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Michele Costa

Abstract We aim to explore the interplay between ESG scores and assets charac-
teristics, specifically focusing on volatility. We classify stocks on the basis of both
high/low ESG and high/low ESG momentum and we evaluate ESG effects by mea-
suring the distance between the 2 group distributions. The analysis of stocks within
the STOXX Europe 600 Index from 2017 to 2022 suggests that companies with
higher ESG tend to exhibit lower volatility. However, we haven’t observed a sim-
ilar trend when examining ESG momentum. Furthermore, our findings enable us
to highlight and compare the effects associated with the COVID pandemic and the
conflict in Ukraine.
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Non-technical summary

The exploration into the relationship between Environmental, Social, and Gover-
nance (ESG) scores and stock attributes unfolds within the context of market dy-
namics. ESG, a linchpin in assessing sustainability, has spurred a surge in empirical
scrutiny. Our study delves into this discourse, aiming to decipher the interplay be-
tween ESG scores and risk in stocks. The relationship between ESG and asset char-
acteristics is multi-faceted and not straightforward. When examining the connection
between ESG scores and financial performance, it’s important to note that high ESG
scores may indeed contribute to better performance. Nonetheless, high-performing
companies might also possess more resources, allowing them to improve their ESG
scores further.

Employing a data-based approach, our analysis circumvents investor preferences,
homing in directly on the nexus between ESG and asset traits. Notably, we intro-
duce inequality decomposition methods, integrating information provided by tradi-
tional mean-based evaluations to encompass distribution-based insights. Examining
companies in the STOXX Europe 600 Index from 2017 to 2022, our study offers
powerful insight on the interplay between ESG and assets volatility.

Results Overview:
Analyzing ESG-scored asset groups, we discern a compelling trend: higher ESG

correlates with lower volatility. Peaks in volatility during crises (e.g., COVID pan-
demic, Ukraine war) impact lower ESG-scored assets more significantly, unveiling
nuanced market dynamics.

Inequality Decomposition Insights:
Our methodology involves meticulous scrutiny of inequality ratios, unveiling

shifts in the relevance of ESG over time. Notably, the COVID crisis dampened ESG
effects in 2020, but a resilient rebound ensued in 2021, hinting at ESG’s rebounding
prominence.

ESG Momentum Insights:
In contrast to ESG scores, the analysis of ESG momentum doesn’t yield sig-

nificant volatility effects. The interplay between high ESG momentum and greater
variability isn’t consistent throughout, contrasting starkly with ESG scores’ impact
on market behavior.

Our non-parametric, data-driven approach suggests ESG’s influence on stock dy-
namics, underlining its potential as a driver of volatility. The COVID pandemic
weakened ESG effects momentarily, but a robust recovery ensued. Notably, the war
in Ukraine exhibited a contrasting impact, strengthening ESG’s role. The method’s
adaptability paves the way for future expansions, potentially incorporating more as-
set traits and groups, offering promising avenues for integrating sustainability into
market risk assessments.
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1 Introduction

Environmental, Social and Governance (ESG) score represents the most widespread
and used indicator to evaluate the sustainability dimension of a company and it is
the key factor to assess the sustainability impact of an investment in a company.
The ESG score belongs to a broader array of multidimensional indicators aimed at
assessing the progress towards achieving the 17 United Nations Sustainable Devel-
opment Goals, upon which the UN’s 2030 Agenda is built (Ricciolini et al. [21]).
Over the last years we are facing a significant shift in capital markets perception to-
ward corporate sustainability, which has fueled a growing empirical and theoretical
literature.

In this paper we aim at investigating the interplay between the ESG score and
the risk of a stock, with the purpose to contribute to the debate on the relevance
and the effectiveness of ESG indicators and to explore and assess the role of ESG.
We develop a data-based approach that focuses exclusively and directly on the in-
terplay between ESG and the characteristics of assets. In this way, we can avoid
taking into consideration aspects such as investors’ propensity and preferences for
sustainability-related themes (Albuquerque et al. [1]).

In our approach we add inequality decomposition methods to the tools used to
evaluate the effects of ESG scores, so as to combine distribution-based assessments
with traditional assessments based on synthetic indicators such as averages. An anal-
ysis of the companies included in the STOXX Europe 600 Index points to a link
between higher ESG and lower volatility, with relevant, yet contrasting effects as-
sociated with the crises of 2020 and 2022.

2 Literature

The relationship between ESG and assets characteristics is multi-faceted and not
straightforward (see, e.g. Baker et al. [4], Berg et al. [6], Friede et al. [11], Hartz-
mark and Sussmann [13]). One of the most controversial asset’s features is their
returns.The high demand for assets with a high ESG score is expected to result in
a relevant increase in their prices. On the other hand, assets with a low ESG score
may be rewarded by a premium, known as the ”sin premium”, which compensates
the investor for holding assets that are unsustainable (Hens and Trutwin [15], Hong
and Kacperczyk [16]. Consistent with these scenarios, Authors analyzing the rela-
tionship between ESG score and returns point out to no conclusive findings, with
some, as e.g. Lius et.al. [18] and Khan [17] reporting higher returns, and others,
as e.g. El Ghoul [10], reporting lower returns. An enlightening review is provided
by Assael et al. [2], who support relevant but opposite ESG effects on the returns
of small and large capitalization companies. Furthermore, they highlight the impor-
tance to move from an aggregate approach to an analysis by sectors and size, and
also with reference to specific ESG indicators such as controversies.
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Moving on to the risk analysis, it is certainly true that, on one hand, companies
with high ESG scores could have stronger risk management practices, which could
contribute to lower volatility. However, it is also important to remember that, on the
other hand, the ESG score represents only one element of the overall risk profile,
which certainly depends on a variety of factors.

Additional contributions emphasize the importance, in the relationship between
ESG and financial activities, of other aspects such as ESG momentum (Berk et al.
[7]) and the eterogeneity and volatility of ESG scores (Avramov et al. [3]).

In analyzing the relationship between ESG scores and financial performance,
it’s crucial to highlight that high ESG scores may contribute to better performance.
However, strong performers might also have more resources to enhance their ESG
scores.

Furthermore, an important strand of the literature on the relationship between
ESG and financial markets concerns the generalization of milestones, such as the
mean-variance efficient frontier (Pedersen et al. [20]) and the CAPM with its exten-
sions, like Fama and French’s three-factor model (Heinkel et al. [14], Zerbib [22]),
achieved by incorporating ESG information. The complexity of sustainable alloca-
tion strategies, with an interesting focus on metrics for climate change and other
sustainability risks, as well as a deeper exploration of climate-related and ESG risk
indicators, is well outlined by [5].

Finally, it is important to recall that there are different ESG metrics and their
effect on asset characteristics may not be uniform. Khan [17] introduces new ESG
metrics, focusing on the governance dimension, Berg et al. [7] specifically attribute
to the presence of different ESG metrics a confounding effect on the relationship
between ESG and asset’s characteristics, while Gibson et al. [12] attribute a risk
premium to companies with higher ESG rating disagreement. These are just a few
examples of contributions that have developed and deepened the role and effects of
a plurality of ESG metrics. It is important to remember how, alongside ESG scores,
there are also other important indicators extremely useful for analyzing the effects
on financial markets of sustainability-related issues (Monasterolo and De Angelis
[19]).

Similar to all rapidly evolving situations marked by significant success, the mea-
surement of sustainability and its effects requires the current phase of numerous,
highly diverse, often conflicting contributions, with the perspective of a subsequent
phase of organization, restructuring, and systematization of the various proposals.

3 Methodology

We address the interplay between ESG score and asset characteristics as a classifica-
tion problem. Let Y be the characteristic of the assets under investigation, {y1, ...,yn}
its values in the n assets, ȳ is its arithmetic mean, ȳ j is its arithmetic mean in the j-
th group. With the aim to evaluate the relevance of ESG score and its effects on a
specific characteristic of the assets (return, volatility, extreme risk, ...), we define
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different groups of assets on the basis of a high / low ESG score level, thus tracing
the assessment of ESG-related effects to the comparison between different distribu-
tions.

3.1 The case of 2 groups

Given n assets, in order to classify them into 2 groups on the basis of their ESG
score, we introduce a n×1 vector Z

Z =

{
z1 with z1 = 1 if ESG < p1
z2 with z2 = 0 if ESG≥ p2

(1)

where, for p1 = p2, e.g. when using the median of ESG score, all n assets are con-
sidered, while for p1 6= p2, e.g. when the ESG quartiles are considered, it is possible
to refer to a part of the assets only.

Our traditional starting point is given by the synthetic evaluation provided by
the difference between the group means. A first indicator of ESG effects can be
obtained by calculating the ratio between the means of the standard deviations in
the two groups:

Iȳ = (ȳL− ȳH)/ȳH . (2)

where ȳL and ȳH are the arithmetic means of Y in the group with a low and a high
ESG score, respectively.

Our purpose is to add to the information derived from the group means, the in-
formation provided by the comparison of the group distributions.

We compare the volatility (or return, or extreme risk, ...) distribution of groups
High and Low: when the two distributions perfectly overlap, the ESG score does not
affect the assets returns, while, for decreasing overlapping levels, the influence of
ESG score on asset volatility increases. When groups High and Low do not overlap,
the influence of ESG score reaches its maximum and assets are perfectly classified
on the basis of their ESG score.

In order to evaluate the distance between the distributions of groups High and
Low, as well as to take into account their overlapping, we resort to the decomposi-
tion of an inequality indicator, thus allowing to effectively compare different groups.

We refer to one of the most used and widespread inequality measures, the Gini
index, for which many different decompositions have been proposed. Among the
many contributions we use the Dagum’s Gini index decomposition [9], which allows
to explicitly take into account the overlap between groups.

For the case of n assets disaggregated into 2 groups of size n1 and n2, with n1 +
n2 = n, the Gini index can be expressed as

G =
1

2n2ȳ

2

∑
j=1

2

∑
h=1

n j

∑
i=1

nh

∑
r=1
|y ji− yhr| (3)
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where y ji is the value of Y in the i-th asset of the j-th group and, accordingly, yhr is
its value in the r-th asset of the h-th group. For the case j 6= h, let us define

(y ji− yhr)
+ = max

{
(y ji− yhr),0

}
and

(y ji− yhr)
− = max

{
−(y ji− yhr),0

}
such as ∣∣y ji− yhr

∣∣= (y ji− yhr)
++(y ji− yhr)

−.

It is therefore possible to derive the expressions for the inequality between groups
Gb and for the overlapping component Go as

Gb =
1

2n2ȳ

(
n1

∑
i=1

n2

∑
r=1

(y1i− y2r)
++

n2

∑
i=1

n1

∑
r=1

(y2i− y1r)
+

)
(4)

and

Go =
1

2n2ȳ

(
n1

∑
i=1

n2

∑
r=1

(y1i− y2r)
−+

n2

∑
i=1

n1

∑
r=1

(y2i− y1r)
−

)
. (5)

Inequality between Gb and overlapping component Go allow to evaluate the con-
tribution to total inequality attributable to the differences between the groups, that
is, in our case, to the effect of ESG score.

The role of the two components is quite different. On one hand, an high (low) Gb
indicates a relevant (slight) ESG effect, as total inequality is (is not) strongly influ-
enced by inequality between. On the other hand, as pointed out above, an high (low)
Go suggests a slight (relevant) ESG effect, since complete overlapping corresponds
to the absence of ESG effect, while G0 = 0 (High and Low groups are perfectly
separated) indicates a total stratification.

On the basis of the different meaning of Gb and Go it is possible to derive an
indicator of the relevance of ESG as

IG = (Gb−Go)/G. (6)

When the two indicators (2) and (6) show a similar trend, the information pro-
vided by the means is supported by the indications derived by the group distribu-
tions. In the opposite case, when IG differs from Iȳ, the group means are not fully
informative and it is important to also exploit information from group distributions.

Our method is extremely flexible and can be also adopted to jointly investigate
different assets characteristics. We can generalize our analysis, moving from the
n×1 vector Z to a n×m matrix Z, where m is the number of characteristics analyzed
and each column of Z is a 0,1 vector classifying the n asstes into two groups with
respect a specific characteristic. Further possible generalizations, always within the
same framework, involve the option of assigning varied weights to the different
characteristics.
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The joint analysis of multiple characteristics implies dividing the n assets into 2m

groups, and thus can be related to the extension to the case of k groups outlined in
the next Section.

3.2 Extension to the case of k groups

The case of only two groups represents the most common and used reference, but it
is not exhaustive and the extension to k groups can provide useful insight on ESG
related effects.

We sort the k groups in descending order on the basis of their ESG score, thus
group 1 groups assets with highest ESG score while group k contains assets with
lowest ESG score. We can generalize Z to the case of more than 2 groups moving
to a sequence p1, p2, ..., pk such as

Z =



z1 with z1 = (k−1)/(k−1) = 1 if ESG < p1
z2 with z2 = (k−2)/(k−1) if p1 ≤ ESG < p2
...
zi with zi = (k− i)/(k−1) if pi−1 ≤ ESG < pi
...
zk with zk = (k− k)/(k−1) = 0 if ESG≥ pk−1

As mentioned previously, in addition to being based on p1, p2, ..., pk, the k groups
could also result from the joint analysis of multiple characteristics.

As for Iȳ, the extension of expression (2) to the case of k groups can be easily
obtained through a two-step procedure. First, we obtain the indexes Iyi j related to
the pairwise comparison between the i-th and the j-th groups

Iyi j = (ȳi− ȳ j)/ȳ j.

Second, we calculate the average of all Iyi j indexes

Iȳ =
2

k(k−1)

k−1

∑
i=1

k

∑
j=i+1

Iyi j . (7)

Moving to inequality decomposition based method, in ordero to generalize IG to
the case of k groups we have to rewrite accordingly expressions (3), (4) and (5). The
formula of the Gini index for the case of k groups is

G =
1

2n2ȳ

k

∑
j=1

k

∑
h=1

n j

∑
i=1

nh

∑
r=1
|y ji− yhr| (8)

and, for j 6= h, the related formulas of inequality between and overlapping are, re-
spectively,
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Gb =
1

2n2ȳ

k

∑
j=1

k

∑
h=1

n j

∑
i=1

nh

∑
r=1

(y ji− yhr)
+ (9)

and

Gb =
1

2n2ȳ

k

∑
j=1

k

∑
h=1

n j

∑
i=1

nh

∑
r=1

(y ji− yhr)
−. (10)

By referring to expressions (8), (9) and (10), the indicator IG mantains without
changes its structure:

IG = (Gb−Go)/G.

The case of k groups is certainly appealing and potentially very interesting, but
it also makes the results less immediate and more challenging to read and interpret.
This is why the benefits of this extension need to be balanced with the greater effort
required in analyzing the results.

4 Data

We investigate the interplay between ESG and volatility of the stocks included in
the STOXX Europe 600 Index, measured by means of the standard deviation of their
returns. We refer to the assets included in the index as of September 30, 2023; the
ESG score is not always available for all companies. Table 1 shows the number n of
assets for which the Refinitiv ESG indicator is present.

We employ monthly data ranging from 2017 to 2022, thus allowing us to also
evaluate the presence of effects related to the COVID19 pandemic and the war in
Ukraine. ESG score is analyzed with reference to both its levels and its variations,
taking into account the notion of ESG momentum. Among the different ESG metrics
available, we refer to Refinitiv methodology, fully aware that the use of a different
metric could influence the results. An interesting future development could involve
the joint use of multiple ESG indicators and the comparison of the deriving stock
classifications, so as to analyze their effects on results.

Based on the indicator calculated by Refinitiv, from 2017 to 2022, the assetss
included in the STOXX Europe 600 Index have had an average ESG score of 67.7,
with a mean squared deviation of 15.3. Figure 1 illustrates the frequency distribution
of the ESG score average from 2017 to 2022; it can be observed that the ESG values
are concentrated within the range of 70 to 85, showing a predominantly negatively
skewed distribution.

Moving from average to annual data spanning from 2017 to 2022, it’s intrigu-
ing to delve into the dynamics within this period, revealing an upward trend in the
average ESG score and a decline in its variability, as shown in Figure 2 and Table 1.

Going into further detail, from 2017 to 2021, there’s a consistent increase in the
average ESG score, at a rate slightly surpassing 3% annually. However, between
2021 and 2022, there’s a slowdown, with a variation that doesn’t exceed 1%. The
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Fig. 1 Frequency distribution of ESG score average 2017-2022, STOXX Europe 600 Index assets.

(a) (b)

Fig. 2 ESG score average (a) and standard deviation (b), 2017-2022, STOXX Europe 600 Index
assets.

Table 1 Number n of assets with ESG score, mean and standard deviation of the ESG scores
2017 2018 2019 2020 2021 2022 2017-22

n 533 562 575 584 589 468 592
mean 63.2 64.8 66.6 69.9 72.0 72.4 67.7
std.dev. 17.7 17.6 16.6 15.5 14.2 13.4 15.3
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variability of the ESG scores among the stocks included in the index remains largely
stable between 2017 and 2018 (decreasing by less than 1.0%). However, from 2018
to 2022, it demonstrates a significant decline, with an average annual rate exceed-
ing -5%.The two contrasting trends observed in the average and variability of ESG
scores from 2017 to 2022 reflect the increased attention and widespread sensitivity
towards sustainability issues that have emerged in recent years.

Proceeding with the analysis of the annual dynamics, the stocks within the
STOXX Europe 600 index are divided into k = 2 groups, high and low ESG. In
order to classify the n assets we use both the median of ESG score with p1 = p2,
and the case p1 equal to the first quartile and p2 equal to the third quartile.

Figure 3 depicts the averages ESG score of the two groups in both scenarios.
It’s interesting to note how, whether using the median or using quartiles, extremely
similar results are obtained. Specifically, from 2017 to 2018, the increase in the
average ESG is mainly attributable to assets with higher ESG, while starting from
2018, it’s the assets with lower ESG that are driving the growth of the average ESG.
Another aspect of the annual dynamics of the two high and low ESG groups under
consideration concerns the variability of ESG scores.

(a) (b)

Fig. 3 Average ESG scores in low and high ESG score groups based on the median (a) and on the
first and last quartiles (b), 2017-2022, STOXX Europe 600 Index assets.

Figure 4 illustrates the standard deviation of ESG scores in the two high and
low ESG groups for the two cases analyzed: it can be observed that the standard
deviation is consistently higher in the lower ESG group. Over the considered pe-
riod, there is a general decrease in ESG variability across all groups, with more
pronounced declines between 2020 and 2021.

Alongside the levels of ESG scores, aiming to assess the effects related to dynam-
ics and revisiting the concept of momentum, we evaluate the difference between the
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(a) (b)

Fig. 4 Standard deviation ESG scores in low and high ESG score groups based on the median (a)
and on the first and last quartiles (b), 2017-2022, STOXX Europe 600 Index assets.

ESG score at time t and the ESG score at the previous time t−1:

mt = ESGt −ESGt−1

In Figure 5, the average ESG momentum is shown, with reference to the two high
and low ESG momentum groups, always obtained by classifying the stocks based
on either the median ESG momentum or ESG momentum quartiles.

Consistent with the observed growth in the ESG score during the period under
consideration, the ESG momentum also appears positive, with higher values in 2018
and 2020, and a notable slowdown in 2022.

Regarding the variability of ESG momentum, Figure 6 shows the standard de-
viation of ESG momentum within high and low ESG momentum groups: it can
be observed that, during the analyzed period, the variability decreases, and the low
ESG momentum group consistently exhibits a lower standard deviation compared
to that of the high ESG momentum group.

Figure 7 shows the frequency distribution of the average percentage returns of
STOXX Europe 600 index assets. From 2017 to 2022, on average, the assets of the
STOXX 600 Europe index yielded 0.77 per month, with a standard deviation of 0.97.
The median of the distribution of the means is 0.65, quite close to the mean. The
tenth percentile is -0.2 and the ninetieth is 1.96. These data, along with a skewness
index of 0.66 (where symmetry = 0) and a kurtosis index of 3.21 (normal distribution
= 0), indicate a slight departure from normal distribution.

Among the various characteristics of interest concerning the assets included in
the STOXX index, the one we aim to analyze is volatility. Figure 8 displays the
frequency distribution of the standard deviations of returns for the securities within
the index. The mean of the standard deviations of monthly returns during the period
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(a) (b)

Fig. 5 Average ESG momentum in low and high ESG momentum groups based on the median (a)
and on the first and last quartiles (b), 2017-2022, STOXX Europe 600 Index assets.

(a) (b)

Fig. 6 Standard deviation ESG momentum in low and high ESG momentum groups based on the
median (a) and on the first and last quartiles (b), 2017-2022, STOXX Europe 600 Index assets.

2017-2022 is 8.96, the median is 8.55, and the tenth and ninetieth percentiles are
5.86 and 12.56, respectively. The distribution is essentially symmetric, characterized
by a right tail primarily due to the standard deviation of a single asset.

In the next section, we will analyze, referring to the methods outlined in Section
2, the relationship between the standard deviation of returns and ESG, consistently
referencing both the ESG score and ESG momentum.
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Fig. 7 Frequency distribution of assets average return 2017-2022, STOXX Europe 600 Index as-
sets.

Fig. 8 Frequency distribution of assets standard deviation return 2017-2022, STOXX Europe 600
Index assets.

5 Results

The following results provide a comprehensive depiction of outcomes derived from
asset classifications based on their ESG scores and ESG momentum, focusing on
return volatility.

Table 2 illustrates the results related to the two groups obtained by classifying
the assets on the basis of the median of their ESG score (the results for the first and
last quartile are quite similar). First we report the mean of the standard deviations of
the assets in the two groups. We can observe how, from 2017 to 2022, the average
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of the standard deviations increases, with significant peaks in 2020 and in 2022 cor-
responding to the COVID pandemic and the war in Ukraine. The values of volatility
in the group with lower ESG are steadily higher.

We assess the relevance of our results by developing a bootstrap procedure re-
sampling assets from the original list according to an i.i.d. sampling with replace-
ment. Table 2 includes the mean and the standard deviation of 100,000 replicates
of the bootstrap. The bootstrap mean is always equal or very close to the observed
values; this element, together with the low values of the standard deviation, strongly
supports our results.

To assess the significance of the difference between the volatility of stocks with
low and high ESG scores, from the bootstrap procedure we also implement a test
for the null hypothesis

H0 : ȳL = ȳH .

Table 2 contains the bootstrap p-values, indicating that the hypothesis of equality of
means between the two groups is always rejected except for 2020.

The second part of Table 2 shows the ratios Gb/G and Go/G which, by evaluating
the weight of inequality between groups and of overlapping component on total
inequality, allow us to obtain further information on the role of ESG scores.

From 2017 to 2022 the relevance of Gb increases slightly, with the exception of
the negative peak of 2020, suggesting a stronger ESG effect and a deep impact of
COVID pandemic.

The overlapping component also indicates, by decreasing, a stronger ESG effect,
still except in 2020. It is interesting to observe the difference between the two crises
of 2020 and 2022. In both cases, volatility increases significantly. However, in the
first case, the differences between the two groups decrease (Gb decreases and Go
increases), while in the second case, the opposite occurs. The trends of Gb and Go
suggest a stronger effect of the ESG score during the 2022 crisis but not in 2020.

Also for Gb and Go the bootstrap results support our findings: the means of 10000
bootstrap replicates are always equal or very close to the observed values, with an
almost negligible standard deviation.

The last part of Table 2 shows indicators Iȳ and IG which agree in suggesting
an increase in the ESG effect over the last 6 years, together with detecting a strong
impact from both the COVID pandemic and the war in Ukraine.

An interesting element arising from the comparison between Iȳ and IG highlights
the dynamic after the pandemic: from 2019 to 2022, IG shows a stronger increase
with respect to Iȳ, suggesting that relying solely on averages may underestimate the
importance of the ESG score, which, on the contrary, would be fully captured by
distribution-based indicators.

Unlike the case with ESG scores, the analysis of ESG momentum does not in-
dicate significant effects on stock volatility. Table 3 presents the results related to
ESG momentum, following the same structure as Table 2, and thus presenting ob-
served values alongside the mean and standard deviation of 100,000 replicates of
the bootstrap developed by resampling assets from the original list according to an
i.i.d. method.



The evaluation of the effects of ESG scores on financial markets 15

Table 2 Mean of the observed standard deviations of the assets in group with High / Low ESG
score; observed ratios Gb/G and Go/G; mean and standard deviation of 100,000 bootstrap repli-
cates

2017 2018 2019 2020 2021 2022 2017-22
ȳ 5.26 6.31 6.54 11.71 6.65 9.18 8.46

High ESG mean boot 5.26 6.31 6.54 11.71 6.65 9.18 8.46
std.dev.boot 0.12 0.13 0.17 0.30 0.14 0.17 0.13
ȳ 5.63 7.01 7.17 12.09 7.23 10.59 9.22

Low ESG mean boot 5.64 7.02 7.18 12.07 7.21 10.60 9.21
std.dev.boot 0.19 0.18 0.18 0.32 0.17 0.23 0.18

H0 : ȳL = ȳH < 0.001 < 0.001 < 0.001 0.20 < 0.001 < 0.001 < 0.001
Gb/G 0.29 0.32 0.30 0.27 0.31 0.36 0.32

Ineq. between mean boot 0.29 0.32 0.30 0.27 0.31 0.36 0.32
std.dev.boot 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Go/G 0.21 0.19 0.20 0.23 0.19 0.16 0.19

Overlapping mean boot 0.21 0.19 0.20 0.23 0.20 0.16 0.19
std.dev.boot 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Iȳ 0.07 0.11 0.10 0.03 0.09 0.15 0.09
IG 0.08 0.13 0.10 0.04 0.12 0.20 0.13

From the first part of the Table 3, it can be observed that the averages of the
standard deviations of stocks in the two groups, high and low ESG momentum, do
not significantly differ. Not only that, but the sign of the difference is not consistent
over the considered period: on average, stocks with high ESG momentum also ex-
hibit greater variability, ȳL < ȳH , but in the years 2020 and 2021, stocks with low
ESG momentum, instead, show higher standard deviation in returns. The hypothe-
sis of equality between the means of the two groups H0 : ȳL = ȳH is never rejected
for any of the years considered, whereas it is rejected when analyzing the period
2018-22 as a whole.

In the second part of Table 3, consistent with the smaller difference between
the means, the inequality between the groups Gb is also less pronounced, while the
overlap component Go appears more consistent. Both proposed summary indicators
Iȳ and IG show, in the case of ESG momentum, more contained and stable values
during the analyzed period, highlighting a notable difference compared to the anal-
ysis of ESG scores and not revealing significant effects of ESG momentum on the
variability of STOXX Europe 600 index assets.

The analysis carried out can be extended in several directions, always maintain-
ing the methodological framework outlined in Section 3, which proves to be ex-
tremely flexible and adaptable to numerous generalizations. Among possible future
developments, one can consider stock returns computed at different horizons, the in-
clusion of additional features of stocks, to be evaluated individually or collectively,
and, naturally, the classification of stocks into k groups, as specified in Section 3.
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Table 3 Mean of the observed standard deviations of the assets in group with High / Low ESG
momentum; observed ratios Gb/G and Go/G; mean and standard deviation of 100,000 bootstrap
replicates

2018 2019 2020 2021 2022 2018-22
ȳ 6.82 6.90 11.89 6.94 9.93 9.20

High Momentum mean boot 6.82 6.91 11.90 6.94 9.93 9.20
std.dev.boot 0.16 0.17 0.31 0.14 0.21 0.16
ȳ 6.60 7.07 12.14 7.00 9.83 8.72

Low Momentum mean boot 6.60 7.07 12.12 7.01 9.81 8.70
std.dev.boot 0.16 0.17 0.31 0.16 0.21 0.16

H0 : ȳL = ȳH 0.16 0.31 0.44 0.66 0.64 0.01
Gb/G 0.27 0.26 0.26 0.26 0.26 0.29

Ineq. between mean boot 0.27 0.27 0.27 0.27 0.27 0.29
std.dev.boot 0.02 0.01 0.01 0.01 0.01 0.02
Go/G 0.23 0.24 0.24 0.24 0.24 0.21

Overlapping mean boot 0.23 0.23 0.23 0.23 0.23 0.21
std.dev.boot 0.02 0.01 0.01 0.01 0.01 0.02
Iȳ 0.03 0.02 0.02 0.01 0.01 0.08
IG 0.04 0.03 0.02 0.01 0.01 0.06

6 Conclusions

A data-based, simple yet effective method is proposed to assess and evaluate the role
of the ESG score. This is a non-parametric approach that doesn’t require specific
preliminary assumptions and lacks the elegance, depth, and implications, particu-
larly in predictive terms, of many econometric models. However, it compensates for
these gaps with extreme simplicity and strong effectiveness.

The analysis of the interplay between ESG score and assets characteristics can be
addressed in the framework of classification and can greatly benefit from employing
inequality decomposition methods, able to also take into account the overlapping
between group distributions. On the basis of these methods it is possible to exploit
the information related to the entire distribution of the groups and not rely only
on the group means. With this objective in mind, we introduce an indicator IG that
effectively supplements and integrates information provided by the more traditional
comparison of means Iȳ.

We analyze the stocks included in the STOXX Europe 600 Index and refer to Re-
finitiv ESG score from 2017 to 2022. Our findinds support ESG as a positive driver
of assets returns, with a relationship between higher ESG score and lower volatil-
ity. Covid pandemic strongly affected ESG effect, which was greatly weakeened in
2020, the only year in which the average volatility of low ESG stocks is not signif-
icantly different from the average volatility of high ESG stocks. A strong recovery
of ESG effect can already be observed in 2021. The size of the recovery is stronger
on the basis of IG, that is when evaluating the entire group distributions.

The effects of the shock caused by the war in Ukraine are profoundly different
from those of the COVID crisis: the role of the ESG score is not weakened but
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rather strengthened. This indication, already evident when looking at the averages,
becomes even stronger when evaluating the entire group distributions.

The extreme flexibility of our proposal makes it possible to add other asset char-
acteristics to the analysis, also considering them jointly, with numerous further de-
velopments, such as the possibility of more than two groups, capable of providing
promising results and effectively including sustainability issues in stock market risk
evaluation.
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