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Introduction

This volume brings together a selection of papers presented at the scientific conference of the
ASA (Association for Applied Statistics), held in Rome from 18 to 20 September 2024. It retains
the title of the conference, “Measuring and Interpreting World Changes with Statistics, Data Scien-
ce and AL.” The majority of papers focuses on modeling the relationships between statistics and the
emerging disciplines of data science and artificial intelligence (Al), while others address areas of
applied statistics and methodological advances in official statistics.

At a time when global challenges—such as climate change, economic inequality, and technolo-
gical transformation—are reshaping societies, the role of statistics and data science in interpreting
and guiding these changes is more crucial than ever. This volume aims to offer a comprehensive
perspective on how statistical reasoning, enhanced by modern tools from Al and data science, can
contribute to understanding and addressing complex real-world issues.

All papers were anonymously reviewed by at least two independent experts from the conferen-
ce’s scientific committee. The published articles reflect a rigorous peer-review process and incor-
porate suggestions and revisions—both substantive and formal-—made by the authors in response
to expert feedback.

Conference presentations were grouped into thematically homogeneous sessions, covering to-
pics such as official statistics, urban analytics, labor market dynamics, and innovations in data
integration. Compared to the oral presentations, the papers in this volume have been expanded and
refined, offering readers a more in-depth exploration of the subjects discussed.

Due to the self-selection of contributors and the rigorous evaluation process, the number of eli-
gible papers has been significantly reduced. As a result, the content-based session structure could
not be preserved in this publication. Instead, the articles are presented in alphabetical order by
surname of the first author.

The guest editors would like to express their sincere thanks to the organizing committee and all
reviewers and authors for their invaluable contributions to the success of the conference and this
volume. We believe this collection will be of interest to researchers, practitioners, and policyma-
kers engaged in quantitative analysis and evidence-based decision-making. We are confident that
the insights shared in these contributions will foster further research and debate in the fields of
applied statistics, data science, and artificial intelligence.

This volume will be published as a supplement to a regular issue of the international journal
Statistica Applicata — Italian Journal of Applied Statistics. All articles are freely available in open
access format. When citing a paper, please use the following format:

Author(s) (Year). Paper title. In L.S. Alaimo, F. Crescenzi, L. Fabbris, F. Maggino (eds.), Mea-
suring and Interpreting World Changes with Statistics, Data Science and Al. Book of Short Papers
of the ASA Rome Conference (pages). Padua: Cleup.

The guest-editors:

Leonardo S. Alaimo is tenute track researcher in Social statistics at the Department of Statistical
Sciences, Sapienza University of Rome

Fabio Crescenzi is a statistical advisor and former senior researcher at Istat (Italian National
Institute of Statistics), Rome

Luigi Fabbris is president of the Association for Applied Statistics and former professor of So-
cial statistics at the University of Padua, Italy.

Filomena Maggino is full professor of Social statistics at the Department of Statistical Sciences,
Sapienza University of Rome

Maurizio Vichi is a former professor of Statistics at the Department of Statistical Sciences, Sa-
pienza University of Rome
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Spatial analysis of climate change awareness across
countries

Gianpaolo Zammarchi?, Paolo Maranzano®
 Department of Economics and Business Science, University of Cagliari, Cagliari, Italy.

b Department of Economics, Management and Statistics (DEMS), University of Milano-
Bicocca, Milan, Italy.

1. Introduction

One of the greatest challenges that current and future generations will face is climate change
and the extreme or severe repercussions this will entail. For instance, the increasingly frequent
extreme weather events, the melting polar ice caps and warming oceans (with all the repercussions
that these can have on the life of the animal species that live, hunt or base their life cycle on these
places), and the rising sea levels are all effects of climate change. All countries are impacted by
climate change, however certain areas may be more susceptible to particular effects. According to
the Germanwatch observatory's annual assessment of the global climate risk index 2021,
developing nations are more susceptible to the effects of climate change due to their reduced ability
to adapt (Global Climate Risk Index, 2021). In fact, low- to lower-middle income countries account
for eight of the ten most severely affected countries in terms of fatalities and economic losses caused
by extreme weather events (such as storms, floods, heatwaves, etc.) in 2019. Three of the most
affected countries were Mozambique, Zimbabwe and the Bahamas.

Increasing public awareness of the causes and effects of climate change is crucial because it can
motivate policymakers to take action to cut greenhouse gas emissions and encourage individual
behavioural adjustments. Since there are variations in how different nations might be vulnerable to
some of the effects of climate change, the goal of this work was to examine how different nations
differ in terms of their degree of knowledge of the problem.

Furthermore, we investigated the connection between awareness and pertinent economic
indicators like GDP, Gini index, spending on environmental preservation, as these variables
represent relevant characteristics of countries and present the preliminary results of an analysis
based on a hierarchical clustering using spatial constraints.

2. Methodology

Two editions of the “International public opinion on climate change” survey were used to gather
awareness data. This survey's main goals were to examine people's knowledge, beliefs, attitudes,
policy preferences, and behaviour related to climate change. We collected data pertaining to the
“climate awareness” question. In addition, we gathered data on GDP (GDP by Country, 2022) and
environmental protection expenditures (Environmental Protection Expenditures, 2023), for the
nations that were part of the study. Moreover, we created an extended version of the dataset with
data collected from the Climate Change Knowledge Portal, the Penn World Table, the Global
Carbon Atlas, the Standardized World Income Inequality Database, and the Our World in Data web
portal, in order to be able to apply the spatially clustered methodology. Hierarchical clustering is a
cluster analysis method that aims to create a hierarchy between clusters. There are two alternative
approaches, that is, “bottom-up” (agglomerative) or “top-down” (divisive) and in both approaches
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the concept of distance and its choice are of fundamental importance. The results of hierarchical
clustering are usually shown in a graph called a dendrogram. Partitioning clustering, like K-means
for instance, aims at dividing the data set into a specific number of clusters to minimize within-
cluster variance while maximizing between-cluster variance. The algorithm assigns iteratively each
of the n observations to one of the & clusters based on the distance between the observation and the
cluster center. The main issue with K-means is that the number £ of clusters is a hyperparameter
that must be provided by the user.

In the first part of the analysis, we used data from the 2022 edition of the survey, including
responses from 108,946 Facebook users located in 110 areas worldwide (Leiserowitz et al., 2022)
as well as the 2021 edition of the survey, including responses from 76,328 users located in 30
countries (Leiserowitz et al., 2021). To investigate variations in climate change awareness across
time, we incorporated information from the 30 nations that were included in both survey editions.
Using the four response items, a pairwise Euclidean distance matrix was calculated in order to group
nations based on their levels of awareness. As shown in Equation 1, single observations were
combined into clusters using the Ward's approach.

Al - |B] 2 . ) )
|A—UB|||HA—HB|| = Z ||X—MAUB|| —ZHX—HA” —lex—uB” (1)

XEAUB XEA XEB

where A and B are two sets of observations.

Based on the elbow method, an optimal number of clusters was identified for both data sets.
We created a hierarchical cluster using the hclust function in the stats R package (R Core Team, v.
4.3). The dendextend R package (Galili, 2015) was used to compare the two hierarchical clusters in
order to highlight cluster variations that have occurred over the course of the two years. By matching
the labels on the left side of the “double” hierarchical plot to the labels on the right, we were also
able to calculate the “entanglement” value. The procedure is straightforward. Let v; and v> be two
vectors corresponding to the order from 1 to n in which the labels appear on the left and right side
of the plot, respectively. Moreover, let || . || be the L-norm distance between these two vectors. In
order to obtain a maximum value M for this distance, the distance for the worst-case scenario is
computed (which is when one side is the exact opposite of the other side). Finally, the

. [vi-va| . .
“entanglement” can be written as: £ = %, with £ € [0, 1]. The two extreme scenarios, where

E=0and E =1, denote a perfect match between the two sets of labels and the scenario where the
right tree is the left tree's full opposite, respectively. In addition, we applied K-means clustering to
data from the 2022 edition of the survey with the goal of identifying groups of nations based on
awareness, environmental protection expenditures, GDP, and knowledge of climate change. For
this analysis, after merging and aligning data from different sources, we were able to use data from
62 countries.

The second part of the analysis is aimed at performing a hierarchical clustering with
geographical constraints using an extended version of the dataset. In particular, we collected data
from the above-mentioned sources to use the spatial clustering methodology proposed by Chavent
et al. (2018). This method exploits two dissimilarity matrices called D, and D, along with a mixing
parameter o that regulates the importance of the two matrices. The Dy matrix provides information
about dissimilarity in the “feature space”, while the D, matrix in the “constraint space”. Let I, be
the inertia, then the mixed pseudo inertia of cluster Cy' can be defined as in Equation 2

I (C,S‘)—(l—a)z Z zl deU+a

1€Ck ]ECk 1ECk ]ECk

WW]
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where w; is the weight of the i-th observation for i = /,..., n which represents the importance of
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observation 7 (similarly w; denotes the importance of observation /), u = Ziec,? w; is the weight
of C, d§; ; and di; ; are the n X n normalized dissimilarity matrices between observations i and j
in Dy and D, respectively. Basically, the procedure performs a clustering based on the features
collected to describe each country, while applying constraints (in this case spatial constraints) to
create a combination that balanced the two aspects as a function of the value of a.

3. Results

In the first part of the analysis, we compared the two hierarchical clustering plots (2021 and
2022) to identify potential variations in the countries that were part of the clusters (Figure 1). The
comparison of the two hierarchical clusters yielded an entanglement value of 0.29, indicating the
existence of a discernible variation in the membership between the two years. Thailand and
Colombia relocated to Cluster 3 from Cluster 2, i.e. in a cluster with poorer awareness of climate
change, and Spain also experienced a decline in awareness, going from the cluster with the highest
overall awareness to the intermediate one.
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Figure 1. Comparison between awareness measured in 2021 and 2022

Using K-means, three clusters were identified based on the GDP, the environmental protection
spending, and the levels of awareness: 1) countries with high awareness, GDP, and expenditure
(green); 2) countries with low awareness, GDP, and expenditure (red); 3) countries with high GDP
and awareness, but medium expenditure (Figure 2).
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Figure 2. Clusters based on GDP, environmental protection spending, and awareness

Lastly, in Figure 3 we present a world map for all the countries analysed where the clustering
was performed using the two matrices of features (based on awareness about climate change) and
geographical dissimilarity. We selected an o = 0.55 as a trade-off between D, and D, and set the
number of clusters equal to 5. This figure shows that the geographical component is predominant,
but nevertheless in some cases countries were not included in the most expected geographical
cluster, but in another (e.g. Spain was not included in the European cluster but in the African one).
Furthermore, Figure 4 provides additional information on the mean awareness levels of the
countries in each cluster.
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Figure 3. Clusters based on Dy and D, matrices of features and geographical dissimilarities
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Figure 4. Barplot of awareness levels for the clusters created combining the Dy and D,
matrices

4. Conclusion

In this preliminary analysis, we studied the relationship between public awareness of climate
change and variables such as GDP and environmental protection spending for each country
considered. We performed a cluster analysis of nations according to their awareness of climate
change and created three groups using economics and environmental variables. Finally, we
produced an extended version of our dataset to be able to find the best value for a and then we used
that value to create clusters based on both the features dissimilarity matrix and the geographical
dissimilarity matrix. The clustering results consistently demonstrate that countries with high
awareness levels are the richest countries (mostly Europeans and north Americans), while countries
with low awareness are south Americans, Africans and part of the Asian. These countries could
focus on educational programs and might share resources and plan strategies together to better
address the problems related to increasing climate change awareness levels.

Future improvements of this work will include to expand the analysis and to explore the spatial
correlations between countries in order to assess whether geographically neighbouring nations share
a comparable level of awareness on climate change.
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