statistical methods to solve these problems and
describe exact workplace-speci�c risks of severe Covid-19 in Osaka, Japan be-
tween February and September, 2020. The emphasis here is the necessity to
apply appropriate statistical methods to correctly assess workplace-speci�c
risks of severe Covid-19.
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Abstract

Introduction. The �post-COVID-19 syndrom� or �chronic COVID-19 syn-
drom�, which describes the experience of persistent symptoms after recov-
ering from the initial acute COVID-19, is increasingly attracting attention.
The assessment of the risk factors associated with this syndrome one year
after the recovery is of particular interest.
Aim. Evaluate risk factors for the presence of symptoms one year after the
recovery from COVID-19 applying elastic net logistic regression. This is a
regularized regression method which combines the L1 and L2 penalties from
the Lasso and Ridge regression.
Methods. The study includes 479 in- and out-patients (≥ 18 years) attend-
ing the Infectious Disease Department with a diagnosis of COVID-19 from
March 1st to May 30th 2020. Their demographic, clinical and laboratory in-
formation were collected. One year after acute disease onset, between March
and May 2021, patients were interviewed about speci�c persistent or emerg-
ing symptoms potentially associated with COVID-19. Factors included in the
analysis were: sex, age, BMI, smoke habit, alcohol habit, baseline comorbidi-
ties, number and type of symptoms during acute onset disease, management
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of the patient (outpatients, hospital-ward and intensive care unit), acute
COVID severity (WHO), viral shedding, COVID vaccination after recovery,
positive IgG and IgM response during infection (IgG and IgM ≥ 10 kAU\L).
The regression was analysed on a train set, estimating the regression coef-

�cient β for each variable appearing in the �nal model. A positive β denotes
that the event is more likely to happen. The performance was evaluated on
a test set, using the AUC index, with its 95% con�dence interval, obtained
through ROC analysis. Train and test sets were obtained using a 1: 1 split.
Results. Risk factors for post-Covid-19 syndrome were: number of symptoms
during acute onset disease (β = 0.41), rheumatological symptoms at the on-
set (β = 0.26), asymptomatic infection (β = −0.13), dyspnoea at the onset
(β = 0.26), female sex (β = 0.07), viral shedding (β = 0.06), gastrointestinal
symptoms at the onset (β = 0.26), positive IgM response during infection
(β = 0.02). The model reported an area under the curve of 0.763 (95% CI
0.702− 0.823).
Conclusions. Results suggest that elastic net logistic regression can represent
a good method to assess risk factors for the Post-Covid-19 Syndrome. In
particular this regression shows a great performance also in the case of a
large number of covariances.
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Abstract

We are interested in a speci�c aspect related to disease development, i.e.
the study of family-speci�c risk. To �x ideas, we consider breast cancer devel-
opment and thus, only female family members. We focus on the genetic �from
birth� risk component as opposed to the environmental component. Indeed,
the genetic family risk R may be assumed to be latent and unchanged from
birth, and we construct a simple model that allows for R to be discrete with
two ordered risk levels (0/1 for low/high risk of breast cancer development),
and we consider families as clusters within which individuals share the same
risk, or frailty.
We compare the true latent R to the observed subject-speci�c time-varying

covariate FH(t), where �FH� stands for family history, that is a function of
the collection of disease onset experiences in the family (among the subject
and the three closest relatives: grandmother, mother and sister) at time
t. We use i to identify the subject (i.e. the family) out of G and i =
{i, ig, im, is} to identify the family members: subject, grandmother, mother
and sister, respectively. The observed data are Z = (Z1, . . . ,ZG)T , with Zi =
(zi, zig , zim, zis)

T where, for the generic subject j, zj = (zj = min(tj, cj), δj)
T ,

δj = 1(tj ≤ cj) following the usual notation, that has tj indicate the survival
time (from birth bj) and cj indicate the (independent) censoring time from
birth. We let cj be the distance between bj and the time when the data are
collected (so that it is administrative right censoring).
We assume a proportional hazard (PH) structure, such that the true haz-

ard function in the two risk groups can be written as λ0(t) and λ1(t) =
αλ0(t) for R = 0 and 1, respectively. The baseline hazard function λ0(t)
follows a distribution characterized by a parameter θ. More generally, we
assume the Lehmann structure S1(t) = [S0(t)]

α, with S0(t) an improper sur-
vival function de�ned by the �cure rate� model S0(t) = p+ (1− p)S∗(t) with
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S∗(t) a proper survival function. We make some additional assumptions,
i.e.: (i) if the ith subject does not have a sister, bis = ∞ and tis = ∞; (ii)
bis = bi, bim = bi− 30, big = bi− 60 (this can be readily generalized) 1. The
model that we have described above, with conditionally independent sur-
vival times within each family, is an example of a shared frailty multivariate
survival model. We call it the complete model.
An alternative, simpler model for the survival function of subject i can be

built such that it is based on the use of FH(u) = 1(one or more relatives of
the subject have experienced the disease by calendar time u) as follows:

S(Ti = t|FHi(bi + t)) = [S0(t)]
eβF ·FHi(bi+t) (3.1)

with FHi(bi+t) = 1−1(big+tig ≥ bi+t)1(bim+tim ≥ bi+t)1(bis+tis ≥ bi+t).
Note that FH(bi + t) is known given our assumption on follow-up. The
parameter βF is the observed family history modi�er, and it is typically used
to account for the increased family risk for subjects that have �family history�
of the disease at subject's age t, i.e. calendar time bi + t. In other words,
FHi(bi + t) is meant to estimate the latent genetic risk R from the observed
onset histories at calendar time bi+ t (in at least one of the family members).
Importantly, while R takes value zero or one from birth and does not change
over time, FH(t) is a counting process that takes value zero at calendar time
bi and until the �rst onset occurs among the family members. Note that,
when compared to the complete model above, Model (3.1) refers only to the
survival time of the subject, adjusted for the estimated (by FH(u)) family-
speci�c frailty R. In addition, Model (3.1) only requires information about
the simpler quantity FH(u), as opposed to all birth dates and diagnosis
dates for the family members (as required by the complete model).
We �rst explore how FH(t) and R di�er through some calculations and

simulated data. We then focus on the comparison between the true two-risk-
group model (complete model) with its consequent estimation of α and Model
(3.1) with the time-varying covariate FH(t), and its consequent estimation
of βF . The relationship between the interpretation of α and βF is clearly of
interest. For example if FH(t) predicts R well, i.e. they coincide with high
probability, then Model (3.1) is such that the estimation of its parameter βF
is almost equivalent to the estimation of the parameter α in the complete
model. In general, the predictive power of FH(u) impacts how well βF can
represent the real target of inference, α.

1If one were interested in survival and not in disease development, one could incorporate improved survival across

generations by assuming, say, STis
(t) = STi

(t), STim
(t) = [STi

(t)]βm , and STig
(t) = [STim

(t)]βm = [STi
(t)]β

2
m with

βm > 1 to make a mother's survival less favorable than her daughter's survival.
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Abstract

Covid-19 represents a new hazard that may damage lives of individuals
and societies from several perspectives (e.g., physical health, psychological
well-being, life styles). In this contribution we aim at comparing the people's
judgment about the perceived risk for the individual (personal riskiness) and
for the community (social riskiness) of Covid-19 with risk perceived for other
hazards belonging to multiple domains, such as health (Aids, Cancer, Infarc-
tion), environment (Climate change), behaviours (Serious car accidents), and
technology (Nuclear weapons).
Perceived risk is a not directly observable construct (latent variable),

thus its measurement requires ad hoc instruments (questionnaires) based
on multiple-choice items, each of which represents observable attributes de-
termining hazard's perceived risk. Item Response Theory (IRT; Hambleton
et al., 1991; Van der Linden and Hambleton, 1997) provides the statistical
methodology to summarise item responses in a unique measurement of per-
ceived risk along a continuum scale. In this contribution we �rst estimate
a Graded Response Model (GRM; Samejima, 1969) to analyse the position-
ing of Covid-19 with respect to the other hazards in terms of perceived risk.
Among the considered attributes determining hazard's perceived risk, there
are the knowledge of risks from the hazard, media attention, irreversibility of
e�ects, and the harmfulness for children. Moreover, to investigate the role of
some individual characteristics in a�ecting the level of perceived risk we also
estimate a latent regression version of the GRM model (Zwinderman, 1991;
Rijmen et al., 2003). Among the considered individual covariates, we take
into account, among others, gender, education, economic condition, and po-
litical orientation. The latter are correlated with risk perceptions according
to the literature (Lanciano et al., 2020).
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Analyses are based on a dataset collected during the �rst Italian Covid-19
lockdown (March 18 - May 3, 2020) on a sample of N = 2, 224 voluntary
respondents coming from all Italian regions. The risk perception is measured
on fourteen hazards through a self-reported questionnaire made of eight at-
tributes rated on a 7-point Likert response scale.
Among the main results, we outline how the Covid-19 perceived riskiness

is comparable to that of Aids, whereas Cancer, Nuclear weapons, and Serious
car accidents are judged as riskier than Covid-19 on one side and Vaccines,
In�uenza and Diabetes are perceived as less risky on the other side.
As concerns the role of attributes in determining the level of perceived

riskiness of the hazards, the most relevant contribution to the perceived risk
come from long-term e�ects, irreversibility of e�ects, and harmfulness for
children. Thus, we can explain the intermediate position of Covid-19 per-
ceived risk with the fact that its e�ects are perceived as less long-terming,
irreversible and harmful for children than the e�ects of other hazards.
In summary, the contribution aims at improving knowledge on the way

people perceive the riskiness of Covid-19. The comparison with other hazards
as well as the analysis of association with individual characteristics allow
us to better understand how the Covid-19 risk perception is framed in the
people's cognitive representation of other hazards' risk perception. The study
provides insights for policymakers on individual susceptibility to the Covid-
19 that can be useful to develop e�ective risk communication strategies and
control policies oriented to enhance the citizens' awareness and sensitivity
and, thus, to favor the use of protective measures.
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Abstract

Introduction and Study Aim: Nearly 800,000 Americans su�er a stroke
each year, one every 40 seconds; and stroke costs the United States 38 billion
a year. Stroke is the �fth leading cause of death in the United States (US)
and leads to major disability (AHA/ASA). Many risk factors are associated
with stroke care. Support of treatment of acute and follow up care involves
complex, evidence-based interventions to reduce patient's death, post-stroke
disability, risk factors modi�cation and stroke recurrence. Since March of
2020, COVID-19 pandemic created speci�c challenges on established stroke
care systems worldwide. Risk associated with COVID-19 pandemic and mul-
tiple lockdowns transformed established stroke care systems and created spe-
ci�c challenges for patients when to seek medical care for stroke. In April of
2020, temporary emergency guidance to US stroke centers providing stroke
care during the COVID-19 pandemic was published on behalf of the Amer-
ican Heart Association (AHA). However, little is known to what extent the
individual patients experience of post-stroke care was following the imple-
mentation of these guidelines. To close the gap, we conducted a research
study to describe lived experience of stroke survivors after being discharged
home and to identify the risk perception associated with patients seeking
post-stroke care during pandemic. The study was conducted in cooperation
with participating facilities within the Lone Star Stroke Research Consortium
(LSS) in Texas during the COVID-19 pandemic.
Methods and Analysis: A qualitative phenomenological methodology is

employed to conduct the study. Patients who experienced stroke and were
discharged from the hospital during the COVID-19 pandemic were enrolled.
Using the interview guide, we conducted in-depth interviews via ZOOM,
digitally recorded and transcribed sessions. Data was analyzed using Giorgi
descriptive method which focuses on intentionality and is seeking the essence
of the lived experience.
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Preliminary Results: We enrolled 11 patients into the study and con-
ducted in-depth interviews. First round of analysis revealed several themes.
Patients expressed frustration and anger with their poststroke care coordi-
nation and their recovery process during the COVID-19 pandemic. Risk
perception-seeking healthcare services were mixed with some patients seek-
ing care via telemedicine and others preferring face-to face follow up visits.
We will discuss in details additional emerging themes and speci�cs regard-
ing access, telemedicine positives and negatives, and technology challenges
of using telemedicine during pandemic.
Conclusion: Preliminary results of the study revealed major challenges

that patients surviving stroke experience. It also demonstrated that seeking
care during pandemic is associated with additional risk that patients must
face for successful recovery and to obtain additional stroke prevention guid-
ance and self-care.
Implications: We hope that completion of this study will help clinicians

and policy makers to better understand stroke survivors lived experience
during the COVID-19 pandemic. Knowledge gained from a pilot study of
these individuals can be used in a wider context of limitations imposed by
further civilization-related epidemics.

Keywords

Stroke experience, Telemedicine, Stroke risk recurrence, Post-acute stroke
recovery, COVID-19 pandemic.
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Abstract

Neural Networks were considered, for a long time, as �black boxes� having
good prediction performances but unable to give an interpretation of the rel-
ative impact of their entry variables on the response. In our case, the entries
are risk factors for the occurrence of a speci�c event which, in the medical
�eld, is a disease D. However we can reach some insight into the respective
impact of each risk factor by distorting the data set, doing sequential per-
mutations of the risk factors. If the prediction performance of the Neural
Network is stable, this means that the corresponding factor is irrelevant. We
present examples of this phenomenon using simulations and a real data set
of patients su�ering from Dementia.
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Abstract

Confusion matrices are a standard way of summarizing the performance
of a classi�cation method. This issue is of crucial interest in a variety of
applied scienti�c disciplines, such as Geostatistics, mining data, mining text,
Economy, Biomedicine or Bioinformatics, to cite only a few. A confusion
matrix is obtained as the result of applying a control sampling on a dataset to
which a classi�er has been applied. Provided that the qualitative response to
be predicted has r ≥ 2 categories, the confusion matrix will be a r×r matrix,
where the rows represent the actual or reference classes and the columns the
predicted classes (or vice versa). So the diagonal elements correspond to
the items properly classi�ed, and the o�-diagonal to the wrong ones. Most
papers dealing with confusion matrices focus on the assessment of the overall
accuracy of the classi�cation process, such as kappa coe�cient, and methods
to improve these measurements, see for instance Grandini et al. (2020) and
references therein. However, a scarce number of papers consider the study
of the o�-diagonal cells in a confusion matrix. In this paper it is shown that
this topic is of interest for a better de�nition of classes and the improvement
of the global process of classi�cation.
Based on the results given in Barranco-Chamorro and Carrillo-García

(2021), the problem of classi�cation bias is introduced. This is a kind of
systematic error, which happens between categories in a speci�c direction. If
a classi�er is fair or unbiased, then the errors of classi�cation between two
given categories A and B must happen randomly, that is, it is expected that
they occur approximately with the same relative frequency in every direction.
Quite often, this is not the case, and a kind of systematic error or bias occurs
in a given direction. The classi�cation bias can be due to de�ciencies in the
method of classi�cation. For instance, it is well known, Goin (1984), that an
inappropriate choice of k in the k-nearest neighbor (k-nn) classi�er may pro-
duce this e�ect. In case of being detected, the method of selection of k must
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be revised. On the other hand, the classi�cation bias may be caused by the
existence of a unidirectional confusion between two or more categories, that
is, the classes under consideration are not well separated. Anyway, in case of
being detected this problem, the process of classi�cation should be improved.
To identify this problem in a global way, �rst marginal homogeneity tests are
proposed. The tests are based on Stuart�Maxwell test, (Black and Gonen,
1997), and Bhapkar test, (Sun and Yang, 2009). If the marginal homogeneity
is rejected, a One versus All methodology is proposed, in which Mc-Nemar
tests, (McNemar, 1947), are carried out for every pair of classes. Second a
Bayesian method based on the Dirichlet-Multinomial distribution is devel-
oped to estimate the probabilities of confusion between the classes previously
detected. So it can be assesed in a formal way, if certain classes su�er from
a problem of overprediction or underprediction. To illustrate the use of our
proposal, several real applications are considered. As computational tools,
we highlight that the R Software and R packages are used.

Keywords

Confusion matrix, Bias of classi�cation, Misclassi�cation, Marginal homoge-
neity tests, Dirichlet distribution, Posterior density, Overprediction, Under-
prediction.
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Abstract

Under the adverse circumstances that have continuously tested the world
economy from 2005 onwards, credit risk forecasting and bankruptcy predic-
tion have become among the most interesting topics in the modern economic
and �nancial �eld. A major challenge in constructing predictive failure mod-
els is the e�ective selection of variables from the large number that may have
been collected because of their perceived importance or widespread use in
the literature. A variety of selection methods has been developed in statisti-
cal modelling, for example, traditional stepwise procedures and more modern
approaches such as the LASSO. Moreover, given the increasing availability of
massive data sets, new high-performance procedures have been developed to
take advantage of parallel processing in both multithreaded single-machine
mode and distributed multiple-machine mode.
In this paper, various techniques were explored using a balanced data set

that included only �rms active or at the end of their life (that is, �rms
which are in the bankruptcy process or have been declared insolvent and are
therefore under the protection of the law). In reality, there may be several
causes of the end of a �rm's life and di�erent variables may be associated with
each outcome (Caroni and Pierri, 2020; Pierri and Caroni 2020). Therefore,
the choice for the current study fell upon a single adverse event, the most
severe, which fortunately in real life is rare. In order to overcome the problem
of misclassi�cation errors caused by rare units (King and Zeng, 2001), a
balanced data set was built by randomly extracting four controls (�rms still
active) for each bankruptcy case (Pierri, Stanghellini and Bistoni, 2016).
Logistic regression for binary data, the most widely used technique in credit
scoring models (Balcaen and Ooghe, 2006), was applied and several selection
methods were compared using standard and high-performance procedures
available in SAS software.
The model derived using stepwise selection was compared with those com-

ing from the LASSO and an unsupervised variable selection method that
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identi�es variables that jointly explain the maximum amount of data vari-
ance. Furthermore a non-parametric approach was considered and the selec-
tions of variables coming from a single decision tree and a random forest are
discussed and compared.
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Abstract

Modelling and forecasting mortality plays a crucial role in longevity risk
quanti�cation. Various mortality projection models have been proposed and
developed successfully, including Lee-Carter model and its extensions, P-
splines smooth models, Cairns-Blake-Dowd model and its extensions, etc. In
the �rst part of this presentation, I will introduce a tool that allows to �t
and explore (through few clicks) all the major mortality forecasting models
published in the literature.
In practice nonetheless, forecasts produced by many mortality models are

extrapolations of past trends seen in the data. As such, these models are
unable to account for some external or expert opinions. In the second part
of the talk, I will then present a way to incorporate deterministic opinions
into smooth mortality projection models. Not only does this approach yield
a smooth transition from the past into future, but also, the shapes of the
resulting forecasts are governed by a combination of the speed of improve-
ments observed in the data and the opinion inputs. In addition, this approach
o�ers the possibility to compute the amount of uncertainty around the pro-
jected mortality trends conditional on the opinion inputs, and this allows to
highlight some of the pitfalls of deterministic projection methods.
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Abstract

Although the concept of Digital Twin is gaining ground as a tool to per-
form risk analysis in various sectors, the transition from a set of practices
to a methodology to perform risk-analysis using a Digital Twin of a cyber-
physical system is still ongoing. Many aspects remain open to a complete
systematization, like how to ensure the �delity of the digital twin with respect
to the physical part, the physical-to-virtual connection, and its maintenance
over the system lifecycle. This is especially true in the case of critical infras-
tructures and pervasive smart environments, where some times performing
security tests on the real systems is not an option.
There are several de�nitions for a Digital Twin: we will borrow the de�ni-

tion of the Digital Twin as a �virtual replica of the system that accompanies
its physical counterpart during its life-cycle, consumes real-time data if re-
quired, and has the su�cient �delity to allow the implementation, testing,
and simulation of desired security measures and business continuity plans�.
This kind of representations can be used to perform simulations and model-

based risk analysis, to assess whether the system is secure or if a recovery
plan is e�ective. The methodology that we illustrate here supports cost-
e�ectiveness analysis to �nd the balance between security and usability,
safety, functionality and pay-o�. In this manner, through the creation of
a digital twin, the application of risk and cost-e�ectiveness analyses leads to
quantitative results and allows to improve the system, applying the devised
mitigation measures.
In this work, we propose a methodology that starts from a map of the

system and produces a taxonomy of the assets to be protected, enabling
the production of a Digital Twin as a translation of this taxonomy into the
domain-speci�c language used in a Visual Threat Modeling and Simulation
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environment to perform simulations and devise countermeasures. This ap-
proach enables the design of a digital twin that supports safety and security
evaluations and the identi�cation of countermeasures without any outage of
the operational system.
Quantitative risk analysis is performed using the digital twin, allowing

to propose and to evaluate risk mitigation from a cost-e�ectiveness point of
view. This approach allows the identi�cation of a set of adequate counter-
measures depending on the chosen security posture for the real-world system.
Using the information on the security countermeasures to be implemented,
we can harden the real-world twin and close the cycle.
To demonstrate the practical usefulness of the proposed methodology, we

will present a practical application of the digital twin based risk analysis,
devising and evaluating some countermeasures in the case of a Smart Envi-
ronment. For this purpose, in order to perform quantitative risk analysis, we
will use a Visual Threat Modeling Environment, SecuriCAD. The relevant
assets and the relationships among them will be represented using a domain
speci�c modeling language, which is suited for security application and, more
speci�cally, for visual attack simulation and threat modeling.
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Abstract

In the �eld of statistical extreme value theory, a great variety of alternative
methodologies are available to deal with the management of risks of extreme
events. Indeed, an important situation in risk management is the risk of a
big loss that occurs very rarely. The risk is generally expressed either by the
value at risk at a level q (VaRq), the size of the loss occurred with a �xed
small probability, q, de�ned for a random variable X, with a cumulative
distribution function (CDF) F (x) = P(X ≤ x), as the q-quantile VaRq :=
Q(q), with Q(q) := inf{x ≥ 0 : F (x) ≥ q}, q ∈ (0, 1), or by the conditional
tail expectation (CTE), de�ned as CTEq = E(X|X > Q(q)), q ∈ (0, 1). The
CTE measure is more conservative than VaR. Moreover, and contrarily to
the VaR, the CTE is a coherent risk measure (Artzner et al., 1999). The
value of q is often smaller than 1/n, where n denotes the size of the available
sample, Xn = (X1, . . . , Xn). Let us use the notation X1:n ≤ · · · ≤ Xn:n

for the associated ascending order statistics and assume that the extremal
types theorem holds forXn:n (Gnedenko, 1943), i.e. the limiting CDF ofXn:n,
linearly normalized, is necessarily of the type of the general extreme value
(GEV) CDF, EVξ(x), ξ ∈ R. The CDF F is then said to belong to the max-
domain of attraction of GEVξ, and we write F ∈ DM (GEVξ).The parameter
ξ is the extreme value index (EVI), the primary parameter of extreme events.
We consider heavy-tailed models, i.e. Pareto-type underlying CDFs, with a
positive EVI, working in DM+ := DM (GEVξ>0). These heavy-tailed models
are quite common in many areas of application, like biostatistics, �nance,
insurance and telecommunications, among others. For these Pareto-type
models, the classical EVI-estimators are the Hill (H) estimators (Hill, 1975),
H(k) ≡ H(k;Xn) := 1

k

∑k
i=1 lnXn−i+1:n − lnXn−k:n, 1 ≤ k < n. Necir et al.
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(2010) considered the CTE-estimators

C̃TEq(k) :=
1

1− q

∫ 1−k/n

q

Qn(s)ds+
kXn−k:n

n(1− q)(1− H(k))
,

where Qn(s) is the empirical quantile function, which is equal to the ith
order statistic Xi:n for all s ∈ ((i − 1)/n, i/n), and for all 1 ≤ i ≤ n (see
also, Laidi et al., 2020). Since H(k) can be replaced in the previous formula
by any consistent EVI-estimator, we now suggest an improvement in the
performance of the aforementioned CTE-estimators, through the use of a
reliable EVI�estimator based on generalized means, and dependent on an
extra tuning real parameter (see Caeiro et al., 2016; Penalva et al., 2016,
2020a,b; Paulauskas and Vai£iulis, 2017, and references therein).
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modeling, Semi-parametric estimation.
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Environmental, Social, Governance scores and the Missing pillar
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Abstract

Environmental, Social, and Governance (ESG) scores measure companies'
performance concerning sustainability and are organized on three pillars:
Environmental, Social, and Governance. These complementary non-�nancial
ESG scores should provide information about companies' ESG performance
and risks. However, the extent of not yet published ESG information makes
the reliability of ESG scores questionable. To explicitly capture the not yet
published information on ESG category scores, a new pillar, the so-called
Missing (M) pillar, is proposed and added into the new de�nition of the
Environmental, Social, Governance, and Missing (ESGM) scores. By relying
on the data provided by Re�nitiv, we show that the ESGM scores strengthen
the companies' risk relationship. These new scores could bene�t investors
and practitioners as ESG exclusion strategies using only ESG scores might
exclude assets with a low score solely because of their missing information
and not necessarily because of a low ESG merit.

Keywords

Disclosure, ESG investment, ESG methodology, Missing data, Sustainable
�nance, Value-at-Risk.
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Abstract

We consider estimating a speci�c coherent risk measure, namely the alpha-
conditional value at risk, in the situation that the incurred loss X is over-
shadowed by an unobservable additive measurement error with an unknown
probability distribution. The repeated experiment leads to independent val-
ues X, but they are not directly observable. The only available observations
are values Z contaminated by an error of an unknown intensity. In the non-
parametric situation, we approximate risk measure using the quantile crite-
rion derived in Bassett et al. (2004). If only the distribution of measurement
errors is unknown, we try to cover the family of distribution of Z by a suitable
Choquet capacity, and base the risk measure on the capacity, or on the least
favorable distribution of the family. Speci�cally, we use the capacity derived
in Broniatowski et al. (2018) which turns out being a probability measure.

Keywords

Coherent risk measure, Conditional value at risk, Choquet capacity, Least
favorable distribution, Distortion function.
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Abstract

Evaluating moving average options is a tough computational challenge for
the energy and commodity market as the payo� of the option depends on
the prices of a certain underlying observed on a moving window so, when a
long window is considered, the pricing problem becomes high dimensional.
We present an e�cient method for pricing Bermudan style moving average
options, based on Gaussian Process Regression and Gauss-Hermite quadra-
ture, thus named GPR-GHQ. Speci�cally, the proposed algorithm proceeds
backward in time and, at each time-step, the continuation value is com-
puted only in a few points by using Gauss-Hermite quadrature, and then it
is learned through Gaussian Process Regression. We test the proposed ap-
proach in the Black-Scholes model, where the GPR-GHQ method is made
even more e�cient by exploiting the positive homogeneity of the continuation
value, which allows one to reduce the problem size. Positive homogeneity is
also exploited to develop a binomial Markov chain, which is able to deal
e�ciently with medium-long windows. Secondly, we test GPR-GHQ in the
Clewlow-Strickland model, the reference framework for modeling prices of
energy commodities. Then, we investigate the performance of the proposed
method in the Heston model, which is a very popular model among the non-
Gaussian ones. Finally, we consider a challenging problem which involves
double non-Markovian feature, that is the rough-Bergomi model. In this
case, the pricing problem is even harder since the whole history of the volatil-
ity process impacts the future distribution of the process. The manuscript
includes a numerical investigation, which displays that GPR-GHQ is very
accurate in pricing and computing the Greeks with respect to the Longsta�-
Schwartz method and it is able to handle options with a very long window,
thus overcoming the problem of high dimensionality.
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Abstract

In aviation safety, runway overruns are of great importance because they
are the most frequent type of landing accidents. Identi�cation of factors
which contribute to the occurrence of runway overruns can help mitigate
the risk and prevent such accidents. Methods such as physics-based and
statistical-based models were proposed in the past to estimate runway over-
run probabilities. However, they are either costly or require experts' knowl-
edge. We propose a statistical approach to quantify the risk probability of an
aircraft to exceed a threshold at the speed of 80 knots given a set of in�uenc-
ing factors. This copula based D-vine regression approach is used because it
allows for complex tail dependence and is computationally tractable. Data
obtained from Quick Access Recorder (QAR) for 711 �ights are analyzed.
We identify 41 �ights with an estimated risk probability > 10−3 for a cho-
sen threshold and rank the e�ects of each in�uencing factor for these �ights.
Also, the complex dependency patterns between some in�uencing factors for
the 41 �ights are shown to be non symmetric. The D-vine regression ap-
proach, compared to physics-based and statistical-based approaches, has an
analytical solution, is not simulation based and can be used to estimate very
small or large probabilities e�ciently.
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pendency, Runway overrun.
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Abstract

At the frontier between personal �nance and Fintech, robo-advisors aim
to provide customized portfolio strategies without human intervention. They
typically propose passive strategies that can match the investor's objectives
and risk pro�le at low cost. However, digital advisors feature a lack of preci-
sion in capturing clients' attitude towards risk and a (not always suitable) low
risk exposure. In this context, leveraging big data and arti�cial intelligence
techniques can improve the main strength of robo-advisors, that is their abil-
ity to automatically provide personalized investment solutions. Text data
from dialogue systems, such as chatbots, can be employed to improve the
client's pro�ling, while recommendation systems can rely on big data from
�nancial social networks to propose targeted investment strategies. Analysis
of big data through machine learning methods can also improve the per-
formance of the optimization algorithms employed by digital advisors. The
potential for the exploitation of big data and arti�cial intelligence in auto-
mated asset management is still enormous.

Keywords

Robo-advisors, Fintech, Portfolio management, Big data, Arti�cial intelli-
gence.
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