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Abstract: In 1990, the United Nations (UN) presented the Human Development Index (HDI) as a
measure of human development that considers three fundamental dimensions: a long and healthy
life, being knowledgeable, and having a decent standard of living. This paper proposes some
considerations about human well-being factors based on HDI analysis, also introducing some
considerations on environmental pollution. As regards environmental issues, two different pollutants
are considered together with their environmental costs: (i) greenhouse gas (GHG) emissions, which
have an impact on a global scale, and (ii) emissions from fine particulate matter, primarily having an
impact on a local scale. Thus, a new index based on the external environmental costs is proposed,
and two scenarios are discussed. On the other hand, as it concerns human well-being, the results
of surveys among the population are used. Furthermore, other features regarding health services
and demographic aspects are taken into account, too. Italy is analysed as a case study over the
last three decades. Easterlin’s considerations are verified based on the variation of perceived well-
being related to the changes in GDP. The Italian case study shows that despite having achieved a
satisfactory HDI level, there is a wide margin for improvement from both the environmental and the
well-being standpoints.

Keywords: happiness; wealth; Human Development Index; sustainability; Environmental Cost Index

1. Introduction

In 1974, Richard Ainley Easterlin proposed the first pioneering study on happiness
in economics by introducing a paradox that can be outlined as follows [1]: at one time,
happiness varies directly with income, both within and among countries, but over time,
happiness does not grow with income increases. This means that higher incomes do not
produce greater happiness over time [2,3]. The original study was based on U.S. data from
1946 to 1970, and this evidence was confirmed in a later analysis based on 21st century
data related both to the U.S.A. and to other countries that are industrialised or in a socio-
economic transition.

Two possible explanations have been conjectured:

• The effect of additional money is not related to the personal wealthy condition but to
a comparison of the condition among different people [4];

• The effect of additional money is related to obtaining holdings, but it is not able to
determine an increase in personal well-being [5].

Some criticisms have been levelled at the Easterlin paradox, in particular the following:

• The time series in happiness and income are not related [6–8];
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• Some data show no evidence of a threshold in contrast to the hypothesis that the
happiness trend occurs after some minimum level of income [9,10].

Against these criticisms, Easterlin highlighted that the analyses used to comment on
the paradox are based on insufficient observations to establish a real trend [2].

One of the present compelling global concerns is ensuring high levels of human well-
being without overburdening natural resources; moreover, recently, the focus has shifted
towards nonmonetary attributes, i.e., human well-being [11]. So, a continuous growing
interest in quality of life and well-being indicators is arising, going beyond gross domestic
product (GDP), due to the recognition that the GDP represents solely an economic indicator
that shows a partial perspective of the different facets of people’s lives [12]. Thus, to avoid
difficulties in relation to the socio-economic measurement of a country’s well-being, in
1990, the United Nations (UN) introduced the Human Development Index (HDI), an index
that measures the socio-economic conditions of a country by using the geometric mean of
three indexes, the Expectancy of Life Index (LEI), the Education Index (EI), and the Income
Index (I I).

A deep and critical analysis of some indicators, including the HDI, was carried out in
Refs. [13–16], also recognizing their limits [16]; consequently, some new approaches were
introduced [17,18], e.g., in Ref. [19], the relationship between residential energy use per
capita and human well-being was studied by using the HDI in the 27 European Union
member countries over the years 2000–2018. In addition, considerations on the Education
Index were developed [20] by introducing the data available from the OECD’s Programme
for International Student Assessment (PISA), and then a comparison between European and
non-European countries was analysed, focusing on government education spending [21].

Concerning human well-being, a particular interest is on health conditions, and in
this context, air pollution represents an important environmental consequence of human
activities, which affects the overall LEI quantity within the HDI index. Indeed, in 2018,
air pollution was assessed to be responsible for the deaths of around 4.5 × 106 people yr−1

worldwide due to PM2.5 (particulate matter measuring less than 2.5 µm in diameter, 3.0 ×
106 people yr−1), O3 (ozone, 1 × 106 people yr−1), and NO2 (nitrogen dioxide, 0.5 × 106

people yr−1). Indeed, air pollution causes diseases, and its increase is resulting in a growing
cost, both for health systems and due to the climate change consequences on the economy
and territories [22].

In 2013, welfare losses due to air pollution exposure accounted for [23] USD 2306 × 106

in East Asia and Pacific, USD 1245 × 106 in Europe and Central Asia, USD 604 × 106 in
South Asia, USD 495 × 106 in North America, USD 194 × 106 in Latin America and the
Caribbean, USD 154 × 106 in the Middle East and North Africa, and USD 114 × 106 in
sub-Saharan Africa.

The health effects due to exposure to polluted air include an increased risk of stroke,
heart disease, lung cancer, and chronic and acute respiratory diseases due to the car-
cinogenic and irritating properties of the various pollutants’ components. In addition,
productivity and cognitive functions must also be considered due to the loss of workforce
and healthcare costs, which in 2018 accountedfor USD 2400 × 106 for adult deaths, USD
200 × 106 for disability from chronic diseases, USD 100 × 106 for sick leaves, USD 90 × 106

for preterm births, USD 50 × 106 for child deaths, and USD 17 × 106 for asthma [22].
Moreover, renewable energy was shown to represent a possible solution to reduce

the country’s harmful air pollution levels, mitigate climate change, and decrease energy
dependence [24]. Just on these bases, in Ref. [25], the approach of incorporating external
costs of air pollution from electricity generation into energy decision-making processes
highlighted the need to shift from the use of fossil fuels to more sustainable and less
polluting renewable energy sources, showing how a detailed quantification of external
costs must be considered in well-being analyses.

Last, indirect costs can also be introduced in the analysis of other aspects, such as
the quality and production (estimated at 26% in 2030) of soybean, wheat, rice, maize, and
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barley, because the pollutants generate toxic by-products when dissolved in water within
the plants’ leaves, resulting in related damage.

Thus, the reduction of the anthropogenic environmental impact is considered one of
the components of a country’s development level. It is well-known that environmental
pollution and climate change originate from many emission sources, which present different
characteristics. However, in this paper, we focus our analysis only on two main kinds of
emissions, with different scale impacts: GHGs, and PM2.5. Indeed, GHGs have a global
scale effect, while PM2.5 has a predominantly local effect. In this context, we develop an
analysis in which an economic external cost associated with each pollutant is considered.
Consequently, the possibility of considering their overlap is carried out to obtain an overall
cost for any country. To develop an example of the application of this approach, we consider
Italy as a case study. The overall cost is normalised and used together with the HDI to
perform an analysis that links socio-economic well-being to environmental-cost-related
aspects. Thus, to verify and improve Easterlin’s considerations, we compare how the
perception of well-being varies with changes in GDP and development indexes. Last,
other parameters are also included to evaluate the Italian situation, concerning both health
services and demographic indicators, and their trends over time are analysed.

2. Materials and Methods

Recently, in Italy, an increasing proliferation of initiatives focusing on the concept of
well-being and quality of life has occurred [26–31]. To dispose a successful initiative, it is
essential that the topics and quantities conveyed by it as well as the objectives to which it is
calibrated reflect the collective vision of progress and well-being. In this paper, we endorse
the examination of both human development and environmental cost as one of the possible
conceptual frameworks for developing considerations on Italian well-being.

In this section, we introduce the methodological approach to link external costs to
pollutants and well-being by considering Easterlin’s approach. To do so, Section 2 is organ-
ised into three subsections, dealing, respectively, with different kinds of indicators: HDI,
environmental costs, and well-being. Particularly, in the first subsection (Section 2.1), we
summarise the methodological approach related to the HDI (Human Development Index),
a statistical composite index introduced by the United Nations (UN) to recognise that de-
velopment should be evaluated not only by economic advances but also by improvements
in human well-being. This index is used to assess the socio-economic conditions within a
country. In particular, we focus our attention on Italy, here proposed as a case study. In
the second subsection (Section 2.2), the Environmental Cost Index, IEC, is proposed. It is
based on the evaluation of the external costs associated with pollution, i.e., the costs not
included in the market price of the goods and services being produced but related to the
environmental consequences of human activities. In the last subsection (Section 2.3), we
introduce a well-being score based on the outcomes of European Union (EU) surveys. The
previously introduced quantities are adopted in the analysis of the Italian case study, which
is developed in Section 3; in particular, after having evaluated the indicators presented in
Section 2, we consider how the HDI and IEC are related to highlight a possible relation
between socio-economic improvements and environmental costs.

2.1. The UN’s Human Development Index

For several decades, well-being and development have been evaluated by using
the gross domestic product (GDP) [27]. Recently, its strictly economic framework has
been questioned, highlighting that economic growth represents the objective of economic
policies to enhance the well-being levels in a country. Consequently, other indexes have
been introduced to measure countries’ status concerning socio-economic conditions and
well-being [27]. One of these indexes is the the Human Development Index (HDI), which
is an indicator to measure the developing level of a country concerning education, health,
and salary conditions [15]. Indeed, economic development should measure the quality
of growth, rather than just an increase in incomes, and HDI can combine the advantages
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of the GDP measure with the economic and social aspects that the GDP misses [27]. In
particular, the HDI measures three factors rather than just income, giving a more rounded
view of living standards than the GDP; indeed, it considers health, education, and income,
which are pivotal to satisfactory living standards. Moreover, the required data to calculate
it are sufficiently easy to be collected, and the adoption of purchasing power parity (PPP)
can qualify income in terms of living costs. Moreover, the HDI can give an idea about
future living standards, i.e., education and life expectancy also are indicators of the future
situation. Lastly, HDI values result in a range between 0 and 1, which allows us to easily
compare behaviours among different countries. On the other hand, the HDI presents some
disadvantages, which can be summarised as follows: (i) living standards are based around
normative economics, so the HDI is ultimately undermined; (ii) the HDI does not provide
information on inequality: income and access to educational and health services might
be high amongst a small group of people but low amongst others; (iii) purchasing power
parity (PPP) values can vary sharply and may be inaccurate; (iv) the years of schooling
are unreliable if students are repeating years due to lack of progress; moreover, also, the
level of education acquired is important, which is not included within the HDI structure;
(v) few countries present actual values higher than the set goalposts, making them outliers
in a certain aspect and excluding them without raising their HDI value; (vi) the simplified
indicators used to calculate the HDI components are an advantage of this index but also its
weakness, because specific aspects such as crime rates, quality of the environment, political
freedom, and war, etc. are not considered.

Despite these disadvantages, in this paper, we use the HDI as one of the effective
indexes to carry out our study, even if well-being is a topic from complex systems analysis;
the use of a simple indicator allows us to avoid misinterpretations caused by deep but
incomplete advanced models, being aware that our approach is affected by the limits of the
index itself.

The HDI is evaluated as the geometric mean of three normalised indexes representa-
tive of each above-mentioned socio-economic dimension [32,33]:

HDI = (LEI · EI · I I)1/3 (1)

where LEI is the Life Expectancy Index, EI is the Education Index, and I I is the Income
Index. The Life Expectancy Index, LEI, is defined as [33,34]

LEI =
LE − 20
85 − 20

(2)

where LE is the life expectancy at birth, which indicates the overall mortality level of a
given population. It corresponds to the years that a newborn is expected to live at current
mortality rates [35]. Therefore, in order to normalise the life expectancy at birth, the UN set
its minimum and maximum values to 20 and 85 years, respectively [33]. Indeed, in the XXI
century, there are no countries with a life expectancy at birth lower than 20 years, and, on
the other hand, the value of 85 years is set as a realistic aspirational target [33].

The Education Index, EI, is defined as [33]

EI =
MYSI + EYSI

2
(3)

where MYSI = MYS/15 is the Mean Years of Schooling Index and EYSI = ESI/18 is the
Expected Years of Schooling Index [33].

The normalised Income Index, I I, is defined by the United Nations as follows [36]:

I I =
ln(GNIpc/100)
ln(75000/100)

(4)

where GNIpc is the gross national income per capita at purchasing power parity (PPP), with
minimum and maximum values set by the United Nations [33] as USD 100 and USD 75,000,
respectively. The choice of USD 100 as the GNIpc minimum value is due to the difficulty in
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capturing the amount of unmeasured subsistence and nonmarket production within the
official data of the economies close to the minimum [33], and while the maximum GNIpc
value of USD 75,000 was selected as a threshold because of higher values, no significant gain
has been shown in human development and well-being [33,37]. It should be highlighted
that this index does not take into account the technological and related environmental
impact levels of a country.

2.2. The Environmental Cost Index

The proposal in this paper is to consider the HDI in relation to some environmental
cost impacts, with particular interest in the ones due to two main emissions players. Each
primary/secondary pollutant or GHG has its own specific impact; thus, in order to combine
its effects, an economic-based approach is adopted, rooted in the attribution of external
costs. The latter can represent an interesting tool to support policymakers to commit
countries’ economic resources towards actions effective in reducing economic damages by
providing monetary estimates related to the negative consequences of pollution. Indeed,
external costs allow us to quantify from an economic perspective different impacts, e.g.,
environmental clean-ups, premature deaths, morbidity, etc. In particular, premature-death-
related costs are usually estimated by the statistical value of life expectancy, which is a
measure of how much each person is willing to pay for a reduction in the risk or probability
of premature death; this cost is specific for each country, as it is also linked to its income
level, while the external costs related to morbidity are estimated based on the number of
days lived in a diseased state; for each country, the average daily wage rate is used to
quantify the cost per day of illness. The Global Burden of Disease Studies represents the
most relevant data source concerning mortality and morbidity due to numerous diseases,
injuries, and risk factors, including air pollution [38]. Therefore, for each i-th pollutant it is
necessary to know the following:

• The total amount (mass) emitted yearly (mi), whose value is often available in national
inventories.

• The external cost per unit of mass (cExt,i) associated with the i-th pollutant [39,40].
Indeed, this quantity, concerning power generation, considers the following: (i) the
climate change damage costs associated with GHG emissions, (ii) the cost of treating
health conditions, and (iii) the damage to the natural and built environment resulting
from criteria air pollutants and nonenvironmental social costs for nonfossil electricity-
generation technologies [25]. Furthermore, many studies related to external costs have
been developed in the ExternE projects (mainly financed by the European Union), to
assess the external costs of energy technologies. The ExternE methodology provides
a framework for transforming impacts, usually expressed in different units into a
common framework, i.e., their monetary values. From 1995 to 2005, some reports about
this methodology were developed [39,40], while recently, the World Bank has focused
its attention on air pollution costs, with particular interest in the ones associated with
health damage [41].

Thus, to develop comparisons among the data of all countries, we introduce the
external cost per capita for each i-th pollutant, defined as follows [39,40]:

Cpc,i =
mi · cExt,i

Nhab
(5)

where Nhab is the number of citizens.
From Equation (5), the related total cost for a country results as follows:

CTot =
Np

∑
i=1

Cpc,i (6)

where Np is the number of pollutants considered.
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The costs obtained by means of Equation (6) allow us to evaluate whether the country
has improved over time in terms of external costs due to pollution. However, the country’s
behaviour must also be considered in the international context, regardless of improvements
in the CTot trends. This comparison can be effectively carried out by using per capita
quantities. Furthermore, a normalisation approach in accordance with the one followed by
the United Nations for some HDI components (EI and LEI) allows us to obtain normalised
values in the range [0, 1], obtaining a common scale for all countries. Thus, to obtain
a national measure related to the total external environmental costs in the international
context, we introduce the Environmental Cost index (IEC), defined as:

IEC =
CTot,max − CTot,actual

CTot,max − 0
(7)

where CTot,max is the maximum cost per inhabitant in the overall panorama of all nations
and over the entire time period analysed, and CTot,actual is the value calculated for the
country related to the analysed year. Considering the definition of the IEC (Equation (7)),
when its value increases, it corresponds to an improvement in the environmental condition.
As occurs for all indicators and indexes, the IEC presents some limitations, such as the
following: (i) It should include all kinds of pollutants to be as exhaustive as possible, also
considering, e.g., land use, water management, thermal impacts, etc. (ii) The minimum
cost is considered null, but if irreversibility were considered, it should have a value:
irreversibility cannot be evaluated a priori. (iii) The costs related to health damages cannot
easily be identified because the direct correlation among effects and environmental changes
results is difficult to evaluate.

Despite these limitations, this index remains easy to be communicated and includes
the idea of possible health damage by its cost quantification, allowing us to develop
considerations of the economic consequences of health and the environment.

2.3. Well-Being Evaluation

In recent decades, many public and private institutions have carried out surveys
related to the population’s well-being. However, these surveys have rarely been carried
out regularly or repeated over large periods with comparable results from year to year.
Nevertheless, at the European level, the conditions reported above can be obtained from
an instrument called the Eurobarometer, which is a polling instrument created to monitor
the state of public opinion in the European Union. The “Standard Eurobarometer public
opinion surveys” are one set of the most important surveys available [42]. These surveys
have been conducted in all EU Member States since the mid-1970s. As Italy is among the
EU founding members, a sample of its population has always been taken into account since
the first available surveys. As concerns interviews, three different methods are adopted:
face-to-face, telephone, and online surveys. Moreover, usually the survey sample consists
of at least 1000 randomly selected people.

In this paper, the answers available to the following question have been considered:
“On the whole, are you very satisfied, fairly satisfied, not very satisfied, or not at all satisfied
with your daily life?” For each answer, a corresponding score was assigned, as represented
in Figure 1.

Figure 1. Score assigned to each possible answer to well-being interview questions from Ref. [42].

A final indicator was attributed to this question (named the well-being score, WB)
by means of the weighted average of the score, using the sample response percentages.
This WB score is a subjective indicator, meaning that it captures judgments of overall
life satisfaction or fulfilment of the sampled population [43]. In order to consider both
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subjective and objective measures related to human well-being, besides the results of
surveys promoted by the Eurobarometer, it is useful to add them to objective data (generally
available for each country), also to overcome conceptual concerns related to subjective-
based measures, such as people’s expectation and adaptation [44]. Thus, we propose to take
into consideration both healthcare and demographic data, considering both the previous
indicators and also the ones used by the European Observatory on Health Systems and
Policies [45].

As regards the former, it is possible to analyse the following:

• The number of available hospital beds per 1,000,000 inhabitants. The hospital ad-
mission service has been and still is free; however, excluding serious cases, there are
waiting lists that present growing waiting times during the last years. Therefore, the
trend of these data becomes meaningful.

• The number of general practitioners per 1,000,000 inhabitants. These data allow us to
characterise the availability of medical support. In Italy, this health service has been
and currently is free.

• Pharmaceutical consumption related to antidepressants (unit-defined daily dosage
per 1,000,000 inhabitants per day). The variation in this parameter can be useful to
consider psychological distress. Indeed psychological health has been pointed out as
a fundamental aspect when health conditions and well-being within a country are
considered, as reported in Ref. [45].

Furthermore, in relation to the demographic data, we can consider the following
parameters [45]:

• Total fertility rate, which is the average number of children that the women of a
country would have at the end of their reproductive period if they were subject during
their whole lives to the fertility rates of a given period and if they were not subject to
mortality. It is expressed as children per woman.

• Natural change, which is the annual difference between births and deaths; the trend
of this quantity over time is very meaningful to understand the future demography of
a country.

• Number of the analysed country’s emigrants (in the analysed case, this refers to Italian
emigrants), which is the number of (Italian) citizens who have migrated to another
country in a given year.

The indicators proposed are not intended to be exhaustive; nevertheless, they can
support us in providing a picture of the trends that occur in a given country.

3. Results

In this section, the use of the considered indicators is shown in a case study represented
by Italy. In undertaking this approach, following the usual approach developed in the
literature [25,39,40], we introduce an analysis of local-impact emissions (e.g., PM2.5), and
global-impact emissions (e.g., GHG) in Italy by evaluating the economic costs related
to their environmental impact, considering two possible scenarios. Then, the Human
Development Index is analysed in relation to the Environmental Cost Index to highlight
a relationship between the socio-economic and environmental conditions. Last, some
indicators about the Italian healthcare system are taken into account due to the primary
role of health in human well-being.

In this work, the Italian context is examined over 30 years (1990–2020). This time
duration choice is also linked to Easterlin’s statement about the paradox: it can be observed
only over sufficiently long periods. Furthermore, the possibility of monitoring sufficiently
long periods allows us to verify any temporal shift that may occur among the various
indexes. However, it should be highlighted that the time coverage of some indicators is
shorter than the selected reference period. Thus, for these indicators, the analysis was
limited to the available data.
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The data sources used are the official ones available: ISTAT (the Italian National
Institute of Statistics), EUROSTAT (the Statistical Office of the European Union), UN
(United Nations), OECD.Stat (Organisation for Economic Co-operation and Development),
and World Bank data. In the next Sections we use some raw data that are also included in
the Supplementary Material.

3.1. Pollutants Trends and Environmental Cost Index

In this section, we analyse the environmental impacts of pollution in Italy. In 2019, in
Italy, air pollution (data related to PM2.5 [45]) contributed to 4% of deaths each year. Two
different emissions are here considered: greenhouse gas (GHG), which has effects on a
global scale [46], and fine particulate matter (PM2.5, measuring less than 2.5 µm in diameter),
which has a predominant effect on a local scale [47]. We must point out that carbon dioxide
equivalent emissions do not directly cause respiratory diseases; however, they contribute to
climate and local weather changes, increasing the environmental temperature and humidity
with consequences on annual air pollution deaths [48]. Primary pollution presents local
characteristics, and PM2.5 constitutes one of the most common causes of diseases.

Thus, Figure 2 shows the trends of both GHG (blue line) and PM2.5 (orange line)
emissions per capita associated with the Italian country. They are expressed in percentage
terms, considering their 1990 levels as reference. Both pollutant emissions have decreased
when comparing 2020 values with the 1990 ones (about −30% for GHG and −40% for
PM2.5) but with different behaviours: GHG emissions increased over 1995–2005 with their
maximum value in 2005, and decreased in the subsequent years, while PM2.5 presented a
continuous decrease (−30%) until 2004, excluding the peak in 1991, a subsequent slight
increase (+20%) during the 2004–2008 period, and a final 30% decrease in the period of
2008–2020.

Figure 2. Italian GHG and PM2.5 emissions per capita. In the graph, the 100% value is set to the
emissions related to the year 1990, and its percentage variation is shown in the subsequent years.
The absolute values of emissions are reported within brackets in the legend, considering 1990 as the
reference year. Data collected from Refs. [46,47] and elaborated by the authors.

To consider the cumulative effect of the impacts of these two different emissions, the
environmental costs are evaluated and two different scenarios are proposed in light of
distinct environmental costs values.

Due to the different scale effects of these two emissions sources, distinct approaches
should be adopted: concerning GHG emissions, it is possible to adopt global data from
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international organisations, e.g., the World Bank or the scientific literature, while the PM2.5
costs require us to refer to the regional level because their effect is at a local scale. The two
proposed scenarios can be summarised as follows:

• Scenario L, low environmental costs:

– CO2,eq cost of damage equal to USD 40/tCO2 , in accordance with the World Bank;
this value is the one adopted in the World Development Indicators context [49];

– PM2.5 cost equal to USD 112/kgPM2.5 , which is the cost associated with the Italian
morbidity cost due to PM2.5 [41] and refers to the Italian emissions of PM2.5 [47].

• Scenario H, high environmental costs:

– CO2,eq cost of damage equal to USD 185/tCO2 as suggested by Rennet et al. [50],
who in their work incorporated updated scientific understanding throughout all
components of GHG environmental cost estimation;

– PM2.5 cost equal to USD 658/kgPM2.5 , considering the Italian costs associated with
both mortality and morbidity [41].

In Figures 3 and 4, only Scenario L is considered to present the behaviour of GHG
and PM2.5 environmental costs and of the total environmental costs, respectively.

Thus, in Figure 3, the environmental costs related to both pollutants are shown: the
total costs present a decreasing trend over time. Analysing the temporal extremes, in 1990
the cost was USD 838/pc (44% GHG and 56% PM2.5), while in 2020 the cost dropped to
USD 530/pc (49% GHG and 51% PM2.5). Figure 3 shows a trend in agreement with the
trend of the pollutants represented in Figure 2, allowing us to state that any consideration
on environmental costs contemplates the pollutant emissions (environmental impact) but
also assigns to them an economic interpretation, confirming that CTot can be introduced
for environmental analyses from an economic viewpoint. As a result of the environmental
information illustrated above, it is possible to calculate the Environmental Cost Index as
proposed in Equation (7). Thus, to obtain a generalised index suitable for future compar-
isons among countries, the maximum goalpost cost of Equation (7) is assumed to be the
maximum value among the OECD countries in the 1990–2020 time period.

Figure 3. Scenario L: environmental costs of GHG and PM2.5. Data collected from Refs. [41,46,47,49]
and elaborated by the authors.
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Figure 4. Scenario L: total environmental cost due to GHG and PM2.5 for OECD countries in 1990 and
2020 (the outlier values are highlighted in red). Data collected from Refs. [41,46,47,49] and elaborated
by the authors.

In Figure 4, the total environmental costs referring to 1990 and 2020 are shown for the
OECD countries, whose average value decreases from USD 1039/pc (1990) to USD 594/pc
(2020), while the Italian total environmental costs result is lower than the OECD average
(from USD 837/pc to USD 530/pc, considering the same time frame). In relation to the
1990 data, two outliers can be noticed: Luxembourg and the Czech Republic. So, in the
following analysis, both of these outliers as well as the countries with a lower number of
citizens than the outliers themselves were excluded, and therefore the maximum goalpost
values adopted in the two scenarios for Equation (7) are as follows:

• Scenario L: USD 1640/pc, which corresponds to the total environmental cost of the
United States in 1990;

• Scenario H: USD 9187/pc, which corresponds to the total environmental cost of the
Netherlands in 1990.

Figure 5 evidences the trends of the Environmental Cost Index (IEC) for Italy, where the
solid green line corresponds to Scenario L and the dotted red line represents Scenario H. As
concerns Scenario L, until 2008, the Italian IEC index was quite stable (average value equal
to 0.51), then a gradual increase was observed up to 0.65 in 2020, which corresponds to its
maximum value in the time interval under examination. Italy presents a better performance
in Scenario H, meaning that the Italian environmental total cost results are lower than the
maximum goalpost set for this scenario when compared to Scenario L. Nevertheless, in
both scenarios, an improvement in the IEC index emerges over time, which is clearly due to
the combined effect of reductions in both GHG and PM2.5. The GHG emission reduction is
linked to several aspects, i.e., (i) an increase in energy efficiency, (ii) the wider use of natural
gas compared to coal and oil, and (iii) an increase in renewable sources [51]. On the other
hand, the PM2.5 emissions reduction is mostly linked to European emissions regulations,
which are reflected in the Italian ones. Indeed, during the last decades, the maximum
emission factors of combustion technologies have been limited both for the road transport
sector and for the civil sector (i.e., heating boilers). The IEC provides dual information on
how a country evolves at the environmental level over time and how it ranks in relation
to other countries in a given period. A limit of the IEC is that it corresponds to aggregate
information, hiding the local impacts within it. Thus, for a more complete assessment, the
disaggregated data (emissions and associated environmental costs) should always be made
available, too.
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Figure 5. Italian Environmental Cost Index (IEC) trends (Scenario H and Scenario L) due to GHG
and PM2.5 in the 1990-2020 time period. Data collected from Refs. [41,46,47,49,50] and elaborated by
the authors.

3.2. Human Development Index vs. Environmental Cost Index

In Figure 6, the temporal trends of the Human Development Index components are
shown for Italy.

Figure 6. Italian trends of the HDI components: LEI (Life Expectancy Index), EI (Education Index),
and I I (Income Index) between 1990 and 2020. Data collected from Ref. [52] and elaborated by
the authors.

The sources adopted to calculate these indexes are obtained from the United Nations
(UN) statistical system [52], which in turn processes data from the Italian National Institute
of Statistics and from the World Bank. For Italy, the life expectancy at birth has varied from
a minimum value of 77.0 yr in 1990 to a maximum value of 83.6 yr in 2019. From these data,
the LEI was evaluated with Equation (2), while, as concerns the Italian Education Index,
EI, from 1990 to 2020, the mean years of schooling increased from 7.4 yr to 10.7 yr, and the
expected years of schooling increased from 12.8 yr to 16.2 yr. These data were adopted to
evaluated the Education Index with Equation (3). Lastly, the Income Index was calculated
with Equation (4); the economic trend behaviour is discussed later on.

The Education Index and the Life Expectancy Index show a significant increase, while
the Income Index presents a slight increase until 2008, with a subsequent slight drop;
however, the Income Index results are stable, around the 0.90 value.
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In Figure 7, HDI versus IEC trends related to Italy can be observed. The HDI shows a
progressive improving trend, starting from a value of 0.78 in 1990 and reaching a value of
0.89 in 2020. In Figure 7, the IEC value is calculated by the average value between the two
scenarios previously described, and the horizontal bars provide the values of the IEC in the
two scenarios (Scenario L and Scenario H).

The IEC index also presents an increasing trend starting from a lower value (0.49 in
1990). However, this trend is not constant; the most significant increase can be observed
between 2008 and 2020 (from 0.50 to 0.68). We can highlight that even if an increase in the
HDI seems related to an increase in the IEC, in some years (1991, 1995, 2004–2008, 2012)
the improvement in the HDI corresponded to a decrease in the environmental costs, while
in 2020, an increase in the IEC corresponded to a decrease in the HDI, showing that it is
possible to obtain a decrease in the environmental costs corresponding to an increase in
well-being. In general, the Italian IEC results are constantly lower than its HDI results.
Consequently, future actions to improve the IEC will be needed. Moreover, it can be pointed
out that there is no direct correlation between the two indexes, as the data related to 2010,
2013, and 2015 show; indeed, in these years, the HDI assumes the same value, while the
IEC varies significantly.

Figure 7. Human Development Index (HDI) vs. Environmental Cost Index (IEC) over the period of
1990–2020 in Italy. The horizontal bars show the range of the IEC considering the Scenario L and
Scenario H values.

3.3. Considerations on the Well-Being Score (WB)

In this section, the trend related to well-being is compared to one of the other indexes
(GDPpc). The answers given by the sampled EU population to the Eurobarometer survey
previously mentioned (Section 2) were adopted to evaluate the well-being indicator (WB),
where the maximum score (WB = 4), i.e., the highest people satisfaction, is in turn associ-
ated with the maximum well-being value. Concerning Italy, the sample size of the survey
was 1000 people, with an uncertainty of 3% (confidence level 95%) for the WB values.
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In Figure 8, the WB score is considered in relation to one of the main economic
indicators: GDP per capita (GDPpc).

We can highlight that the GDPpc has grown over the period of 1990–2007, from USD
36,586/pc to USD 45,357/pc, while the WB has maintained an approximately constant
value of 2.85; then, between 2007 and 2013, reductions in both GDPpc and WB occurred,
while over the period of 2013–2019, both the GDPpc and WB showed an increasing trend.
A particular case is represented by 2020 due to the SARS-CoV-2 pandemic, which caused a
sharp fall in both the indicators.

In summary, the Easterlin paradox is confirmed, highlighting how long-term growth in
the gross domestic product does not correspond to further growth in well-being. Other inter-
esting considerations can be developed among the WB and the HDI trends (Figures 7 and 8).
In Italy, during the first 15 years (1990–2005), the HDI had a continuous growing trend,
while the WB remained stable; furthermore, in the second period (2005–2020), the HDI had
a slight increase with a subsequent stabilisation, while the WB presented a clear reduction,
with a minimum value in 2013, before returning to increase, without being able to reach
pre-2005 values. It can be highlighted that the HDI presents the normalised gross national
income per capita (GNIpc) as one of its components; indeed, the HDI is also a function of
other information (life expectancy and years of schooling), which presents a higher inertia
in changing compared to the GNI. The result of this analysis points out that the HDI is
ineffective in measuring fast changes in well-being because it is affected by a significant
inertia in representing brisk variations in the social perception of well-being; indeed, as it is
structured, it can well represent the social and economic quantities with slow modifications
over time. Thus, the individual perception results are faster than the social and economic
changes. However, breaking events such as the SARS-CoV-2 pandemic can immediately
affect both the socio-economic and perceived well-being indicators, as the 2020 values
point out.

Figure 8. Italy temporal trend for well-being score WB (based on Eurobarometer data) and gross
domestic product per capita GDPpc. Data collected from Refs. [42,53] and elaborated by the authors.

3.4. Further Healthcare and Demography Indicators

Health-related and demography-related indicators represent two fundamental back-
bones for the objective measure of society’s well-being. Thus, we develop some considera-
tions on indicators just related to these aspects.
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As regards the healthcare area, the chosen indicators are (i) the number of beds in hos-
pitals (availability of treatment at a medical facility) [54], (ii) the number of patients/family
doctors (availability of medical support at one’s home) [55], and (iii) the consumption of
antidepressant drugs (as an index of psychological well-being) [56–58], respectively; their
trends are represented in Figure 9.

We highlight that the Italian welfare conditions related to the health system are un-
dergoing a significant downsizing: hospital beds have been reduced by 53% in 28 years;
in addition, concerning the number of general practitioners, their data show a decrease of
20% from 2000 to 2020. Finally, an increase in the consumption of antidepressant drugs
can be observed (defined as daily dosage per 1,000,000 inhabitants per day); this trend
should be read negatively as it indicates a growth in social hardship, in agreement with the
results presented in Ref. [45], which points out that about 16.7% of Italians were estimated
to have had a mental health disorder in 2019 (the same value registered by the EU average
within countries). In the Italian context, anxiety disorders were the most common (over
6% of the population), followed by depressive disorders (5%, with an increase of 2.4% per
year from 2017) and alcohol and drug-use disorders (2%). These considerations present the
limitation caused by the HDI framework; indeed, the HDI does not consider the workers’
conditions, so this result can be addressed only by taking into account other socio-economic
conditions. However, it is possible to conjecture that independent of the cause, the use
of antidepressive drugs represents a condition of a low level of well-being. In summary,
all three indicators here illustrated give a worsening signal of the Italian average living
conditions. Moreover, concerning the failure of planning for the actual needs of physicians
and the number for patients, the present trend cannot be improved quickly. Furthermore,
an increase in antidepressant drug use is observed, showing growing social hardship.

Concerning the demographic area, the selected indicators are illustrated in Figure 10
and are as follows: (i) the total fertility rate (the mean number of children a woman would
have in her life) [59], (ii) the natural change (births minus deaths, thousands) [59], and
(iii) the number of Italian emigrants (the number of Italians who emigrated to another
country in a given year) [60], respectively.

The average value of the fertility rate in the period 1990–2020 is quite low (1.31), and
in analysing its value for 2020, it is equal to 1.26, which, compared with other European
countries, is one of the lowest (Italy is second-last among EU countries).

Another useful data type to evaluate in population trends is natural change: between
1990 and 2008, it was around zero, but in the following period (2009–2020), this index
dropped to significant negative values (−200,000 people in 2019).

To compare this aspect between Italy and other European countries, it may be prefer-
able to use the rate of natural change (i.e., the natural rate divided by the country’s
population), and for the latter, Italy is among the countries which present lower values,
with an annual variation of −3.3 inhabitants per thousand (the European average value is
−1.2 inhabitants per thousand).

Finally, the lower part of Figure 10 shows the migratory data of Italian citizens,
which can be summarised as follows: between 2002 and 2010, the value was stable at
approximately 40,000 people per year; in the following years, a sudden increase can be
observed, and a peak in 2020 of approximately 120,000 people was reached. This may also
be conjectured to represent a signal that a growing number of Italians cannot find adequate
job opportunities or migrate due to a decline in the quality of life in Italy. In this context, it
can be interesting to consider the average wages (USD, PPP converted) within the OECD
countries [61]. Figure 11 shows the percentage change of wages between 2002 and 2020
(the same period considered for emigration), where Italy presents a negative value, and the
same trend as in purchasing power, while the majority of OECD countries have recorded
improvements.



Sustainability 2024, 16, 4380 15 of 21

Figure 9. Italian temporal trend of population (black circles) and healthcare indicators (red symbols):
number of beds in hospitals per million inhabitants [54], number of general practitioners per million
inhabitants [55], consumption of antidepressant drugs (defined as daily dosage per 1,000,000 inhabi-
tants per day) [54–56]. Data related to these indicators are available only for part of the time period
of interest.
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Figure 10. Italian temporal trend of demographic data: total fertility rate, natural change (births
minus deaths) [59], number of Italian emigrants [60]. Data relating to emigrants are only available
starting from 2002.

Figure 11. Percentage change in wages between 2002 and 2020 for some of the main OECD countries,
where red bars represent negative values. Data collected from Ref. [61] and elaborated by the authors.



Sustainability 2024, 16, 4380 17 of 21

4. Discussion and Conclusions

In this paper, the Human Development Index, the environmental impact, and some
well-being aspects were analysed for Italy over the last three decades. In Italy, the Human
Development Index in 2020 presented the same value as in 2017 but also showed an increase
in the environmental costs and a lower value than the one in 2019. Probably, this behaviour
can be related to the SARS-CoV-2 pandemic. The Italian case study points out future
chances to improve socio-economic and environmental conditions in Italy if some support
were to be introduced in the decision-making processes.

A sustainability analysis of any country must always include environmental aspects,
that, in this paper, are suggested to be evaluated by using the environmental cost. In the
case of Italy, both the per capita costs associated with GHG and PM2.5 were estimated. They
present the same order of magnitude, so investments are deserved for their containment.
Although the proposed analysis was limited to two pollutants, this approach allows its
extension to other emissions. In general, therefore, environmental costs can be one of
the components within a tool for decision makers to quantify the different environmental
impacts of countries.

The approach proposed presents a perspective concerning the normalised environ-
mental cost index for future analyses of any other country to measure its sustainability but
also concerns the WB score. Indeed, surveys were administered to Italian citizens to evalu-
ate their perception of well-being, and this approach could easily be adopted in Europe,
where regular forms are administered and are publicly available within the Eurobarometer
platform.

The comparison between these results and the economic ones confirms the Easterlin
paradox for Italy: a period of economic growth did not correspond to a significant increase
in the WB. On the other hand, during a period of economic decline, a decrease in the WB
was observed.

Moreover, the well-being condition of the country was also assessed through some
objective parameters. It emerged that in the last thirty years, some Italian health services
have suffered heavy cuts, and the trends in demographic indexes are all negative: decline
in population and fertility, increase in emigration. These indicators show a country with
some structural critical issues, but unfortunately, despite more warnings on these issues,
no reforms or structural political choices are observed to reverse these negative trends.
Therefore, Italy, despite having reached a good level of development in light of its HDI
value, still has to improve its efforts regarding the environmental side and supporting
well-being.

In this paper, for a comprehensive understanding of the well-being state of a country,
we suggest that indexes such as the HDI should always be evaluated together with envi-
ronmental and well-being indicators. A further future development of the IEC could be
expanding the information to other environmental-impacting agents, such as the addition
of more air pollutants (e.g., ozone, volatile organic compounds, nitrogen oxides, etc.);
moreover, for a wider global vision, other environmental aspects could also be included
(e.g., water pollution, land consumption, use of pesticides, etc.). However, a limit of using
aggregate indexes such as the HDI and IEC still remains, being linked to their intrinsic
loss of information. For example, the stability over time of a composite index value could
hide a clear worsening of a component if it is compensated for by an improvement in
another component. Therefore, for decision makers, it is important to know the overall
rank of their country but also to analyse the trends of the various components that have
contributed to rank it at that position. Thus, the limits of our results are represented by
the same methodological HDI limits, previously summarised in Section 2.1. Moreover,
another limit is related to the use of subjective data obtained from public surveys. Indeed,
employing surveys to collect data is an excellent way to gather lots of information from
many people while being relatively cost-effective, but as highlighted in Section 2.3, the
perceived well-being can lead to issues related to people’s expectation and adaptation;
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indeed, people from different cultural and social contexts may answer a survey in different
ways, showing that the answer is related to multifaceted individual perceptions.

Despite these limits, our approach is a first attempt to obtain information on the
well-being level in Italy, representing a possible starting point to highlight scenarios from
which actions may be designed towards the growth of Italian well-being.
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CO2 Carbon dioxide
EI Education Index [-]
EU European Union
GDP Gross domestic product USD
GDPpc Gross domestic product per capita USD/pc
GHG Greenhouse gas
GNI Gross national income USDPPP
GNIpc Gross national income per capita USDPPP/pc
HDI Human Development Index [-]
IEC Environmental Cost Index [-]
I I Income Index [-]
LEI Life Expectancy Index [-]
m Mass emitted annually t yr−1

Nhab Number of inhabitants [-]
OECD Organization for Economic Co-operation and Development
PM2.5 Particulate matter measuring less than 2.5 µm (in diameter)
Scenario H High environmental costs scenario
Scenario L Low environmental costs scenario
UN United Nations
WB Well-being score [-]
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