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1 | INTRODUCTION
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Abstract

Environmental, Social, and Governance (ESG) scores measure companies' perfor-
mance concerning sustainability and are organized in three pillars: Environmental,
Social, and Governance. These complementary non-financial ESG scores should pro-
vide information about companies' ESG performance and risks. However, the extent
of not yet published ESG information makes the reliability of ESG scores question-
able. To explicitly capture the not yet published information on ESG category scores,
a new pillar, the so-called Missing (M) pillar, is proposed and added to the new defini-
tion of the Environmental, Social, Governance, and Missing (ESGM) scores. By relying
on the data provided by Refinitiv, we show that the ESGM scores strengthen the
companies' risk relationship. These new scores could benefit investors and practi-
tioners as ESG exclusion strategies using only ESG scores might exclude assets with
a low score solely because of their missing information and not necessarily because

of a low ESG merit.
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years from the data provider (e.g., Thomson Reuters [Refinitiv] scores
are only definitive after 5 years). Moreover, ESG scores might be sub-

As sustainability concerns increase globally, sustainable finance and
Environmental, Social, and Governance (ESG) investing strategies gained
much interest. According to Bloomberg, the “ESG ETF market had risen
over 318% in 2020, indicating the significant interest by investors
(Bloomberg, 2021). To assess the companies' ESG performance and sus-
tainability, investors can use the ESG scores data providers make avail-
able. Such scores use the publicly available data and voluntary
disclosure to compute individual Environmental (E), Social (S), and Gover-
nance (G) pillar scores as well as an overall ESG aggregated score.
However, in the last years, criticism of ESG scores has emerged.
These include a large discrepancy between ESG scores from different
data providers (e.g., Berg et al. (2020); Billio et al. (2021); Gyénydrova
et al. (2021)), as well as the possible update of ESG scores within 5

ject to changes due to a release of new ESG information, that is, the
release of missing ESG information (e.g., Berg et al. (2021); Sahin
et al. (2022)).

In this paper, we focus on studying the role and the amount of
missing ESG information as a potential source for a release of new
ESG information with impacts on ESG scores in the future. Thus, we
introduce a new npillar, called the Missing (M) pillar, and define new
scores: Environmental, Social, Governance, Missing (ESGM) scores by
simultaneously aggregating the M pillar with the three ESG pillars.
The ESGM scores are easily interpretable as a convex combination of
the E, S, G, and the newly introduced M pillar scores. We propose an
optimization scheme to link ESGM scores and risk measures and run
an in-sample and out-of-sample analysis to ensure robust results. If
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the amount of missing information is explicitly considered, companies
are encouraged to disclose new information by our ESGM score con-
struction methodology as it positively impacts the score. This assump-
tion is reasonable considering the current ESG score construction
methodology that positively rewards the disclosure of new informa-
tion and the fact that often missing information is not due to the
unwillingness to release such information but its unavailability.

Refinitiv is a key data provider whose ESG scores are used by
many scholars and investors (e.g., Berg et al. (2021)). We work with
the Refinitiv ESG data of the constituents of the S&P 500 and
EuroStoxx 600 in the period 2017-2019, that is, when the missing
ESG information can still be released, and the ESG scores can be
updated. We show that ESG and risk dependence and the amount of
the missing ESG information change with sectors and geographical
regions. We also show that ESGM scores provide better risk profiles
for companies than ESG scores.

Moreover, investors and practitioners can benefit from this
research, as negative screening as an investment strategy (only includ-
ing companies with a high-ESG score in a portfolio and excluding
companies with a low-ESG score (e.g., PRI (2021)) is well established.
However, following this approach and using the widely available
Refinitiv ESG data, which do not include the potential of new informa-
tion disclosure, would mean that possible companies with potentially
high scores after new ESG information adoption will be missed. Over-
all, this could lead to a more risky and less effective portfolio. ESGM
scores identify the risky companies better than ESG scores for exclu-
sion strategies. Nonetheless, the impact of missing ESG information
on the negative screening varies in sectors and regions. We further
discuss the implications of our research for researchers, investors,
companies, and managers.

The paper is structured as follows. We first review the related lit-
erature in Section 2 and then introduce the methodology behind ESG
score construction from Refinitiv in Section 3. Section 4 describes our
methodology for M Pillar and ESGM scores, while Section 5 reports
our empirical results. Section 6 adds a final discussion, and Section 7
concludes.

2 | LITERATURE REVIEW

Until now, most scholars have focused on the link between ESG
scores and corporate financial performance (e.g., Friede et al. (2015);
Cornett et al. (2016); Henke (2016); El Ghoul et al. (2017); Hou et al.
(2019); Behl et al. (2021); Kalaitzoglou et al. (2021)). Then recently,
some studies have started to analyze the link between ESG scores
and risk measures (e.g., Shafer et al. (2020); Bax et al. (2021); Giese
et al. (2021); Maiti (2021)). Additionally, ESG data quality issues and
the impact of ESG-type corporate disclosures on investment alloca-
tions have been another center of attention in the ESG literature and
which is where our work contributes.

Berg et al. (2020) report a large discrepancy between ESG scores
from different data providers. Abhayawansa et al. (2021) present the
main reason for the divergence as different measurement methods.

Environmental Management %«

Gyonyorova et al. (2021) discuss that such a divergence changes from
sector to country. Finally, Billio et al. (2021) argue that such discrepan-
cies might make the usage of ESG scores in portfolios difficult for fund
managers. However, not only the critique towards different providers
has been rising, but also has the critique towards single data providers.
Recently, Berg et al. (2021) noticed changes in the historical ESG scores
given by Refinitiv. Additionally, Sahin et al. (2022) discuss how the
scores might differ for the five most recent years. Such changes, for
instance, can arise from the release of missing information.

While the above-described debate is still going on, ESG scores
still play a crucial role in investors' investment strategies. Based on
the global survey conducted by senior investment professionals,
Amel-Zadeh et al. (2018) find that the negative screening, either
across sectors or within a sector, is still the most used method to inte-
grate ESG information into portfolios compared to positive screening,
active ownership, and full integration. As an outlook on the future,
investors argue that they expect positive screening and active owner-
ship to gain importance (Amel-Zadeh et al., 2018). Moreover,
Alessandrini et al. (2020) and Alessandrini et al. (2021) discuss that
the performance of the ESG exclusion strategies varies across geogra-
phies and sectors. They find that screening often leads to a better risk
profile of the portfolios and often generates protection against credit
risks (Alessandrini et al., 2021). Lastly, they recommend screening as
the best strategy for passive investors with ESG preferences
(Alessandrini et al., 2021). Still, the debate about the negative screen-
ing has been ongoing since the exclusion strategies based on ESG
scores can lead to capital and risk misallocations if ESG scores are not

representative of company characteristics (Alessandrini et al., 2020).

3 | REVIEW OF REFINITIV'S ESG SCORE
METHODOLOGY

Refinitiv collects publicly available ESG information of companies and
aggregates such information to assign the companies with 10 ESG
category scores benchmarked against Thomson Reuters Business
Classifications Industry Group or the respective Country Group
(Refinitiv, 2021a; Refinitiv, 2021b). The 10 categories are Environ-
mental Innovation (El), Resource Use (RU), Emissions (EM), Workforce
(WF), Human Rights (HR), Community (CO), Product Responsibility
(PR), Management (MG), Shareholders (SH), and Corporate Social
Responsibility (CS).

Then, the ESG category scores are aggregated to build the E, S,
and G pillar scores as illustrated in Figure 1. As a result, each pillar
score is between zero and 100.

Next, an overall ESG aggregated score is the weighted sum of three
pillar scores, that is, a convex combination of the E, S, and G pillar
scores. The pillar score weights range from zero to one, sum up to one,
and can change for each pillar within industry groups (see pages 9 and
10 in Refinitiv, 2021a). Hence, overall ESG aggregated scores also range
from zero to 100. The higher the overall ESG aggregated scores are, the
more ESG responsible the company is evaluated. In Example 1, we pre-

sent an exemplary overall ESG aggregated score calculation of Refinitiv
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FIGURE 1 Aggregation of 10 ESG categories and three pillar
scores in Refinitiv's ESG score construction methodology.

using the fictitious pillar score weights of the industry group Household
Goods and a generic name for the company.

Example 1. (Overall ESG aggregated score calculation)
The ESG pillar scores of Company F in Household Goods in
2017 are 0.00 (E pillar), 63.01 (S pillar), and 54.77
(G pillar) with weights 0.240, 0.294, and 0.466, respec-
tively. Then its overall ESG aggregated score in 2017 is the

weighted sum of all pillar scores:

XEsG.CompanyF.2017 = 0.240-0.00+0.294 - 63.01 +0.466 - 54.77
—=44.05.

A drawback of the current ESG score methodology is that it
does not explicitly consider the potential disclosure of new ESG
information. Indeed, Company F in Example 1 has not yet provided
any ESG information for the E pillar score of 2017; therefore, its E
pillar score is zero. It also implies that the ESG category scores of
2017 building the E pillar score (RU, EM, and El) are zero. Company F
can disclose its ESG information regarding the E pillar's categories
until June 2022, given that ESG data for the last 5years can be
updated a posteriori (Refinitiv, 2021a).

To quantify the companies' potential to disclose more ESG infor-
mation in time and analyze the impact of the disclosure on the ESG
scores and the risk of the portfolios, we construct our methodology in
Section 4. Overall ESG aggregated scores will be called ESG scores in

the rest of the paper.

4 | RESEARCH METHODOLOGY

In the following section, we formulate a Missing (M) pillar score,
which explicitly captures the amount of not yet reported ESG infor-
mation regarding the 10 ESG categories. Later, we define Environ-
mental, Social, Governance, and Missing (ESGM) scores and propose
an optimization approach for their computation, linking them to
companies' riskiness. The optimization scheme aims to harvest the
potential to strengthen the risk relationship in disclosing missing
ESG information (EBA, 2021). We report the notations of data and
indices used in the paper in Appendix A (Table A1).

41 | Missing (M) pillar score

Since a zero ESG category score denotes that the company has not
yet reported any information regarding it as discussed in Example 1,
we define a new pillar accounting for zero values, that is, missing
information, in the 10 ESG category scores in a given business class:
the Missing (M) pillar score. A business class can be an industry group
or an economic sector based on the business classification of Thom-
son Reuters (Refinitiv, 2021a). For instance, the assets selected from
S&P 500 in Section 5.1 belong to 61 industry groups from 10 eco-

nomic sectors.

Definition 1. (The M pillar score) For company p in a
given business class a and year t, first, we find the total
number of zero values in its 10 ESG categories, that is,
x4

Ceropt- The set Sg,.. contains these values for all a,p,t.

Denoting the total number of companies with same value

as p in Sy, (including the company p itself) by €%, and

zero pt?
the total number of companies with a higher value than p
in §2 bylpt,

zerot the M pillar score of company p in a given
business class a and year t is defined as:

P, +%
Xy =100-P 2 p=1

ur

ne,t=1,..T,a=1,..A, (1)

where n, is the total number of companies in the
given business class a,T is the total number of years,
and A is the total number of given business classes. The
detailed calculations and notations are given in Appen-
dix A.

From the definition, when a company has more zero values in its
ESG categories than all other companies in its business class, its M pil-
lar score will be the highest. This is because it has a higher extent of
not yet published ESG information reflected in a high M pillar score.
Moreover, the M pillar score is continuous and between zero and
100, with a mean value of 50 (proof in Appendix C). Such a formula-
tion makes it robust to outliers and comparable with the three ESG
pillar scores. Its formulation is similar to our data provider's ESG cate-
gory score methodology (Refinitiv, 2021a).

Since our data provider has 10 ESG category scores, the highest
total number of zero values a company can have in its ESG categories
in our empirical analysis in Section 5 is 10. Accordingly, Example 2
shows the M pillar score calculation steps using 10 ESG category
scores, where the business class is an economic sector, for example,

Consumer Cyclicals.

Example 2. (The M pillar score calculation) Let Xpr =
(x"RU’pvt,...,x‘ésypyt) ! contain 10 ESG category scores of
company p in business class a in year t. Suppose there are
four companies (ng =4) in the economic sector Consumer
Cyclicals (a=2), and their fictitious ESG category scores

in 2017 (t=2017) are given as follows:
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X2 5017 = (99.3,50.1, 12.3, 52.2,0.00, 67.9, 0.00, 11.2, 20.4,0.00) ",
X3 017 = (63.5,70.1, 52.3, 84.3, 10.2, 77.9, 88.9, 55.2,80.4,86.3) ",
X3 5017 = (36.3,0.00, 12.3,23.2,0.00, 17.9, 0.00, 21.2, 50.5, 58.3) T,

X3 5017 = (85.2,0.00, 12.3, 12.2,0.00, 54.3, 52.5,81.2, 75.6,24.3) T .

For company p with p=1,...,4, we determine the
total number of zero values in its ESG categories and have
535,0'2017 ={3,0,3,2}. Consider the fourth company: it
holds X254 5017 = 2:€3.2017 =1, and I3 ,0,, =1. Accord-
ingly, we calculate its M pillar score as given in Equation
(1) : X% 40017 = 100-1%%: 37.5. For the second company
without any zero values in its ESG categories, the M pillar
score is given by X2 ; 50,7 = 100- 0%% =12.5. Since we also
caleulate X2, 1,017 =75 and x2 5,0, =75, the M pillar
score is between zero and 100; the average M pillar score

of all companies is 50, as postulated.

4.2 | Environmental, Social, Governance, and
Missing (ESGM) scores

This section incorporates the M pillar into the three ESG pillars and
builds new scores: the ESGM: Environmental, Social, Governance, and

Missing scores.

Definition 2. (The ESGM score) The ESGM score of com-
pany p in a given business class a and year t is defined as a

weighted sum:

__a a a a a a a a
XesoMpt = Xept WE TX3p1 " We +XGpt WG T Xpt Wi Va0t (2)

The ESGM scores have four weighted pillar scores, and the
unknown pillar score weight varies according to its business class. The
next task is to estimate the pillar score weights. Since even regulatory
authorities, including the European Banking Authority (EBA), have
acknowledged the role of ESG scores in quantifying the company's
riskiness and have identified a need to incorporate ESG risks into
overall business strategies and risk management frameworks
(EBA, 2021), we propose the following optimization scheme in
Equation (3) to estimate them, connecting the companies' ESGM
scores with their risk performance.

Refinitiv allows investors to build custom overall aggregated ESG
scores by assigning customized pillar weights (Refinitiv, 2022). There-
fore, our proposed optimization scheme that links the scores and riski-
ness can be applied for such a custom aggregation by investors. From

the angle of corporate investments' net present value estimation

Corporate Social Responsibility and e
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process, Kudratova et al. (2020) also presented an optimization model

for quantitative sustainability measurements.

t2

(Wg, W5, Wg,Wy) = argmax E Trisk (XEsames Xrisk ) (3a)
WE WS WE WYty

subject to wi +w§+wg +wyy =1,Va, (3b)

wi,wi,wg 20.100, Va, (3c)

wé, 20,Va, (3d)

WE,WE,WE 2 wiy, Va. (3e)

We analyze the ESGM scores' influence on their risk performance
by focusing on their dependence in Equation (3a). We choose
Kendall's tau (t) as our dependence measure since it is robust to out-
liers. Given the growing literature linking the ESG scores with a risk
measure, such as the VaR (e.g., Verheyden et al. (2016)) or volatility
(e.g., Zhang et al. (2021)), we can specify a generic risk function in
Equation (4). More complex objective functions aiming to find optimal
ESG portfolios for investors, such as proposed in Ahmed et al. (2021)
and Pedersen et al. (2021), are subject to future research. Neverthe-
less, we propose a flexible framework that can take only VaR and vol-
atility or their joint interaction with the artificially introduced risk
measure as the product of the VaR and volatility, that is, vvrisk. High
ESGM scores should be linked to the strong VaR (e.g., Diemont et al.
(2016)) and vvrisk, as well as the low volatility (e.g., Kumar et al.
(2016)). Moreover, the pillar score weights can be estimated using
data from the period [t1,t,]. In Section 5.3, we will be using the two
recent years of the ESG data for an in-sample estimation, that is, t; =
2017, t, = 2018, while t3 =2019 will be used for an out-of-sample
evaluation in Section 5.4.

[ va 0N el
% (XESGM,t x4, ) if risk = vvrisk,

A a a _ jas a a H 1 —
Trisk (XESGM,t’Xrisk,t) = T<XESGM,t XVaR,t) ,ifrisk =VaR, (4)

(a P
- (XESGM,t xvo,yt> if risk = vol.

The constraint in Equation (3b) ensures that the ESGM scores are
between zero and 100, similar to the ESG scores. To exclude unrealis-
tic scenarios, Equation (3c) ensures that each pillar score except the
M pillar score has a positive lower bound, which is motivated by the
lowest weight ever given to one of the E, S, and G pillar scores in one
of the industry groups by our data provider. To account for cases with
no impact of disclosing new ESG information on the risk performance,
we set a lower bound of zero for the M pillar score weight in
Equation (3d). In Equation (3e), we assume that the E, S, and G pillar
score weights are larger than or equal to the M pillar score weight. It
considers the relative importance of already disclosed ESG informa-
tion in the E, S, and G pillar scores compared to the potential disclo-

sure represented by the M pillar score.
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Moreover, disclosing reduces the companies' weighted M pillar
score due to a decrease in the number of zero values entering the com-
putation of the M pillar score. By assigning higher weights to the E, S,
and G pillar scores, our scheme encourages companies to disclose new
ESG information, which usually positively impacts both their ESGM and
ESG scores. Additionally, such an optimization scheme allows us to see
which business classes with not yet disclosed ESG information might
play a role and for which business classes a re-weighting scheme for
the E, S, and G pillar scores matters to strengthen the risk dependence.
An empirical analysis is provided in Section 5.

Overall, in Equation (3), the constraints are linear, and the objective
function is nonlinear in terms of the parameters with unknown deriva-
tives. Thus, such a scheme can be solved by a derivative-free optimiza-
tion algorithm dealing with linear constraints. Larson et al. (2019)
provide a recent review of derivative-free optimization methods.

When our ESGM pillar score weights are estimated, we compute

a company's ESGM score as follows in Example 3.

Example 3. (The ESGM score calculation) Suppose the
estimated pillar weights of the companies in the economic
sector Consumer Cyclicals (a=2) are given by
w2 =0.258,w2 =0.122,w2 = 0.498,w% =0.122. Then, a
company's ESGM score (p=1) in Consumer Cyclicals with
the following pillar scores in 2017, XE4,017=
40.0,x3 1 5917 = 60.0,x¢ 1 5917 =20.0, X}y 1 2017 = 50.0, is

calculated as follows:

Xsem.2017 = 0.258-40.0+0.122.60.0+0.498 -20.0+0.122 - 50.0
=33.70.

5 | EMPIRICAL RESULTS

Before reporting our empirical results, we first explore the data in this
section. The first and second data sets consist of the constituents of the
S&P 500 and EuroStoxx 600 from 10 economic sectors, that is, the top
market capitalization companies in the USA and Europe, respectively.
For each data set, we calculate the M pillar score and estimate the
ESGM pillar weights by solving the optimization scheme in Equation (3),
using the derivative-free optimization solver, LINCOA (linearly con-
strained optimization algorithm).! Later, we compute the ESGM scores
in each data set for each of the 10 sectors. We base our four pillar score
weights estimation on training (in-sample) data to avoid overfitting the
data. Finally, we compare the relationship between risk, ESGM scores

and ESG scores using test (out-of-sample) data.

1LINCOA solves linearly constrained optimization problems without using derivatives of the
objective function and uses a trust region method (Powell (2015)). As Powell (2015)
mentioned, we transform the linear equality in Equation (3b) into two inequalities. After
running sensitivity analyses, the initial and final trust-region radii are set to 0.2 and 0.0005,
respectively. The maximum number of function evaluations allowed is 10,000. As the
numerical optimization problems are sensitive to initial parameter values, we use 10 different
starting values and choose the optimal weights in correspondence with the best objective
function value of 10 runs. We do not observe multiple optimal solutions. All results are
available from the authors upon request.

51 | Data

Using the non-definitive ESG data, for which companies can still dis-
close the ESG information, our data consists of yearly ESG, E, S, and G
pillars composed of the 10 ESG categories RU, EM, El, Workforce,
HR, CO, PR, MG, SH, and CS cores of the constituents of the S&P
500 (extracted on February 4, 2021) and the constituents of the
EuroStoxx 600 (extracted on March 28, 2022) over the period
2017-2019.

We use the companies' daily price data from January 2, 2017, to
December 30, 2019, to compute their daily log returns. Since
17 companies in the S&P 500 and 109 companies in the EuroStoxx
600 do not report either ESG data or price data in 2017-2018 in the
database, we excluded them from our analysis, working with
483 companies in the S&P 500 and 491 companies in the EuroStoxx
600. To have as many companies as possible in the sample, we argue
that investors use the latest score available in the market to make
their risk assessment. Hence, the ESG data of the companies, which
do not have any values in 2019, is imputed by their ESG data in
2018, assuming their score has not yet been updated, and investors
would still consider these scores in their decision making. In total,
we imputed the ESG data of 66 companies in the S&P 500 and
19 companies in the EuroStoxx 600 in 2019. The dependence esti-
mated using Pearson correlation (Kendall's 1) between the ESG
scores in 2017 and 2018 is equal to 0.94 (0.79), between the scores
in 2018 and 2019 to 0.93 (0.78), while between the ESG scores in
2017 and 2019 to 0.89 (0.71) in the S&P 500. Similar results apply
to the EuroStoxx 600.

Both samples include companies from 10 different Thomson
Reuters Business Classifications Economic Sectors (Refinitiv, 2021b):
Basic Materials (23 and 50 companies), Consumer Cyclicals (77 and
79 companies), Consumer Noncyclicals (39 and 41 companies),
Energy (24 and 17 companies), Financials (60 and 88 companies),
Healthcare (56 and 33 companies), Industrials (65 and 84 compa-
nies), Real Estate (28 and 26 companies), Technology (82 and 45
companies), and Utilities (29 and 28 companies) in the S&P 500 and
EuroStoxx 600, respectively. Even though the data provider deter-
mines the ESG, pillar, and category scores for 47 industry groups
within the S&P 500 and 52 industry groups within the EuroStoxx
600 as the business class, we work with 10 economic sectors to
have a larger sample size within each sector to optimize the ESGM
pillar score weights. Since using industry groups is a more granular
approach than using sectors due to a larger number of convex pillar
score weight combinations, it implies a trade-off in favor of the data
provider's weighting scheme. Still, the ESGM scores show a risk
strengthening effect in Sections 5.3 and 5.4 compared to the data
provider's ESG scores.

Table 1 shows that the percentage of the companies with not yet
disclosed ESG information regarding at least one of the 10 ESG catego-
ries ranges from a minimum of 15% in Consumer Noncyclicals in 2019
to a maximum of 71% in Healthcare in 2017, with an average of 47%
across 10 sectors and 3 years in the S&P 500. Its range is from 11%
in Utilities in 2019 to 77% in Healthcare in 2017 with an average of
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TABLE 1 Percentage of the Sector (S&P) 2017 2018 2019  Sector(EuroStoxx) 2017 2018 2019
companies with not yet disclosed ESG
information at least one of the 10 ESG Basic Materials 35% 30% 30% Basic Materials 36% 24% 20%
categories across 10 sectors and 3 years Consumer Cycl. 56% 55% 53% Consumer Cycl. 43% 35% 30%
in S&P 500 (left) and EuroStoxx 600 ConsumerN-Cycl.  23%  18%  15%  ConsumerN-Cyc.  37%  34%  22%
(right) Energy 67% 67% 58% Energy 35% 35% 29%
Financials 62% 53% 47% Financials 50% 36% 26%
Healthcare 71% 64% 59% Healthcare 70% 58% 45%
Industrials 48% 48% 45% Industrials 46% 37% 30%
Real Estate 68% 54% 46% Real Estate 77% 65% 54%
Technology 48% 44% 34% Technology 42% 36% 33%
Utilities 45% 41% 34% Utilities 32% 18% 11%
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FIGURE 2  Scatter plot of the companies' ESG scores and their

number of ESG categories with undisclosed ESG information in
Consumer Cyclicals in S&P 500 in 2017, where a diamond denotes
the median ESG score of the respective column.

38% across 10 sectors and 3 years in the EuroStoxx 600. Addition-
ally, it is always higher in the S&P 500 than the EuroStoxx 600 per
year in all sectors but Real Estate. More than half of the companies
in Consumer Cyclicals, Energy, Healthcare in the S&P 500 and Real
Estate in the EuroStoxx 600 have at least one of the 10 ESG catego-
ries with not yet released ESG information each year. Moreover, we
observe that the percentage of such companies tends to decrease in
time in Table 1. Such a result might imply that the companies dis-
close more information as it becomes available, which could provide
new insights into their ESG performance and risk characteristics.
Furthermore, since the ESG scores have had a strong impact on the
company's value (e.g., Fatemi et al. (2018)), one can expect the com-
panies to publish more ESG information in the future.

Figure 2 shows that companies with lower ESG scores tend to
have more ESG categories with not yet published ESG information. It

could be due to the lack of infrastructure allowing them to collect and
then release such information. However, it would still imply that a
company with a lower ESG score could have a large potential to
upgrade its ESG score when not yet recorded information is disclosed.

Figure 3 shows the variability in the companies' E, S, and G pillar
scores in 2017 across 10 sectors in the S&P 500. We observe similar
findings for 2018 and 2019 and the data set EuroStoxx 600 (available
upon request).

We estimate the companies' annual 95% VaR as the empirical
quantile and the annual volatility as the market risk measure using
the daily logarithmic returns for the risk measures. Then, we calcu-
late the companies' vvrisk. Figure B1 in Appendix B reports the
pairwise scatter plots with the empirical Kendall's T of the VaR, vola-
tility, vvrisk for the S&P 500. We remark that less negative VaR
tends to be associated with smaller volatility levels, and the vvrisk is
highly negatively/positively dependent on the volatility/VaR. More-
over, we can observe the variability in the VaR of the companies in
each of the 10 sectors in the S&P 500 and EuroStoxx 600 in
Figure B2 in Appendix B, showing that Utilities and Real Estate have
smaller variations than others. We present the results using VaR as
the risk measure in Equation (4). However, the results similarly hold
when considering the volatility or vvrisk in Equation (4) (available
upon request).

Next, we report the descriptive statistics of the companies' M pillar
scores in Section 5.2. Since we have 3 years (t € {2017,2018,2019}) in
our data sets, we use 2017 and 2018 as the in-sample data to esti-
mate the pillar weights in Section 5.3. Later, in Section 5.4, we apply
our estimated pillar weights to the out-of-sample data, that is, E, S, G,
and M pillar scores of 2019, to calculate the ESGM scores for 2019.
Then, we compare their risk performance with the ESG scores for
2019 as an out-of-sample analysis. We run separate analyses for the
S&P 500 and EuroStoxx 600 and discuss our results in Section 6.

5.2 | Mpillarscores

Since the companies in both data sets contain the ESG categories with

not yet reported ESG information as shown in Table 1, we account for

85U801 SUOWWOD AR 3(gedldde ay) Aq peusenob e Saie YO ‘8Sn Jo so|ni o} Akeid1T8uljUQ 43I UO (SUONIPUOD-PUR-SLIBYWOY™AS | IM A feIq 1joulUO//SANY) SUORIPUOD pue SWIS 1 8y} 88S *[202/TT//z] Uo A%igiTauljuo A8]iMm Oy oWl L Id eIseAln Aq 92€Z 59/200T OT/I0p/Wod A8 im Alelqjpuluo//sdny wouy pepeojumoq ‘G ‘ZZ0Z ‘996ESEST



1788 C Social Responsibility and " SAHIN .
_|_Wl LEY—tionmental Mansgement ki
| Pillar - E | Pillar - G | Pillar - S
Utilities+ ® — A _ | _}—— T = o —( __[}—
Technology 4 I R | I -
Real Estate{ —— I — —_l{L 1 —_ YT 1
= Industrials 4 1 +— —— ]} I —
-8 Healthcaret ——______ 1 __ }—— —_— 1 —_— T 11—
® Financials{ —{— [ }——— e N N —{ I
«n Energy { I E— —— 11— N
Consumer Non-Cyclicals{ ~e—— T }+— —) 1 }— o — T 1+—
Consumer Cyclicals 1 —— 1  }+— —_—{ 1 }— — 1 _+—
Basic Materials {_ —{ 1 T . —Lt T _+— | ———{ 1 }
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
2017
FIGURE 3 E, S, and G pillar scores in S&P 500 in 2017 across 10 sectors.
their information disclosure, assigning an M pillar score as in TABLE 2 Empirical Kendall's T matrix of the ESG scores, E, S, G,
Equation (1) in each of the 10 sectors. The number of ESG categories and M pillar scores in Consumer Cyclicals in S&P 500 in 2017.
with not yet disclosed ESG information varies from zero to six as ESG E S G M
reported in Table D1. EuroStoxx 600 companies have less missing ESG 1.00
information in the ESG categories than the S&P 500 companies. Given £ 0.66 1.00
that there are mandatory ESG disclosure regulations in European
S 0.76 0.54 1.00
Union, but not in the USA, such observations might be expected
i ) ) @ 0.46 0.25 0.31 1.00
(International Platform on Sustainable Finance [IPSF], 2021). More-
over, some sectors, such as Utilities in the EuroStoxx 600, have more M -0.52 -0.57 ~044 -0.20 1.00
ESG disclosures than others in the same geographical region. Thus,
missing ESG information changes with sectors and geographical
regions. 5.3 | In-sample analysis

After computing the companies' M pillar scores across 10 sectors
and 3years in the S&P 500 and EuroStoxx 600, we observe that the
mean M pillar score within each sector and year in both data sets is
50, as constructed. The M pillar score shows variation among 10 sec-
tors, and the standard deviation of the M pillar score changes from
18.31 for Consumer Noncyclicals to 28.16 for Real Estate in 2017 in
the S&P 500. Likewise, the lowest and highest M pillar standard devi-
ations are 15.75 for Utilities in 2019 and 28.28 for Real Estate in
2017 in the EuroStoxx 600. Consumer Noncyclicals and Utilities have
the lowest percentage of the companies with undisclosed ESG infor-
mation regarding an ESG category in Table 1 for the S&P 500 and
EuroStoxx 600, respectively, and their M pillar score has the lowest
standard deviation.

Table 2 reports the empirical Kendall's t values between the ESG
scores, E, S, G, and M pillar scores in Consumer Cyclicals in 2017 in
the S&P 500. We see that the E, S, and G pillar scores have positive
medium-sized dependence on the ESG scores, while the M pillar score
negatively depends on the ESG scores and the other pillars, as
expected. When more ESG information is available for a company, the
number of ESG categories with undisclosed ESG information
decreases. Accordingly, its ESG category scores increase, assuming
nothing changes in the other available information. Then, since an
ESG pillar score aggregates the underlying ESG category scores, the
respective E, S, and G pillar scores increase, increasing its ESG score.
However, since the number of zero values used for the computation
of the M pillar score decreases, its M pillar score goes down. Our find-
ings are characteristically similar when considering other years, sec-
tors, and the data set EuroStoxx 600.

After computing the companies' E, S, G, and M pillar scores, now, we
focus on estimating the E, S, G, and M pillar score weights using the
data in 2017 and 2018 across 10 sectors, linking the resulting ESGM
scores to their risk measures as formulated in Equation (3). Precisely,
we find (Wg,Ww¢, wg,wy,) for all sectors a in both data sets and aim to
analyze ESGM for which sectors there is a risk strengthening effect
using the M pillar, that is, potential disclosure of ESG information.
Table 3 reports the sectors' estimated four pillar score weights,
where the M pillar weight is not zero. For the remaining sectors,
where the M pillar weight is zero, the re-weighting scheme for the E,
S, and G pillar scores usually leads to stronger risk dependence than
the original ESG scores as given in Tables E1-E3. According to
Table 3, as postulated in Equation (3), the pillar score weights sum up
to one; the E, S, and G pillar score weights are at least 0.100; the M
pillar score is non-negative, and the E, S, and G pillar score weights
are larger than or equal to the M pillar score weight in both data sets.
We also see that ESGM scores are built on the M pillar (non-zero M
pillar weight) for Consumer Cyclicals, Energy, Industrials, Technology,
and Utilities in the S&P 500 and Consumer Cyclicals, Energy, Indus-
trials, Financials, Healthcare, and Real Estate in the EuroStoxx 600.
Even though we observe the M pillar effect on the risk dependence in
Consumer Cyclicals, Energy, Industrials in the S&P 500 and EuroStoxx
600, the estimated pillar weights differ in both data sets. For instance,
the M pillar weight for Consumer Cyclicals is 0.084 in the S&P
500 and 0.189 in the EuroStoxx 600. Moreover, Technology has the
M pillar weight of 0.245 in the S&P 500 and of zero in the EuroStoxx
600. Therefore, the impact of the potential disclosure of ESG
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TABLE 3 NeweE, S, G, M pillar score weights, resulting in the ESGM scores in Tables 4 and 5 across sectors for which we have a non-zero M

pillar score weight in S&P 500 (left) and EuroStoxx 600 (right).

Sector (S&P) E S G M

Consumer Cycl. 0.259 0.195 0.357 0.189
Energy 0.650 0.100 0.172 0.078
Industrials 0.102 0.103 0.751 0.044
Technology 0.245 0.245 0.265 0.245
Utilities 0.323 0.323 0.177 0.177

TABLE 4 Kendall's t between ESG,
ESGM scores, and 95% VaR in 2017,

Panel A: ESG and VaR

Sector (EuroStoxx) E S G M

Consumer Cycl. 0.240 0.541 0.135 0.084
Energy 0.238 0.485 0.175 0.102
Industrials 0.100 0.714 0.100 0.086
Financials 0.100 0.100 0.700 0.100
Healthcare 0.236 0.562 0.101 0.101
Real Estate 0.700 0.100 0.100 0.100

Panel B: ESGM and VaR

2018 across sectors (in-sample) for which Sector (S&P) 2017 2018 2017 2018

we have a non-zero M pillar score weight Consumer Cydl. 0.161 * 0.144 * 0.216 0.215

in S&P500 (top) and EuroStoxx 600

(bottom). The hypothesis testing is Energy 0.196 : 0.203 : 0.261 " 0.355 o

Ho:t=0 versus Hy:1>0. Industrials 0.118 * —0.071 0.137 * 0.019
Technology 0.154 ** 0.028 0.189 e 0.094
Utilities —0.079 —0.030 0.015 0.177 *
Sector (EuroStoxx) 2017 2018 2017 2018
Consumer Cycl. 0.144 * 0.157 * 0.187 oex 0.194 ok
Energy 0.471 o 0.515 oxx 0.559 oxx 0.574 ok
Industrials 0.060 0.029 0.094 0.070
Financials —0.132 —0.088 —0.059 0.001
Healthcare 0.205 ** 0.432 e 0.258 ** 0.466 e
Real Estate —0.040 —0.151 —0.015 -0.114

Note: *, **, and *** denote statistical significance at 10%, 5%, and 1% levels, respectively.

information, that is, missing ESG information, on the VaR dependence
changes by sectors and geographical regions.

Remarkably, the dependence of ESG scores and risk also depends
on sectors and geographical regions as shown in Table 4. While the
dependence on Industrials is significant at the 10% level with the value
of 0.118 in 2017 in the S&P 500, it is 0.060 without being significant at
the same level in the EuroStoxx 600 (Hollander et al., 2013). Neverthe-
less, in Table 4, the ESGM scores provide stronger VaR dependence for
the sectors with a non-zero M pillar weight in both data sets.

A company is assigned to a rating class (i.e., A, B, C, or D) based
on its ESG score using thresholds or quartiles (e.g., Refinitiv, 2021a).
Thus, we group the companies with the highest to lowest ESG and
ESGM scores in the first/second/third/fourth quartile as ESG and
ESGM rating class A/B/C/D in each of the sectors where we
observe the M pillar effect, respectively. Class D contains the com-
panies with the lowest scores and might be excluded from ESG
portfolios. For both data sets, we witness that low ESGM scores
(class D) are associated with higher or equal median risks than low
ESG scores (class D), except for Industrials in 2017 in the EuroStoxx
600, as demonstrated in Figure 4. Nonetheless, the median risk of
ESG and ESGM scores in the EuroStoxx 600 is closer than that of
those in the S&P500.

Additionally, since the VaR variation is low in some sectors, such
as Utilities in the S&P 500, dividing the companies into classes with
different VaR characteristics is hard. Thus, we can argue that the com-
panies which have not yet released ESG information as much as their
peers do, thereby having lower ESG scores than them in some sectors,
might result in risk underestimation in the ESG portfolios using nega-
tive screening. Instead, the ESGM scores quantify better the compa-
nies that can be excluded, for example, ESGM class D, and provide
stronger risk performances for such portfolios than the ESG scores as
seen for Consumer Cyclicals in the S&P 500 in 2017 and Healthcare
in the EuroStoxx 600 in 2018.

Comparing the ESG and ESGM rating classes in Consumer Cycli-
cals in the S&P 500 in 2017 presents that ESGM scores move three/
one companies from the ESG class D to the ESGM class C/B in 2017.
Likewise, one company in the ESGM class B and three companies in
the ESGM class C belong to the ESG class D in Healthcare in the
EuroStoxx 600 in 2018. Such results reveal that the companies with
low ESG scores might not necessarily provide the worst risk perfor-
mances. Rather, their ESG scores could be low due to not yet dis-
closed ESG information the data provider does not explicitly point
out. Still, these companies might publish more ESG information in the

future, increasing their ESG scores, as modeled by their ESGM scores.
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FIGURE 4 Empirical 95% VaR of rating class D for ESG and ESGM in S&P 500 (left) and EuroStoxx 600 (right) in 2017, 2018.
Panel A: ESG and VaR Panel B: ESGM and VaR TABLE 5  Kendall's v between ESG,

ESGM scores, and 95% VaR in 2019

Sector (S&P) 2019 2019 across sectors (out-of-sample) for which

Consumer Cycl. 0.036 0.096 we have a non-zero M pillar score weight

. 0.229 . 0326 » in S&P 500 (top) and EuroStoxx 600

nergy ’ ’ (bottom).

Industrials -0.103 0.039

Technology 0.051 0.068

Utilities —0.099 -0.010

Sector (EuroStoxx) 2019 2019

Consumer Cycl. -0.019 0.015

Energy 0.529 e 0.529 e

Industrials 0.030 0.076

Financials -0.123 —0.031

Healthcare 0.375 e 0.386 o

Real Estate —0.182 -0.120

Therefore, the ESGM scores can work not only to include missing
information but also to allocate the companies in more appropriate
risk classes. Similar results hold for the remaining sectors in both data
sets with a non-zero M pillar weight (available upon request).

54 | Out-of-sample analysis
ESGM scores provide stronger risk dependence and identify more reli-
ably the companies for exclusion strategies in ESG portfolios than the
ESG scores as discussed in Section 5.3. We use the estimated E, S, G,
and M pillar score weights for another year to calculate ESGM scores,
where the ESG data is still non-definitive, and companies can publish
their ESG information in time. Accordingly, we perform the out-of-
sample analyses using the data sets for 2019.

First, we calculate the companies' ESGM scores for 2019 in each

sector and data set as follows:

—ya ~a ~a a ~a
XEs6Mp2019 = XE 2019 * WE X8 5 2019 * Ws +XG p 2019 * WG + Xnp2019
Wy, Va,p,

where Wi,wl,w¢ and W}, are the estimated weights using the
training data in 2017 and 2018 in Section 5.3.

Second, we analyze the dependence between the ESG scores,
ESGM scores and VaR in 2019 in Table 5, again focusing on the sec-
tors analyzed in our in-sample-analysis for both data sets in
Section 5.3. As can be seen, the out-of-sample analysis also confirms
the higher risk dependence for the ESGM scores than the ESG scores
in all cases but Energy in the EuroStoxx 600. However, the signifi-
cance of the risk dependence is better using the ESGM scores than
the ESG scores in Energy in the S&P 500.

Finally, Figure 5 suggests that the ESGM class D presents higher
median risks than the ESG class D in all but Utilities in the S&P 500.
Similarly, the median risk ESGM scores provided for class D is higher
than that of ESG scores provided for Consumer Cyclicals, Financials,
and Real Estate in the EuroStoxx 600. However, the median risk of
the ESG and ESGM scores for class D seems to be closer in the
EuroStoxx 600 than the S&P 500. Hence, the ESG portfolios using
negative screening could benefit from the ESGM scores in terms of

the risk performance, supporting our findings using the in-sample data
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FIGURE 5

in Section 5.3, even though there are some differences across sectors

and regions.

6 | DISCUSSION

Our findings support the proposed methodology and provide evi-
dence of the need to consider disclosing new ESG information that
can be linked to the companies' riskiness and capital misallocation.
Our research is in alignment with the recent discussions. The Sustain-
able Finance Roadmap, released in February 2022 by European Secu-
rities and Markets Authority (ESMA), lists the main challenges, which
need action in analyzing the ESG-related risks. They report that
“Overall, data gaps, low quality and a lack of transparency may lead to
misrepresentation and to a misallocation/mispricing of investments”
and call for actions to assess the issue of the data quality affecting the
ESG data users (Page 19 of ESMA (2022)).

Our empirical findings provide that the non-financial disclosures
are higher in the EuroStoxx 600 companies than in the S&P 500 com-
panies. In the European Union, sustainable finance legislations have
been fine-tuned. For instance, the European Union's (EU) Directive
2014/95/EU sets out that relevant, large, and public interest EU com-
panies must disclose ESG information annually.? On the other hand,
there have not yet existed any mandatory sustainability-related dis-
closures in the United States (IPSF, 2021). However, the Federal
Reserve joined the Network for Greening the Financial System, a
global network of central banks, and might take action about the
applicable commitments towards a sustainable economy.® The manda-
tory context might have a positive impact on the credibility of the
non-financial disclosures for the companies (Mazzotta et al., 2020).

Our estimated M pillar weight, which shows the impact of not yet
released ESG information on the risk dependence, is zero for some
sectors despite having many companies with not yet disclosed ESG
information for at least one of the 10 ESG categories. It implies that

the missing information's potential impact on the risk differs for

2https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0095
Shttps://www.federalreserve.gov/newsevents/pressreleases/bcreg20201215a.htm

Rating Class D Based on Quartiles €3 ESG 8 ESGM

Empirical 95% VaR of rating class D for ESG and ESGM in S&P 500 (left) and EuroStoxx 600 (right) in 2019.

sectors and geographical regions. For researchers, this suggests inves-
tigating the determinants of the occurrence and distribution of the
companies' missing ESG information among ESG categories across
regions and sectors. Such an analysis could also provide insights into
which and how ESG information should be disclosed to measure the
companies' ESG performance and responsible investing accurately.
Recently, ESMA also stated regarding the ESG data that “These data
needs are currently not fulfilled by the data disclosed by companies.
The data gaps can neither be fully bridged by third-party ESG data or
by rating providers whose methodologies, limitations and assumptions
need to become more transparent.” (Page 19 of ESMA (2022)).
Lagasio et al. (2019) already identified board independence, the board
size, and women's directorship as the empowering factors of non-
financial disclosures. However, as they pointed out, there is a gap in
the studies investigating the determinants of the non-financial infor-
mation released by companies across sectors.

Furthermore, for researchers, in addition to showing companies'
potential to disclose missing ESG information, the M pillar can be used
as a proxy of the current ESG disclosure quality adapted for sectoral
peculiarities like other pillars. Future studies can perform a regression
analysis, where the dependent variable is a financial performance
measure, and independent variables are E, S, G, and M pillar scores
and company specifics like their market capitalization. This would
allow analyzing the impact of the current disclosure quality on finan-
cial measures. However, we remark that such an analysis does not
provide scores comparable to ESG scores; thus, they might be difficult
to be used by investors in the same manner. Alternative approaches
for a regression analysis can encode the current disclosure quality as a
binary variable based on the industry median by counting the number
of ESG categories disclosed as proposed in Santamaria et al. (2021).

Our results show the importance of knowing and understanding
what is behind the ESG scores for investors. The investors can
exclude the companies based on their low ESG scores in a given sec-
tor from their portfolios; however, Sahin et al. (2022) reported that
the companies still disclose their ESG information in time, increasing
their ESG scores. Additionally, we discuss that using the proposed
ESGM scores provides better risk performances than the ESG scores

for such cases.
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For companies and managers, our analyses imply that they could
be excluded from investment portfolios, not necessarily because of
their actual ESG performance but possibly due to their lack of and low
speed of the ESG disclosure mechanism. Therefore, a focus should be
on providing complete disclosure material, allowing investors to man-
age the ESG-related risks better and make sustainable investments for
the world.

Finally, we like to remark that while our results are based on
the missing data of the single data provider, Refinitiv, another pro-
vider, Sustainalytics, also encodes the missing raw scores based on
company disclosures as zero.* Yet, the applications of the M pillar
and ESGM scores using different providers are left for future
research.

7 | CONCLUSION

We propose a new pillar score, the so-called Missing (M) pillar
score, to explicitly consider the companies' potential of disclosing
missing ESG information. By doing so, we introduce a new Envi-
ronmental, Social, Governance, and Missing (ESGM) score. In addi-
tion, our study formulates an optimization scheme to link the
companies' ESGM scores and riskiness. Such a scheme encourages
companies to disclose more ESG information and evaluate the
impact of such additional information on financial risk. Further-
more, it can be used by investors to build customized scores.

We evaluate the risk performance of the proposed ESGM scores
and ESG scores using in-sample and out-of-sample data. The in-
sample data analysis allows us to estimate the ESGM scores' pillar
weights, which are used to compute the ESGM scores. The out-of-
sample data analysis tests the power of the ESGM scores regarding
their risk dependence. Using the S&P 500 and EuroStoxx 600 compa-
nies' nondefinitive ESG data provided by Refinitiv, we show that the
ESGM scores provide stronger risk dependence than the ESG scores
in some sectors using both the in-sample and out-of-sample data. We
argue that a potential disclosure of missing ESG information impacts
the risk in these sectors. This approach potentially supports the
investment decisions as an ESG exclusion strategy depends on the
ESG rating class, which is affected by missing information. Further-
more, incorporating the potential of possible disclosure allows to
include companies in the portfolio that would otherwise be excluded
as too much data is missing at the time of the investment decision.
Nonetheless, the dependence of risk and ESG/ESGM scores and the
impact and amount of the missing ESG information change with sec-
tors and geographical regions.

Our study is limited by a small number of companies within each
sector. Future studies should consider applying our M pillar score and
ESGM scores formulations to data from a larger number of compa-
nies. The second limitation of our research is that it does not account

for common risk factors. Moreover, necessary modifications for the M

“https://www.sustainalytics.com/docs/default-source/meis/kone_oyj_riskratingsreport_
18032021.pdf?sfvrsn=577d22c8_0%20

pillar score can be considered in the future to evaluate the ESGM
scores also from other ESG data providers. Lastly, exploring optimiza-
tion schemes with different objective functions and constraints can

be considered in the future.
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APPENDIX A: INDICES, DATA, AND NOTATION

Total number of zero values in ESG categories of company p in sector a

and year t (x5, ,):

Xgero,p,t = Z 1' Va'pvt'
j €Sear

. -
}.x‘;,wfo

Total number of companies that company p has the same total

number of zero values in ESG categories in sector a and year t (eg't):

egvt = Z 1,Va,p,t.

J € (L]

Xa

J.a
JiX zero,p,t

zeroj t —

Total number of companies that company p has a higher total num-
ber of zero values in ESG categories in sector a and year t (I“;'t):

lg’t = Z 1,va,p,t.

J € (L]

v ya a
J 'Xzero,j’,t < Xzem,p,t
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TABLE A1 Mathematical indices, data, and their notation used in the paper.

Index & data

Sector (business class)

Total number of companies

Company z

Total number of companies in sector a
Company p in sector a

Year

Value-at-risk of company z in year t
Value-at-risk values of companies in year t
Value-at-risk of company p in sector a and year t

Value-at-risk values of companies in sector a and year t

Volatility of company z in year t
Volatility values of companies in year t
Volatility of company p in sector a and year t

Volatility values of companies in sector a and year t

vvrisk of company z in year t
vvrisk values of all companies in year t
vvrisk of company p in sector a and year t

vvrisk values of companies in sector a and year t

ESG score of company z in year t

ESG scores of companies in year t
ESG score of company p in sector a and year t

ESG scores of companies in sector a and year t

ESGM score of company z in year t

ESGM scores of companies in year t
ESGM score of company p in sector a and year t

ESGM scores of companies in sector a and year t

E pillar score of company p in sector a and year t

E pillar scores of companies in sector a and year t

S pillar score of company p in sector a and year t

S pillar scores of companies in sector a and year t

G pillar score of company p in sector a and year t

G pillar scores of companies in sector a and year t

M pillar score of company p in sector a and year t

M pillar scores of companies in sector a and year t

Resource use score of company p in sector a and year t
Emissions score of company p in sector a and year t
El score of company p in sector a and year t

Workforce score of company p in sector a and year t

Human rights score of company p in sector a and year t
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Notation
a=1,..,10

n

z=1,..,n

ng

p=1,...,nq
t=2017,...,2019
XvaRzt

.
Xvart = (XVaR Lts+-»XVaRnit)

a
XVaR,p,t

-
a a
Xvart = (X@aR,Ltv"-vXVaR,n,,,r)
Xvol,zt
-
Xyolt = (Xvol,l,t:-uvxvol,n,t)

a
Xvo!,p,t

T
a _ (ya a
xvol,t - (Xvol,l,t‘ ""Xvol,nu,t>
Xw,zt
T
Xyvt = (Xw,l,t'---:xvv,n,t)

a
vapyt

T
a . a a
Xvv,t - <va,1,t""'xvv,n,,,t)
XESG 2t
_ T
XEsGt = (XESG,1,t -+ XESGn,t)

a
XEsGp,t

.
a . a a
XesGt = (XESG,l,t""'XESG,n,,,t)
XESGM,zt
_ T
XEsGMt = (XESGM,1t» -+ XESGMnt)

a
XESGMip,t

.
a — a a
XesGMt = (XESGM,l,t’""XESGM,na,t)

a
XE,p,t
-
x(l — Xa Xa
Et — E,1,t2**27E ng t
a
XS,p,t
-
xg, = (x3 X2
St — \ 7S, 1,t2 S, t

a
XG,p,t

.
a a
X6t = (XG,i,t""’xg,na,t>

a
XM,p,t

.
Xyt = (X‘I]\/I,l,t""‘xlav!,na,t)
XgU,p,t

XEmpit
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TABLE A1 (Continued)

Index & data Notation

Community score of company p in sector a and year t XCopt

PR score of company p in sector a and year t XPRopt

Management score of company p in sector a and year t X?/:G,p,t

Shareholders score of company p in sector a and year t XShpt

CSR strategy score of company p in sector a and year t XaCS,p,t

Total number of zero values in ESG categories Xeropit

of company p in sector a and year t

Set of ESG category indices Scar = {RU,EM, EIl, WF,HR,CO,PR,MG,SH,CS}

Set of total number of zero values in ESG categories of co Soi= { - Xgero,na,t}

of companies in sector a and year t

Total number of companies that company p has [

the same total number of zero values in ESG categories in sector a and year t

Total number of companies that company p has l“;yt

a higher total number of zero values in ESG categories in sector a and year t

APPENDIX B: 95% VaR, VOLATILITY, vvrisk

FIGURE B1
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Pairwise scatter plots of volatility, VaR, and vvrisk in a year in S&P 500, where upper diagonal shows the empirical Kendall's ©
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FIGURE B2 95% VaR across 10 sectors in S&P 500 (top) and EuroStoxx 600 (bottom).
APPENDIX C: PROOF OF THE M PILLAR SCORE BOUNDS AND 1 N (ng+...+n2‘)
(nd+..4nd) - —=——=
AVERAGE %o — 100 2

Let S={x4,...xn} be a set with N elements such that x; <... <xy. For
the d th element, x4, assume the number of elements whose value is
smaller/larger than x, in S are denoted by nd/nf. Also, nd corresponds
to the number of elements x4 has the same value in S (including itself).
It holds that nd +nf+-nd =N for d=1,..N. Then its M pillar score is
given by:

d nd+%
Xty =100-"2 ford=1,...N.

Lower bound on M pillar score: Since it holds n¢ 2 0,nd 2 O,N = 0, we
have x§, 2 0 for Vg,

Upper td)ound on, M pillar
X4y =100."% <100 %42 <1007

we have x¢, < 100 for V.
Average value of M pillar score: Denoting the average value of the

score: Since it holds

M pillar score for the elements in S by Xy, we can write:

N-N

In the first scenario, assume x; < ... < xy. Then, it holds

1+..+1 N-(N-1) N
i (04 tN—1) 4 +2+ ) (2 )+§
Xv =100- NN =100- NN =50.
In the second scenario, assume x1 =...=Xj<Xj+1 <...<Xn. Then,
we have

Jt ) +1+..+1)

(04 ot O S (J+ 1) A N— 1) &

- ) 2
XM =100 N-N
(N=1+J)-(N=J) J-J+(N—J)
2 i 2 50
=100- NN =50.

The second scenario can be easily adopted for the equal ele-
ments, which exist more than once in the set, and it can be proven

that the average M pillar score is 50.
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APPENDIX D: MISSING VALUES IN ESG CATEGORIES

TABLED1

2017 S&P (EuroStoxx)
Basic Materials
Consumer Cycl.
Consumer N-Cycl.
Energy

Financials
Healthcare
Industrials

Real Estate
Technology
Utilities

2018 S&P (EuroStoxx)
Basic Materials
Consumer Cycl.
Consumer N-Cycl.
Energy

Financials
Healthcare
Industrials

Real Estate
Technology
Utilities

2019 S&P (EuroStoxx)
Basic aterials
Consumer Cycl.
Consumer N-Cycl.
Energy

Financials
Healthcare
Industrials

Real Estate
Technology
Utilities

Resource use

Resource Use
0% (0%)

16% (4%)

0% (0%)

0% (0%)

13% (7%)

7% (0%)

12% (4%)

11% (4%)

9% (2%)

0% (0%)

Resource Use
0% (0%)

14% (4%)
0% (0%)
0% (0%)
8% (5%)
4% (0%)
8% (1%)

11% (4%)
7% (2%)
0% (0%)

Emissions

4% (2%)
13% (5%)

3% (0%)
0%)
3%)
20% (0%)

Emissions
4% (0%)
10% (3%)
0% (0%)

0% (0%)
15% (2%)
12% (0%)

9% (2%)
11% (0%)
20% (0%)

3% (0%)
Emissions
0%)
1%)
0%)
0%)
1%)
0%)
1%)
0%)
0%)
0%)

4%
8%
0%
0%
8%
4%
5%
4%
15%
3%

Environm. innovation
26% (18%,
43% (29%
15% (20%
62% (29
42% (28

(

(

(

X X

66% (55
32% (21%
25% (23%,
29% (27%,

14% (4%

X

)
)
)
)
)
)
)
)
)
)

Environm.Innovation
26% (18%)
44% (29%)
15% (17%)
62% (29%)
42% (19%)
62% (48%)
34% (20%)
25% (19%)
29% (29%)
14% (11%)
Environm.Innovation
26% (18%)
44% (27%)
13% (17%)
54% (24%)
35% (16%)
59% (45%)
31% (19%)
18% (15%)
26% (27%)
10% (7%)

Corporate Social Responsibility and "3 =

Environmental Management

Human rights
9% (18%)
27% (28%)
8% (24%)
38% (12%)
52% (35%)
29% (36%)
28% (33%)
61% (69%)
18% (22%)

34% (32%)
Human Rights
4% (8%)
21% (15%)

3% (20%)
25% (12%)
42% (22%)
21% (18%)
18% (21%)
43% (58%)
17% (16%)
31% (11%)
Human Rights

4% (2%)
16% (10%)

0% (5%
21% (6%
32% (15%
11% (3%
14% (11%
43% (42%
12% (11%

)
%)
)
%)
)
)
)
24% (4%)

Product Resp.

4% (2%)
0% (10%)
0% (0%)
8% (0%)
0% (11%)
0% (6%)
3% (6%)
4% (35%)
0% (9%)
0% (0%)

Product Resp.

0%

2% (6%
0% (31%
0% (9%

)
)
)
)
)
)
%)
)
)
0% (0%)

Product Resp.

0% (0%)
% (1%)
0% (0%)
% (0%)
% (1%)
0% (0%)
2% (4%)
0% (19%)
0% (7%)
0% (0%)

Percentage of the companies whose ESG category score is missing (zero) classified by year, sector and category in S&P500 and
EuroStoxx600. Only the categories for which at least a company in a given year does not contain any information are reported.

CSR strategy

CSR Strategy
4% (2%)
30% (3%)
5% (0%)
4% (0%)
22% (3%)
25% (0%)
28% (5%)
11% (0%)
34% (4%)
3% (0%)
CSR Strategy
0% (2%)
26% (0%)
5% (0%)
0% (0%)
10% (2%)
14% (0%)
23% (2%)
7% (0%)
20% (2%)
3% (0%)
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APPENDIX E: RESULTS FOR THE SECTORS WITH THE ZERO M
PILLAR WEIGHT

TABLE E1 NeweE,S, G, and M pillar score weights, resulting in the ESGM scores in Tables E2 and E3 across sectors for which we have a zero
M pillar score weight in S&P500 (left) and EuroStoxx600 (right).

Sector (S&P) E S G M Sector (EuroStoxx) E S G M
Basic Materials 0.800 0.100 0.100 0.000 Basic Materials 0.100 0.618 0.282 0.000
Consumer N-Cycl. 0.486 0.410 0.104 0.000 Consumer N-Cycl. 0.683 0.217 0.100 0.000
Financials 0.100 0.100 0.800 0.000 Technology 0.790 0.100 0.110 0.000
Healthcare 0.730 0.100 0.169 0.000 Utilities 0.233 0.542 0.225 0.000
Real Estate 0.100 0.800 0.100 0.000

TABLE E2 Kendall's T between ESG,

Panel A: ESG and VaR Panel B: ESG(M) and VaR -
ESGM scores, and 95% VaR in 2017,
Sector (S&P) 2017 2018 2017 2018 2018 across sectors (in-sample) for which
Basic Materials 0.130 0.099 0.296 = 0194 we have a zero M pillar score weight in
c N-Cvel 0,047 0,001 0,015 0,053 S&P500 (top) and EuroStoxx 600
onsumer N-Lycl. e ’ ’ ’ (bottom). The hypothesis testing is
Financials 0.020 —0.160 0.009 -0.121 H0 :1=0 versus HA 1>0.
Healthcare 0.309 oxx 0.278 oxx 0.297 oxx 0.282 ok
Real Estate -0.138 -0.312 —-0.032 -0.286
Sector (EuroStoxx) 2017 2018 2017 2018
Basic Materials —0.096 -0.171 —0.056 —-0.099
Consumer N-Cycl. 0.054 0.085 0.129 0.115
Technology 0.089 0.168 * 0.117 0.230 >
Utilities 0.127 0.296 x 0.206 * 0.333 ok

Note: *, **, and *** denote statistical significance at 10%, 5%, and 1% levels, respectively.

TABLE E3 Kendall's T between ESG,

Panel A: ESG and VaR Panel B: ESG(M) and VaR -
ESGM scores, and 95% VaR in 2019
Sector (S&P) 2019 2019 across sectors (out-of-sample) for which
Basic Materials _0.075 0.043 we have a zero M pillar score weight in
S&P500 (top) and EuroStoxx600
Consumer N-Cycl. 0.115 0.115
(bottom).
Financials -0.102 -0.031
Healthcare 0.161 o 0.088
Real Estate -0.310 -0.259
Sector (EuroStoxx) 2019 2019
Basic Materials —0.064 —0.040
Consumer N-Cycl. 0.168 * 0.200 x
Technology 0.073 0.101
Utilities 0.270 > 0.286 >
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