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Abstract: We aim to map the ESG patterns of emerging-market companies from 2018 to 2021 in order to
determine whether the COVID-19 pandemic exerted any influence on sustainable corporate behavior. Thus,
the ESG performances were assessed by applying the Kohonen neural network for clustering purposes at three
main levels: i) ESG overall, including country and sectoral perspectives; ii) ESG thematic; and iii) ESG four-
folded (stakeholder, perspective, management level, and focus strategic views). Our results show that
emerging-market companies focus their ESG efforts on social and governance issues rather than on
environmental. However, environmental, and social behavior differ more acutely than governance behavior
across clusters. The ESG pillars country-level and eleven market-based economic sectors analysis corroborate
the geographic and sector dependence of ESG performance. The thematic-level analysis indicate that
operational activities and community issues received more attention, which suggests that emerging-market
companies address distinct ESG topics according to their particularities and competitiveness. Furthermore, our
empirical findings provide evidence that the ESG behavior of companies has changed over the course of the
COVID-19 pandemic. Thus, our findings are relevant to policymakers involved in regulating ESG disclosure
practices, investors focused on enhancing their sustainable investment strategies, and firms engaged in
improving their ESG involvement.

Keywords: ESG patterns; emerging-market companies; corporate sustainable behaviors; Kohonen
neural network

1. Introduction

The GSIA (2020) defines sustainable investment as investment that considers environmental,
social, and governance (ESG) factors in its portfolio selection and management. In their latest
biannual report, the GSIA showed that global sustainable investment reached USD 35.3 trillion in the
five major markets , corresponding to 35.9% of total assets under management and amounting to a
15% increase over the past two years (2018-2020) and a 55% increase over the past four years (2016-
2020). This increased awareness of sustainability has altered the economic environment, affecting
firm behavior, causing profound changes in capital markets [1], and reducing uncertainty, business
risk, and the cost of capital [2,3].

Widyawati [4] highlighted that there are two types of socially responsible investment (SRI) :
ethical and financial. Ethical SRI views SRI as an instrument with which to pressure companies to
change their policies and operate more ethically and sustainably, while financial SRI views SRI as
new financial services offered to specific groups of investors and consequently assumes that SRI
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retains characteristics of traditional financial products. Notably, the literature has focused extensively
on ESG integration from the financial perspective, yet there has been scarcely any discussion
regarding sustainable corporate development [5].

To address this, in this paper, we focus on mapping the sustainability patterns of emerging-
market companies to analyze their sustainable corporate behavior by considering their
financial/economic performance. We believe that scrutinizing corporate sustainability patterns and
classifying them by similar ESG performance may offer valuable insights into how companies
address ESG challenges and endure in their sustainability efforts. This classification is also essential
for organizations interested in improving or comparing their ESG performance to their peers as well
as for policymakers hoping to achieve sustainability objectives.

Thus, this research serves as an extension of lamandi et al.’s paper [6] and involves a three-level
analysis. In the first level, we analyze the sustainability behavior of emerging-market companies by
mapping the three pillars —Environmental, Social, and Governance—as a reflection of the total ESG
performance, aiming to provide insights into the economic sectors of various countries. In the second
level, we investigate the corporate performance of eight specific ESG themes in forming the ESG
pillars. Then, in the third level, we adopt a four-folded approach to the organizational sustainability
facets (stakeholders, perspective, management level, and functional focus of the ESG behaviors).

Our main contributions are threefold. First, since most studies on ESG focus on developed
countries and regions, such as Australia, Canada, Europe, and the United States, few studies
investigate the impact of ESG disclosure and corporate sustainability performance in the context of
developing countries [7]. Second, we show that during the COVID-19 pandemic, the ESG behavior
of the sample companies has changed, suggesting that periods of crisis can influence financial
performance and corporate sustainability performance. Third, since clustering techniques are rarely
employed in empirical studies, especially when considering the emerging-market context, this paper
demonstrates that an artificial neural network is an interesting and useful tool to analyze sustainable
corporate behavior. Moreover, to the best of our knowledge, this is the first in-depth study on the
ESG corporate performance of emerging-market companies to be conducted using a Kohonen neural
network analysis.

The remainder of the paper is organized as follows. Section 2 presents a brief review of the
literature. Section 3 describes the research data and applied methodology. Section 4 reports and
discusses the empirical findings. The last section concludes.

2. Literature Review

The successful implementation of sustainable development firms’ strategies is related to their
organizational structure, culture, leadership, management control, internal and external
communication, employee motivations, and qualifications [8]. In this sense, Ortas et al. [9] show that
not only institutional but also national contexts—and the associated complex economic, social,
political, and legal factors—influence the ESG performance of companies in regard to key
sustainability issues. Indeed, ESG performance varies across countries [9,10] and economic
sectors/industries [9]. ESG performance is also influenced by firm size [11], strategy choices [12],
business context [13], board composition [14,15], and mandatory sustainability reporting laws and
regulations [16].

Thus, this paper relates to the growing ESG corporate performance literature and argues that
organizations, stakeholders, and investors should consider overall ESG scores but also consider the
ESG pillars and the links between them to aid in their decision-making.

Jitmaneeroj [17] finds that each pillar has unequal effects on overall corporate sustainability. The
overall score is affected by the direct effects of pillar scores and the indirect effects from the causal
interrelations among pillars. Moreover, the patterns of causal directions and the most critical pillar
are sensitive to industries. Social performance is the most crucial pillar for most industries, followed
by environmental and economic performance. Governance performance, meanwhile, is not the most
critical pillar in any industry.
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Engelhardt et al. [18] find that the social pillar score is the predominant driver of corporate
financial performance. They also show that, for European companies, ESG is value-enhancing in low-
trust countries, countries with poorer security regulations, and where lower disclosure standards
prevail. Kluza et al. [19] find that innovations and social factors positively impact European
sustainable business models.

Giese et al. [20] find that the time horizon used significantly affects the indicators” significance.
They show that, in the short term, governance is the dominant pillar because it strongly reflects event
risks, such as fraud. In the long term, however, environmental, and social indicators become more
critical because issues such as carbon emissions tend to be more cumulative, posing erosion risks to
long-term performance.

Miralles-Quirds et al. [21] find that the Brazilian market does not value the three ESG pillars
equally. Specifically, the market positively values the environmental practices of companies
unrelated to environmentally sensitive industries, yet, in contrast, the market positively values the
social and corporate governance practices of companies belonging to environmentally sensitive
industries.

Alsayegh et al. [22] show that, in Asian countries, environmental and social performance are
positively related to economically sustainable performance, suggesting an interdependency between
Asian companies’ economic value and the broader value they create for society. Furthermore, the
authors find that the three performance components (economic, environmental, and social
performance) make identical contributions to the overall corporate sustainability performance and
that there are causal relationships between the three.

Cunha et al. [10] analyze the performance of sustainable indices from several countries, finding
that sustainable investment performance is heterogeneous worldwide. They use global, regional, and
country-level sustainability indices as benchmarks and compare their performance with that of
respective market portfolios. The results indicate that in the case of Asia-Pacific and the U.S., the
indices performed worse, whereas Europe and Latin America performed better than the benchmarks.
Badia et al. [23] analyze the portfolios of socially responsible stocks for the U.S., Europe, Japan, and
Asia and conclude that the financial impact of SRI investments depends on the region, varies over
time, and is influenced by the type of filter or screening used.

There is also mixed evidence in the literature regarding whether ESG is valuable in times of
crisis. Engelhardt et al. [18] find that high-ESG-rated European firms have higher abnormal returns
and lower stock volatility during the COVID-19 pandemic, while Bansal et al. [24] conclude that
stocks with high ESG ratings outperform low-rated stocks in favorable economic periods, such as
when there is high aggregate consumption and stock market value. Conversely, these stocks
underperform in bad periods, such as in recessions.

Friede et al. [25] found that the results of over 2,000 studies differ significantly depending on the
ESG methodologies and financial metrics used to assess the impact of ESG on stock performance.
Although there is still no empirical consensus between ESG and corporate financial performance,
several researchers found that ESG companies have some advantages related to creating business
value. Jia and Li [26] show for a group of 72 countries that better sustainable performance is
associated with a higher enterprise value in times of external uncertainty in the economy. Eccles et
al. [13] find that ESG companies have reinforced stakeholder engagement and trust.

3. Methods

3.1. Data

The data we used was collected from Thomson Reuters (TR) EIKON and refers to 2018, 2019,
2020, and 2021 emerging-market companies’ fiscal year reports, which contain the following: the ESG
scores; the Environmental, Social, and Corporate Governance pillar scores; the ten ESG category
scores; the ESG Controversies scores; and the ESG Combined scores (the ESG scores adjusted with
the controversies scores).
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This paper aims to analyze the emerging market’s corporate sustainability. To do this, we use
the available ESG reporting data from the TR EIKON database for all companies that are
simultaneously headquartered in a particular emerging country and listed on their local stock
exchange. Hence, our sample is formed of the 25 countries that compose the MSCI Emerging Markets
Index .

Figure la presents a preliminary analysis of the sample companies voluntarily dedicated to
reporting their ESG performances. It reveals a range between 6.79% and 10.23% of all companies
engaged in ESG reporting from 2018 to 2021.

10.23%

8.83° - _9.32%
6.79%
2018 2019 2020 2021

Figure 1a. ESG reporting degree. Note: Figure 1a reports the percentage of ESG emerging-market
companies, considering all the stocks listed on a local exchange. For more details regarding the data,
see Appendix L.
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Figure 1b. Sectoral analysis of the ESG reporting degree. Note: Figure 1b presents a sectoral analysis
of the sample emerging-market companies ESG reporting degree. Considering the TR EIKON
database, the eleven investigated economic sectors are as follows: ACD = Academic and Educational
Services, BMT = Basic Materials.

Figure 1b presents a sectoral analysis of the sample companies’ ESG reporting degree and revels
that the ESG transparency between the eleven economic sectors is still very low among the emerging-
market companies. Moreover, there are discrepancies between these sectors once the Ultilities,
Energy, and Financial companies lead the ranking of the companies involved in ESG reporting, while,
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at the opposite end, only roughly 5%, or less, of the Academic and Educational Services firms report
on their sustainability efforts.

Table 1 reports the growth rate of ESG companies in the sample countries. Figure 2 displays the
allocation of ESG companies by country, showing that, in the period under analysis, those from China
dominate the sample, followed by Taiwan, South Korea, and India. By analyzing the graphic, we can
deduce that for some countries, such as Malaysia, the number of ESG companies increased during
the COVID-19 pandemic while in other countries the number decreased.

900
700
500
300

100

-100 BR CL CN CO CZ EG GR HU IN ID KWMYMX PE PH PO QA RS SA ZA KRTW TH TR UA

m2018 m2019 m2020 m 2021

Figure 2. Number of sample companies by country. Note: Figure 2 shows the allocation of ESG
companies by emerging country. The country names are represented by the TR EIKON Code as
follows: BR=Brazil, CL=Chile, CN=China, CO=Colombia, CZ=Czech Republic, EG=Egypt, GR=Greece,
HU=Hungary, IN=India, ID=Indonesia, KW=Kuwait, MY=Malaysia, MX=Mexico, PE=Peru,
PH=Philippines, PO=Poland, QA=. RS=Russia, SA=Saudi Arabia, ZA=South Africa, KR=South Korea,
TW=Taiwan, TH=Thailand, TR=Turkey, and UA= United Arab Emirates. For more details regarding
the data, see Appendix II.

The results presented in Table 1 show that in 2019 the number of ESG companies increased in
almost all the sample emerging countries compared to 2018, with only three countries experiencing
a decrease and seven remaining the same. However, during the COVID-19 pandemic, especially
based on the number of ESG companies in 2021, we can infer that, for most of the sample countries,
the pandemic negatively affected companies” ESG efforts. Indeed, for 18 of 25 countries, the number
of companies voluntarily reporting their ESG performances has fallen. Only in China, India,
Malaysia, and the United Arab Emirates has the number of ESG companies increased yearly.

Table 1. Growth rate of the number of ESG companies.

2019 in 2020 in 2021 in 2021 in

Country comparison comparison  comparison comparison
to 2018 to 2019 to 2020 to 2018

BR 21,74% 2,68% -78,26% -72,83%
CL 0,00% -2,38% -34,15% -35,71%
CN 85,41% 31,64% 12,08% 173,56%
CO -4,76% -5,00% -47,37% -52,38%
Cczx 0,00% 0,00% -33,33% -33,33%
EG 0,00% 50,00% 20,00% 80,00%
GR* -6,90% -7,41% -64,00% -68,97%
HU* 0,00% 20,00% -16,67% 0,00%
IN 36,84% 5,77% 16,36% 68,42%
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ID 6,98% 10,87% -27,45% -13,95%
KW 18,18% 23,08% 0,00% 45,45%
MY 6,90% 14,52% 243,66% 320,69%
MX 4,00% -3,85% 24,00% 24,00%

PE 0,00% -3,33% -37,93% -40,00%
PH 0,00% 11,54% -58,62% -53,85%
PO* -2,50% 0,00% -41,03% -42,50%
QA 11,76% 131,58% -29,55% 82,35%
RS* 0,00% 0,00% -72,09% -72,09%

SA 5,88% 13,89% -39,02% -26,47%
ZA 3,54% 0,85% -7,63% -3,54%

KR 13,87% -8,33% -89,51% -89,05%
TW 6,43% 2,68% -50,33% -45,71%
TH 138,10% 35,00% -31,85% 119,05%

TR 11,11% 35,00% -22,22% 16,67%
UA 6,25% 47,06% 44,00% 125,00%

Note: Table 1 reports the annual growth rate of the number of ESG companies in one year in comparison to the
previous year. The last column shows the growth rate from 2018 to 2021. Negative growth percentages are
highlighted in gray. The country names are represented by the TR EIKON Code as follows: BR=Brazil,
CL=Chile, CN=China, CO=Colombia, CZ=Czech Republic, EG=Egypt, GR=Greece, HU=Hungary, IN=India,
ID=Indonesia, KW=Kuwait, MY=Malaysia, MX=Mexico, PE=Peru, PH=Philippines, PO=Poland, QA=.
RS=Russia, SA= Saudi Arabia, ZA= South Africa, KR=South Korea, TW=Taiwan, TH=Thailand, TR=Turkey, and
UA= United Arab Emirates. For more details regarding the data, see Appendix II. *Countries also considered
in lamandi et al.’s [6] sample.

Table 2 reports the persistency with which companies engaged in ESG reporting during the
period of 2018-2021. The results show that in 2018 there were 1,499 emerging-market companies
engaged in ESG reporting. However, in 2021, only 923 of those companies continued to report their
ESG achievements. Despite the 520 new companies that began to report their ESG performance, the
persistency of companies that were already reporting their ESG efforts, and continued to do so, fell
considerably in 2021 — the second year of the COVID-19 pandemic.

Table 2. Persistency of companies engaged in ESG reporting.

Year | 2018 = 2019 = 2020 = 2021 Total

2018 | 1,499 - - - | 1,499

2019 | 1486 | - - | 1,950
(99.13%)

2020 | 1,450 | 454 - - | 2,260
(96.73%) | (97.84%)

2021 | 923 361 255 | o | 209
(61.57%) | (77.80%) | (71.63%)

Note: Table 2 reports the persistency with which companies engaged in ESG reporting during the period of
2018-2021. For more details regarding the data, see Appendix II.

3.2. Self-Organizing Map (SOM)

The self-organizing map (SOM), also known in the literature as the Kohonen map, is a
feedforward artificial neural network architecture for visual pattern analysis with many practical
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applications. For example, it is widely applied to address several clustering problems and data
exploration in industry, finance, natural sciences, and linguistics [27]. The SOM algorithm is based
on unsupervised competitive learning that reduces multi-dimensional data to a lower-dimensional
map (or grid) of neurons (or nodes).

Creating an SOM requires two layers: an input layer containing processing units for each
element in the input vector and an output layer of processing units fully connected with those at the
input layer. Unlike other neural networks, no hidden layer or processing units exist. When input data
is presented to the network, the units in the output layer compete, and the winner (or the best
matching unit (BMU)) will be the output unit whose synaptic weights are the closest to the input data
(1). Then, the synaptic weights of the BMU are adjusted, i.e., moved in the direction of the input data,
a principle known as “winner-takes-all” [28], and the synaptic weights of its neighbors are also
adjusted to improve matching with the input data (2). A commonly used neighborhood function is
the Gaussian (3).

1X(®) — WOl = mink, | X(®) — W; @) 1)

where X is the input data vector € R", W is the output unit vector € R"™, t denotes time, k is the total
number of output units, and c is the BMU. The smallest Euclidean distance ||X (t) - Wj(t)” defines
the BMU.

W;(t+ 1) = W;(0) + a(©hei[X (£) — W;(0)] ()

where X is the input data vector € R", W is the output unit vector € R", t denotes time, a is the
learning rate (0 < a(t) < 1), and h; is the neighborhood function centered on the BMU c.

llre=r ;1
hej = exp (‘ Té) (©)

where o is the neighborhood radius and ||, — ;|| is the distance between output unit c and j on the
map grid.

In this paper, an SOM is employed to group the emerging-market companies into distinct
clusters according to their ESG achievements and relative sustainable conduct resemblance. In this
competitive learning method, the ESG entry data form input vectors that, while presented to the
neurons of the input layer, are transmitted to a two-dimensional map space also consisting of
neurons—the output layer. To this end, we use the three-part methodology proposed by [6] by
employing the following input fields in the Kohonen neural network model:

1. The three ESG pillar scores (Environmental, Social, and Governance)—to map the total ESG
performance in emerging-market companies.

2. Eight out of ten TR EIKON ESG themes scores (Resource Use, Emissions, Environmental
Innovation, Workforce, Human Rights, Community, Product Responsibility, and CSR
Strategy) —to represent theme-based emerging-market ESG behavior.

3. A four-folded strategic approach based on and calculated according to the ten TR EIKON ESG
themes scores, as presented in Table 3.

Table 3. ESG score approaches based on TR EIKON.

ESG Categories (No. of

ESG View Main Components

Indicators)
ESG Owner Score Management (34)
(ESG.Ow_S) Shareholders (12)
ESG Employee Score
ESG Stakeholder (ESG.Enf_ S)y Workforce (29)
Score (ESG.S_S5) ESG Consumer Score Environmental Innovation
(ESG.Cr_S) (19)
Product Responsibility (12)
ESG Community Score Resource Use (20)
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(ESG.Cy_S) Emissions (22)
Human Rights (8)
Community (14)
CSR Strategy (8)
Workforce (29)
ESG Internal Score Management (34)
(ESG.In_S) Shareholders (12)
CSR Strategy (8)
ESG Perspective Ié:i(:sl:;elsu(—;;)(zo)
Score (ESG.P_S) . .
Environmental Innovation
ESG External Score (19)
(ESG.Ex.5) Human Rights (8)
Community (14)
Product Responsibility (12)
ESG Strategic Score Community (14)
(ESG.St S) Management (34)
CSR Strategy (8)
Environmental Innovation
ESG Management ESG Tactical Score (19)
Level Score (ESG.Ta_S) Workforce (29)
(ESG.ML_S) Shareholders (12)
Resource Use (20)
ESG Operational Score Emissions (22)
(ESG.Op_S) Human Rights (8)
Product Responsibility (12)
Resource Use (20)
ESG Process Oriented Emissions (22)
Score—ESG Technology Environmental Innovation
Innovation (ESG.Po_S) (19)
Product Responsibility (12)
ESG Focus Score Workforce (29)
(ESG.E_S) ESG Human Oriented Score— | Human Rights (8)
ESG Relationship (ESG.Ho_S) | Management (34)
Shareholders (12)
ESG Communication Oriented ggg g:;lety (1;1))
Score—ESG Image (ESG.Co_S) Controvers%Zs 23)

doi:10.20944/preprints202310.2046.v1

Note: ESG Stakeholder identifies the main corporate orientation in terms of stakeholders. ESG Perspective
recognizes the corporate preference for internal or external ESG-related actions. ESG Management Level
categorizes the corporate sustainable efforts by giving the hierarchical levels involved for seizing the corporate
preference for specific actions when managerial structuring is considered; and ESG Focus highlights the ESG-
related priorities of the companies from a functional perspective. The ESG indicators are provided by TR
EIKON. Source: Adapted from [6].

In Appendix III, we present all the descriptive statistics of the ESG variables considered in this
paper. They indicate that the companies in the sample are, on average, medium ESG performers, with
mean scores of around a 40-medium threshold. Moreover, on average, they seem to perform slightly
better on the Corporate Governance component and less well on the Environmental component,
although precisely the opposite is found in lamandi et al.’s [6] research on European companies. The
thematic ESG perspective conveys the highest average performance for the Workforce constituent
and the lowest for the Environmental Innovation component. As for the strategic ESG approaches,
the sample companies achieve the following:
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e ESG Stakeholder view: highest average score for the ESG component related to employees
(ESG.Em_S) and the lowest score on the consumer oriented ESG score (ESG.Cr_S).

e ESG Perspective view: highest average score for the ESG component related to internal issues
(ESG.In_S) over external issues (ESG.Ex_S).

e ESG Management Level view: highest average score for the ESG component related to the
strategic level (ESG.St_S) over operational (ESG.Op_S) and tactical (ESG.Ta_S) levels.

e ESG Focus view: highest average score for the ESG component related to communication
orientation (ESG.Co_S) over technology innovation (ESG.Po_S) and human related (ESG.Ho_S)
issues.

In Appendix III, we also report the descriptive statistics for the ESG controversies score , which
are usually based on public and media disclosure of ESG-related corporate scandals or failures of a
company to address and mitigate associated risks. The results show that the mean is very high, while
the median, the 25th, the 50th, and the 75th percentile are 100 for all the periods in the analysis. This
finding suggests that emerging-market companies are not particularly susceptible to issues related
to anti-competition, business ethics, intellectual properties, public health, tax fraud, child labor, etc.

The emerging-market companies exhibit uniformity in ESG performance in terms of their
medium, mean, and median values. The comparison of the medians illustrates a similar situation as
in the case of the mean values, with equivalent edges for the total, thematic, and innovative ESG
approaches, while the skewness and kurtosis coefficients indicate that the sample data does not have
a normal distribution.

Table 4 reports the three main levels of exposure to ESG risks. The results indicate that at least
95% of the emerging-market companies have no exposure to ESG risks, while less than 2% experience
greater exposure to ESG risks. It is worth noting that our results differ from those of [6], who found
that 69.4% of the European companies in 2018 had no exposure to ESG risk while 28.6% experienced
greater exposure to ESG risks, which suggests that the emerging-market companies undergo
considerably less exposure to ESG risks than the European companies.

Table 4. Companies’ exposure to ESG risks.

ESG Risks Exposure (ESG_RE) 2018 2019 2020 2021
1- Higher exposure to ESG risks 29 40 41 24
(ESG Controversies Score < 25)

(1.93%) | (2.05%) | (1.81%) | (1.17%)

2-  Lower exposure to ESG risks 46 49 64 34
(25 < ESG Controversies Score < 50)

(3.07%) | (51%) | (2.83%) | (1.65%)

3- No exposure to ESG risks 1,424 1,861 2155 2,001
(ESG Controversies Score > 50)
(95.00%) | (95.43%) | (95.35%) | (97.18%)
Total 1,499 1,950 2,260 2,059

Note: Table 4 reports the main three levels of exposure to ESG risks according to an ordinal variable controversy
related (ESG_RE) based on the ESG Controversies Score (ESG.Controversies_S) of TR EIKON.

3.3. Statistics and Computational details

First, we standardize (z-score normalization) all the input data. Then, we employ the following
parameters in order to train the SOMs for each of the three-level ESG analyses:

e  Grid size: 10x7.

e Hexagonal topology, Gaussian neighborhood function, Euclidean distance, a standard linearly
declining learning rate from 0.1 to 0.01, and 1000 epochs.

¢ Non-supervised training with PCA (principal component analysis) initialization.

e The number of ideal clusters was obtained by employing two methodologies: WCSS (Within-
Cluster Sum of Square) for k-means, and PAM (Partition Around Medoids) clustering, both
return the number of three.

doi:10.20944/preprints202310.2046.v1
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The empirical results of this research were obtained from R (R version 4.1.3) through the
“kohonen” [29,30], “aweSOM” [31], “caret” [32], and “cluster” [33] packages. The modeling was
carried out in Windows 11 x86_64-w64-mingw32/x64 (64-bit) com 11th Gen Intel(R) Core(TM) i7-
11800H @ 2.30GHz.

4. Results and Discussion

We employ the SOM in order to group the sample companies based on their ESG performance.
To this end, we use the three-level methodology proposed by [6], which generates six different
Kohonen maps according to the total ESG performance, the thematic ESG performance, and the four-
folded approach to the ESG performance.

4.1. Average Silhouette Measure

Silhouette refers to a method for the interpretation and validation of consistency within clusters
of data. The technique provides a succinct graphical representation of how well each object has been
classified [34]. In other words, the silhouette measures how similar an object is to its own cluster
(cohesion) compared with other clusters (separation). The value ranges from -1 to +1, with a high
value indicating that the object is well matched to its own cluster and poorly matched to its
neighboring clusters. Table 5 reports the average silhouette measure of each Kohonen map, which,
as shown below, range between 0.26 and 0.36.

Table 5. Average Silhouette Width.

Clustering result for: 2018 2019 2020 2021
Total ESG performance 0.29 0.30 0.29 0.31
Thematic ESG performance 0.28 0.29 0.27 0.29
Stakeholder View 0.28 0.26 0.28 0.26
Perspective View 0.35 0.35 0.36 0.36
Management Level View 0.31 0.32 0.33 0.33
Focus View 0.29 0.28 0.30 0.32

Note: Table 5 reports the average silhouette width, i.e., a measure of the cohesion and separation of the
clusters. The value ranges from -1 to +1, with a high value indicating that the object is well matched to its own
cluster and poorly matched to neighboring clusters.

4.2. Average Silhouette Measure

First, we analyze the sustainability behavior of emerging-market companies by mapping the
three pillars—Environmental, Social, and Governance—as a reflection of the total ESG performance.

Figure 3 reports the results of the Kohonen map’s topology. Overall, we can infer that companies
in the Higher ESG cluster seem to have more consistent sustainable behaviors, especially for the
environmental and social dimensions. Additionally, despite very low scores for the other two pillars,
we can see a higher governance score for several companies included in the Middle and Lower ESG
clusters. This can be explained by the fact that several companies must follow specific regulations,
governance, and compliance practices inherent to their business.

Figure 3 and Table 6 report that the SOM consistently found a three-clusters solution; however,
some differences can be seen too. While in 2018, most of the sample companies (47.4%) belonged to
the Higher ESG performance group, in 2021, this scenario changed drastically, with most of the
sample companies (47.1%) entering the Lower ESG performance group. These findings are significant
because they suggest that during the COVID-19 pandemic, the ESG behavior of emerging-market
companies changed.

Table 6. Clusters’ size by number of companies.
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Higher ESG = Middle ESG Lower ESG | Total

2018 711 461 327 1,499
(47.43%) (30.75%) (21.82%)

2019 732 747 471 1,950
(37.54%) (38.31%) (24.15%)

2020 714 875 671 2,260
(31.59%) (38.72%) (29.69%)

2021 479 611 969 2,059
(23.26%) (29.67%) (47.07%)

Note: Table 6 reports the clusters’ size by the number of sample companies each year. The first column shows
the results for the companies classified as belonging to the Higher ESG cluster, the second column shows the
results for the companies classified as belonging to the Middle ESG cluster, and the third column shows the
results for the companies classified as belonging to the Lower ESG cluster.

(a) 2018

(b) 2019

B ENV S

@D soc s

[0 cov. S

Figure 3. Kohonen maps for E, S, and G performance. Note: Figure 3 presents the Kohonen maps for

the sample companies’ E, S, and G performance during the period of 2018-2021. The maps reveal the
existence of three distinguishable clusters and show the nodes' weight vector. The fan in each node
indicates the variables of prominence that link the datapoints assigned to the neuron. The Higher ESG
performance cluster is on the right, the Middle ESG performance cluster is in the middle, and the

Lower ESG performance cluster is on the left.

In Appendix VI, we report the median for the clusters’ total ESG score, each ESG pillar score,
and the ESG Combined score . Overall, the Lower ESG cluster achieves medians below the 25th
percentile of the sample. In contrast, the Middle ESG cluster achieves medians below the 50th
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percentile of the sample, except for the governance pillar. The Higher ESG cluster achieve medians
higher than the 75th percentile. However, it can be seen that, during the COVID-19 pandemic, the
medians for the governance pillar in the Middle and Lower ESG clusters achieve values higher than
the 50th and 25th percentiles of the sample, respectively, suggesting that during the global crisis the
emerging-market companies strived to improve their governance performance. Additionally, in 2021,
all variables in the Middle ESG cluster achieve medians above the 50th percentile of the sample. These
results indicate that both social (SOC_S) and governance (GOV_S) performance medians are higher
than the environment (ENV_S) performance at the level of each cluster, which suggests that
emerging-market companies focus their ESG efforts on social and governance issues, rather than on
environmental issues. This can be explained by the predominancy of best environmental
performance in those companies that are seen as sensitive or as being more likely to cause damage to
society and who therefore tend to disclose their ESG performance solely as a means of protecting
their reputation [35].

Table 7 reports the contribution level of each ESG pillar for the clustering. The results show that,
especially during the years of the COVID-19 pandemic, the environmental and social achievements
are more diverse within the clustering solution when compared with the governance edge. This
suggests that the environmental and social requests that companies must comply with may vary
according to the economic sector or regulations and legislations of the country under study.

Table 7. Characterizing clusters.

Year ESG Higher Middle  Lower Measure Impact
Pillar ESG ESG ESG Factor
w ENV_S 0.825 -0.533 -1.043 1.868 0.898
§ SOC_S 0.829 -0.391 -1.251 2.080 1.000
GOV_S 0.452 0.028 -1.023 1.475 0.709
o ENV_S 1.064 -0.355 -1.092 2.156 1.000
§| SOC_S 0.933 -0.238 -1.073 2.006 0.930
GOV_S 0.466 0.118 -0.911 1.377 0.639
ENV_S 1.149 -0.147 -1.032 2.181 1.000
§ SOC_S 1.032 0.015 -1.118 2.150 0.986
GOV_S 0.402 0.086 -0.540 0.942 0.432
B ENV_S 1.246 0.258 -0.779 2.025 0.986
§ SOC_S 1.194 0.429 -0.860 2.054 1.000
GOV_S 0.654 0.021 -0.336 0.990 0.482

Note: Table 7 reports the contribution level of each ESG pillar for the clustering. The values in the first three
columns are the normalized means for each ESG pillar according to each cluster; the column “measure” reflects
the difference between the highest and the lowest mean observed in the three clusters. The last column reports
the impact factor, highlighting each predictor’s importance in the clustering process.

The quantization error, the topographic error, and the percentage of explained variance obtain
the quality measures of the SOM. The quantization error determines the learning quality indicator
[36], while the topographical error measures the projection quality of the map [37]. If the values of
both errors are small, the SOM is assumed to have good quality. The percentage of explained variance
is the share of total variance explained by the clustering. Thus, the higher, the better. Table 8 reports
the results of these quality measures while taking into account the Kohonen map’s analysis of the
ESG pillars. The results indicate that the accuracy of the map is satisfactory.

Table 8. Quality measures of the SOM
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Measure 2018 2019 2020 ‘ 2021

Quantization error 0.153 0.158 0.162 0.169
Topographic error 0.103 0.094 0.092 0.107
(% explained variance) 94.91 94.72 94.61 94.35

Note: Table 8 reports the results of the quality measures of the Kohonen maps for the analysis of the three ESG
pillars.

ESG controversies may positively impact firms’ value [38] and the value of firms’ stocks [39],
which undermines the natural assumption that such controversies may negatively impact corporate
financial results. This could be evidence of the notion that "there is no such thing as bad publicity”
and that the positive impact is solely the result of increased corporate visibility. Thus, the analysis of
ESG controversies is essential not only for mapping sustainable corporate behavior but also for
understanding corporate financial results. Table 9 reports the Controversies Scores for each ESG
cluster. The results indicate that approximately 90% of the emerging-market companies did not
undergo any ESG controversies during the period under analysis. Most companies with controversies
belong to the Higher ESG cluster, suggesting that companies with higher sustainable corporate
performance are more susceptible to ESG controversies. Additionally, we observe a decrease in the
percentage of companies with no ESG controversies from 2020 to 2021 but an increase compared to
the years before the global crisis. This suggests that at the beginning of the COVID-19 pandemic, the
sample companies were involved in a high number of ESG controversies but then quickly
concentrated their efforts on mitigating these issues.

Table 9. Controversies Scores.

doi:10.20944/preprints202310.2046.v1

Cluster x=100 100<x<80  80< x<60 60< x40 40< xL20
Higher ESG 602 25 23 21 22 18 711
(40.16%) (1.67%) (1.53%) (1.40%) (1.47%) (1.20%)
% | Middle ESG 433 3 7 8 7 3 461
& (28.89%) (0.20%) (0.47%) (0.53%) (0.47%) (0.20%)
Lower ESG 315 2 3 5 1 1 327
(21.01%) (0.13%) (0.20%) (0.33%) (0.07%) (0.07%)
Higher ESG 595 37 29 23 25 23 732
(30.51%) (1.90%) (1.49%) (1.18%) (1.28%) (1.18%)
o | Middle ESG 706 5 7 9 14 6 747
“ (36.21%) (0.26%) (0.36%) (0.46%) (0.72%) (0.31%)
Lower ESG 461 1 2 4 2 1 471
(23.64%) (0.05%) (0.10%) (0.21%) (0.10%) (0.05%)
Higher ESG 550 24 64 21 33 22 714
(24.34%) (1.06%) (2.83%) (0.93%) (%) (0.97%)
& | Middle ESG 779 20 38 12 20 6 875
& (34.47%) (0.88%) (1.68%) (0.53%) (0.88%) (0.27%)
Lower ESG 654 2 11 2 2 - 671
(28.94%) (0.09%) (0.49%) (0.09%) (0.09%) (0.00%)
= | Higher ESG 412 8 18 18 10 13 479
& (20.01%) (0.39%) (0.87%) (0.87%) (0.49%) (0.63%)
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Middle ESG 570 4 19 2 12 4 611
(27.68%) | (0.19%) | (0.92%) | (0.10%) | (0.58%) | (0.19%)
Lower ESG 953 3 6 4 3 - 969

(46.28%) (0.15%) (0.29%) (0.19%) (0.15%) (0.00%)
Note: Table 9 reports the controversies scores for each cluster in regard to the period under analysis. “x”
represents the ESG controversies score. The lower the score, the greater the exposure to ESG controversies, with
a score of 100 indicating that the company has no controversies.

In Appendix IV, we provide a detailed spread of companies at country and cluster level:

®  The percentage of companies included in the Higher ESG cluster decreased yearly during the
analysis period. In 2018, there were 18 countries in which the majority of companies fell within
the Higher ESG cluster, whereas in 2021, this applied to only eight countries.

e  Brazil, Chile, Colombia, Greece, Hungary, South Korea, Taiwan, and Turkey had the most
companies included in the Higher ESG cluster from 2018-2021.

¢  The percentage of companies included in the Lower ESG cluster increased yearly during the
analysis period. In 2018, there were four countries in which the majority of companies fell within
the Lower ESG cluster, but, by 2021, this number had fallen to nine countries.

*  Qatar was the only country in which the majority of companies fell within the Lower ESG cluster
from 2018-2021, which can be explained by the fact that it was only in 2016 that the Qatar Stock
Exchange joined the United Nations initiative on sustainable development and thereafter
promoted ESG standards.

e  Caution is advised when determining the national prevalence of a specific cluster, primarily
because of the pronounced differences in the number of investigated companies from each
country and certain countries' specificities as regulations.

In Appendix V, we report the distribution of companies across economic sectors between the
ESG clusters and show that it is only in the “Energy” sector that the majority of companies fell within
the Higher ESG cluster from 2018-2021. A change in the behavior of ESG companies concerning the
economic sectors can be seen in 2018, when almost all economic sectors, except “Academic and
Educational Services,” “Healthcare,” and “Real Estate,” had the majority of their companies included
in the Higher ESG cluster, while in 2021 the majority of companies were included in the Lower ESG
cluster for all economic sectors. Thus, contrary to the findings of [6], we did not conclude that
services-oriented economic sectors perform better or have a lower negative impact than production-
oriented sectors in regard to environmental issues. These findings suggest that over the course of the
COVID-19 pandemic, the ESG behavior concerning the economic sectors of emerging-market
companies has changed.

4.3. Mapping the Thematic ESG Performance for the Emerging-market Companies

We conducted the thematic ESG performance analysis for eight out of the ten main categories.
Two ESG variables related to shareholders and management were eliminated because the
information that companies provide regarding corporate governance issues may be very similar as
the disclosure of such information tends to be mandatory and is therefore provided by most
companies in their financial reports.

Figure 4 reports the Kohonen map topology results for the main ESG themes obtained by
mapping the relationships between eight out of ten themes—Resource use, Community, Emissions,
Human rights, CSR strategy, Workforce, Product responsibility, and Environmental innovation.
Table 10 reports a certain consistency between the ESG clusters, with most of the sample companies
belonging to the Lower ESG performance group over the entirety of the period, except for 2020, in
which the majority belonged to the Middle ESG performance group.

Table 10. Clusters’ size by number of companies for the thematic ESG performance.
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Year | Higher ESG  Middle ESG | Lower ESG

2018 434 414 651 1,499
(28.95%) (27.62%) (43.43%)

2019 574 589 787 1,950
(29.44%) (30.20%) (40.36%)

2020 569 878 813 2,260
(25.18%) (38.85%) (35.97%)

2021 439 618 1,002 2,059
(21.32%) (30.02%) (48.66%)

Note: Table 10 reports the clusters’ size by the number of sample companies each year. The first column shows
the results for the companies classified as belonging to the Higher ESG cluster, the second column shows the
results for the companies classified as belonging to the Middle ESG cluster, and the third column shows the
results for the companies classified as belonging to the Lower ESG cluster.

In Appendix VI, we report the clusters median of the ten thematic ESG scores: overall. We
observe similar behavior across all the periods under analysis for all variables, but the performances
are heterogeneous. The results indicate that the Lower ESG cluster companies have a median zero
for the Environmental Innovation and Human Rights themes, suggesting that those companies do
not take any action related to these two topics. In contrast, sustainability themes associated with
everyday operational activities (Resource Use, Emissions, and Workforce) and Community issues
received more attention. We also show that the medians of each cluster of the variables Management
and Shareholders are very similar, suggesting that the behavior concerning each of these variables is
similar during the period under analysis. Additionally, during the COVID-19 pandemic, especially
in 2021, the variables related to Resource Use, Emissions, Product Responsibility, Management, and
CSR Strategy achieved considerably higher medians for the Lower ESG cluster. The behavior of
emerging-market companies concerning the ten thematic ESG scores is different from those found
for the European companies by [6], especially in regard to the medians, which are lower for all three
clusters. This finding indicates that European companies have better ESG performance at a thematic
level, primarily in the Middle and Lower ESG clusters.

Figure 4 and Table 11 show that, overall, the employed variables differ to a reasonable extent
between ESG paths. Resource Use, Emissions, and Human Rights differ the most within the three
clusters because the sample companies belong to different economic sectors with different production
patterns. Interestingly, as also found by [6], the Environmental Innovation and the Product
Responsibility categories are the most similar among the grouping solutions.

Figure 4 reports the Kohonen map topology results for the main ESG themes obtained by
mapping the relationships between eight out of ten themes —Resource use, Community, Emissions,
Human rights, CSR strategy, Workforce, Product responsibility, and Environmental innovation.
Table 10 reports a certain consistency between the ESG clusters, with most of the sample companies
belonging to the Lower ESG performance group over the entirety of the period, except for 2020, in
which the majority belonged to the Middle ESG performance group.
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Figure 4. Kohonen maps for main thematic ESG performance. Note: Figure 4 presents the Kohonen
maps for the sample companies' thematic ESG performances from 2018-2021. The maps suggest the
existence of three distinguishable clusters and show the nodes' weight vector. The fan in each node
indicates the variables of prominence that link the data points assigned to the neuron. The Higher
ESG performance cluster is on the right, the Middle ESG performance cluster is in the middle, and the
Lower ESG performance cluster is on the left.

Table 11. Characterizing clusters.

Year ESG Components Higher Middle Fower Measure fmpact
ESG ESG ESG Factor

Resource.Use_S 0.967 0.337 -0.859 1.827 0.991
Emissions 0.971 0.350 -0.870 1.840 0.998
Environmental.Innovation_S 0.635 0.101 -0.488 1.123 0.609

% | Workforce_S 0.858 0.378 -0.812 1.670 0.906
& Human.Rights_S 1.123 -0.042 -0.722 1.844 1.000
Community_5S 0.962 -0.003 -0.640 1.602 0.869
Product.Responsibility_S 0.652 0.480 -0.741 1.393 0.755
CSR.Strategy_S 0.844 0.208 -0.695 1.539 0.835

9 | Resource.Use_S 1.014 0.265 -0.938 1.952 0.986
& Emissions 0.985 0.263 -0.916 1.901 0.961
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Environmental.Innovation_S 0.565 0.180 -0.547 1.112 0.562
Workforce_S 0.856 0.383 -0.911 1.767 0.893
Human.Rights_S 1.240 -0.221 -0.739 1.979 1.000
Community_S 1.003 -0.095 -0.661 1.664 0.841
Product.Responsibility_S 0.686 0.217 -0.663 1.349 0.682
CSR.Strategy_S 0.754 0.325 -0.793 1.547 0.782
Resource.Use_S 1.085 0.214 -0.991 2.076 1.000
Emissions 1.055 0.160 -0.911 1.965 0.965
Environmental.Innovation_S 0.597 0.106 -0.532 1.129 0.544
S | Workforce_S 0.977 0.275 -0.981 1.958 0.943
& Human.Rights_S 1.216 -0.032 -0.817 2.033 0.979
Community_S 1.028 0.106 -0.834 1.862 0.897
Product.Responsibility_S 0.740 0.317 -0.860 1.600 0.771
CSR.Strategy_S 0.920 0.121 -0.775 1.696 0.817
Resource.Use_S 1.184 0.489 -0.821 2.004 0.954
Emissions 1.163 0.378 -0.743 1.905 0.907
Environmental.Innovation_S 0.651 0.128 -0.364 1.015 0.483
= | Workforce_S 1.077 0.504 -0.783 1.859 0.885
& Human.Rights_S 1411 0.116 -0.690 2.100 1.000
Community_S 1.212 0.162 -0.631 1.843 0.878
Product.Responsibility_5S 0.746 0.364 -0.551 1.297 0.618
CSR.Strategy_S 0.898 0.454 -0.673 1.571 0.748

Note: Table 11 reports the contribution level of each thematic ESG performance for the clustering. The values
in the first three columns are the normalized means for each thematic ESG performance according to each
cluster. The column “measure” reflects the difference between the highest and the lowest mean observed in the
three clusters. The last column reports the impact factor, highlighting each predictor’s importance in the
clustering process.

Table 12 reports the results of these quality measures of the Kohonen maps, which is useful for
the analysis of the thematic ESG performance and indicates that the accuracy of the map is

satisfactory.
Table 12. Quality measures of the SOM
Measure ‘ 2018 2019 ‘ 2020 2021
Quantization error 1.476 1.429 1.446 1.469
Topographic error 0.159 0.150 0.189 0.147
(% explained variance) 81.54 82.13 81.92 81.63

Note: Table 12 reports the results of the quality measures of the Kohonen maps for the analysis of the thematic
ESG performance.

4.4. Mapping the Different Approaches of the ESG Performance for the Emerging-market Companies

We also analyze the ESG performance in a four-folded strategic way proposed by [6]. The
measures and detailed composition of these four ESG Views are presented in detail in Table 2. Table
13, meanwhile, reports the share of companies in each ESG cluster, from which we can see that the
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clustering distribution is very heterogeneous, suggesting no clear pattern connecting these strategic
views. This indicates that emerging-market companies address distinct ESG topics according to their
economic sector, country, everyday operational activities, particularities, and how they want to
position themselves in the market in such a way as to improve their competitiveness.

Table 13. The share of companies in each ESG cluster according to the four strategic views.

Year View Cluster
Higher ESG  Middle ESG = Lower ESG Total
Stakeholder View 484 496 519 1,499
(32.29%) (33.09%) (34.62%)
Perspective View 533 714 252 1,499
® (35.56%) (47.63%) (16.81%)
& Management Level View 297 606 596 1,499
(19.81%) (40.43%) (39.76%)
Focus View 508 816 175 1,499
(33.89%) (54.44%) (11.67%)
Stakeholder View 496 563 891 1,950
(25.44%) (28.87%) (45.69%)
Perspective View 843 734 373 1,950
o (43.23%) (37.64%) (19.13%)
S Management Level View 280 816 854 1,950
(14.36%) (41.85%) (43.79%)
Focus View 950 415 585 1,950
(48.72%) (21.28%) (0.30%)
Stakeholder View 1,026 438 796 2,260
(45.40%) (19.38%) (35.22%)
Perspective View 508 829 923 2,260
g (22.48%) (36.68%) (40.84%)
N Management Level View 940 978 342 2,260
(41.59%) (43.27%) (15.13%)
Focus View 1,011 105 1,144 2,260
(44.73%) (4.65%) (50.62%)
Stakeholder View 774 275 1,010 2,059
(37.59%) (13.36%) (49.05%)
Perspective View 703 848 508 2,059
b (34.14%) (41.19%) (24.67%)
S Management Level View 405 776 878 2,059
(19.67%) (37.69%) (42.64%)
Focus View 822 107 1,130 2,059
(39.92%) (5.20%) (54.88%)

Note: Table 13 reports the clusters’ size by number of sample companies each year. The first column shows the
results for the companies classified as belonging to the Higher ESG cluster, the second column shows the
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results for the companies classified as belonging to the Middle ESG cluster, and the third column shows the
results for the companies classified as belonging to the Lower ESG cluster.

In Appendix VI, we report the median for the clusters in regard to each ESG strategic view:

e  ESG Stakeholder View: The medians within the Middle and Higher ESG clusters show that the
sustainability efforts related to employees’ issues receive more attention, which is likely due to
an acknowledgment of their decisive role in the organizational results. However, for the lower
cluster, the owners-related issues are preferred. Additionally, as the companies shift from lower
to middle clusters, less attention is paid to owners-related issues, except for in 2020. These results
suggest that it is in fact business (short-term) motivations that guide the companies as opposed
to their desire to contribute positively to wider society.

®  ESG Perspective View: The medians within each cluster show that emerging-market companies
are addressing ESG internal and external issues, which suggests they understand the necessity
to address sustainable actions in both directions. However, it is notable that there is a higher
level of consideration for the inner-oriented sustainability firm issues than for the outer-oriented
issues, especially for the middle and lower clusters.

e ESG Management Level View: Interestingly, the emerging-market companies in the lower and
middle clusters addressed more ESG strategic issues than operational and tactical issues,
suggesting that they are trying to improve their sustainable behavior by concentrating on long-
term sustainability matters. However, in the higher cluster, the companies are more focused on
operational issues yet remain interested in long-term strategic sustainability issues due to
integrated competitive reasons.

* ESG Focus View: Overall, companies prefer to concentrate on sustainable communication-
related issues in order to enhance their image through ESG involvement. The hierarchy within
clusters between these three pillars is the same. The sustainable-oriented process is situated in
the last position, suggesting that the sample companies do not concentrate their efforts or have
difficulties implementing sustainable technologies and innovations.

Figure 5 and Table 14 show that the following ESG patterns are emphasized for the components
that are good differentiators at the cluster level:

*  From a Stakeholder’s View, between 2018 and 2020, the Community (ESG.Cy_S)-related issues
differ the most across the three clusters, while Owners (ESG.Ow_S)-related topics are the most
similar. This indicates that better ESG performers’ sustainable corporate behaviors were more
guided by societal reasons than by purely business-based motivations, corroborating the idea
that for an organization to be sustainable, it must adopt a strategy to generate a competitive
advantage that is in line with societal expectations [40,41]. However, by 2021, this behavior had
scarcely changed, and, despite the highest corporate sustainable contribution still being
dedicated to Community (ESG.Cy_S)-related issues, more attention was focused on Owners
(ESG.Ow_S)-related issues in the Higher ESG cluster, which may be due to the urge to protect
shareholders and the company during the COVID-19 pandemic. These results corroborate [45]
findings and indicate that the sample companies also considered stakeholders to be as crucial as
their shareholders, even during periods of global crisis.

e From a Perspective View, the ESG internal-oriented (ESG.In_S) impact more effectively
discriminates the sustainable corporate behaviors of the emerging-market companies.
Integrating ESG in companies’ internal policies and operating practices may increase their
competitiveness and enhance their economic and social performance [42,43]. This result is
exactly the opposite of that found for the European companies in lamandi et al.’s [6] research.

* From a Management View, ESG Operational (ESG.Op_S) and ESG Tactical (ESG.Ta_S) issues
differ the most across the three clusters, indicating that companies with higher sustainable
behavior prefer to concentrate on these topics in order to increase organizational efficiency and
competitiveness. In contrast, European companies prefer to focus on ESG Strategic level
(ESG.5t_S).

e  From a Focus View, the communication (ESG.Co_S) orientation variable differs the most across
the three clusters during the COVID-19 pandemic, suggesting that preserving and projecting a
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good organizational image for companies in the Higher ESG cluster was a priority over process-

oriented and human-oriented issues.

Table 14. Characterizing clusters.

ﬂ View Components Higher  Middle hower Measure fmpact
ESG.Ow_S 0.869 -0.612 -0.226 1.481 0.764

ESG.S.S ESG.Em_S 0.784 0.245 -0.965 1.749 0.902
ESG.Cr_S 0.663 0.268 -0.874 1.537 0.793

ESG.Cy_S 0.929 0.150 -1.010 1.939 1.000

ESGP S ESG.In_S 0.987 -0.187 -1.559 2.546 1.000

® ESG.Ex_S 0.938 -0.262 -1.242 2.180 0.856
& ESG.5t_S 0.956 0.300 -0.781 1.737 0.788
ESG.ML_S ESG.Ta_S 1.257 0.231 -0.861 2.118 0.961
ESG.Op_S 1.253 0.320 -0.950 2.203 1.000

ESG.Po_S 0.898 -0.299 -1.211 2.109 0.811

ESG.E_S ESG.Ho_S 0.864 -0.165 -1.737 2.601 1.000
ESG.Co_S 1.022 -0.409 -1.058 2.080 0.800

ESG.5_S ESG.Ow_S 0.560 -0.167 -0.206 0.766 0.389
ESG.Em_S 0.989 0.533 -0.888 1.877 0.953

ESG.Cr_S 1.187 -0.189 -0.541 1.728 0.877

ESG.Cy_S 1.139 0.312 -0.831 1.970 1.000

ESG.P_S ESG.In_S 0.791 -0.212 -1.371 2.162 1.000

o ESG.Ex_S 0.926 -0.473 -1.163 2.089 0.966
& ESG.ML_S ESG.5t_S 1.152 0.279 -0.645 1.797 0.778
ESG.Ta_S 1.397 0.311 -0.755 2.152 0.932

ESG.Op_S 1.404 0.465 -0.905 2.309 1.000

ESG.F_S ESG.Po_S 0.670 -0.150 -0.982 1.764 1.000
ESG.Ho_S 0.639 0.079 -1.094 1.733 0.982

ESG.Co_S 0.768 -0.680 -0.765 1.533 0.869

ESG.S_S ESG.Ow_S 0.242 0.246 -0.447 0.693 0.368
ESG.Em_S 0.843 -0.101 -1.031 1.874 0.996

ESG.Cr_S 0.589 0.092 -0.810 1.399 0.744

ESG.Cy_S 0.874 -0.217 -1.007 1.881 1.000

- ESG.P_S ESG.In_S 1.260 0.166 -0.843 2.103 1.000
§ ESG.Ex_S 1.087 0.398 -0.956 2.043 0.971
ESG.ML_S ESG.5t_S 0.757 -0.284 -1.268 2.025 0.927
ESG.Ta_S 0.839 -0.336 -1.346 2.185 1.000

ESG.Op_S 0.929 -0.459 -1.240 2.169 0.993

ESG.F_S ESG.Po_S 0.725 0.753 -0.709 1.462 0.669
ESG.Ho_S 0.667 0.470 -0.632 1.299 0.595



https://doi.org/10.20944/preprints202310.2046.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 October 2023 doi:10.20944/preprints202310.2046.v1

ESG.Co_S 0.861 -1.742 -0.601 2.603 1.000

ESG.S_S ESG.Ow_S 0.658 -0.935 -0.250 1.593 0.977
ESG.Em_S 0.793 0.718 -0.803 1.596 0.979

ESG.Cr_S 0.702 0.247 -0.605 1.307 0.802

ESG.Cy_S 0.839 0.542 -0.791 1.630 1.000

ESG.P_S ESG.In_S 1.019 -0.087 -1.266 2.285 1.000

= ESG.Ex_S 1.015 -0.339 -0.839 1.854 0.811
& ESG.ML_S ESG.St_S 0.651 0.554 -0.790 1.441 0.681
ESG.Ta_5S 1.305 0.221 -0.798 2.103 0.994

ESG.Op_S 1.319 0.213 -0.796 2.115 1.000

ESG.F_S ESG.Po_S 0.850 0.750 -0.689 1.539 0.731
ESG.Ho_S 0.736 0.880 -0.619 1.499 0.712

ESG.Co_S 0.934 -1.171 -0.568 2.105 1.000

Note: Table 14 reports the contribution level of each strategic view for the clustering. The values in the first
three columns are the normalized means for each thematic ESG performance according to each cluster. The
column “measure” reflects the difference between the highest and the lowest mean observed in the three
clusters. The last column reports the impact factor, highlighting each predictor’s importance in clustering.

Table 15 reports the results of the quality measures of the Kohonen maps for the analysis of the
four strategic views proposed by [6]. The results indicate that the accuracy of the map is suitable for
all views.

Table 15. Quality measures of the SOM

© Quantization error 0.374 0.030 0.152 0.179
§ Topographic error 0.131 0.028 0.076 0.130
(% explained variance) 90.63 98.50 94.94 94.02
- Quantization error 0.377 0.032 0.156 0.178
§ Topographic error 0.135 0.024 0.094 0.081
(% explained variance) 90.56 98.42 94.81 94.07
- Quantization error 0.382 0.033 0.157 0.188
% Topographic error 0.122 0.012 0.100 0.085
(% explained variance) 90.45 98.36 94.77 93.73
Quantization error 0.389 0.036 0.164 0.194
—
& | Topographic error 0.154 0.026 0.086 0.096
(% explained variance) 90.28 98.25 94.53 93.52

Note: Table 15 reports the results of the quality measures of the Kohonen maps to analyze the four strategic

views.
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(o) Focus View — 2020 (p) Focus View — 2021
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Figure 5. Kohonen maps of the four-folded strategic ESG performance. Note: Figure 5 presents the
Kohonen maps for the sample companies' four-folded strategic ESG performances from 2018 to 2021.
The maps suggest the existence of three distinguishable clusters and show the nodes' weight vectors.
The fan in each node indicates the variables of prominence that link the data points assigned to the
neuron. The Higher ESG performance cluster is on the right, the Middle ESG performance cluster is
in the middle, and the Lower ESG performance cluster is on the left.

5. Final Thoughts

The ESG-responsible firms enjoy advantages such as enhanced efficiency and competitiveness,
reduced operating costs and financial risks, and increased corporate reputation and consumer trust.
However, several features can influence the sustainability behavior of a company in national and
organizational contexts. Despite their potential for ESG performance analysis, clustering techniques
are rarely employed in empirical studies, especially when considering the emerging-market context;
therefore, this paper attempts to fill this gap. To this end, we aimed to map the ESG patterns of
emerging-market companies from 2018 to 2021 in order to analyze the corporate sustainable behavior
of the sample companies and to determine whether the COVID-19 pandemic influenced this
behavior. Thus, using the methodology proposed by [6], the Environmental, Social, and Governance
performances of these companies were assessed by applying the Kohonen neural network for
clustering purposes at three main levels: (1) ESG overall level, including country and sectoral
perspectives; (2) ESG main thematic level; and (3) ESG four-folded level (stakeholder, perspective,
management level, and focus views).

Our preliminary analysis shows that the emerging-market companies voluntarily reported their
ESG performances range from 6.79% ~ 10.23% of all companies listed on the local stock market from
2018-2021. We also have evidence that the ESG transparency between the eleven economic sectors is
still very low among the sample companies. Utilities, Energy, and Financial companies are the most
involved in ESG reporting.

Our empirical results indicate the existence of three clusters on all Kohonen maps, confirming
that the ESG emerging-market companies are grouped into three distinct groups according to their
sustainable behavior. The relatively low number of achieved clusters further substantiates the strong
cohesion, separation, and accuracy between corporate ESG behaviors at the emerging-market level,
suggesting that each company should apply a particular ESG approach in a common emerging-
market context, but while considering its specificities and objectives.

We provide evidence that the medians for both social and governance performance are higher
than the environmental performance at the level of each cluster, which suggests that emerging-
market companies focus their ESG efforts on social and governance issues, rather than on
environmental issues. This can be explained by the predominancy of best environmental
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performance in those companies that are seen as sensitive or more likely to cause damage to society,
who tend to disclose their ESG performance to protect their reputation [35]. However, the
environmental and social goals differ more acutely than the governance issues across clusters. This
can be explained by the fact that several companies must follow specific governance and compliance
regulations inherent to their business. Additionally, our results also indicate that approximately 90%
of the emerging-market companies have not undergone any ESG controversies during the period
under analysis. Most companies that did experience controversies fall within the Higher ESG cluster,
suggesting that companies with higher sustainable corporate performance are more susceptible to
ESG controversies.

The ESG pillar’s country-level and eleven market-based economic sectors analysis corroborate
the geographic and sector dependence of ESG performance. The thematic-level analysis results also
indicate that everyday operational activities (especially those related to Resource Use, Emissions, and
Workforce) and community issues received more attention at cluster level. This suggests that
emerging-market companies address distinct ESG topics according to their particularities, the way
they want to position themselves in the market, and their competitiveness.

The results related to the ESG Stakeholder View show that emerging-market companies are
more guided by business (short-term) motivations than by the desire to positively contribute to wider
society, while community-related issues are shown to mor effectively discriminate the sustainable
corporate behaviors of the sample companies. By contrast, companies with higher ESG performance
are driven more by societal reasons than by purely business-based motivations. The results regarding
the ESG Perspective View show that emerging-market companies are addressing ESG internal and
external issues altogether. However, there is a higher consideration for the inner-oriented
sustainability firm issues over the outer-oriented issues. The ESG Management Level View results
indicate that companies in the Lower and Middle clusters addressed more ESG strategic issues than
operational and tactical issues, suggesting that they are trying to improve their sustainable behavior
by concentrating on long-term sustainability issues. However, in the higher cluster, the companies
are more focused on operational matters yet remain interested in long-term strategic sustainability
issues for integrated competitive reasons. The results related to the ESG Focus View show that,
especially for the better ESG performers, emerging-market companies prefer to concentrate on
sustainable communication-related issues in order to enhance their image through ESG involvement.
Moreover, the variable related to the sustainable-oriented process received less attention, suggesting
that the sample companies do not concentrate their efforts or have difficulties implementing
sustainable technologies and innovations.

Our paper also indicates that the ESG behavior of emerging-market companies has changed over
the course of the COVID-19 pandemic. First, we provide evidence that for most sample countries, the
global crisis negatively influenced companies’ ability to persist with their ESG efforts. Indeed, the
persistence of companies that were already engaged in reporting their ESG performance and
continued to do so fell considerably in 2021. Second, the SOM shows that whereas in 2018 most of the
sample companies (47.4%) fell within the Higher ESG performance group, by 2021 this scenario had
changed drastically, with most of the sample companies (47.1%) belonging to the Lower ESG
performance group. Third, the emerging-market companies strived to improve their governance
performance, dedicating more attention to Owners (ESG.Ow_S)-related issues. A communication
orientation (ESG.Co_S) was preferred to enhance the company image through ESG involvement.
Fourth, we observe a decrease in the percentage of companies with no ESG controversies in 2020 to
2021, although there was an increase in the years before the global crisis, suggesting that at the
beginning of the COVID-19 pandemic, the sample companies were involved in more ESG
controversies but then started to concentrate their efforts in mitigating these issues.

Lastly, our empirical findings suggest that the Kohonen neural network is an exciting and useful
tool for investors attempting to identify long-term socially responsible companies, for organizations
interested in improving their ESG performance or comparing it to that of their peers, and for
policymakers that want to better understand the sustainable corporate behavior required to
successfully implement initiatives, regulations, and projects to aid towards their sustainability
objectives.
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Appendix I — Sectoral analysis of the ESG reporting degree.

Table A.1 — Sectoral analysis of the ESG reporting degree.

Economic Sector
Year Indicator
ACD BMT CCS | CNC ENG FIN HLC | IND | RES TEC UTL # TOTAL

No. of
ESG

reporting

3 184 153 154 80 298 73 193 74 189 95 1,499

companies
No. of
total listed | 97 | 3,093 | 3,625 | 1,710 | 550 | 2,352 | 1,471 | 4,093 | 1,262 | 3,262 | 575 | 22,090
companies
% of ESG
reporting
companies | 3.09 | 5.95 | 4.22 | 9.00 | 14.54 | 12.67 | 496 | 4.72 | 5.86 | 5.79 | 16.52 | 6.79

in total

2018

companies
No. of
ESG

reporting

5 236 | 215 197 92 341 126 | 257 103 | 267 111 1,950

companies
No. of
total listed | 97 | 3,093 | 3,625 | 1,710 | 550 | 2,352 | 1,471 | 4,093 | 1,262 | 3,262 | 575 | 22,090
companies
% of ESG
reporting
companies | 515 | 7.63 | 593 | 11.52 | 16.73 | 14.50 | 856 | 6.28 | 8.16 | 8.18 | 19.30 | 8.83

in total

2019

companies
No. of
ESG

2020
&)

) 293 254 228 103 375 144 309 117 307 125 2,260
reporting

companies
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No. of
total listed | 97 | 3,093 | 3,625 | 1,710 | 550 | 2,352 | 1,471 | 4,093 | 1,262 | 3,262 | 575 | 22,090
companies
% of ESG
reporting
companies | 515 | 9.47 | 7.01 | 13.33 | 18.73 | 15.94 | 9.79 | 755 | 9.27 | 9.41 | 21.74 | 10.23

in total

companies
No. of
ESG

) 3 297 223 193 84 334 156 314 112 267 76 2,059
reporting

companies
No. of
total listed | 97 | 3,093 | 3,625 | 1,710 | 550 | 2,352 | 1,471 | 4,093 | 1,262 | 3,262 | 575 | 22,090
companies
% of ESG
reporting

companies | 3.09 | 9.60 | 6.15 | 11.28 | 15.27 | 14.20 | 10.60 | 7.67 | 8.87 | 8.19 | 13.22 9.32

2021

in total

companies

Note: Considering the TR EIKON database, the eleven investigated economic sectors are: ACD= Academic and
Educational Services, BMT = Basic Materials; CCS = Consumer Cyclicals; CNC = Consumer Non-Cyclicals;
ENG = Energy; FIN = Financials; HLC = Healthcare; IND = Industrials; RES = Real State; TEC = Technology;
UTL = Utilities.

Appendix II - Number of sample companies by economic sector and country.

Table A.2. — Number of sample companies by economic sector and country.

2018
Country Economic Sector
ACD | BMT CCS CNC ENG FIN HLC|IND RES TEC UTL TOTAL | %

BR 2 11 6 12 5 14 4 9 9 4 16 92 6.14
CL - 4 4 6 3 7 - 5 2 2 9 42 2.80
CN - 34 34 16 14 66 | 29 65 | 13 | 42 16 329 | 21.95
CO - 2 - 2 2 8 - 2 - 1 4 21 1.40
Ccz* - - - - - 2 - - - - 1 3 0.20
EG - 2 - 1 - 3 - 1 1 2 - 10 0.67
GR* - - 3 2 2 10 - 5 1 1 5 29 1.93
HU* - - - 1 1 1 1 - - 1 - 5 0.33

IN - 18 12 11 9 22 11 10 4 11 6 114 7.61

ID - 7 5 7 6 6 1 2 4 4 1 43 2.87
KW - - - ’ - 5 - 1 2 2 - 11 0.73
MY - 4 7 11 5 9 3 6 4 5 4 58 3.87
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MX - 9 7 12 - 10 1 7 3 1 - 50 3.34
PE - 12 1 5 - 5 - 3 - - 4 30 2.00
PH - - 2 7 - - 1 5 2 5 26 1.73
PO* - 6 2 3 4 12 - 4 1 4 4 40 2.67
QA - 1 - 1 3 7 - - 2 2 1 17 1.13
RS* - 13 2 1 9 6 - 1 1 3 7 43 2.87
SA - 10 1 2 2 13 1 - 2 2 1 34 2.27
ZA 1 23 13 18 1 21 4 11 12 9 - 113 7.54
KR - 12 20 19 5 20 11 27 - 20 3 137 9.14
™W - 12 20 5 1 17 3 19 2 61 - 140 9.34
TH - 2 4 5 7 2 5 2 5 5 42 2.80
TR - 5 9 6 3 14 2 8 1 3 3 54 3.60
UA - - - 1 - 9 - 1 3 2 - 16 1.07
TOTAL 3 184 | 151 | 154 80 [293 | 70 | 187 | 73 | 187 | 94 1,499 100
2019
Country Economic Sector
ACD | BMT CCS CNC | ENG FIN HLC IND RES| TEC UTL TOTAL
BR 3 11 14 13 6 15 5 13 | 12 4 16 112 5.74
CL - 4 4 5 3 7 - 5 3 2 9 42 2.15
CN 1 75 57 44 21 81 70 | 111 | 26 | 104 | 20 610 31.28
CcO - 2 - 2 2 8 - 2 - 1 3 20 1.03
Ccz* - - - - - 2 - - - - 1 3 0.15
EG - 2 - 1 3 - 1 1 2 - 10 0.51
GR* - - 3 2 2 8 - 5 1 1 5 27 1.38
HU* - - - 1 1 1 1 - - 1 - 5 0.26
IN - 22 21 12 9 33 14 16 7 13 9 156 8.00
ID - 8 6 7 6 6 1 2 4 5 1 46 2.36
KW - - - 1 - 7 - 1 2 2 - 13 0.67
MY - 3 8 13 6 9 4 6 4 5 4 62 3.18
MX - 9 6 12 1 11 7 4 1 - 52 2.67
PE - 12 1 5 - - 3 - - 4 30 1.54
PH - - 2 7 - 4 - 1 5 2 5 26 1.33
PO* - 6 1 3 4 12 - 4 1 4 4 39 2.00
QA - 1 - 2 3 8 - - 2 2 1 19 0.97
RS* - 13 2 1 9 6 - 1 1 3 7 43 2.21
SA - 10 1 3 1 13 1 1 2 3 1 36 1.85
ZA 1 22 17 19 1 21 4 11 12 9 - 117 6.00
KR - 14 25 20 4 23 14 30 - 23 3 156 8.00
™W - 12 20 4 1 18 4 20 2 68 - 149 7.64
TH - 4 16 10 9 16 5 8 10 7 15 100 5.13
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TR - 6 11 9 3 14 2 8 1 3 3 60 3.08
UA - - - 1 - 10 - 1 3 2 - 17 0.87
TOTAL 5 232 | 213 | 197 92 | 335 | 123 | 251 | 100 | 265 | 110 | 1,950 100
2020
Country Economic Sector
ACD  BMT CCS CNC | ENG FIN HLC  IND RES | TEC UTL TOTAL %
BR 2 12 14 15 6 14 6 13 | 12 4 17 115 5.09
CL - 4 3 6 3 6 - 5 3 2 9 41 1.81
CN 1 115 | 83 57 27 93 84 | 153 | 30 | 132 | 28 803 35.53
CcO - 2 - 2 2 8 - 2 - 1 2 19 0.84
Ccz* - - - - - 2 - - - - 1 3 0.13
EG - 1 1 2 1 4 - 3 2 - 15 0.66
GR* - - 2 2 2 8 - 4 1 1 5 25 111
HU* - - 1 1 1 1 1 - - 1 - 6 0.27
IN - 23 23 13 9 34 14 16 6 16 11 165 7.30
ID - 8 7 7 6 7 1 3 4 7 1 51 2.26
KW - - - 1 - 9 - 2 2 2 - 16 0.71
MY - 7 10 13 6 9 6 6 4 6 4 71 3.14
MX - 8 7 12 1 9 1 7 4 1 - 50 221
PE - 12 1 5 - 4 - 3 - - 4 29 1.28
PH - - 3 8 - 4 - 1 5 2 6 29 1.28
PO* - 6 2 3 4 12 - 3 1 4 4 39 1.73
QA - 4 1 8 3 14 2 3 5 3 1 44 1.95
RS* - 13 2 1 9 6 - 1 1 3 7 43 1.90
SA - 11 1 3 2 14 2 1 2 3 2 41 1.81
ZA 1 22 17 19 1 21 4 11 13 9 - 118 5.22
KR - 14 21 17 3 23 11 28 - 23 3 143 6.33
T™W - 13 21 4 1 18 5 20 2 69 - 153 6.77
TH - 7 21 16 12 22 6 15 12 9 15 135 5.97
TR - 10 13 12 3 19 1 9 4 5 5 81 3.58
UA 1 1 - 1 1 14 - 2 3 2 - 25 1.11
TOTAL 5 289 | 252 | 227 | 103 | 369 | 140 | 302 | 114 | 305 | 124 | 2,260 100
2021
Country Economic Sector
ACD | BMT CCS CNC | ENG FIN | HLC IND RES|TEC UTL TOTAL %
BR - 3 1 6 3 3 1 3 1 2 2 25 1.21
CL - 3 1 3 2 5 - 5 2 2 4 27 1.31
CN 1 139 | 87 66 33 | 102 | 98 | 170 | 37 | 141 | 26 900 43.71
CcO - 1 - 2 1 4 - 1 - 1 - 10 0.49
cz* - - - - - 2 - - - - - 2 0.10
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EG 1 - 3 3 - 4 3 - 3 1 - 18 0.87
GR* - - 1 2 1 3 - - - - 2 9 0.44
HU* - - 1 1 1 1 - - - 1 - 5 0.24

IN - 26 26 13 8 42 19 19 7 18 14 192 9.32

ID - 3 4 1 5 18 - - 3 3 - 37 1.80
KW - - - 1 1 9 - 1 2 2 - 16 0.78
MY - 36 28 30 13 16 12 54 26 25 4 244 11.85
MX - 11 13 13 1 12 2 5 3 2 - 62 3.01

PE - 8 1 1 - 3 - 3 - - 2 18 0.87

PH - - 2 2 - 5 - - - 1 2 12 0.58
PO* - 4 2 1 8 - - 1 5 2 23 1.12
QA - 3 1 5 1 8 2 3 4 3 1 31 1.51
RS* - 7 1 - 1 2 - - - - 1 12 0.58

SA - 6 1 3 1 8 1 2 1 2 - 25 1.21

ZA 1 18 17 17 1 19 4 11 12 9 - 109 5.29

KR - 2 2 1 1 3 2 3 - 1 - 15 0.73
TW - 6 4 2 1 9 4 10 - 40 - 76 3.69

TH - 10 16 12 4 12 6 14 6 4 8 92 4.47

TR - 8 10 5 3 17 - 8 3 3 6 63 3.06
UA - 3 1 3 2 19 2 2 1 1 2 36 1.75

TOTAL 3 294 | 221 | 192 84 | 325 | 152 | 308 | 110 | 265 | 75 2,059 100

Note: Table A.2. reports the number of sample companies by economic sector and country. The country names
are represented by the TR EIKON Code, which are: BR=Brazil, CL=Chile, CN=China, CO=Colombia, CZ=Czech
Republic, EG=Egypt, GR=Greece, HU=Hungary, IN=India, ID=Indonesia, KW=Kuwait, MY=Malaysia,
MX=Mexico, PE=Peru, PH=Philippines, PO=Poland, QA=. RS=Russia, SA= Saudi Arabia, ZA= South Africa,
KR=South Korea, TW=Taiwan, TH=Thailand, TR=Turkey and UA= United Arab Emirates. Also considering the
TR EIKON database, the eleven investigated economic sectors are: ACD= Academic and Educational Services,
BMT = Basic Materials; CCS = Consumer Cyclicals; CNC = Consumer Non-Cyclicals; ENG = Energy; FIN =
Financials; HLC = Healthcare; IND = Industrials; RES = Real State; TEC = Technology; UTL = Utilities.
*Countries also considered in the Jamandi et al. (2019) sample.

Appendix III - Descriptive Statistics of 2018, 2019, 2020 and 2021.

Table A.3. — Descriptive Statistics.

2018
Variable Mean 25th  Media Skew | Kurtosi
Q n S
ENV_S 0.00 | 9752 | 38.10 | 1398 | 37.83 | 59.88 | 26.99 | 0.17 -1.11
SOC_S 031 | 9715 | 4522 | 22.68 | 4544 | 66.66 | 25.79 | -0.01 -1.11
GOV_S 032 | 98.72 | 48.17 | 30.57 | 48.69 | 65.93 | 22.33 | -0.06 -0.90
ESG_S 0.66 | 9227 | 4471 | 28.73 | 4555 | 61.06 | 21.18 | -0.06 -0.82
ESG.Combined_S 0.66 | 89.35 | 43.92 | 28.61 4421 | 59.73 | 20.73 | -0.04 -0.78
ESG.Controversies_S 100.0

1.32 0 95.26 | 100.00 | 100.00 | 100.00 | 16.67 | -3.82 14.26
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Resource.Use_S 0.00 | 99.75 | 42.02 | 12.58 | 4092 | 69.33 | 31.29 | 0.14 -1.27
Emissions_S 0.00 | 99.83 | 44.25 | 14.71 45.74 | 7210 | 31.79 | 0.02 -1.30
Environmental.Innovatio
n_S 0.00 | 99.69 | 2458 | 0.00 2.72 50.00 | 30.07 | 0.84 -0.69
Workforce_S 024 | 99.80 | 56.67 | 33.33 | 61.43 | 81.38 | 29.27 | -0.36 -1.02
Human.Rights_S 0.00 | 98.20 | 30.73 | 0.00 19.81 | 59.91 | 32.84 | 0.61 -1.11
Community_S 0.70 | 99.86 | 45.39 | 15.11 40.13 | 76.75 | 3199 | 0.22 -1.44
Product.Responsibility_ S | 0.00 | 99.93 | 46.71 | 16.78 | 46.67 | 77.44 | 33.36 | -0.05 -1.33
Management_S 0.02 | 99.64 | 48.78 | 2410 | 4893 | 7290 | 28,51 | 0.02 -1.19
Shareholders_S 0.13 | 99.87 | 49.70 | 24.69 | 50.00 | 74.82 | 28.83 | 0.01 -1.20
CSR.Strategy_S 0.00 | 9954 | 42.85 | 1159 | 43.02 | 71.74 | 32.08 | 0.11 -1.33
ESG.Ow_S 040 | 98.73 | 49.02 | 30.76 | 49.87 | 67.75 | 23.66 | -0.03 -0.93
ESG.Em_S 024 | 99.80 | 56.67 | 33.33 | 6143 | 81.38 | 29.27 | -0.36 -1.02
ESG.Cr_S 0.00 | 96.26 | 33.15 | 11.84 | 2952 | 53.10 | 25.96 | 0.46 -0.83
ESG.Cy_S 020 | 96.26 | 42.19 | 18.69 | 4251 | 6435 | 26.84 | 0.05 -1.17
ESG.S_S 0.88 | 91.88 | 44.74 | 29.60 | 4538 | 60.88 | 20.86 | -0.10 -0.81
ESG.In_S 142 | 96.29 | 51.10 | 37.60 | 51.94 | 67.27 | 20.75 | -0.30 -0.52
ESG.Ex_S 0.15 | 94.88 | 39.19 | 1835 | 39.19 | 58.60 | 2455 | 0.12 -1.05
ESG.P_S 0.88 | 91.88 | 44.74 | 29.60 | 4538 | 60.88 | 20.86 | -0.10 -0.81
ESG.St_S 0.65 | 9831 | 47.08 | 29.32 | 47.00 | 65.63 | 23.39 | 0.00 -0.86
ESG.Ta_S 094 | 93.66 | 4511 | 2994 | 4639 | 60.79 | 21.04 | -0.08 -0.68
ESG.Op_S 0.00 | 9743 | 4226 | 1790 | 43.32 | 64.67 | 27.55 | 0.05 -1.19
ESG.ML_S 0.88 | 91.88 | 44.74 | 29.60 | 4538 | 60.88 | 20.86 | -0.10 -0.81
ESG.Po_S 0.00 | 96.39 | 3892 | 1635 | 3847 | 5849 | 2540 | 0.13 -1.05
ESG.Ho_S 1.42 | 97.80 | 4993 | 3635 | 50.64 | 65.73 | 20.70 | -0.20 -0.53
ESG.Co_S 1.72 | 98.95 | 7042 | 59.02 | 70.15 | 81.80 | 14.38 | -0.18 -0.22
ESG.F_S 321 | 89.84 | 50.52 | 3723 | 5093 | 64.93 | 18.27 | -0.09 -0.80
Variable Skew Kurstosi
ENV_S 0.00 | 9726 | 36.80 | 12.72 | 34.64 | 5847 | 26.84 | 0.25 -1.08
SOC_S 034 | 9720 | 43.47 | 2046 | 4322 | 64.70 | 2590 | 0.10 -1.12
GOV_S 0.16 | 97.62 | 4842 | 30.23 | 4849 | 66.59 | 22.14 | -0.04 -0.94
ESG_S 0.72 | 9430 | 43.60 | 2697 | 4282 | 59.63 | 2091 | 0.09 -0.86
ESG.Combined_S 072 | 9430 | 42.76 | 26.76 | 41.79 | 57.74 | 20.34 | 0.11 -0.81
ESG.Controversies_S 100.0
0.77 0 95.44 | 100.00 | 100.00 | 100.00 | 16.51 | -3.92 14.86
Resource.Use_S 0.00 | 99.85 | 4049 | 10.18 | 3858 | 66.77 | 31.23 | 0.21 -1.25
Emissions_S 0.00 | 99.86 | 4230 | 12.52 | 40.90 | 70.30 | 31.72 | 0.12 -1.28
Environmental.Innovatio
n_S 0.00 | 99.72 | 2428 | 0.00 3.79 50.00 | 29.61 | 0.85 -0.64
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Workforce_S 020 | 9990 | 54.68 | 30.84 | 5736 | 80.13 | 29.14 | -0.23 -1.12
Human.Rights_S 0.00 | 98.20 | 29.60 | 0.00 17.57 | 56.67 | 32.22 | 0.67 -1.01
Community_S 053 | 99.88 | 4356 | 14.55 | 35.06 | 74.12 | 31.71 | 0.31 -1.40
Product.Responsibility_S | 0.00 | 99.93 | 4542 | 1548 | 4549 | 7575 | 33.05 | 0.02 -1.32
Management_S 0.02 | 99.78 | 48.85 | 2422 | 48.73 | 73.08 | 2856 | 0.03 -1.19
Shareholders_S 0.32 | 99.93 | 5040 | 2525 | 50.52 | 75.34 | 28.89 | -0.02 -1.21
CSR.Strategy_S 0.00 | 99.74 | 4334 | 1354 | 43.84 | 72.09 | 31.68 | 0.11 -1.29
ESG.Ow_S 0.19 | 9856 | 49.25 | 29.80 | 4951 | 68.76 | 23.69 | -0.03 -0.99
ESG.Em_S 0.20 | 9990 | 54.68 | 30.84 | 57.36 | 80.13 | 29.14 | -0.23 -1.12
ESG.Cr_S 0.00 | 98.17 | 3247 | 12.13 | 2823 | 5255 | 2556 | 0.50 -0.78
ESG.Cy_S 0.18 | 96.20 | 40.75 | 16.76 | 40.10 | 62.78 | 26.87 | 0.15 -1.17
ESG.S_S 1.02 | 93.80 | 43.77 | 2745 | 4325 | 59.16 | 2055 | 0.06 -0.85
ESG.In_S 1.18 | 95.08 | 50.58 | 36.30 | 51.20 | 66.21 | 20.24 | -0.16 -0.57
ESG.Ex_S 0.14 | 9536 | 3783 | 1578 | 36.29 | 57.88 | 24.59 | 0.21 -1.06
ESG.P_S 1.02 | 93.80 | 43.77 | 2745 | 43.25 | 59.16 | 20.55 | 0.06 -0.85
ESG.St_S 049 | 9792 | 46.74 | 28.64 | 4620 | 6425 | 22.75 | 0.07 -0.85
ESG.Ta_S 0.73 | 97.65 | 4420 | 2853 | 44.16 | 59.01 | 20.72 | 0.08 -0.70
ESG.Op_S 0.00 | 9593 | 40.68 | 1541 | 39.75 | 63.53 | 27.57 | 0.14 -1.19
ESG.ML_S 1.02 | 93.80 | 43.77 | 2745 | 4325 | 59.16 | 20.55 | 0.06 -0.85
ESG.Po_S 0.00 | 9637 | 37.63 | 15.02 | 36.84 | 57.89 | 25.32 | 0.21 -1.04
ESG.Ho_S 1.18 | 97.79 | 49.26 | 35.06 | 49.18 | 64.32 | 20.25 | -0.06 -0.58

ESG.Co_S 14.2
5 99.41 | 70.04 | 59.10 | 69.22 | 81.15 | 13.95 | -0.07 -0.31

ESG.F_S 12.3
4 9451 | 49.69 | 3545 | 49.14 | 63.21 | 1791 | 0.07 -0.84

2020
Variable i Mean  25th Skew | Kurtosi
) s
ENV_S 0.00 | 98.28 | 38.23 | 14.64 | 36.14 | 60.26 | 26.99 | 0.21 -1.09
SOC_S 0.35 | 98.36 | 4440 | 21.29 | 4400 | 66.11 | 2593 | 0.09 -1.15
GOV_S 0.56 | 95.44 | 49.56 | 32.38 | 49.74 | 67.36 | 21.70 | -0.04 -0.95
ESG_S 1.27 | 93.60 | 44.68 | 28.04 | 44.29 | 60.99 | 20.78 | 0.05 -0.90
ESG.Combined_S 1.27 | 92.79 | 43.79 | 2796 | 43.18 | 59.24 | 20.13 | 0.07 -0.83
ESG.Controversies_S 100.0
0.98 0 94.76 | 100.00 | 100.00 | 100.00 | 16.74 | -3.51 11.96
Resource.Use_S 0.00 | 99.87 | 42.11 | 11.80 | 4096 | 69.31 | 31.57 | 0.14 -1.29
Emissions_S 0.00 | 99.89 | 43.77 | 16.09 | 4274 | 71.09 | 3145 | 0.08 -1.26
Environmental.Innovatio

n_S 0.00 | 99.76 | 25.80 | 0.00 7.48 50.00 | 30.55 | 0.78 -0.78
Workforce_S 024 | 9993 | 54.70 | 30.12 | 57.33 | 80.72 | 29.24 | -0.20 -1.17
Human.Rights_S 0.00 | 9750 | 30.75 | 0.00 18.26 | 59.48 | 32.50 | 0.62 -1.09
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Community_S 0.00 | 9994 | 44.79 | 17.26 3737 | 74.08 | 30.72 | 0.30 -1.35
Product.Responsibility_S | 0.00 | 99.94 | 47.36 | 20.42 46.12 76.62 | 32.54 | -0.02 -1.29
Management_S 0.27 | 99.71 | 50.07 | 25.70 50.00 74.43 | 28.35 0.00 -1.19
Shareholders_S 0.05 | 9995 | 51.22 | 26.66 52.03 75.72 | 28.52 | -0.03 -1.20
CSR.Strategy_S 0.00 | 9994 | 4458 | 15.99 43.06 72.83 | 31.19 | 0.08 -1.28
ESG.Ow_S 0.69 | 97.66 | 50.37 | 31.14 50.60 69.21 | 23.13 | -0.04 -0.96
ESG.Em_S 024 | 9993 | 54.70 | 30.12 57.33 80.72 | 29.24 | -0.20 -1.17
ESG.Cr_S 0.00 | 97.66 | 34.15 | 12.57 30.34 | 54.15 | 25.78 0.47 -0.80
ESG.Cy_S 0.00 | 96.65 | 42.15 | 18.09 4197 | 64.42 | 26.82 0.10 -1.19
ESG.S_S 1.68 | 94.08 | 44.93 | 28.50 4487 | 61.18 | 2048 | 0.03 -0.89
ESG.In_S 218 | 9499 | 51.32 | 36.72 51.66 66.59 | 1994 | -0.14 -0.65
ESG.Ex_S 0.00 | 98.05 | 3934 | 17.73 38.90 | 58.76 | 24.61 0.18 -1.04
ESG.P_S 1.68 | 94.08 | 44.93 | 28.50 4487 | 61.18 | 20.48 | 0.03 -0.89
ESG.St_S 0.62 | 98.39 | 47.97 | 29.86 47.85 65.19 | 22.34 | 0.00 -0.90
ESG.Ta_S 1.06 | 96.21 | 44.85 | 28.49 44.36 60.01 | 20.89 | 0.10 -0.74
ESG.Op_S 0.00 | 98.29 | 42.25 | 16.98 4157 | 65.26 | 2753 | 0.09 -1.19
ESG.ML_S 1.68 | 94.08 | 44.93 | 28.50 4487 | 61.18 | 2048 | 0.03 -0.89
ESG.Po_S 0.00 | 98.10 | 39.23 | 17.60 39.13 | 59.19 | 25.38 0.17 -1.02
ESG.Ho_S 218 | 97.30 | 49.99 | 35.37 49.73 64.85 | 19.99 | -0.05 -0.65
ESG.Co_S 18.6
6 99.40 | 70.29 | 59.77 69.59 80.70 | 13.54 | 0.00 -0.48
ESG.F_S 811 | 9476 | 50.63 | 36.56 50.80 6452 | 17.78 | 0.03 -0.85

ENV_S 0.00 | 98.76 | 37.02 | 14.76 34.11 5748 | 2594 | 0.30 -0.97
SOC_S 0.75 | 98.67 | 42.60 | 21.19 40.04 | 62.08 | 2491 0.27 -0.99
GOV_S 1.01 | 95.77 | 50.98 | 34.10 50.99 68.32 | 21.12 | -0.06 -0.98
ESG_S 259 | 91.88 | 4391 | 28.15 42.67 | 5826 | 19.65 | 0.21 -0.80
ESG.Combined_S 259 | 91.88 | 43.36 | 28.02 42.06 | 57.21 | 19.21 0.22 -0.75
ESG.Controversies_S 100.0
0.83 0 97.09 | 100.00 | 100.00 | 100.00 | 12.99 | -5.02 26.00
Resource.Use_S 0.00 | 99.88 | 41.01 | 12.35 3892 | 67.11 | 30.62 | 0.22 -1.22
Emissions_S 0.00 | 99.89 | 42.68 | 16.67 | 40.75 68.43 | 30.29 | 0.15 -1.18
Environmental.Innovatio
n_S 0.00 | 99.24 | 24.46 0.00 0.00 50.00 | 29.98 | 0.85 -0.66
Workforce_S 041 | 9990 | 53.04 | 27.41 5450 | 77.11 | 2817 | -0.05 -1.22
Human.Rights_S 0.00 | 97.16 | 27.85 0.00 1596 | 50.31 | 31.50 | 0.83 -0.71
Community_S 0.00 | 9991 | 43.28 | 17.50 34.09 70.89 | 29.75 | 041 -1.24

Product.Responsibility_S | 0.00 | 99.90 | 46.60 | 22.06 44.21 7453 | 31.63 | 0.04 -1.24
Management_S 027 | 99.81 | 51.73 | 27.71 52.13 76.24 | 28.19 | -0.06 -1.19
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Shareholders_S 0.14 | 9995 | 51.64 | 27.14 52.63 7558 | 28.08 | -0.05 -1.19
CSR.Strategy_S 0.00 | 99.95 | 46.22 | 20.29 46.15 73.62 | 30.26 | 0.05 -1.24
ESG.Ow_S 1.14 | 98.12 | 51.71 | 33.40 5227 | 70.38 | 22.63 | -0.07 -0.98
ESG.Em_S 041 | 9990 | 53.04 | 27.41 5450 | 77.11 | 2817 | -0.05 -1.22
ESG.Cr_S 0.00 | 99.18 | 33.03 | 12.52 28.70 | 51.77 | 24.81 0.56 -0.63
ESG.Cy_S 0.00 | 96.29 | 41.08 | 19.16 39.21 6142 | 2566 | 0.25 -1.05
ESG.S5_S 245 | 91.14 | 4437 | 2847 | 4327 | 5882 | 1933 | 0.17 -0.82
ESG.In_S 122 | 96.24 | 51.64 | 37.41 51.58 | 66.12 | 19.00 | -0.05 -0.67
ESG.Ex_S 0.00 | 97.56 | 38.02 | 17.99 35.87 | 55.62 | 2329 | 0.33 -0.85
ESG.P_S 245 | 91.14 | 4437 | 2847 | 4327 | 5882 | 1933 | 0.17 -0.82
ESG.St_S 117 | 97.01 | 48.83 | 31.94 48.84 | 6492 | 21.56 | 0.04 -0.83
ESG.Ta_S 092 | 95.65 | 43.71 | 27.68 4291 57.86 | 19.86 | 0.20 -0.70
ESG.Op_S 0.00 | 98.04 | 40.99 | 18.32 39.19 | 6286 | 26.19 | 0.22 -1.08
ESG.ML_S 245 | 91.14 | 4437 | 2847 | 4327 | 58.82 | 19.33 | 0.17 -0.82
ESG.Po_S 0.00 | 9791 | 38.13 | 17.85 36.48 | 56.70 | 24.11 0.28 -0.88
ESG.Ho_S 122 | 95.87 | 49.87 | 35.53 49.26 | 63.70 | 19.02 | 0.05 -0.64

ESG.Co_S 20.5
7 99.07 | 71.30 | 61.12 70.34 | 81.23 | 12.90 | 0.08 -0.48

ESG.F_S 13.3
3 92.15 | 5040 | 36.49 49.60 6323 | 1690 | 0.17 -0.80

Note: Table A.3. reports the descriptive statistics of the ESG variables considered in this paper. The columns' results correspond to

minimum, maximum, mean, first quartile, median, fourth quartile, standard deviation, skewness, and kurtosis.
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Appendix IV - Number of companies across sample countries between the ESG clusters

Table A.4. - Number of companies across sample countries between the ESG clusters.

Kohonen SOM Cluster Solution

2018
Higher ESG Middle ESG Lower ESG ‘
Country | Count % Within  Count % Within = Count | % Within
Country Country Country

BR 54 58,70% 25 27,17% 13 14,13%

CL 20 47,62% 9 21,43% 13 30,95%

CN 63 19,15% 153 46,50% 113 34,35%

CcO 13 61,90% 8 38,10% - 0,00%

Cz* 1 33,33% 2 66,67 % - 0,00%

EG 3 30,00% 2 20,00% 5 50,00%

GR* 14 48,28% 7 24,14% 8 27,59%
HU* 3 60,00% 1 20,00% 1 20,00%

IN 72 63,16% 33 28,95% 9 7,89%

ID 19 44,19% 17 39,53% 7 16,28%

KW 3 27,27% 4 36,36% 4 36,36%

MY 40 68,97 % 15 25,86% 3 5,17%

MX 28 56,00% 11 22,00% 11 22,00%

PE 11 36,67 % 9 30,00% 10 33,33%

PH 12 46,15% 9 34,62% 5 19,23%

PO* 17 42,50% 16 40,00% 7 17,50%

QA 1 5,88% 7 41,18% 9 52,94%

RS* 21 48,84% 14 32,56% 8 18,60%

SA 7 20,59% 9 26,47% 18 52,94%

ZA 69 61,06% 34 30,09% 10 8,85%

KR 71 51,82% 24 17,52% 42 30,66%

™ 100 71,43% 23 16,43% 17 12,14%

TH 29 69,05% 12 28,57% 1 2,38%

TR 36 66,67 % 12 22,22% 6 11,11%

UA 4 25,00% 5 31,25% 7 43,75%
Total 711 - 461 - 327 -

Kohonen SOM Cluster Solution ‘
201 Higher ESG Middle ESG Lower ESG
Country | Count % Within Count % Within  Count | % Within
Country Country Country

BR 57 50,89% 27 24,11% 28 25,00%

CL 22 52,38% 9 21,43% 11 26,19%

CN 86 14,10% 302 49,51% 222 36,39%
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Cco 13 65,00% 7 35,00% - 0,00%
cz* 2 66,67 % 1 33,33% - 0,00%
EG 2 20,00% 2 20,00% 6 60,00%
GR* 13 48,15% 8 29,63% 6 22,22%
HU* 3 60,00% 1 20,00% 1 20,00%
IN 74 47,44% 64 41,03% 18 11,54%
ID 18 39,13% 19 41,30% 9 19,57%
KW 3 23,08% 3 23,08% 7 53,85%
MY 38 61,29% 20 32,26% 4 6,45%
MX 24 46,15% 21 40,38% 7 13,46%
PE 10 33,33% 15 50,00% 5 16,67 %
PH 10 38,46% 14 53,85% 2 7,69%
pPO* 16 41,03% 18 46,15% 5 12,82%
QA 1 5,26% 8 42,11% 10 52,63%
RS* 21 48,84% 19 44,19% 3 6,98%
SA 5 13,89% 16 44,44% 15 41,67%
ZA 59 50,43% 43 36,75% 15 12,82%
KR 75 48,08% 30 19,23% 51 32,69%
W 97 65,10% 39 26,17% 13 8,72%
TH 41 41,00% 40 40,00% 19 19,00%
TR 39 65,00% 15 25,00% 6 10,00%
UA 3 17,65% 6 35,29% 8 47,06%
Total 732 - 747 -- 471 -
2020 Kohonen SOM Cluster Solution ‘
Higher ESG Middle ESG Lower ESG ‘
Country | Count Within  Count % Within = Count | % Within
Country Country Country
BR 51 44.35% 42 36.52% 22 19.13%
CL 21 51.22% 14 34.15% 6 14.63%
CN 92 11.46% 323 40.22% 388 48.32%
CO 11 57.89% 7 36.84% 1 5.26%
Cz* 1 33.33% 2 66.67% - 0.00%
EG 3 20.00% 6 40.00% 6 40.00%
GR* 12 48.00% 8 32.00% 5 20.00%
HU* 3 50.00% 1 16.67% 2 33.33%
IN 64 38.79% 87 52.73% 14 8.48%
1D 16 31.37% 24 47.06% 11 21.57%
KW 2 12.50% 7 43.75% 43.75%
MY 34 47.89% 33 46.48% 4 5.63%
MX 22 44.00% 22 44.00% 12.00%
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PE 10 34.48% 13 44.83% 6 20.69%
PH 7 24.14% 19 65.52% 3 10.34%
PO* 12 30.77% 22 56.41% 5 12.82%
QA 1 2.27% 5 11.36% 38 86.36%
RS* 18 41.86% 18 41.86% 7 16.28%
SA 6 14.63% 10 24.39% 25 60.98%
ZA 49 41.53% 56 47.46% 13 11.02%
KR 74 51.75% 29 20.28% 40 27.97%
TW 95 62.09% 41 26.80% 17 11.11%
TH 50 37.04% 57 42.22% 28 20.74%
TR 56 69.14% 18 22.22% 7 8.64%
UA 4 16.00% 11 44.00% 10 40.00%
Total 714 - 875 - 671 -

Kohonen SOM Cluster Solution

2021
Higher ESG Middle ESG Lower ESG ‘
Country | Count % Within  Count Within = Count | % Within
Country Country Country
BR 15 60.00% 7 28.00% 3 12.00%
CL 13 48.15% 9 33.33% 5 18.52%
CN 103 11.44% 222 24.67% 575 63.89%
CcO 5 50.00% 4 40.00% 1 10.00%
Ccz* 0.00% 1 50.00% 1 50.00%
EG 1 5.56% 2 11.11% 15 83.33%
GR* 5 55.56% 1 11.11% 3 33.33%
HU* 3 60.00% 0.00% 2 40.00%
IN 63 32.81% 81 42.19% 48 25.00%
ID 12 32.43% 10 27.03% 15 40.54%
KW 1 6.25% 4 25.00% 11 68.75%
MY 48 19.67% 83 34.02% 113 46.31%
MX 16 25.81% 21 33.87% 25 40.32%
PE 5 27.78% 7 38.89% 6 33.33%
PH 2 16.67% 8 66.67% 2 16.67%
PO* 7 30.43% 11 47.83% 5 21.74%
QA 1 3.23% 2 6.45% 28 90.32%
RS* 5 41.67% 5 41.67% 2 16.67%
SA 1 4.00% 8 32.00% 16 64.00%
ZA 40 36.70% 46 42.20% 23 21.10%
KR 6 40.00% 4 26.67% 5 33.33%
W 50 65.79% 19 25.00% 7 9.21%
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TH 28 30.43% 41 44.57% 23 25.00%

TR 45 71.43% 8 12.70% 10 15.87%

UA 4 11.11% 7 19.44% 25 69.44%
Total 479 - 611 - 969 -

Note: Table A .4. reports the number of companies across sample countries between the ESG clusters. The
country names are represented by the TR EIKON Code, which are: BR=Brazil, CL=Chile, CN=China,
CO=Colombia, CZ=Czech Republic, EG=Egypt, GR=Greece, HU=Hungary, IN=India, ID=Indonesia,

KW=Kuwait, MY=Malaysia, MX=Mexico, PE=Peru, PH=Philippines, PO=Poland, QA=. RS=Russia, SA= Saudi
Arabia, ZA= South Africa, KR=South Korea, TW=Taiwan, TH=Thailand, TR=Turkey and UA= United Arab
Emirates. *Countries also considered in the Jamandi et al. (2019) sample.

Appendix V - Number of sample companies across economic sectors between the ESG clusters.

Table A.5. - Number of sample companies across economic sectors between the ESG clusters.

Economic Sector

ACD BMT | CCS CNC | ENG  FIN HLC IND RES TEC | UTL

Count - 98 60 71 53 143 19 98 20 101 48 711
Q
A| % within cluster | 0.00 13.78 8.44 9.99 745 | 20.11 | 2.67 | 13.78 | 2.81 | 14.21 | 6.75 | 100.0
E % within
e 0.00 5241 | 39.22 | 46.10 | 66.25 | 47.99 | 26.03 | 50.78 | 27.03 | 53.44 | 50.53 | 47.43
T ec.sector
% of total 0.00 6.54 4.00 4.74 3.54 9.54 1.27 6.54 1.33 6.74 3.20 | 47.43
Count 3 46 48 35 17 110 27 57 36 55 27 461
Q
B3| % within cluster | 0.65 9.98 10.41 | 7.59 3.69 | 23.86 | 5.86 | 1236 | 7.81 | 11.93 | 5.86 | 100.0
%) % within
o 100.0 | 24.60 | 31.37 | 22.73 | 21.25 | 36.91 | 36.99 | 29.53 | 48.65 | 29.10 | 28.42 | 30.75
S ec.sector
% of total 0.20 3.07 3.20 2.33 1.13 7.34 1.80 3.80 2.40 3.67 1.80 | 30.75
Count - 43 45 48 10 45 27 38 18 33 20 327
é % within cluster | 0.00 13.15 | 13.76 | 14.68 | 3.06 | 13.76 | 826 | 11.62 | 550 | 10.09 | 6.12 | 100.0
— . .
9] % within
g 0.00 2299 | 2941 | 31.17 | 12.50 | 15.10 | 36.99 | 19.69 | 24.32 | 17.46 | 21.05 | 21.81
| ec.sector
% of total 0.00 2.87 3.00 3.20 0.67 3.00 1.80 2.54 1.20 2.20 1.33 | 21.81
Count 3 187 153 154 80 298 73 193 74 189 95 1.499
_| % within cluster | 0.20 12.47 | 10.21 | 10.27 | 534 | 19.88 | 4.87 | 12.88 | 494 | 12.61 | 6.34 | 100.0
[43]
ks % within
= 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
ec.sector
% of total 0.20 12.47 | 10.21 | 1027 | 534 | 19.88 | 4.87 | 12.88 | 494 | 12.61 | 6.34 | 100.0
Count 1 105 61 74 61 136 23 104 26 94 47 732
Q
=0 % within cluster | 0.14 14.34 833 | 10.11 | 833 | 1858 | 3.14 | 1421 | 3.55 | 12.84 | 6.42 | 100.0
E’ % within
50 20.00 | 44.49 | 28.37 | 37.56 | 66.30 | 39.88 | 18.25 | 40.47 | 25.24 | 35.21 | 42.34 | 37.54
i ec.sector
% of total 0.05 5.38 3.13 3.79 3.13 6.97 1.18 5.33 1.33 4.82 241 | 37.54
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Economic Sector

Count 4 94 82 64 19 129 61 93 48 105 48 747
Q
% % within cluster | 0.54 12.58 10.98 8.57 2.54 17.27 | 8.17 12.45 6.43 14.06 6.43 100.0
=| % within
T 80.00 39.83 38.14 | 3249 | 20.65 | 37.83 | 48.41 | 36.19 | 46.60 | 39.33 | 43.24 | 38.31
b ec.sector
% of total 0.21 4.82 4.21 3.28 0.97 6.62 3.13 477 2.46 5.38 246 | 38.31
Count - 37 72 59 12 76 42 60 29 68 16 471
é % within cluster | 0.00 7.86 1529 | 1253 | 2.55 16.14 | 8.92 12.74 6.16 14.44 | 3.40 100.0
) % within
% 0.00 15.68 33.49 | 2995 | 13.04 | 22.29 | 33.33 | 23.35 | 28.16 | 25.47 | 14.41 | 24.15
A ec.sector
% of total 0.00 1.90 3.69 3.03 0.62 3.90 2.15 3.08 1.49 3.49 0.82 | 24.15
Count 5 236 215 197 92 341 126 257 103 267 111 1950
_ % within cluster | 0.26 12.10 11.03 | 10.10 | 4.72 17.49 6.46 13.18 5.28 13.69 | 5.69 100.0
(4]
S % within
= 100.0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
ec.sector
% of total 0.26 12.10 11.03 | 10.10 | 4.72 17.49 6.46 13.18 5.28 13.69 | 5.69 100.0

Count

66

ENG

FIN

HLC

CNC | ENG FIN HLC TEC
Count - 102 71 69 54 130 27 90 34 91 46 714
Q
Cﬁ % within cluster | 0.00 14.29 9.94 9.66 7.56 18.21 3.78 12.61 4.76 12.75 6.44 100.0
E % within
o0 0.00 3481 2795 | 30.26 | 52.43 | 34.67 | 18.75 | 29.13 | 29.06 | 29.64 | 36.80 | 31.59
T ec.sector
% of total 0.00 451 3.14 3.05 2.39 5.75 1.19 3.98 1.50 4.03 2.04 31.59
Count 5 107 95 79 34 155 66 119 44 122 49 875
Q
‘ﬁ % within cluster | 0.57 12.23 10.86 9.03 3.89 17.71 7.54 13.60 5.03 13.94 5.60 100.0
%) % within
T 100.0 36.52 37.40 | 34.65 | 33.01 | 41.33 | 45.83 | 3851 | 37.61 | 39.74 | 39.20 | 38.72
S ec.sector
% of total 0.22 4.73 4.20 3.50 1.50 6.86 2.92 5.27 1.95 5.40 2.17 | 38.72
Count - 84 88 80 15 90 51 100 39 94 30 671
é % within cluster | 0.00 12.52 13.11 | 11.92 2.24 13.41 7.60 14.90 5.81 14.01 447 100.0
g % within
% 0.00 28.67 34.65 | 35.09 | 1456 | 24.00 | 3542 | 32.36 | 33.33 | 30.62 | 24.00 | 29.69
3 ec.sector
% of total 0.00 3.72 3.89 3.54 0.66 3.98 2.26 4.42 1.73 4.16 1.33 29.69
Count 5 293 254 228 103 375 144 309 117 307 125 2260
_ % within cluster | 0.22 12.96 11.24 | 10.09 4.56 16.59 6.37 13.67 | 5.18 13.58 5.53 100.0
(4]
IS % within
= 100.0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
ec.sector
% of total 0.22 12.96 11.24 | 10.09 4.56 16.59 6.37 13.67 | 5.18 13.58 5.53 100.0

Economic Sector
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% within cluster | 0.21 13.78 10.23 | 10.02 7.10 20.25 | 4.18 12.11 4.59 14.41 3.13 100.0
% within
33.33 22.22 21.97 | 24.87 | 4048 | 29.04 | 12.82 | 1847 | 19.64 | 25.84 | 19.74 | 23.26
ec.sector
% of total 0.05 3.21 2.38 2.33 1.65 4.71 0.97 2.82 1.07 3.35 0.73 | 23.26
Count 1 78 67 50 27 111 63 79 31 78 26 611
Q
% % within cluster | 0.16 12.77 1097 | 8.18 4.42 18.17 | 10.31 | 12.93 5.07 12.77 | 4.26 100.0
%’ % within
e 33.33 26.26 30.04 | 2591 | 32.14 | 33.23 | 40.38 | 25.16 | 27.68 | 29.21 | 34.21 | 29.67
S ec.sector
% of total 0.05 3.79 3.25 243 1.31 5.39 3.06 3.84 1.51 3.79 1.26 | 29.67
Count 1 153 107 95 23 126 73 177 59 120 35 969
é % within cluster | 0.10 15.79 11.04 | 9.80 2.37 13.00 7.53 18.27 | 6.09 12.38 | 3.61 100.0
) % within
% 33.33 51.52 4798 | 49.22 | 27.38 | 37.72 | 46.79 | 56.37 | 52.68 | 44.94 | 46.05 | 47.06
| ec.sector
% of total 0.05 7.43 5.20 4.61 1.12 6.12 3.55 8.60 2.87 5.83 1.70 | 47.06
Count 3 297 223 193 84 334 156 314 112 267 76 2059
_ % within cluster | 0.15 14.42 10.83 9.37 4.08 16.22 7.58 15.25 5.44 1297 | 3.69 100.0
[43]
IS % within
&= 100.0 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
ec.sector
% of total 0.15 14.42 10.83 9.37 4.08 16.22 7.58 15.25 5.44 1297 | 3.69 100.0

Note: Table A.5 reports the number of sample companies across economic sectors between the ESG clusters.

Considering the TR EIKON database, the eleven investigated economic sectors are: ACD= Academic and

Educational Services, BMT = Basic Materials; CCS = Consumer Cyclicals; CNC = Consumer Non-Cyclicals;
ENG = Energy; FIN = Financials; HLC = Healthcare; IND = Industrials; RES = Real State; TEC = Technology;
UTL = Utilities

Appendix VI - Clusters” Medians.

Table A.6.I — ESG scores’ clusters’ medians.

Cluster ‘ ESG_S

Year ENV_S SOC_S GOV_S ‘ Combined_S

Higher

o ESG 61.87 60.70 67.64 61.14 60.47
S | Middle

ESG 36.51 21.97 35.70 50.00 36.39

Lower ESG 16.32 3.72 11.87 24.67 16.32
Higher

. ESG 63.98 64.36 69.34 61.89 62.44
S | Middle

ESG 38.55 28.36 37.06 53.13 38.23

Lower ESG 17.53 4.37 12.41 27.61 17.53
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Higher
o ESG 67.23 68.94 72.61 59.90 65.44
S | Middle
ESG 43.68 33.94 44.53 53.70 42.97
Lower ESG 20.68 6.94 13.54 37.63 20.68
Higher
— ESG 69.98 68.97 74.03 64.36 67.56
& | Middle
ESG 50.56 43.71 53.28 51.41 50.19
Lower ESG 27.31 14.53 20.17 43.46 27.18

Note: Table A.6.I reports the ESG scores’ clusters” medians.

Table A.6.I1 - ESG thematic scores’ clusters’ medians.

2018 2019 2020 2021

Variable ‘ Higher Middle Lower Higher Middle Lower Higher Middle Lower Higher | Middle | Lo
Resource.Use 76.96 52.13 8.10 75.88 48.41 5.80 80.56 49.81 4.51 80.68 56.08 12.
Emissions 79.29 56.32 9.35 76.98 51.48 6.15 81.33 48.42 7.30 80.67 53.99 17.¢
vironmental.Innovation | 50.00 17.87 0.00 46.58 25.70 0.00 49.18 24.29 0.00 50.00 16.55 0.0
Workforce 85.78 68.92 | 2942 | 84.29 67.61 26.04 | 87.69 63.75 | 22.62 | 87.04 67.78 | 27.
Human.Rights 73.19 25.19 0.00 72.17 18.45 0.00 71.86 23.24 0.00 78.91 28.15 0.0
Community 81.93 41.09 15.98 | 79.51 31.01 14.77 | 80.66 43.31 15.97 | 83.62 43.83 19.
’roduct.Responsibility 76.62 65.95 15.64 | 75.06 52.67 | 1628 | 7797 6097 | 15.05 | 78.13 58.66 | 25
Management 64.15 50.99 | 3750 | 62.60 4928 | 38.68 | 64.24 51.16 | 39.24 | 64.61 56.09 | 44.
Shareholders 53.92 50.00 | 45.36 | 53.18 49.78 | 49.78 | 55.92 50.76 | 50.00 | 56.57 4950 | 51.¢
CSR.Strategy 74.29 48.82 8.33 72.87 53.26 6.60 79.82 45.21 7.30 79.27 59.93 | 23.

Note: Table A.6.II reports the ESG thematic scores’ clusters” medians.

Table A.6.I11 — ESG strategic views scores’ clusters’ medians.

2018 2019 2020 2021
Variable  Higher Middle | Lower ‘ Higher ‘ Middle Lower @ Higher | Middle Lower Higher Middle Lower
ESG.Ow_S | 69.72 33.16 | 44.59 | 66.08 41.09 | 4421 | 59.81 56.73 | 36.73 | 67.70 30.74 | 43.46
ESG.Em_S | 82.30 65.84 | 2578 | 87.11 70.79 | 28.54 | 82.05 5224 | 2191 | 78.73 72.67 | 27.38
ESG.Cr_S | 52.56 36.60 8.76 64.06 25.84 | 1328 | 4927 | 33.63 | 1110 | 51.15 3419 | 14.40
ESG.Cy_S | 67.53 46.87 | 1246 | 74.01 49.28 | 1540 | 66.64 3566 | 12.81 | 64.25 55.01 | 19.16
ESG.S5_S 66.66 46.28 | 2399 | 69.40 48.69 | 2646 | 62.53 43.76 | 23.08 | 63.66 49.10 | 28.25
ESGIn_S | 7148 4720 | 19.80 | 68.10 4731 | 2453 | 75.83 54.09 | 3410 | 71.21 49.13 | 28.54
ESG.Ex S | 6257 | 30.77 6.17 60.48 26.79 8.19 65.57 | 4743 | 1438 | 6149 2742 | 16.68
ESG.P_S 65.70 3895 | 14.09 | 61.59 3590 | 16.37 | 70.51 50.62 | 25.16 | 64.94 40.67 | 21.75
ESG.St. S | 71.70 5414 | 2723 | 7327 | 5442 | 31.15 | 66.72 41.83 | 19.19 | 67.79 60.78 | 30.86
ESG.Ta_S | 72.07 | 49.64 | 2523 | 73.10 49.73 | 2695 | 61.62 3752 | 1692 | 68.50 48.00 | 26.14
ESG.Op_S | 77.73 51.90 | 14.03 | 79.69 5422 | 13.74 | 69.12 28.84 6.31 76.82 4716 | 16.65
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ESG.ML_S | 72.57 51.67 | 24.85 75.67 52.90 2545 | 63.74 36.42 15.35 71.28 50.96 26.61
ESG.Po_S | 62.99 30.32 4.25 56.34 33.10 10.31 58.17 59.07 18.70 | 59.11 56.37 19.91
ESG.Ho_S | 68.30 45.54 14.67 | 63.28 50.84 28.50 | 64.55 58.47 | 37.79 64.34 67.76 37.93
ESG.Co_S | 85.78 64.72 53.51 81.43 62.64 58.00 | 82.34 47.74 61.78 | 83.50 58.72 63.17

ESG.F_S 68.76 44.63 20.56 | 63.29 47.02 2939 | 65.51 56.05 36.93 65.41 59.56 37.62

Note: Table A.6.I1I reports the ESG strategic views scores’ clusters’ medians.
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