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Abstract: This paper introduces a novel methodology for measuring and decomposing multidi-
mensional inequality, allowing for the breakdown of overall inequality into contributions from
distinct dimensions. This approach offers valuable insights for sustainable business development by
identifying economic sectors where Environmental, Social, or Governance (ESG) practices are most
unequal and thus may benefit from policy intervention. Additionally, it explores the relationship
between company size and sustainability, highlighting that the most concentrated sectors tend to
exhibit the greatest ESG inequality. Applying this methodology to a sample of over 1000 small and
medium-sized enterprises across various sectors in Italy, our analysis of the multidimensional index
for 2022 reveals notable disparities in corporate financial performance and ESG adoption. Specifically,
the manufacturing sector exhibited the highest inequality in financial performance, with an index
of 0.77, indicating significant variation in financial health and firm size. Conversely, the financial
services sector showed lower financial inequality, with an index of 0.23, suggesting more uniform
outcomes. On the ESG front, the financial sector demonstrated the highest inequality, particularly
in environmental and social dimensions, with an average Gini coefficient of 0.26, while the manu-
facturing sector displayed a more consistent ESG performance, with an average Gini of 0.19. These
findings underscore sector-specific patterns in financial and ESG dimensions, providing a foundation
for targeted interventions to reduce disparities.
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1. Introduction

Inequality is a pressing global issue that affects individual opportunities, business
growth, and overall societal well-being. As a complex and multifaceted concept, inequality
manifests in various ways and impacts several aspects of society. On an individual level,
inequality can lead to an uneven distribution of resources, opportunities, and privileges
within and between societies [1,2]. At the corporate level, inequality among companies can
lead to market concentration and a lack of competition. This, in turn, may stifle economic
opportunity, growth, and sustainability by creating barriers to entry for smaller firms and
fostering monopolistic practices. Understanding the diverse dimensions of inequality is
crucial for crafting effective policies and strategies to address this critical challenge.

Traditional measures of inequality, such as the Gini coefficient, Lorenz curve, and Theil
index [3-5], are primarily designed to capture income or wealth disparities along a single
dimension. However, these one-dimensional approaches may oversimplify the complex-
ity of inequality, overlooking how various economic, social, and environmental factors
interact to shape disparities at both individual and corporate levels. Addressing this gap
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requires a multidimensional approach to inequality that reflects its broader, interconnected
dimensions [6-8].

This paper contributes to the study of inequality in two primary ways. First, we
advance the literature on inequality measurement by introducing a novel methodology
for measuring and decomposing multidimensional inequality. Building on Fourier-based
methods developed by [9-11] and multidimensional decomposition by [12], we extend the
traditional Gini index to a multivariate framework. This methodological innovation allows
us to disaggregate overall inequality into distinct components, providing valuable insights
into the specific sources and drivers of inequality. This approach is particularly relevant in
contexts where a single dimension may capture only a limited aspect of inequality, while a
full understanding requires consideration of all interacting elements.

Second, we apply this generalized multidimensional index to assess inequalities in
Environmental, Social, and Governance (ESG) adoption among small and medium-sized
enterprises (SMEs). This application offers critical insights for policymakers, highlighting
specific areas where interventions could reduce disparities, promote sustainable business
practices, and support inclusive economic growth. By linking corporate financial perfor-
mance and ESG dimensions of inequality, our approach offers data-driven evidence to
guide targeted policies aimed at fostering more equitable and resilient economies.

Our methodology incorporates Fourier transforms [10,11,13] to address the challenges
of analyzing multidimensional inequality. Fourier transforms enable the decomposition
of complex, multivariate data into frequency components, offering a unique lens through
which to observe variations in ESG practices across different sectors. By applying Fourier
analysis, we can identify specific patterns in inequality that correspond to particular
disparities within and across sectors, such as variations in ESG scores. This analytical
approach not only facilitates a deeper understanding of how inequality manifests across
multiple dimensions but also aids in isolating the contributions of each ESG factor within a
unified framework.

In this study, we apply this framework to Italian SMEs, focusing on inequalities in
both corporate financial performance and ESG adoption. By examining disparities in ESG
practices, we aim to provide insights for policy interventions that can reduce inequality,
support sustainable growth, and enhance SMEs’ contributions to the broader economy.
In doing so, this study not only advances the literature on multidimensional inequality
but also addresses an important gap in the analysis of inequality among SMEs; a critical
component of economic development and job creation.

This paper is organized as follows: Section 2 provides a literature review, Section 3
details the methodology, Section 4 covers data collection, analysis, and empirical findings,
Section 5 discusses the practical implications of the results, and Section 6 provides a final
discussion and conclusion.

2. Literature Review

The measurement of inequality has a well-established history in economics and social
research. Traditional metrics like the Gini coefficient [3,14], Lorenz curve [4,15], Theil
index [5], and Atkinson index [16] are primarily for quantifying income inequality. Al-
though these measures are valuable and provide foundational insights, they are limited by
their one-dimensional focus, missing the broader, multidimensional aspects of inequality.
Studies like [17-19] have advocated for multidimensional approaches. Ref. [20] proposed
the concept of multidimensional inequality, which involves integrating various social and
economic factors.

Multidimensional inequality research has further advanced through methodologies
such as the Generalized Entropy Index (GEI) by [21] and entropy measures by [22,23] for
multidimensional contexts. Ref. [24] extended the Gini index to accommodate multidimen-
sional analysis. More recent contributions, including those by [25] with Principal Com-
ponent Analysis (PCA), illustrate the potential of statistical techniques for summarizing
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complex data. Despite these advancements, practical implementation of multidimensional
measures remains limited, partly due to methodological complexity.

The application of multidimensional approaches is prominent in policy-driven metrics
like the Human Development Index (HDI) and the Multidimensional Poverty Index (MPI)
developed by the United Nations Development Programme [26,27]. These indices consider
various dimensions, such as health, education, and income, but they face challenges
regarding the selection of indicators and assignment of the appropriate weights [28,29].

Ref. [8] explored the transition from traditional, income-based inequality measures
to multidimensional approaches, emphasizing broader well-being aspects. Ref. [11] intro-
duced a Fourier-based inequality index that quantifies multidimensional inhomogeneity
in social phenomena, while [7] highlighted the limitations of income-focused inequality
metrics and underscored how well-being disparities are better understood across multiple
dimensions.

In the business context, ESG factors are increasingly recognized for their relevance to
multidimensional inequality. Research by [30,31] demonstrates that firms with high ESG
standards often experience better financial outcomes, while studies by [32,33] indicate that
market concentration influences ESG adoption in larger firms. However, there remains a
gap in understanding how ESG factors intersect with financial inequality within SMEs.

However, ESG-related inequality remains underexplored, particularly among small
and medium-sized enterprises (SMEs). Although SMEs play a crucial role in economic
development and sustainability, few studies have analyzed how financial metrics and ESG
factors intersect within this segment. Our study builds on recent works by applying a
multidimensional inequality measure to ESG practices among SMEs, focusing on sector-
specific disparities in Italy. By extending the Gini index into a multivariate framework and
incorporating Fourier-based methods, we aim to address the limitations of traditional, one-
dimensional approaches and provide insights that are directly relevant to policymaking.

This research contributes to the literature by (1) advancing multidimensional inequality
measurement methodologies and (2) applying these methods to ESG factors among SMEs,
offering a detailed analysis of sectoral inequalities. The findings are intended to support
policymakers in designing targeted interventions that promote equitable and sustainable
development across various sectors.

3. Methodology

In this section, we present the methodology used to measure and decompose inequality.
We cover the traditional Gini index, introduce the Fourier one-dimensional inequality
index, and expand to the Fourier multidimensional inequality index. Finally, we detail the
decomposition of the Fourier multidimensional inequality index.

3.1. Gini Index

The Gini index is a widely recognized measure of inequality that quantifies the distri-
bution of wealth or income within a population [3]. It is calculated as twice the area between
the line of equality y = x and the Lorenz curve, represented by the function y = L(x),
for 0 < x < 1, where L(0) = 0 and L(1) = 1. The Gini index can be determined by the
following:

G :2/01(x7L(x))dx — 1—2/01L(x)dx (1)

For a random vector y = (y1,y2,...,yn) with values y; < yp < ... <y, the Gini
index G is calculated using the following formula:

n n
XL X 1y -l
C= 2n%y @
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where y; and y; are individual values of wealth or income, 7 is the total number of individ-
uals, and 7 is the mean value. This formulation captures inequality within a given dataset,
yielding a value of 0 for absolute equality and 1 for absolute inequality. A smaller number
indicates less inequality in the distribution.

3.2. Fourier One-Dimensional Inequality Index (F11I)

The Fourier One-dimensional Inequality Index (F11I), introduced by [10], offers a
novel approach to measuring inequality by utilizing Fourier transforms. Unlike traditional
inequality indices that operate in the spatial domain, F11I leverages the frequency domain,
decomposing a function representing a dataset into its constituent frequencies. This trans-
formation allows for an in-depth analysis of the inequality structure by identifying and
isolating patterns and periodicities within the data, which can provide valuable insights
into the specific factors that contribute to inequality.

The Fourier transform enables the identification of dominant frequencies within the
distribution, which are indicative of recurring patterns or irregularities in the spread of
resources, financial outcomes, or ESG practices. Higher frequencies typically capture
abrupt changes or significant inequalities, while lower frequencies can reveal more grad-
ual variations or consistent distribution patterns. By analyzing these frequencies, F11I
offers a comprehensive framework that enhances the understanding of inequality through
a new perspective, aiding policymakers and researchers in identifying areas that may
require intervention.

The Fourier one-dimensional inequality index (F11II) is given as follows:

@

7(0)
where f(¢) is the Fourier transform of the distribution function f(x), and f'(&) is its
gradient. The Fourier transform f(&) itself is given as follows:

1
T,(F) = 3 zuﬂg
€

£(&) (3)

@ = [ e ar) @

This measure evaluates the deviation between the scaled Fourier transform f(&) and its
derivative, normalized by the derivative of the Fourier transform at zero. The formulation of
T1(F) does not inherently constrain values to be less than 1. Depending on the distribution
F, the supremum of the expression might exceed 1.

For a Gaussian probability measure F of mean y > 0 and variance 02, the closed-form
expression for the one-dimensional Fourier inequality measure is given by [10] as follows:

_ 1
S 2/ep

This expression shows that the measure T;(F) is proportional to the coefficient of
variation ¢/, with an explicit constant 1/(2y/e) that is strictly less than one.

T (F) )

Proof. A Gaussian distribution with mean y > 0 and variance ¢ is characterized by the
following Fourier transform:

f@) = exp{—z'w;—‘fcz}

2
F@ = (-in— %) exp{ -inc - 5
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From this, we have f/(0) = —iu. Now, using the definition of T; (F):

T,(F) = 5 sup

= 75uplf(@) -

We substitute the expressions for f(&) and f(&):

Since the absolute value of e~#¢ is 1, and the absolute value of % is 1, we obtain the

following:
o2
e

To find the supremum, we need to maximize the function

1

= - — sup
2 u ZeR

o2
@) = cew{ - 52}
To find the maximum, we take the derivative and set it to zero:
g'(¢) = eXp{—Uzzéz} — g exp{ —‘72262} =0,
Since the exponential term is never zero, we have the following:

222\ _ _ 1
(1-0%¢") =0 :>€_E

To confirm that this is a maximum, we check the second derivative or simply note the
behavior of g(¢). Since (&) tends to zero as & — oo, ¢ = 1 is indeed a maximum. Thus:

I (] o 1
T(F) = Ssup|f(¢) =% = 5 sup|—expy —— - —
2 zer fO)] 2 1 ogerlO 2 o
_ler o f 1 1o
2 o Pl 7z2f © 2\/eu

O

Values of T;(F) within the range [0,1] can be interpreted similarly to traditional
inequality indices, where values closer to 1 indicate higher inequality and values closer
to 0 indicate lower inequality. When T;(F) > 1, this shows extreme deviations in the
Fourier domain. In practical terms, it could signify distributions with very high variance or
heavy-tailed distributions, where the inequality structure is much more pronounced.

3.3. Fourier Multidimensional Inequality Index (FMII)

The Fourier multidimensional inequality index, as introduced by [9], extends the one-
dimensional approach to multiple dimensions, allowing for the assessment of inequality
across correlated factors. This index enables the assessment of inequality in contexts where
multiple, potentially correlated factors interact, such as in evaluating ESG (Environmental,
Social, and Governance) inequality.
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The Fourier multidimensional inequality index T, (F) is formulated as follows:

1
T.(F) = E;uﬂg
= n

rey - V(@)
1@ - e

(6)

where 11 > 1, V /(&) denotes the gradient of the Fourier transform f(&) with respect to its
argument ¢. The Fourier transform f (&) itself is given as follows:

f@ = [ e dre) 7)

This measure evaluates the deviation between the scaled Fourier transform f(&) and
its gradient, normalized by the gradient of the Fourier transform at the origin. This multidi-
mensional approach allows for the assessment of inequality in a framework that accounts
for the correlations between different dimensions, providing a more comprehensive mea-
sure of inequality.

The multidimensional Fourier inequality measure for a multivariate Gaussian dis-
tribution with mean g = (y1, ..., 4n) such that |u| > 0, and positive-definite covariance
matrix ¥, is given by [9] as follows:

T.(F) = zlﬁ (u’Z‘ln)*% ®)

Proof. The Fourier transform of the distribution function of a multivariate Gaussian vari-
able X = (Xj,...,X;,) inR", n > 1, with mean vector u = (yy,..., in) and n x n positive
semi-definite covariance matrix X is given by the following expression:

(@) = exp{ - - 5e'xe

VF@) = (—in ) exp{ —in's - 3¢'xe |

From this, we have Vf(0) = —iu. We need to maximize the following expression:

2o V(E)
63 0

expf ~in'e — 32z} - (i) i -z exp{ -t - jee}

() xgesp{ 't - je)

Since |i| = 1 and the modulus of exp{—iy/¢} is 1, we obtain the following:

1
Ta(F) = 5 || 16811]15
e n

1
PV exp{ —26’2;‘} ‘
To maximize this, note that g(&) = |X¢] exp{ - %C’ZC } This is maximized when:

i (1=ttep{ —3ee} ) o

From the earlier derivation:

Vs(e) = exp{ ~305¢  (py - =1z ) =0
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The magnitude of a vector a is |a| = v/a’a. Thus, |Z&| = /(X&) (Z¢) = /TZ/ZE.

For the expression to be zero, the term inside the parentheses must be zero:

Lg: 27;;: [ xSt

This simplifies to the following:
1 / 15/
————=/0YXE = {LX=1
VETLE EEx6 e

This defines an ellipsoid, which maximizes the function at & = X~ 'u/\/p/S1u At
this point, we need to substitute this ¢ back into g(&):

1 1 -1 ! -1
(Gt) -Gt () (9]
WX oYy oYy WX

Simplifying, we obtain:

Z || 1
g( /Z—l ) - ’Z_l eXp{z}
wWE WE
Thus,
1. Id 1 1 _
T,(F) = = S | I Y T et
n(F) = 3lpl T e s VEETH

O

Unlike the one-dimensional index, the Fourier multidimensional inequality index
can accommodate negative values. This is because it relies on the Mahalanobis distance,
(#'27'u), which measures the distance between a point and a distribution. The Maha-
lanobis distance is always positive, regardless of the sign of the mean values.

The interpretation of T,,(F) follows a similar rationale to the T;(F). That is, values
close to 0 indicate low inequality in the multidimensional distribution. This situation
corresponds to cases where the data points are evenly distributed across the multiple
dimensions considered. Values close to 1 signify higher inequality, with data points more
unevenly distributed among the dimensions. Values greater than 1 indicate that the
distribution has significant variations or heavy tails, leading to pronounced inequality
across the multiple dimensions.

3.4. Decomposition of Fourier Multidimensional Inequality Index

The Fourier multidimensional inequality index can be decomposed to analyze its
components and understand how each contributes to the overall measure of inequality.
This decomposition is essential for identifying which dimensions or factors significantly
impact the overall disparity within the system.

We define the Marginal Inequality Index (MII) as a measure of the sensitivity of the
Fourier multidimensional inequality index T}, (F) to changes in the mean of dimension i,
denoted as y;. It is expressed as follows:

NIwW

M;(F) = BT;V(f) = [VT.(F)); = _2\1/6(”/21”>

where [£71p]. denotes the i-th element of the vector £~ !p.

=7 ©)

i
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Proof. To find aTa’;fF) , we need to differentiate T, (F) with respect to ;.

-0 g e |

The gradient VT, (F) with respect to p is as follows:

1 TN N
VTn(F>:_Tﬁ<”/Z 1”) 1y

Thus, the partial derivative with respect to y; is as follows:

NI

M;(F) = = [VT(F)); = —5—= (W'="'n)

- aigf) 2\1/5 {Z_l"}

i
O

This expression shows how T;,(F) changes in response to variations in the mean y; of
dimension i, taking into account the covariance structure represented by . The negative
sign indicates that T, (F) decreases as y; increases, assuming the other dimensions remain
constant. Thus, M;(F) provides insights into how changes in specific dimensions affect the
overall inequality index T, (F).

The MII is crucial for analyzing how inequalities in particular dimensions contribute
to the multidimensional inequality measured by T}, (F). It highlights which dimensions or
factors of a multivariate distribution disproportionately influence the overall inequality,
helping to target specific areas for improvement or further investigation in complex systems.

4. Application

This study investigates the relationship between disparities in Corporate Financial
Performance (CFP) and Environmental, Social, and Governance (ESG) outcomes across var-
ious sectors within the Italian market. There is a growing demand for companies to deliver
strong financial results while contributing positively to investments’ sustainability and
ethical impact. Inequality in CFP, which manifests as disparities in profitability, revenue
growth, and market concentration, can significantly influence ESG outcomes. Conversely,
a company’s ESG performance can impact its financial performance, either enhancing or un-
dermining it depending on various factors. Investigating these relationships requires robust
tools to assess inequalities across these dimensions. Traditional unidimensional inequality
indices often fall short of capturing the complexity and interrelations of these factors.

The Fourier Multidimensional Inequality Index (FMII) offers a powerful approach
by leveraging the Fourier transform to provide a comprehensive analysis of ESG score
distributions. This method allows for a comprehensive assessment of inequality across
multiple dimensions, capturing interactions and correlations between financial performance
and ESG metrics.

Additionally, both unidimensional and multidimensional indexes will be applied to
quantify the extent of inequality in financial performance. By examining how financial
metrics such as revenue, profit, and assets influence market inequality and, consequently,
market concentration, this analysis helps uncover whether market concentration affects
inequality in ESG adoption. Understanding these dynamics is crucial for identifying imbal-
ances in sustainable development and effectively addressing them. This comprehensive
approach not only sheds light on the current state of inequality but also provides actionable
insights for policymakers and business leaders to promote more equitable and sustainable
economic growth.

4.1. Data

Our study utilizes annual balance sheet data from top-listed SMEs across various
sectors in Italy, covering the period from 2020 to 2022. The data are sourced from the
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Modefinance database, a FinTech company accredited as a Credit Rating Agency by the
European Securities and Markets Authority. The data provide a credible and high-quality
basis for analysis and are representative of the actual economic sectors. We selected
companies among those receiving an ESG score based on their market capitalization,
industry representation, and data availability, ensuring a diverse and representative sample
of SMEs within each sector.

The dataset includes ESG scores derived from key indicators of environmental sustain-
ability, social responsibility, and governance practices, with criteria that align with widely
recognized ESG standards. Environmental indicators include metrics on carbon emissions,
resource efficiency, and waste management; social indicators cover employee welfare,
diversity, and community impact; and governance criteria address board composition,
shareholder rights, and transparency. For consistency, we categorize economic sectors into
five broader groups in accordance with the Global Industry Classification Standard (GICS),
facilitating a structured comparison of financial and ESG performance across sectors.

To ensure the quality and reliability of the data, the following exclusion criteria
were applied: (1) records with missing financial data, (2) records with missing sector
classification, (3) records with missing ESG scores, (4) companies with total assets below
1,000,000 EUR, and (5) companies with turnover below 1,000,000 EUR. After applying these
filters, a total of 1062 valid samples were retained for the analysis. Table 1 displays the
distribution of SMEs across sectors. Out of a total of 1062 companies, 351 (33.05%) are from
the consumer sector, 14 (1.32%) are from the financial sector, 55 (5.18%) are from health
and essential utilities, 579 (54.52%) are from manufacturing, and 63 (5.93%) are from the
technology and communication industries.

Table 1. Distribution of companies by sector classification.

Sector Details Frequency Percentage

Consumer Cpnsumer staples and consumer 351 33.05
discretionary

Financials Ban1.<1ng, insurance, and financial 14 132
services; real estate

Health.Util Healthcare and essential utility services 55 5.18

Manufacturing Materials and industrial activities 579 54.52

Tech.Com Informat%on .tech.nology. and 63 593
communication industries

Total 1062 100.00

4.1.1. ESG Metrics

We first consider a summary analysis of ESG adoption by the considered SME compa-
nies. The ESG indicators reflect companies’ performance in environmental sustainability,
social responsibility, and governance practices. The ESG scores provide an important
dimension to assess investments’ ethical impacts and sustainability.

Table 2 provides a comprehensive overview of the ESG metrics across various sectors.
The overall ESG scores (ESG) exhibit moderate variability, clustering around a mean of
0.65, indicating a consistent, though not uniform, performance in sustainability practices.
Environmental scores (E.Sc) are notably higher on average (0.76), suggesting that companies
are generally performing better in environmental sustainability. In contrast, social scores
(5.Sc) are considerably lower, averaging 0.51, with significant variability, reflecting diverse
levels of commitment to social responsibility. Governance scores (G.Sc) demonstrate
moderate variability, with an average score of 0.62, indicating that governance practices
across companies are relatively consistent but leave room for improvement.



Mathematics 2024, 12, 3633 10 of 22
Table 2. Summary statistics for ESG metrics.
Mean Median Sdev Min Max Range
ESG 0.65 0.66 0.11 0.28 0.93 0.65
E.Sc 0.76 0.79 0.17 0.07 0.93 0.86
S.Sc 0.51 0.50 0.23 0.07 0.93 0.86
G.Sc 0.62 0.64 0.15 0.21 0.93 0.71

These summary statistics highlight varying levels of commitment to environmental,
social, and governance practices among companies. Understanding these disparities is
crucial for policymakers, investors, and other stakeholders who aim to address inequality
and foster sustainable business development. By identifying where gaps exist, targeted
strategies can be developed to promote more equitable and effective ESG practices across
different sectors.

Table 3 offers a detailed snapshot of the ESG metrics across various sectors, providing
insights into the performance and variability within each domain. The overall ESG scores
reveal moderate consistency across sectors, with mean values ranging from 0.61 to 0.73. This
suggests a relatively even distribution of general sustainability practices among companies
in different industries.

Table 3. Statistics for ESG metrics by sector. Values are means with standard deviations in parentheses.

Consumer Financials Health.Util Manufacturing Tech.Com
ESG 0.61 0.73 0.67 0.66 0.71
(0.11) (0.10) (0.10) 0.11) (0.08)
E.Sc 0.70 091 0.76 0.78 0.86
(0.19) (0.08) (0.16) (0.16) (0.11)
S.Sc 0.49 0.49 0.51 0.53 0.50
(0.23) (0.30) (0.23) (0.23) (0.21)
G.Sc 0.59 0.70 0.67 0.63 0.68
(0.15) (0.11) (0.15) (0.15) (0.12)

The environmental scores (E.Sc) are notably higher on average, particularly in the finan-
cial (0.91) and technology and communication (0.86) sectors, indicating a strong emphasis on
environmental sustainability within these industries. However, the higher standard deviations
in this category, especially in the consumer sector (0.19), suggest significant variability in how
companies within the same sector approach environmental responsibilities.

In contrast, the social scores (S.Sc) are lower across all sectors, with averages hovering
around 0.49 to 0.53. This indicates a weaker performance in social responsibility practices,
coupled with substantial variability, particularly in the financial sector (standard deviation
of 0.30). This finding highlights potential areas for improvement in addressing social factors
such as employee welfare, community engagement, and human rights.

The governance scores (G.Sc) are relatively consistent, with mean values ranging from
0.59 to 0.70. This suggests that governance practices are fairly standardized across sectors,
though there is still room for enhancement, especially in sectors like manufacturing, which
shows a slightly lower average (0.63).

Overall, the table illustrates important disparities in ESG performance across sectors.
The higher variability in environmental and social scores, in particular, underscores the need
for sector-specific strategies to promote more uniform adoption of sustainable practices.

4.1.2. Financial Metrics

To understand the possible impact of financial metrics, which can measure market
concentration and financial inequalities, we extracted a variety of financial indicators
from the balance sheets of each company to examine their economic status and perfor-
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mance among economic sectors. Table 4 presents a list and description of the considered
financial indicators.

Table 5 provides summary statistics of the key financial indicators metrics for 2022.
Total Assets (TASS) exhibit a broad range from EUR 1151.23 to EUR 14,392,422.00, with a
high standard deviation indicating significant variability across companies. The mean
value is relatively high (EUR 173,476.54), suggesting that there are companies with sub-
stantial asset holdings. Shareholders” Funds (SFND) also show notable variation, with a
high standard deviation and some negative values indicating negative equity for certain
companies. The mean is considerably lower than the maximum, highlighting the impact of
a few companies with exceptionally high shareholders’ funds. Turnover (TOVR) displays a
large range (from EUR 1288.97 to EUR 10,587,145.00) and a high standard deviation, reflect-
ing significant differences in revenue generation among companies. The mean turnover
is elevated by companies with very high revenues. Net Income (NINC) varies widely,
with some companies reporting significant losses (EUR —331,989.00) and others substantial
profits (EUR 1,502,054.00). The high standard deviation relative to the mean suggests a
highly skewed distribution. EBITDA (EBTD) shows substantial variability, with a wide
range from EUR —303,716.00 to very high values (EUR 2,095,592.00), indicating diverse
levels of operational efficiency and profitability among companies.

Table 4. Description of key financial metrics.

Indicator Code  Description

Represent the total value of everything the company owns
1 Total assets TASS  and uses for its business, serving as a proxy for size and
market power.

Reflects the total sales generated by the company within a

2 Turnover TOVR o . . .
specific period, serving as a proxy for productivity.

Represents equity invested by shareholders, including

3 Shareholders’ funds SFND . :
retained earnings, and serves as a proxy for net worth.

The total profit after all expenses, taxes, and costs have been
4 Net income NINC  subtracted from total revenue, serving as a proxy
for profitability.

Measures operational efficiency by excluding
5 EBITDA EBTD non-operational expenses and non-cash charges such as
depreciation and amortization.

Table 5. Summary statistics for financial indicators—2022 annual data.

Mean Median Sdev Min Max Range
TASS 173,476.54 43,824.91 702,804.70 1151.23  14,392,422.00 14,391,270.77
SFND 62,341.83 15,054.90 250,588.41  —49,091.00 5,336,752.00 5,385,843.00
TOVR 170,644.62 43,528.31 602,012.08 1288.97  10,587,145.00 10,585,856.03
NINC 8200.39 1357.38 63,059.86 —331,989.00 1,502,054.00 1,834,043.00
EBTD 19,480.02 3974.53 103,977.86  —303,716.00  2,095,592.00  2,399,308.00

Overall, the summary statistics of the data reveal significant variability across financial
metrics, indicating a wide range of company sizes, financial health, and performance levels,
pointing towards high inequality and market concentration.

Table 6 presents a detailed summary of financial metrics by sector, with means and
standard deviations provided in parentheses.
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Table 6. Statistics for financial metrics by sector. Values are means with standard deviations in paren-

theses.

Consumer Financials Health.Util Manufacturing Tech.Com

TASS 114,172.27 87,515.35 473,270.43 190,940.84 100,758.42
(240,470.60) (106,270.67)  (1,592,466.37) (786,493.66) (197,223.51)

SFND 45,097.23 33,415.13 117,960.61 71,685.86 30,414.81
(113,644.00) (50,067.90) (432,085.41) (298,005.01) (64,641.69)

TOVR 132,517.84 102,794.38 641,996.56 162,807.99 58,667.73
(232,583.42) (162,074.62)  (1,642,643.57) (596,396.92) (73,640.58)

NINC 5534.95 897.56 10,546.17 10,962.77 —2762.06
(22,940.90) (11,228.74) (37,068.75) (81,957.36) (31,395.72)

EBTD 11,572.67 7094.64 37,082.42 24,152.54 7977.70

(30,674.72) (12,866.44) (145,207.52) (131,041.43) (14,681.69)

Total Assets (TASS): The health and essential utilities sector has the highest average total
assets of 473,270.43, but it also exhibits substantial variability, as indicated by a standard
deviation of 1,592,466.37. This suggests the presence of both very large and much smaller
companies within this sector. In contrast, sectors like consumer and technology and
communication have lower average total assets and more consistent sizes, as reflected in
their lower standard deviations.

Sales Fund (SFND): Health and essential utilities again leads, with an average sales fund
of 117,960.61, coupled with a high standard deviation of 432,085.41, indicating significant
disparities among companies. The financial sector shows the lowest average sales fund at
33,415.13, with less variability compared to health and essential utilities.

Turnover (TOVR): The health and essential utilities sector has the highest average turnover
of 641,996.56, but with considerable variability, as reflected in a standard deviation of
1,642,643.57. This contrasts with the manufacturing and consumer sectors, which have
lower average turnovers and more moderate variability.

Net Income (NINC): While the consumer, health and essential utilities, and manufacturing
sectors show positive average net incomes, they also display considerable variability.
Notably, the technology and communication sector has a negative average net income of
—2762.06, indicating profitability challenges within this sector, along with high variability.
Earnings Before Taxes and Depreciation (EBTD): The health and essential utilities sector has
the highest average EBTD of 37,082.42, but this is accompanied by significant variability,
with a standard deviation of 145,207.52. The financial sector has the lowest average EBTD
of 7094.64, with less variability.

In summary, the health and essential utilities sector shows the highest averages across
most financial metrics, but also the greatest variability, indicating a wide range of financial
performance within the sector. The technology and communication sector struggles with
profitability, as evidenced by a negative average net income. Sectors such as consumer
and manufacturing exhibit more stable financial performance with moderate variability,
suggesting a more uniform industry structure.

These findings underscore the importance of considering sector-specific dynamics
when addressing financial inequality and promoting sustainable business development.

4.1.3. Correlation Between ESG and Financial Metrics

The correlation matrix in Figure 1 presents the relationships between financial indica-
tors and ESG scores for SMEs in 2022.

The figure shows that the overall ESG scores have weak correlations with financial
indicators. Environmental scores (E.Sc) are strongly correlated with the overall ESG score
but uncorrelated with financial indicators. Social scores (S.Sc) are moderately correlated
with ESG and weakly correlated with financial indicators. Governance scores (G.Sc) are
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strongly correlated with ESG and have the highest correlation with financial indicators
among the individual ESG scores.

The weak correlation between overall ESG scores and financial indicators suggests
that while companies with higher ESG scores tend to perform slightly better financially,
this relationship is not strong. This implies that higher ESG performance may not directly
translate into significantly better financial outcomes for SMEs, though there is a slight
positive trend.

Environmental scores (E.Sc) show a strong correlation with the overall ESG score,
indicating that environmental performance is a major component of the overall ESG rating.
However, the lack of correlation between environmental scores and financial indicators
suggests that environmental initiatives alone do not significantly influence financial perfor-
mance in this sample.

Social scores (S.5c) display a moderate correlation with the overall ESG score, showing
their partial contribution to the overall ESG performance. Their weak correlation with
financial indicators indicates that while social responsibility practices are recognized within
the ESG framework, they do not strongly impact financial outcomes for SMEs.

Governance scores (G.Sc) show the strongest correlation with both the overall ESG
score and financial indicators, suggesting that governance practices not only contribute
significantly to overall ESG performance but also have the most direct impact on financial
health among the ESG components. Good governance practices appear to be more closely
linked to financial success in SMEs.

In summary, the correlations between ESG scores and financial metrics highlight the
complexity of this relationship. While ESG performance, particularly in governance, is as-
sociated with better financial outcomes, the correlation is not overwhelmingly strong. This
indicates that financial and non-financial performance in SMEs are related, but the influence
of ESG factors on financial success varies across the environmental, social, and governance
dimensions. Disentangling these components is essential for understanding how different
aspects of ESG contribute to the financial and overall sustainability of SMEs.

a 14 o fa)
z 3 z & 2 & & 9
(%) = pze Ll Ll L (7] (O] 1
TASS 014 002 007 015
0.8
014 002 01 015 06
0.1 0 005 0.4 04
F 0.2
0.09 0 0.09 0.8
0
EBTD 012 001 0.09 0.13
F-0.2
ES(5- [
ESc 003 013 06
-0.8

S.Sc  0.13

Figure 1. Correlation matrix of financial indicators and ESG scores for 2022.
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4.2. Results

The ESG scores and the financial data were analyzed using the Gini, Fourier one-
dimensional, and Fourier multidimensional inequality indices to assess inequality across
the different sectors. The analysis involved the following steps:

1.  Data normalization: The financial metrics and ESG scores were normalized to ensure
comparability across different scales and units. Before applying the Gini and Fourier
one-dimensional index, the financial metrics and ESG scores were normalized to
ensure comparability across different scales and units. This involves rescaling scores
to a standard range, such as 0 to 1, using min-max scaling:

Score — Min Score

li =
Normalized Score Max Score — Min Score

2. Gini and Fourier one-dimensional inequality index: This index was calculated to
identify the distribution patterns within each sector, providing insights into the
inequality of individual dimensions.

3. Fourier multidimensional inequality index: The FMII was used to integrate the various
dimensions (financial and ESG metrics) into a comprehensive inequality assessment.

4. Marginal inequality index: This was calculated to decompose the FMII, identifying
the contribution of each sector to the overall multidimensional inequality.

The application of the Gini, F11I, and FMII to the ESG and financial data across different
sectors yielded the following insights:

4.2.1. Unidimensional ESG Inequality Analysis

Table 7 displays the inequality in Environmental, Social, and Governance (ESG) scores
across different sectors.

Table 7. Inequality by ESG Scores across Sectors.

ESG E.Sc S.Sc G.Sc Average

Gini
Consumer 0.1979 0.1314 0.3086 0.2167 0.2137
Financials 0.3194 0.0714 0.3920 0.2643 0.2618
Health.Util 0.2260 0.1235 0.2950 0.1644 0.2022
Manufacturing 0.1581 0.1271 0.2780 0.1945 0.1894
Tech.Com 0.3017 0.1370 0.2680 0.1911 0.2245

F1II
Consumer 0.1072 0.0919 0.1656 0.1191 0.1209
Financials 0.1788 0.0873 0.2205 0.1605 0.1618
Health.Util 0.1214 0.0892 0.1594 0.0972 0.1168
Manufacturing 0.0854 0.0871 0.1499 0.1087 0.1078
Tech.Com 0.1614 0.0937 0.1466 0.1105 0.1281

Overall ESG scores: The financial sector exhibits the highest overall ESG score inequality, re-
flected in the Gini index (0.3194), indicating the largest disparity in ESG performance among
companies in this sector. The manufacturing sector shows the lowest overall ESG score
inequality (0.1581), reflecting a more uniform distribution of ESG scores among companies.
Environmental (E) scores: The financial sector has the highest inequality in Environmental
scores (0.0714) according to the Gini index, suggesting significant variation in how compa-
nies within this sector handle environmental issues. Both the consumer and manufacturing
sectors have the lowest inequality in environmental scores (0.1271 and 0.0871, respectively),
indicating more consistency in environmental performance among companies.

Social (S) scores: The financial sector shows the highest inequality in social scores (0.3920)
reflected in the Gini index, highlighting the greatest disparity in social performance among
companies. The health and essential utility sector has the lowest social score inequality
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(0.2950), suggesting a more even distribution of social performance among companies in
this sector.

Governance (G) scores: The consumer sector has the highest inequality in governance
scores (0.2167) based on the Gini index, showing significant variability in governance
practices among companies. The health and essential utility sector exhibits the lowest
governance score inequality (0.1644), reflecting more uniform governance practices.

The financial sector shows the highest inequality in ESG scores (0.1788), environmental
scores (0.0873), and social scores (0.2205) according to the F1II. This indicates significant
disparities in ESG performance metrics across companies in the financial sector. The manu-
facturing sector shows the lowest inequality in overall ESG scores (0.0854) and social scores
(0.1499), suggesting a more uniform distribution of these scores.

Similar to the F1II, the financial sector shows the highest inequality in ESG scores
(0.1694) and social scores (0.2088), indicating pronounced disparities in these areas. The man-
ufacturing sector maintains the lowest inequality for overall ESG scores (0.0853) and social
scores (0.1497), reinforcing the consistency in performance within this sector.

The different metrics (Gini and F1II) provide a consistent view of the inequality,
though specific values vary slightly based on the underlying assumptions of the met-
ric used.

In summary, the analysis of these ESG indicators reveals which sectors are more
unequal in terms of ESG adoption. The result shows that, on average, the financial sector
consistently shows the highest inequality across ESG metrics, particularly in environmental
and social scores, suggesting significant variability in how companies in this sector manage
ESG issues. The consumer sector shows high variability in governance practices, indicating
that companies within this sector may benefit from adopting standardized governance
frameworks to ensure more uniform practices. The manufacturing sector displays the
lowest inequality, suggesting a strong focus on these areas, providing a stable foundation
for further improvements in ESG performance.

4.2.2. Unidimensional Financial Inequality Analysis

The Gini coefficient and the Fourier one-dimensional index were applied to each sector
to examine the inequality of individual financial indicators. Table 8 provides a detailed
comparison of inequality across various financial indicators within different sectors. These
metrics offer valuable insights into the distribution patterns of financial indicators, helping
to identify areas of significant disparity and providing a basis for targeted interventions.

Table 8. Inequality by individual financial indicators across sectors—2022.

TASS SFND TOVR NINC EBTD Average

Gini
Consumer 0.7057 0.7384 0.6779 0.1513 0.3232 0.5193
Financials 0.5832 0.3366 0.7110 0.1692 0.2450 0.4090
Health.Util 0.8047 0.5920 0.8381 0.1347 0.2924 0.5324
Manufacturing 0.7761 0.7361 0.7626 0.0318 0.0646 0.4742
Tech.Com 0.6969 0.6930 0.5885 0.0251 0.5311 0.5069

F11I
Consumer 0.6465 0.7632 0.5376 0.2001 0.3471 0.4989
Financials 0.3779 0.2047 0.4882 0.1101 0.1513 0.2664
Health.Util 1.0232 0.7844 0.7775 0.1270 0.3731 0.6171
Manufacturing 1.2567 1.1795 1.1201 0.0725 0.1212 0.7500
Tech.Com 0.6116 0.6477 0.3922 0.0394 0.4296 0.4241

Total assets (TASS) and market power:

*  Highest inequality: Gini: 0.8047 (Health.Util), F11II: 1.2567 (Manufacturing)
*  Lowest inequality: Gini: 0.5832 (Financials), F1II: 0.3779 (Financials)
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According to the Gini index, the health and essential utility sector displayed the highest
inequality in company sizes and market power. This suggests a significant disparity in
how assets and market power are distributed among companies in this sector. Conversely,
the Fourier One-Dimensional Inequality Index (F11I) points to the manufacturing sector as
having the greatest disparity in company sizes and market power. This metric highlights a
substantial variance in the distribution of these attributes within the manufacturing sector.
Both the Gini and F1II show that the financial sector stands out with the lowest variance in
company sizes and market power, suggesting a more uniform distribution compared to
other sectors.

Shareholders’ funds (SFND) and net worth:

e  Highest inequality: Gini: 0.7384 (Consumer), F11I: 1.1795 (Manufacturing)
*  Lowest inequality: Gini: 0.3366 (Financials), F11I: 0.2047 (Financials)

The F11II indicates that the manufacturing sector has significant variance in sharehold-
ers’ funds, leading to notable differences in net worth among companies. This suggests
that there is a wide range in the financial strength of companies within this sector. On the
other hand, the financial sector displays relatively uniform shareholders’ funds, suggesting
less disparity in financial resources among companies.

Turnover (TOVR) and productivity:

*  Highest inequality: Gini: 0.8381 (Health.Util), F11II: 1.1201 (Manufacturing)
*  Lowest Inequality: Gini: 0.5885 (Tech.Com), F11I: 0.3922 (Tech.Com)

The manufacturing sector shows considerable variability in turnover, reflecting significant
differences in productivity among companies. This indicates a diverse range of productivity
levels within the sector. In contrast, the technology and communication sector demonstrates
lower turnover disparity, suggesting more uniform productivity levels among companies
in this sector.

Net income (NINC) and profitability:

*  Highest inequality: Gini: 0.1692 (Financials), F11II: 0.2001 (Consumer)
*  Lowest inequality: Gini: 0.0251 (Tech.Com), F11I: 0.0389 (Tech.Com)

The consumer sector is noted for the highest variance in net income, indicating substan-
tial differences in profitability among companies. This suggests a wide range of financial
performance within the sector. The technology and communication sector, however, has
the lowest net income variance, implying that profitability levels are more consistent across
companies in this sector.

EBITDA (EBTD) and operational efficiency:

*  Highest inequality: Gini: 0.5311 (Tech.Com), F11I: 0.4296 (Tech.Com)
*  Lowest inequality: Gini: 0.0646 (Manufacturing), F1II: 0.1212 (Manufacturing)

The technology and communication sector shows the highest variance in EBITDA,
reflecting notable differences in operational efficiency among companies. This suggests
significant disparities in how effectively companies in this sector manage their operations.
In contrast, the manufacturing sector exhibits more consistent EBITDA, indicating a more
uniform level of operational efficiency across companies.

The Gini coefficient and the F1II provide consistent insights into the inequality across
sectors, though the specific values can differ slightly based on the distribution assumptions.

The table highlights that on average, sectors like manufacturing, health and essential
utility services, and technology and communication tend to have higher variability in
certain metrics (e.g., total assets, turnover, and EBITDA) compared to others like the
financial and consumer sectors. This variability may reflect underlying differences in sector
dynamics and business models.

High financial inequality within a sector implies a well-diversified composition of
companies, reducing systemic risks associated with negative economic events. The presence
of large companies (as indicated by high total assets, turnover, shareholders’ funds, EBITDA,
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or net income) within a sector suggests the potential for higher financial impact in the case
of adverse events, but this also highlights that a mix of company sizes that can mitigate
risks for society.

4.3. Multidimensional Analysis of ESG and Financial Inequalities

Table 9 shows the Fourier Multidimensional Inequality Index (FMII) for the years 2020,
2021, and 2022, as well as the inequality in ESG scores across different sectors.

Table 9. Fouier Multidimensional inequality index by financial indicators and ESG scores across sectors.

FMII FMII FMII ESG
2020 2021 2022
Consumer 0.4809 0.4821 0.5162 0.0554
Financials 0.3124 0.2668 0.2297 0.0227
Health.Util 0.6645 0.6013 0.6972 0.0435
Manufacturing 0.7423 0.7921 0.7717 0.0479
Tech.Com 0.3444 0.3515 0.3645 0.0283

4.3.1. Financial Indicators

Consumer sector: Financial inequality has slightly increased over the years, with FMII
rising from 0.4809 in 2020 to 0.5162 in 2022. This suggests growing financial disparity
among companies in this sector.

Financial sector: The FMII showed a decrease from 0.3124 in 2020 to 0.2297 in 2022, indi-
cating a reduction in financial inequality within the sector. This trend suggests increasing
financial uniformity among companies.

Health and essential utilities sector: The FMII fluctuated, with a decrease in 2021 followed
by an increase in 2022. This sector showed significant variability in financial inequality,
suggesting diverse financial conditions among companies.

Manufacturing sector: This sector had consistently high FMII values (above 0.74), indicating
persistent and significant financial inequality. This suggests a wide range of financial
performances among companies.

Technology and communication sector: A slight increase in FMII from 0.3444 in 2020 to
0.3645 in 2022 indicates rising financial inequality. However, this sector remained relatively
stable compared to the others.

4.3.2. ESG Scores

Consumer sector: The low ESG score inequality (0.0554) indicates a fairly uniform adoption
of ESG practices among companies in this sector.

Financial sector: The lowest ESG score inequality (0.0227) suggests very consistent ESG
practices within this sector, reflecting a high level of uniformity in ESG performance.
Health and essential utilities sector: The moderate ESG score inequality (0.0435) points
to some variability in ESG adoption, but it is not as pronounced as in the financial or
manufacturing sectors.

Manufacturing sector: The low ESG score inequality (0.0479) suggests more consistent ESG
performance among companies, despite high financial inequality.

Technology and communication sector: The low ESG score inequality (0.0283) indicates a
consistent adoption of ESG practices across companies in this sector.

The Financial sector consistently shows the highest inequality across ESG metrics,
particularly in environmental and social scores, suggesting significant variability in how
companies in this sector manage ESG issues. The manufacturing sector generally displays
lower inequality in ESG scores, indicating more uniform ESG performance. The consumer,
health and utilities, and technology and communication sectors exhibit varying levels
of financial and ESG inequalities, reflecting the diverse dynamics and challenges within
each sector.
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4.4. Inequality Decomposition

This section analyzes the decomposition of inequality by examining both ESG metrics
and financial indicators across different sectors. The goal is to identify which factors
contribute most to inequality within each sector.

4.4.1. ESG Inequality Decomposition

Table 10 highlights the marginal inequality indices for different ESG metrics across
sectors. The key findings are given below.

Table 10. Marginal inequality index by ESG scores across sectors.

E.Sc S.Sc G.Sc
Consumer —3.0478 —1.4769 —4.5282
Financials —2.0001 0.1877 —0.7767
Health.Util —2.7067 —0.6398 —2.9425
Manufacturing —3.3116 —0.9795 —2.7077
Tech.Com —2.0262 —0.0473 —1.5539

Consumer sector: All ESG scores contribute negatively to inequality, with G.Sc (—4.5282)
being the largest contributor, indicating significant disparities in governance practices.
Financial sector: Mixed contributions with 5.5c (0.1877) showing a small positive contri-
bution, and E.Sc (—2.0001) and G.Sc (—0.7767) showing negative contributions, indicating
variability primarily in environmental and governance practices.

Health and essential utilities sector: The largest negative contribution is from G.Sc (—2.9425),
suggesting substantial disparities in governance practices, with E.Sc (—2.7067) and S.Sc
(—0.6398) also contributing negatively.

Manufacturing sector: E.Sc (—3.3116) shows the largest negative contribution, indicating
significant variability in environmental practices, followed by G.Sc (—2.7077).

Technology and communication sector: The contributions are primarily negative, with G.Sc
(—1.5539) being the largest, indicating significant governance disparities.

The financial sector shows the highest inequality in both financial indicators and ESG
metrics. Financial inequality is driven by net income and earnings disparities, while ESG
inequality is mainly due to governance and environmental practices. The manufacturing
sector exhibits high financial inequality but more uniform ESG performance. The consumer,
health and essential utilities, and technology and communication sectors show varying
levels of inequality, reflecting diverse sectoral dynamics.

4.4.2. Financial Inequality Decomposition

Table 11 displays the marginal inequality indices for different financial indicators
across sectors. The key results are given below.

Table 11. Marginal inequality index by financial indicators across sectors.

TASS SFND TOVR NINC EBTD

Consumer 0.0001 —0.0004 —0.0004 0.0002 0.0009
Financials —0.0011 0.0017 0.0006 0.0030 —0.0078
Health.Util 0.0004 —0.0009 —0.0002 0.0022 —0.0018

Manufacturing 0.0001 —0.0008 —0.0007 0.0010 0.0029
Tech.Com 0.0003 —0.0008 —0.0006 —0.0003 —0.0002

Consumer sector: Marginal contributions to inequality are generally low, with EBTD
(0.0009) being the most significant positive contributor. This suggests that disparities in
earnings before taxes and depreciation are the most pronounced within this sector.

Financial sector: The sector shows a mixed contribution to inequality, with NINC (0.0030)
being the largest positive contributor and EBTD (—0.0078) being the most significant
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negative contributor, suggesting that income disparities are more impactful than earn-
ings disparities.

Health and essential utilities sector: NINC (0.0022) contributes positively to inequality;,
indicating that net income disparities are a key factor. Other metrics show smaller nega-
tive contributions.

Manufacturing sector: The NINC (0.0010) and EBTD (0.0029) are the primary positive con-
tributors, highlighting significant disparities in net income and earnings within the sector.
Technology and communication sector: The contributions are generally low, with EBTD
(—0.0002) and NINC (—0.0003) showing slight negative contributions, indicating lower
levels of disparity compared to other sectors.

5. Practical Implications

Understanding the decomposition of inequality across different sectors and dimensions
provides several practical implications for policymakers, investors, and business leaders.

For policymakers, targeted regulations are essential to address sector-specific inequali-
ties. In the financial sector, the high inequality in ESG scores, particularly in environmental
and social dimensions, suggests the need for stricter ESG reporting and compliance require-
ments. In the manufacturing sector, where financial disparities, especially in net income
and EBITDA, are notable, targeted fiscal policies and support programs could help reduce
inequality and enhance sector stability. Additionally, sector-specific support is crucial for
sectors like the consumer sector, where relatively lower inequality in financial indicators
contrasts with significant disparities in governance, indicating a need for policies that
promote better governance practices. For the health and essential utilities sector, policies
encouraging both financial stability and uniform ESG performance are necessary due
to moderate inequality in both financial and ESG scores. Furthermore, high inequality
within the financial sector indicates systemic risks, necessitating cross-sectoral strategies to
mitigate potential financial crises triggered by disparities within this sector.

For investors, understanding inequality decomposition can inform more strategic in-
vestment decisions. Investors should exercise caution when investing in sectors with high
ESG score variability, such as the financial sector. Prioritizing investments in companies
with consistent and high ESG performance can mitigate risks and align with sustainable
investment goals. Additionally, high financial inequality in sectors like manufacturing
suggests the presence of both high-risk and high-reward opportunities. Therefore, diver-
sifying investments within these sectors can balance potential gains and risks. Investors
should also conduct thorough due diligence, especially in sectors with high inequality,
to understand the financial health and ESG practices of companies, helping to identify both
high-potential investments and potential risks.

For business leaders, benchmarking and adopting best practices are crucial for per-
formance improvement, especially in sectors with high inequality. Companies should
benchmark their performance against peers to identify areas for improvement and adopt
best practices in ESG and financial management to enhance overall sector performance and
individual company resilience. In sectors with significant ESG score variability, companies
should integrate robust ESG practices into their operations, improving scores and attracting
ESG-conscious investors. Additionally, sectors like the consumer sector and health and es-
sential utilities, which exhibit notable governance disparities, should prioritize governance
reforms to strengthen corporate governance frameworks, enhancing company reputation,
operational efficiency, and stakeholder trust.

Overall, this analysis underscores the need for concerted efforts to reduce inequality
within sectors, achieved through a combination of regulatory policies, corporate initiatives,
and investment strategies focused on promoting financial stability and sustainable prac-
tices. By addressing identified inequalities, sectors can become more resilient to economic
shocks and better positioned to contribute to sustainable economic growth. The practical
implications highlight the importance of a multifaceted approach to addressing sectoral
inequalities, requiring collaboration among policymakers, investors, and business leaders
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to implement strategies that enhance financial and ESG performance, thereby promoting
overall economic stability and sustainable development.

6. Discussion

This paper introduces a novel methodology for measuring and decomposing multidi-
mensional inequality, applied specifically to analyze the inequality in ESG adoption among
SMEs. Our study reveals significant sectoral disparities, where both financial metrics and
ESG factors contribute notably to overall market inequality.

The financial sector stands out with the highest inequality in ESG metrics, especially
in environmental and social dimensions. This reflects substantial differences in how com-
panies within this sector manage ESG issues, with some leading in sustainability practices
while others fall behind. Conversely, the manufacturing sector shows lower inequality
in ESG performance, suggesting more consistent adoption of sustainable practices across
companies in this industry.

In terms of corporate financial performance, sectors like manufacturing and health
and essential utilities exhibit higher variability, indicating a diverse range of company sizes
and financial health. This diversity could reduce systemic risks by buffering economic
downturns, as both large and small companies are represented. On the other hand, sectors
such as financial and consumer services show lower variability in financial performance,
suggesting more uniform outcomes across firms.

The findings from this study are not only relevant to the SME sector in Italy but can
also be extended to a broader global context. Policymakers in various regions can use
these insights to craft sector-specific regulations and support programs aimed at reducing
inequality and promoting sustainable development. By considering ESG factors alongside
financial performance, policies can be designed to balance economic growth with social
and environmental responsibility.

For investors, understanding the interplay between financial health and ESG practices
can inform investment strategies that prioritize long-term resilience and sustainability.
Companies in sectors with high ESG inequality may face higher risks, while those demon-
strating consistent ESG practices could offer more stable returns. Business leaders can use
this framework to assess their own performance relative to industry peers, identify areas
for improvement, and adopt best practices that enhance their ESG standings.

Beyond the immediate application to SMEs, the methodology introduced here can be
applied across larger corporations, different economies, and industries. The ability to mea-
sure multidimensional inequality provides valuable insights for governments, corporations,
and investors to understand and address inequalities in a comprehensive manner. This
research lays the foundation for future studies on multidimensional inequality, particularly
in contexts where both financial and non-financial factors, such as sustainability, play a
crucial role in shaping market outcomes.

In conclusion, by integrating both financial performance and ESG considerations,
this study highlights the importance of a comprehensive approach to addressing inequal-
ity. The results contribute to the ongoing effort to create more inclusive and sustainable
economic systems, offering practical insights for policymakers, investors, and business
leaders alike.

The main limitation of the proposed inequality measure is that it is not bounded
between 0 and 1 like the Gini index; therefore, its interpretation is more difficult and
requires a relative comparison. This aspect, however, is common to other important
measures of variability, such as the coefficient of variation and the mean squared error.
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Nomenclature

ESG Environmental, Social, and Governance
SMEs Small and Medium-sized Enterprises

GEI Generalized Entropy Index

PCA Principal Component Analysis

HDI Human Development Index

MPI Multidimensional Poverty Index

UNDP United Nations Development Programme
F1I1I Fourier One-dimensional Inequality Index
FMII Fourier Multidimensional Inequality Index
MII Marginal Inequality Index

GICS Global Industry Classification Standard
E.Sc Environmental Scores

S.Sc Social Scores

G.Sc Governance Scores

Health.Util Healthcare and Essential Utility Services
Tech.Com  Information Technology and Communication Industries

TASS Total Asset
TOVR Turnover
SEND Shareholders’ Funds
NINC Net Income
EBTD EBITDA
EBITDA Earnings Before Interest, Taxes, Depreciation, and Amortization
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