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Preface

This Book of Short Papers includes all peer-reviewed long-abstracts submitted to
the IES2022 conference, titled “Innovation & Society 5.0: Statistical and Economic
Methodologies for Quality Assessment”, held at the University of Campania “L.
Vanvitelli” on January 27-28, 2022. TES2022 is the 10th meeting of the biennial
international conference proposed by the permanent group Statistics for the Eval-
uation and Quality in Services (SVQS) of the Italian Statistical Society (SIS). The
SVQS group, born in 2004, focuses on national research programs and applied
research activities, on statistical methods and methodologies for the evaluation
of the quality of services in public and private fields. For further information,
please visit https://www.svgs.it/. IES2022 has been sponsored by the Italian Sta-
tistical Society (SIS), the European Network for Business and Industrial Statistics
(ENBIS), and the International Association for Statistical Computing (IASC). In
addition, also the two SIS groups Statistics and Data Science (SDS) and Enhance-
ment of Public Statistics (VSP) actively supported the conference. IES2022 aims
at stimulating a scientific debate on the challenges of Society 5.0 with respect to
quality assessment. The conference provides an important moment of reflection for
the development of new ideas and methodologies by promoting the rethinking of
the open issues in service evaluation within the new paradigm of an interconnected
cyber-social system. Service quality assessment represents the starting point for
the development of effective policies for private and public institutions, which
is crucial for the development of society. Big data, heterogeneous multi-layered
structure and designs, cutting-edge analytical tools, and advanced data harvest-
ing techniques have become fundamental for research; nonetheless, they require a
continuous effort in terms of proper treatment, interpretation, and supervision to
ensure the centrality of human and social problems. In this perspective, IES 2022
main goals are:

- to promote and coordinate the statistical and economic methodologies for the
evaluation of a human-centered society emphasizing how statistical thinking,
design, and analysis may be of use to a Society 5.0;

- to foster advanced methodological research supporting the assessment of the
quality of social services;
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- to be a platform where the experts of Statistics, Data Mining, Data Science,
Machine Learning, and related disciplines meet for analyzing Big Data.

The high turn-out of the conference, with a total of 107 presentations organized
in 22 solicited sessions and 11 contributed sessions, two plenary talks, and the
participation of over 300 authors, made evident a very alive interest in evaluation
topics. Previous IES editions include:

- IES2009 was held at the University of Brescia (June 24-26, 2009) with se-
lected papers published in special issues of Electronic Journal of Applied
Statistical Analysis (EJASA) and Statistica & Applicazioni;

- IES2011 was held at the University of Florence (May 30 — June 1, 2011)
with selected papers published in a special issue of the Journal of Applied
Quantitative Methods;

- IES2013 held at the University of Milan “Bicocca” (December 9 — 13, 2013)
with selected papers published in the Procedia Economics & Finance (Else-
vier Publisher);

- IES2015 was held at the University of Bari “Aldo Moro” (June 8 — 9, 2015)
with selected papers published in a special issue of Quality & Quantity;

- TES2017 held at the University of Naples “Federico II” (September 6 — 7,
2017) with selected papers published in special issues of Social Indicator
Research, Quality & Quantity, and EJASA;

- IES2019 was held at the European University of Rome (July 4 — 5, 2019)
with selected papers published in special issues of Socio-Economic Planning
Science and EJASA.

All TES2022 contributions are based on the development of innovative statistical
methodologies or interesting applications. The topics covered in the numerous pre-
sentations range over the following fields: Sustainability, Health, Wellness, Sport,
Tourism, Education, Training and Research, Bank and FinTech, Transportation,
Environment, Enterprise, Cultural changes and values, Industry and Finance, E-
commerce, Digital Marketing, Labour Market, Public Administration, Advertising,
Political preferences, Justice System. Several short papers deal with the shock of
the COVID-19 pandemic and its impact in different areas such as poverty and
sustainability, education and distance learning, student satisfaction, environment,
health services, and social interactions. From a methodological standpoint, many
of the short papers deal with challenging structures such as high-dimensional data,
complex survey designs, constrained variability, sparsity, multicollinearity, and
multidimensional longitudinal series. A wide range of statistical tools and models
have been employed, including functional data analysis, various types of regression
models (high-dimensional, logit, quantile, OLR, LASSO, etc.), machine learning
algorithms for classification, methods for multi-way data and contingency tables,
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generalized discriminant analysis, multidimensional Item Response Theory, PLS-
SEM, advanced visualization techniques, compositional data analysis, Bayesian
methods and so on. Extended versions of selected IES2022 papers will be included
in a special issue of the Computational Statistics Journal titled “High-dimensional
Data Analysis and Visualisation to Assess Service Quality” and of Annals of Oper-
ations Research Journal, titled “Statistical Methods and Data-Driven for Decision
Making in Public Sector”.

Rosaria Lombardo, Ida Camminatiello and Violetta Simonacci
Editors

Luigi D’Ambra

Onorary Coordinator of SVQS Group
Maurizio Carpita

Coordinator of SVQS Group
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A new multivariate functional ANOVA approach
for assessing air quality data amid COVID-19
pandemic

Un nuovo approccio funzionale del’ANOVA multivariata
per la valutazione dei dati sulla qualita dell’aria durante
la pandemia COVID-19

Adelia Evangelista, Christian Acal, Ana M. Aguilera, Annalina Sarra, Tonio Di
Battista and Sergio Palermi

Abstract To reduce the SARS-CoV-2 virus spreading, worldwide governments im-
plemented a series of restriction measures that led to a downturn in several economic
sectors. Recent studies have instead documented a respite to the environment. In
this work, we evaluate the impact of lockdown on air quality of the urban area of
Chieti-Pescara (Abruzzo region, Italy). To this end, we adopt a functional data anal-
ysis approach. Specifically, to check the differences between the temporal evolution
of different pollutants (PMjg, PM; 5, NO, and benzene) in terms of the location
of measuring stations, a novel approach for multivariate FANOVA for independent
measures, is proposed. The results obtained reveal changes in pollutants behaviour
during the lockdown period.

Abstract Per ridurre la diffusione del virus SARS-CoV-2, i governi di tutto il mondo
hanno implementato una serie di misure restrittive che hanno portato a una re-
cessione in diversi settori. Recenti studi hanno, invece, documentato una tregua
per 'ambiente. In questo lavoro, valutiamo I'impatto del lockdown sulla qualita
dell’aria dell’area urbana di Chieti-Pescara (regione Abruzzo, Italia). A tal fine,
adottiamo un’analisi funzionale dei dati. Nello specifico, per verificare le differenze
tra ’evoluzione temporale di diversi inquinanti (PMy9, PM> s, NO, e benzene) a
seconda della posizione delle stazioni di monitoraggio, si propone un nuovo approc-
cio basato sulla FANOVA multivariata per misure indipendenti. I risultati ottenuti
rivelano cambiamenti nel comportamento di tutti gli inquinanti durante il periodo
di lockdown.
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1 Introduction

Starting from the first outbreak, first identified in Wuhan (China), in late Decem-
ber 2019, the Coronavirus disease affected the entire world, posing major public
health and governance concerns. Due to the wide spread of this pandemic disaster,
authorities enforced different measures, resulting in prohibitions of various aspects
of human activities. Global and local economy had intense damaging, especially
in sectors such as tourism, commodity markets and transportation. On the other
hand, several works have reported that highly industrialized zones of the world ob-
served a remarkable reduction in air pollution, essentially due to restrictions placed
upon industrial activities and the dropping in road transport. To this regard, [1] de-
tected a significant reduction of air pollution in various areas of China and India; [2]
studied the behaviour of the levels of pollutants across USA while [3] reported a
sharp reduction in air pollution in large parts of Europe. Following these lines of re-
search, in this paper, we investigate the effects of the quarantine policies adopted by
the Italian Government on air quality in the urban area of Chieti-Pescara (Abruzzo
region, Italy). By carrying out a functional data analysis (FDA), we compare the
behaviour of different air pollutants in two different periods of time: before lock-
down and during lockdown days. Starting from the foundations given by [4, 5], the
FDA has been extensively used in the last decades, also in environmental studies,
because FDA paradigm makes it possible to work with the entire time spectrum of
pollutants time series, bringing additional information to be recovered from the data
than in the vectorial approach (see, among others, [6], [7]). Within the methodolog-
ical FDA framework, we proposed here a novel approach based on the Functional
Analysis of Variance (FANOVA) for independent measures. The rest of the paper
is organised as follows: Section 2 gives the description of the area under study and
the air pollutants. Section 3 briefly defines the new methodology proposed while in
Section 4 the main results obtained are illustrated. Finally, in Section 6 there are
some concluding remarks.

2 Area of study

In this work, we take into account the metropolitan area of Chieti-Pescara (along the
Adriatic coast of central Italy), defined of critical importance in terms of environ-
mental pollution. Chieti-Pescara conurbation represents one of the most important
industrial pole of the Abruzzo. In the last years, this area has registered an increase
of industrial activity, as well as of the urban development. All these aspects make
the metropolitan area the locus of growing environmental concerns for the high level
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of resource consumption, greenhouse gas emissions and air quality pollution.

2.1 Air pollution data

Air pollution data for this analysis consists in hourly measurements of PM o, PM3 s,
NO; and benzene, detected by the Regional Agency for the Environmental Protec-
tion (ARTA) of Abruzzo by means of five monitoring stations of the regional air
quality network. The air quality monitoring sites of Pescara (Teatro d’ Annunzio),
Chieti and Francavilla are defined as Urban Background type (UB) due to their
spatial location not affected by important pollution sources. On the other hand, the
monitoring stations of Pescara (Via Firenze) and Montesilvano are named as Ur-
ban Traffic type (UB) because arc nearby roadside, so they are influenced by traffic
emissions. The pollutants data collected have been divided in two time intervals:
the first is defined pre-lockdown period starting from the 1st February 2020 to the
10th of March 2020; the second is named during-lockdown period from the 11st of
March to the 18th of April 2020.

Table 1 Net and % variation of pollutants concentration levels in the urban area of Chieti-Pescara

UT UB

Net variation fi mo th ch fr
NO, -13.9 -14.7 212 -10.3 -7.6
PM;o 5.1 3.7 5.7 43 7.3
PM; 5 2.9 2.2 3.1 44 4.1
Benzene -0.31 -0.15 0.22 0.18 0.04
% variation

NO, -57.9 -58.7 -652  -548 -49.1
PMjg 20.5 16.8 22.0 19.4 40.8
PM; 5 19.0 15.6 19.8 26.7 344
Benzene -32.57 -27.56  40.06 19.63 4.27

Acronyms of monitoring stations:
fi=Via Firenze; mo=Montesilvano; th=Teatro d’ Annunzio; ch=Chieti; fr=Francavilla al Mare

An initial investigation of the net and percentage variations of the four pollutants
in the different monitoring sites, before and during lockdown, is given in Table 1.
The analysis shows that NO, recorded a significant and marked reduction both in
traffic and in background monitoring stations. This is in line with our expectations,
due to the collapse of vehicular traffic after the measures imposed by the govern-
ment. The levels of particulate matter (PMg and PM, 5) registered an increment in
all measuring sites. This could be reasonable knowing the peculiarity of this pollu-
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tant. Finally, for benzene, we observed an opposite behaviour: for the UT stations
the pollutant decreases, while it increases in the BT stations.

3 Methodological framework

In FDA approaches, the data analyzed are curves, or more typically functions, that
varying over time, space, or other continuous support. The first approach proposed
in this work has the aim of testing the equality, across two different conditions or
periods, of mean functions related to a unique functional variable. Let X;.(r) be the
sample functions, where ¢ € T = [a, b] is the temporal time interval, j = 1,...,n is the
sample unit and » = 1, ..., R represents the number of the different periods or time (or
conditions) to compare. In the current work, we compare only two different periods
(R = 2). We define with p,(f) = E[X;-(r)] the mean function associated to each
functional variable in each condition or time period. The aim is to test Hp : y(t) =
U (t) Vt € [a,b], against the alternative that its negation holds. The two statistics
proposed to carry out the hypothesis testing are those introduced by [8] which take
into account simultaneously the between and within variabilities. Smaga’s statistics
are defined as: _ _ 5
umn [ FUOT0)
K(t,1)

n (X1(1) - Xa(1)
K(t,1) ’

bn = SUPtcab] {

Y [(Xj1 ()X, (f)>*(Xj2(l)*Y2(f)>]2

n—1

where K (t,1) =

9, and &, can be computed by considering the basis expansion. A further stage in
our analysis was to test the equality of the multivariate dimensional mean functions
for independent groups (g). To comply with this aim, we consider the multivariate
FANOVA for independent measures, introduced and described in detail in [9]. An
important result about FANOVA has been obtained by [10] which demonstrate that
FPCA of X(¢) is the same as to apply a Multivariate PCA on the matrix A¥'/2. The
hypothesis to test is:

{Ho: (1) = ... = u,(t) vt € [a,b].

against the alternative that its negation holds. In this setting, two problems are en-
countered. First, the multivariate homogeneity tests do not perform well with high
dimensional vectors and the number of basis functions needed for an accurate ap-
proximation of sample is usually high. As a solution, we propose to test the mul-
tivariate homogeneity on the vectors of the most explicative principal components
scores. This new methodology proposes an extension of the novel parametric and
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nonparametric approaches introduced using Functional Principal Component Anal-
ysis for univariate functional data ( [11]) to the multivariate case.

4 Results

The impact of lockdown measures on air quality has been investigated with the func-
tional testing procedures described in Sect. 3. To carry out the analysis, we convert
the discrete values into curves, by means of cubic B-spline smoothing with 20 ba-
sis functions. Firstly, we adopted a FANOVA for repeated measures to statistically
prove the results obtained in Table 1. The statistics %, and &, are used to test the
within and between group variability and the p-values obtained by means of per-
mutation tests. The results of the tests are significant for NO,, PMg and PM; s,
suggesting that there are differences for these pollutants in the means curves before
and during the lockdown period. Not statistical significance was found, instead, for
benzene. However, considering that the results of hypotheses testing for benzene are
very close to the limit region and taking into account the small sample size, we can
also conclude that there are also differences in the means curves of benzene for the
two time periods. A second step of our study consists in the multivariate analysis
of variance for independent measures. We tested if there are differences between
the temporal evolution of all pollutants in terms of the location of measuring sta-
tion. According to the results displayed in in Table 2, significant differences were
found in terms of the location of the monitoring stations in relation to PMjq (before
lockdown) and benzene (during lockdown).

Table 2 Multivariate FANOVA for independent measures

p-value BL DL

All pollutants ~ 0.000  0.302
NO; 0.562 0.272
PMio 0.000  0.306
PM; s 0.889  0.685
Benzene 0.186  0.000

Acronyms:
BL=Before Lockdown; DL=During Lockdown

5 Conclusion

In this work, changes in air pollution during the COVID-19 pandemic have been
evaluated by means of a functional analysis of variance with univariate repeated
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measures and multivariate independent measures. The results has proven a possi-
ble misclassification of air monitoring stations in the urban area of Chieti-Pescara,
probably due to the NO,. since the proposed technique failed to discriminate be-
tween UB and UT measuring sites, despite the fact that NO2, in urban areas, is a
pollutant mostly produced by traffic emissions. This result is of great importance for
environmental protection agencies which should identify the presence of redundant
or misclassified monitoring sites, in order to reduce the cost of pollution monitoring
and ensure the integrity and accuracy of air pollution information.
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