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Abstract The risks related to global climate change are seen as threats to companies, taking
into consideration their impact on the return on investment. In order to mitigate climate risk
and introduce new opportunities to financiers, companies need to identify, manage, and report
climate risks. The purpose of this paper is to investigate the climate risks disclosed by the 100
largest companies in the world, according to the Bloomberg and Price Waterhouse Coopers

< Daniel Kouloukoui
danielkoulou@hotmail.com; danielk@ufba.br; daniel@cairu.br; https://www.energia.ufba.br

Sonia Maria da Silva Gomes
soniagomes3 @gmail.com; http://utba.br

Marcia Mara de Oliveira Marinho
marma@ufba.br; http://tiny.cc/dea

Ednildo Andrade Torres
ednildotorres @ gmail.com; https://www.energia.ufba.br

Asher Kiperstok
asherkiperstok @ gmail.com; http:/www.teclim.ufba.br

Pieter de Jong
pietedj@yahoo.co.uk; http:/www.teclim.ufba.br

Postgraduate Program of Industrial Engineering - PEI, Federal University of Bahia (UFBA),
Salvador 40210-630, Brazil

2 Faculty of Accounting, Federal University of Bahia (UFBA), Salvador 40.110-903, Brazil

3 Environmental Engineering Department, Federal University of Bahia (UFBA), Salvador 40210-63,
Brazil

4 Department of Chemical Engineering, Federal University of Bahia (UFBA), Salvador 40210-630,
Brazil

Department of Environmental Engineering, Federal University of Bahia (UFBA),
Salvador 40210-630, Brazil

Published online: 10 February 2018 €\ Springer


http://orcid.org/0000-0003-3375-6325
http://crossmark.crossref.org/dialog/?doi=10.1007/s11027-018-9783-2&domain=pdf
mailto:danielkoulou@hotmail.com
mailto:danielk@ufba.br
mailto:daniel@cairu.br
https://www.energia.ufba.br
http://www.teclim.ufba.br
http://www.teclim.ufba.br
http://www.teclim.ufba.br
http://www.teclim.ufba.br
http://www.teclim.ufba.br

Mitig Adapt Strateg Glob Change

(PwC 2015) classification, and identify some characteristics of these companies that explain
the disclosure level of such information. Preliminary results revealed that of the companies
investigated, 14% did not disclose any climate risk information in the Carbon Disclosure
Program (CDP) report. Also, from the companies that disclosed information according to the
Global Reporting Initiative (GRI), 9.9% did not provide information regarding policies,
actions, and strategies for mitigating the risks related to climate change. The results shown
by the content analysis suggested that, in general, there is still a low level of disclosure about
climate risks by these companies. The final results through econometric instruments and
statistical tests indicate that the size of the company or the fact that corporations are from
developed countries do not necessarily explain the level of information disclosed. However,
the activity sector, the continent, and the efficiency of the Board of Directors are factors that
strongly explain the level of climate risk disclosure. We conclude that more effort is needed to
encourage an engaging attitude from corporations to develop actions, policies, and strategies to
mitigate climate change risks and threats. In addition, the world’s largest companies should
make a greater investment in climate risk disclosure.

Keywords Climate risk disclosure - Global Top 100 - Climate changes - Theory of legitimacy -
Strategies for climate change - Adaptation and mitigation

1 Introduction

Global climate change represents an urgent threat and is causing a potentially irreversible
impact on humanity and the planet. There will be significant negative environmental, social,
and financial impacts on a global scale, if an appropriate strategy to confront these issues is not
implemented in the very near future (IPCC, 2001, 2007, 2014). Additionally, climate change
can affect a firms’ profitability. Thus, investors can ask questions about how these issues are
being addressed and what business opportunities are arising from these changes. For example,
how are the increased costs arising from carbon dioxide emissions and associated climate risks
being controlled or managed?

One approach organizations use to meet stakeholder’s demands is the voluntary dis-
closure of information. Communication is a crucial element of the legitimation process,
because even if corporate activities reflect social values, legitimacy may be threatened
when communication failure happens. The social responsibility of the disclosure process
can be understood as a provision of information related to the interaction of an organiza-
tion with its physical and social environment. In international literature, environmental
disclosure has been widely studied (Rodrigue et al. 2013; Suttipun and Stanton 2012a;
Cho et al. 2012; Clarkson et al. 2008; Cho and Patten 2007; Aerts et al. 2004; Cormier and
Magnan 1997; Nazli and Sulaiman 2004; Patten and Trompeter 2003; Byard and Shaw
2003; Baginski et al. 2002; Stanwick and Stanwick 2000; Williams 1999a; Hackston and
Milne 1996; Entwistle 1999; Frankel et al. 1995; Fried 1984; McNichols and Manegold
1983; Lang and Lundholm 1993; Cooke and Wallace 1990; Zeghal and Ahmed 1990;
Leftwich, et al. 1981).

During the last decade, there has been an emergence of a new research trend focusing on
the disclosure of climate change information rather than on the environment. This may be due
to a worldwide concern about global climate change issues. As a result, while some studies
have investigated corporate disclosure of climate change information (Amran, et al. 2014;
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Cotter and Najah 2012; Pellegrino and Lodhia 2012; Dawkins and Fraas 2011; Reid and Toffel
2009, Stanny and Ely 2008; Smith et al. 2008; Mills 2007), other works have been developed
with a specific focus on investigating climate change strategies for cities, regions, and
countries around the globe (Lee and Hughes 2017; Li and Jia 2017; Rohat et al. 2017,
Halsnas et al. 2014; Bierbaum et al. 2013).

Meanwhile, in recent literature, attention has turned towards a group of researchers
specifically focused on corporate climatic risk information disclosure (Da Silva Gomes et al.
2017; Kouloukoui 2016; Leurig and Dlugolecki 2013; Leurig 2011; Broder 2010; Corporate
Library Inc. 2009; Doran et al. 2009; Doran and Quinn 2009; Fordham and Corp. and Fin. L.
281, 2008. This study fits in the latter group as it seeks to investigate the disclosure of climate
risk information.

The non-disclosure of information about risks related to climate change and performance
has consequences for businesses as a judgmental market can draw conclusions based on
incomplete information. In addition, such information disclosure reduces the age-old problem
of information asymmetry between the principal and the agent. Therefore, the question
follows: what kind of information is being disclosed when it comes to climate risks, and
which specific characteristics of a company can explain and influence the amount of disclosure
information about climate risks?

As shown in previous research, many organizations are facing challenges and pressure
to demonstrate their strategies and practices when facing climate change—for example,
Wittneben and Kiyar (2009), Pinkse and Kolk (2009), and Ziegler and Hoffmann (2011).
Other research has addressed the relationship between business responses to climate
change and a company’s economic and financial performance (Ziegler et al. 2011;
Boiral et al. 2012; Lee 2012; Kennedy et al. 2014; Chakrabarty and Wang 2013;
Bottcher and Miiller 2015; Hallenberg 2015; Lee et al. 2015). Most researchers found a
positive relationship between these two variables. Haque et al. (2013) investigated the
perceived difference between expected information by stakeholders and the information
released by Australian corporations. Haque and Deegan (2010) also examined the disclo-
sure practices of corporate governance related to climate change by five major Australian
companies over a 16-year period.

Pauw et al. (2016) analyzed 101 case studies of private sector adaptation under the
Private Sector Initiative (PSI) of the United Nations Framework Convention on Climate
Change (UNFCCC) Nairobi work program. They compared the case studies against ten
“adaptation finance criteria” that were extracted from the UN climate negotiation out-
comes. De Aguiar and Bebbington (2014) analyzed the nature of information disclosure
regarding climate change in annual reports, not considering the emission trading organi-
zations participation in the United Kingdom. On the other hand, Nikolaou et al.
2015investigated the evolution of relationship trends between climate change and climatic
risks, financial performance, and the operational processes of companies. Linnerooth-
Bayer and Hochrainer-Stigler (2015) suggested a risk management approach to reduce the
threat and spread into different layers of risk, including a layer that represents a possible
adaptation deadline. However, what do the world’s 100 largest companies disclose in their
sustainability reports on climate risk management practices?

This paper firstly aims to investigate the climate risks disclosed by the 100 largest
companies in the world, according to the Bloomberg and Price Waterhouse Coopers (PwC
2015) classification, and secondly to identify which characteristics of a company can explain
the disclosure level of such information. In this paper, the use of the expression “climate risk

@ Springer



Mitig Adapt Strateg Glob Change

disclosure” refers to corporate reports about policies and proactive procedures that organiza-
tions have in place to deal with risks related to climate change.

Studies on climate risk disclosure are scarce. At this point, it is worth mentioning that
information disclosed on climate change is not mutually exclusive to that disclosed on
climate risks. Climate change information encompasses all data and is therefore more
generic. On the other hand, climate risk data is more specific, referring to a set of
information about threats linked to climate change and the strategies developed by
companies to mitigate them. Therefore, this study aims to contribute to literature and
focuses on the 100 largest companies in the world. Such a study has not yet been
developed. This study also provides some useful contributions from existing literature
regarding discussions about climate risk reports. The world’s largest companies, as they
have more resources than smaller ones, are therefore expected to act first towards climate
change threat mitigation and adaptation. In order to broaden knowledge, this research
investigates the information disclosed by these companies, using statistic models to
investigate empirically which characteristics of a company can explain the level of
disclosure about climate risks.

2 Literature review and hypothesis

According to Pellegrino and Lodhia (2012), the theory of legitimacy has been used to
explain the voluntary disclosure of environmental information by several researchers (for
example Dowling and Pfeffer 1975; Patten 1991, 1992; Lindblom 1994; Deegan and
Rankin 1996; Lodhia 2005; Deegan 2007). The theory is derived from organizational
legitimacy, which has been defined as a condition or situation that exists when the value
system of a corporation is congruent with the value system of the society of which the
entity is a part of O'Donovan 2002a).

According to this theory, companies act in a society and therefore a sort of social
contract is formed between the organizations and the society in which they operate,
representing a set of implicit and explicit expectations of its members as to how they
should act (Deegan, 2006, 2007; Gray et al. 1995). These authors suggest that legal
requirements provide the explicit contract terms, while requirements that are not
legally binding provide the expectations of society and incorporate implicit contract
terms. Legitimacy is a general perception that entity actions are desirable or appropri-
ate within a socially constructed system of norms, values, beliefs, and definitions
(Suchman 1995).

Therefore, an organization’s survival might be threatened if society perceives that it is not
acting at an acceptable or legitimate level to continue with its operations. Thus, the implicit
premise is that society, as a set of individuals, allows an organization to continue to operate as
long as the organization considers the rights of the general public, in accordance with society’s
expectations (Deegan 2006, 2007). So, it is understood that there is a reaction from the
organization’s managers regarding social concerns and expectation changes. As a result,
organizations must adapt and change, or at least try to be perceived as functioning within
the ever-changing limits of their respective societies’ standards, in order to guarantee their right
to exist (Deegan 2006, 2007; O'Donovan 2002b).

Consequently, in order to manage organizational legitimacy, companies must know how
they can acquire, maintain, or lose legitimacy. Because of negatively perceived consequences,
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an extreme situation or scenario could be a threat to survival; a company may evaluate its
legitimacy status and communicate this status to the relevant stakeholders or engage in
legitimization efforts (Lindblom 1994). To do this, a company has two attitudes to control
legitimacy: actions and presentation. While the first refers to the activities developed by the
company in congruence with social values, the second refers to the disclosure of corporate
activities in line with social values. Consequently, communication is a crucial legitimacy
process element, because even if corporate activities adhere to social values, legitimacy may
be threatened because of communication failures. The corporate social disclosure process may
be understood as one that provides financial and non-financial information regarding the
organization’s interaction with its physical and social environment, disclosed both in yearly
reports and in specific reports.

Previous studies have also suggested that events or issues are fundamental key catalysts of
an organizational legitimacy threat, causing organizations to become involved in legitimate
discursive strategies (Nasi et al. 1997; Patten 1992; O'Donovan 1999a, b). Finally, there is
research which examines the theory of legitimacy applied to environmental disclosure (Deegan
and Rankin 1996; Brown and Deegan 1998; O’Donovan 2002a, b; Deegan et al. 2007).
However, very little is known about risk practice disclosure and opportunities related to
climate change and characteristics of the company that explain the disclosure level of such
information. This is the main focus of this study.

Large companies should respond with more disclosure because they have a greater impact
on social expectations, considering that they have more stakeholders than small companies
(Cowen et al. 1987). Several studies have demonstrated the positive relationship between
environmental disclosure and company size (Deegan and Gordon 1996; Hackston and Milne
1996; Brammer and Pavelin 2006; Suttipun and Stanton 2012a). Therefore, this paper aims to
test the following hypothesis:

HI: There is a positive relationship between a firm’s size and the level of climate risk
disclosure.

For businesses, the context of risks related to climate change is a threat, mainly due to the
impacts this phenomenon may cause on the return on their investment, organizational perfor-
mance, or even in the aggregated value for investors (Labatt and White 2007). Evidence
suggests that there is a growing demand from investors for information about the impact of
climate change on business organizations (Global Investor Coalition on Climate Change
(GICCC 2013). The study developed by Pfeifer and Sullivan (2008) examined the evolution
of UK institutional investors’ interest in climate change from 1990 to 2005, while focusing on
policy measures and their relative contributions, such as the disclosure of information,
awareness, and market-based instruments. They concluded that, over that period, flexible
policy measures played an important role while encouraging investors to discuss climate
change issues with companies. However, it had little impact on investment decisions. It was
only with the introduction of harsh policy measures that climate change became systematically
considered in investment analysis.

Previous research split companies into two types: high or low-profile firms (Suttipun
and Stanton 2012b; Hackston and Milne 1996; Patten 1992). High-profile companies are
the ones operating in extremely polluting industrial settings (Perry and Tse Sheng 1999;
Stray and Ballantine 2000; Jennifer and Taylor 2007). These high-profile companies are
therefore more exposed to the political and social environment than low-profile ones
(Newson and Deegan 2002). Studies have demonstrated a relationship between the activity
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sector and disclosure level (Hackston and Milne 1996; Williams 1999b). Therefore, we
tested the following hypothesis:
H2: There is a relationship between the disclosure level regarding climate risks and the
activity sector of the company.

Sampled companies may be split into two types: companies from developed countries and
companies from emerging countries. Previous studies suggest that companies from developed
countries have a higher amount of social and environmental information disclosure than those
from developing countries (Adams et al. 1998; Kolk et al. 2001). The third and fourth
hypotheses are presented below:

H3: Companies from developed countries have a higher level of climate risk disclosure
than companies from emerging countries.

H4: There is a significant relationship between the company’s location and the level of
disclosure regarding climate risk.

In Jensen’s (1993) view, an efficient Administrative Council should be small and, prefer-
ably, made up of external managers, with the Chief Executive Office—CEO—as the only
internal member. Agency theory argues that Administrative Councils with many members are
inefficient, due to communication and coordination problems (Jensen and Meckling 1976;
Fama 1980; Fama and Jensen 1983; Jensen 1993). There is also a greater chance of conflict
inside the group because of the difficulty of reaching a consensus or agreement. Therefore, the
size of the Administrative Council of a company is an essential aspect to its efficiency (Lipton
and Balatonalmadi 1992; Jensen 1993). The research conducted by Amran et al. (2014)
predicted that there is a negative relationship between the disclosure of information on climate
change and the size of the Board of Directors, but the results demonstrated the opposite. Given
this, the fifth hypothesis of the present study is:

HS5: There is a significant negative relationship between the size of the Board of Directors
and the level of disclosure of climate risk.

Studies demonstrate the importance of women participating on a corporation’s Board of
Directors (Carter et al. 2003; Amran et al. 2014). Evidence shows that the greater participation
from women on the Board of Directors, the greater the organization’s involvement and
commitment to issues of climate change—the female gender is generally more sensitive to
any global, social, and environmental issues. The diversity of gender on the Board leads to
decisions aligned with global warming questions (Amran et al. 2014). From this, the sixth
hypothesis of the research is:

H6: There is a statistically significant and positive relationship between the percentage of
women on the board and the disclosure of information regarding climate risks.

It is important to remember that other variables that influence the level of corporate
disclosure can be found—for example, the level of financial performance, level of
indebtedness, and others. However, some of these variables were not tested given the
sample’s characteristics and the research questions. It makes little sense to test the level
of financial performance, because the sample used is made up of the world’s most
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profitable companies, so it is understood that in general they all have enough resources
to invest in climate risk management.

3 Method
3.1 Database population and sample

The main objective of this paper is to investigate the climate risks disclosed of the 100
largest companies in the world and then check the characteristics of the company that
influence the disclosure level. To achieve this, research was carried out using the Global
Reporting Initiative (GRI) report, disclosed by companies, as well as the completed
Carbon Disclosure Project (CDP) official questionnaires, regarding the year 2015. The
decision of using the sustainability report from the GRI was made because it has one of
the most highly regarded standards for sustainability reports in the corporate world. The
report from the CDP aims at facilitating the dialog between investors and corporations,
organizing information of the participant companies regarding climate change strategies.
In addition, these two reports are easily accessible and freely available to the public. In
the GRI report, for instance, sections regarding climate risks are examined (G4-EC2). In
CDP, climate risks information is found in section CC5.1 (CC5.1a, CC5.1b, CC5.1¢).
The final sample of companies used in this study is shown in Table 1.

After selecting the corporations in the Global Top 100 Companies by Market
Capitalization, further research was done on the GRI site to locate sustainability reports
presented by these companies. We verified that only 87 companies published reports.
From Table 1, it can be observed that the objective of this study was to work with 100
companies (population), but due to lack of data, the final useful sample was 71
companies. For comparative purposes, we also collected the CDP reports of the 71
companies in question.

Table 1 Demonstration of sample selection process

No.  Sector No. of No. of Total On the  Disclosed Disclosed No. of
companies companies no.of  database GRI but GRIbutin final
in Global noton GRI Global butdid download another Reports

Top 100 database 100 that not impossible language  for
disclose disclose  (not found) Content
GRI 2014 or Analysis
2015
GRI
1 Financial 19 3 16 1 2 4 9
2 Consumer goods 18 1 17 1 0 2 14
3 Healthcare 18 2 16 1 0 0 15
4 Technology 12 2 10 1 0 0 9
5 Consumer services 10 2 8 2 1 0 5
6 Oil and gas 9 2 7 0 0 7
7 Industrial 7 1 6 0 0 0 6
8 Telecommunication 4 0 4 0 0 0 4
9 Raw materials 3 0 3 0 0 1 2
Total 100 13 87 6 3 7 71
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3.2 Key phrase search and content analysis

Content analysis was used in order to identify and quantify the information regarding climate
risks in the selected reports. Content analysis required codification in qualitative and quanti-
tative terms in previously defined categories in order to extract patterns in presentation and
communication of information (Bardin 2011; Guthrie et al. 2004). Categorization of informa-
tion regarding climate risks, described in Table 2, was performed using the following sources:
(1) manual for implementing GRI 2015 guidelines, specifically topics G4-EC2—financial
implications and other risks and opportunities for activities of the corporation due to climate
change, (ii) CDP 2015 Manual, Risks and Opportunities section, Page CC5. Climate Change
risks, (iii) documents from the Investor Network on Climate Risk (Ceres 2010), elaborated by
CERES, (iv) Hague and Deign (2010), and (v) Doran and Quinn (2009). In Table 2, the
framework of the content analysis is outlined.

As can be seen in Table 2, the framework is in four languages. This is because reports were
published in these languages. However, almost 90% were published in English.

It is extremely important to remember that in this study research questionnaires were not
applied, that is, questionnaires were not sent to companies to be responded to, nor were
managers interviewed. Rather, it is a study based on company reports and documentation
(CDP and GRI). The content analysis technique was applied to corporate sustainability reports
to quantify the level of disclosure of climate risk.

3.3 Empirical context and statistical methods applied
3.3.1 Classical linear regression

In the literature on environmental disclosure, several studies have investigated the determi-
nants of the level of corporate disclosure. In these studies, the level of disclosure represents the
response variable. For modeling, the authors generally use linear regression. Nonetheless, the
level of disclosure represented by the linear regression model may not be appropriate or
recommended for the following three reasons:

(1) First, linear regression requires that the response variable be a continuous variable;
however, the level of disclosure variable (sentence count) is not a continuous variable; it is by
essence a discrete variable. (2) Secondly, the linear regression model requires the assumption
of data normality, homoscedasticity (017 = 022 = 03 = on®), the fact that the level of disclosure

Table 2 Framework of the content analysis

English

Portuguese

French

Spanish

Regulatory Risk
Physical Risk
Competitive Risk
Legal Risk
Reputational Risk
Mitigation
Adaptation
Opportunities
Climate Risk
Climate Changes

Risco Regulatério
Risco Fisico

Risco Competitivo
Risco Legal

Risco de Reputacdo
Mitigagdo

Adaptagio
Oportunidades
Riscos Climaticos
Mudangas Climaticas

Risque Réglementaire
Risque Physique

Risque Concurrentiel
Risque Juridique

Risque de Réputation
Mitigation

Adaptation

Opportunités

Risque climatique
Changements Climatiques

Riesgo Regulatorio
Riesgo Fisico

Riesgo Competitivo
Riesgo Legal

Riesgo de Reputacion
Mitigacion
Adaptacion
Oportunidades

El Riesgo Climatico
Cambios Climaticos
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variable is discrete, means it is unlikely to have a normal distribution. (3) Thirdly, if researchers
perceive that the variable does not follow a normal distribution (via a normality test of the
histogram), most transform the variable by means of the logarithm neperian or using other
forms of transformation, “forcing” the variable to follow a normal distribution. This procedure
may impair the efficiency and effectiveness of the model because the original variable is not
used. In these situations, what should be done? The literature provides alternatives for
modeling if the data under analysis violate the assumptions or requirements of linear regres-
sion. Models referred to as alternatives to modeling the characteristics of a company that
explain the disclosure level of climate risk include Generalized Linear Models (GLM)
proposed by Nelder and Wedderburn (1972) described by Sant’Anna (2015).

3.3.2 Generalized Linear Models

The method used to choose the best regression model basically followed the structure
proposed by Sant’Anna (2015). This author has developed a structure that serves researchers
in the decision-making process by assisting them to choose the most appropriate regression
model for data modeling. The method used by Sant’Anna (2015) was based on the most
interesting and innovative regression models which were introduced by Nelder and
Wedderburn (1972). These authors used the GLM class to model the relationship between a
dependent variable and factors. This opened a range of options for probability distribution of
the input variable, assuming that it belongs to the exponential distribution family (McCullagh
and Nelder 1989 in Sant’Anna 2015). The systematic approach proposed by Sant’Anna (2015)
provided clear orientation, with attention to details on how to choose the most appropriate
regression model for modeling data according to the characteristics of the research variables. In
addition, it addresses concepts that make experimental studies and the decision-making
processes successful. The density probability function (dpf) of the exponential family is most
commonly observed in the following equation:

1 (0,6,2) = expa(@)'~(6-b9) + (D) (1)

where a, b, and ¢ are known functions, 6 is the location parameter, and ¢ >0 is the
dispersion probability parameter.

Some advantages of using a GLM in comparison to the traditional model are more precise
parameter estimation, modeling any probability distribution, precision in data analysis, non-
orthogonal parameters of regression () and non-orthogonal precision (¢), and high precision
in the presence of heteroscedasticity. The link function of a GLM is given as follows:

y=g'(n (2)

y:g_l(ﬁo+ Blxl 4 B2x2 + ... + Bhyk + ¢i (3)
The procedures for performing the statistical tests in this study followed five steps:
Step 1: Define the variables in the experiment (identification and classification).
Step 2: Select the regression models.

Step 3: Apply criteria to choose the best model.
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Step 4: Develop the modeling and parameter analysis.
Step 5: Develop the validation of the model.

The author emphasizes that these steps are designed to create a cycle of activities that drive
the effectiveness and efficiency of the modeling experiment. In addition, the proposed
structure was constructed from an extensive literature review in several areas of knowledge:
administration, economics, medical science, engineering, and statistics in order to study the
classifications used in articles and books, creating a standard and guiding the researcher to
construct experimental models (Sant’Anna 2015).

It is important to remember, however, that we performed some preliminary tests such
as descriptive statistics, standard deviation, median, coefficient of variation, outlier test,
Pearson’s correlation, and multicollinearity test among other crucial tests (see comple-
mentary document). In addition, the steps followed by the present study for statistical
modeling are as follows:

Step 1: Define the variables in the experiment

According to the hypotheses established in this study, the variables are classified based on
their type.

The response variable The response variable or the dependent variable, the amount of
climate risk disclosure in the 100 largest companies’ CDP and GRI reports, was quantified
through content analysis. Thus, the variable response of this research is a variable classified as
quantitative and discrete. It is discreet because it is obtained by counting the sentences in the
disclosure reports (0, 7). The independent variables in this paper are the six characteristics of
the companies set out in the previous section (Section 2) that were analyzed to establish if there
were relations with the response variable.
The independent variables were measured as follows:

*  The variable Size represents the size of the company and was measured by the total assets
of each company studied (Adams et al. 1998; Roberts 1992). It was classified as a
quantitative and continues variable.

* The variable Sector represents the sector of activity of each company (Hackston
and Milne 1996; Patten 1992). The dummy variable is defined as 1 if the company
is of the sector in question and 0 for the other sectors. It was classified as a
qualitative variable.

* The variable Continent represents the continent of the company: Europe, America,
Oceania, and Asia. The dummy variable is defined as 1 when the company is from the
continent in question and O for the other continents. This variable was classified as a
qualitative variable.

* The variable Efficiency represents the size of the Board of Directors—that is, the number
of people on the Board of Directors of the company (Amran et al. 2014). This variable was
classified as a quantitative discrete variable.

e The variable Women represents the Proportion of women on the board which is
obtained by the ratio between the number of women on the Board of Directors and
the size of the Board of Directors (Amran et al. 2014). This variable was classified as
a quantitative variable.
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* The variable Country represents the country of origin of each company (Suttipun and
Stanton 2012a). The dummy variable is defined as 1 if the country origin of the company
is a “developed country” and defined as O if the country origin of the company is a
“developing country.” It is classified as a qualitative variable.

A summary of the search variables can be found in Table 3.

In order to verify the relationship between how characteristics of a company may influence
climate risk information disclosure and also test the hypotheses, GLM were used. A descrip-
tion of the search variables can be seen in Table 3.

Based on Table 3, the econometric model constructed is presented as follows:

Disclosure = 3y + (1x1 + Baxz + B3x3 + Baxa + Bsxs + Bexe + € (4)

where Disclosure = climate risk disclosure; 50 = the constant; x; = Size; y, = Sector; x3 =
Continent; x4 = Efficiency; xs = Women; yg = Country; (1, 32, 33, 34, 35, and 36 = the
coefficients to be estimated and € = the error. Each of the variables is described in Table 3.

Step 2: Select the regression models

After identifying and classifying all variables in this model, the next step is the selection of
the regression model for the framework proposed by Sant’Anna (2015). According to
Sant’Anna (2015), the GLM model encompasses several models—for instance, Logistic
model, Probit model, log-linear model, the Poisson’s model, Negative Binomial model, [3
model, Gamma model, Weibull model, Inverse normal model (or Inverse Gaussian), Normal
model (or Gaussian), and Lognormal model.

As can be observed, the GLM data modeling developed by Nelder and Wedderburn in 1972
opens up a range of options so the researcher can model any kind of probability. What is
important is the ability to identify the nature of the response variable. In this study, according
to the proposed model, the response variable is the “level of disclosure.” This variable was
identified and classified as a discrete metric. Thus, according to the framework proposed by

Table 3 Variables and their measurement

Variables Descriptions Nature Source

1. Response variable
Disclosure Level of disclosure of information Metric/discrete Site of GRI and CDP
on climate risks in GRI and CDP
2. Independent variables

Size Size of the company measured Metric Financial reporting
by total assets of companies

Sector Classification of the company Qualitative PwC website
according to its economic activity

Continent Classification of the company by continent: Qualitative PwC website
Europe, America, Oceania, and Asia

Efficiency Number of people on the Board Metrics (ratio) Company website
of Directors of the company

Women Number of women on the board Metrics Company website

Country Classification of companies in developed Qualitative UNCTA D/STAT

or developing country
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Sant’Anna (2015), three GLM options are candidates to model the data—normal model, log-
linear model, and negative binomial model. The question remains: Which of these three
models is the most appropriate for data modeling in this research?

Step 3: Criteria applied for choosing the best model

To identify the most appropriate model, the Omnibus test was performed and the fit quality
of the three models in question was determined. The performance of a regression model is
evaluated for the model’s fit and adequacy (Sant’Anna 2015). The evaluation of the three
candidate models in this study was made using the main diagnostic criteria, namely Deviance
and Akaike information criterion (AIC).

*  Deviance: This criterion is obtained by doubling the difference between the maximum log-
likelihood of the null model and the saturated model:

Dy 1.6) = B12[1i(0.6) — ()| (5)

where # is solution of Oli/oui=0, i.e., ¢ (vi* — pi*)=0, li(l, ¢) is the maximum function
likelihood of the model under study, and /i(ii, o) is the maximum likelihood function of null
model. The analysis of deviance is usually done using the critical point x2(n — k)(«) of the x2
distribution. So, if D(y; 11, ¢) < x2(n—k)(v), there is evidence that the saturated model has a
good fit (Riani and Atkinson 2000 in Sant’Anna 2015). Thus, there is evidence that the model
under study is well adjusted to the data, at a level of « significance, usually o <0.05.

e AIC: This criterion was the first asymptotically unbiased criterion based on the Kullback-
Leibler theorem. The AIC criterion assumes that the true model belongs to the set of
candidate models and is defined by:

AIC = =20i(0,¢) + 2(k + 1) (6)

where /i(ii, o) is the maximum likelihood k function of the adjusted model and k& the number of
parameters. The AIC criterion was constructed using the maximum likelihood estimators to
choose which model is most appropriate when there are many models with different numbers
of parameters (Hurvich and Tsai 1995; apud Sant’Anna 2015). The decision regarding the best
fit model is made by choosing the lowest AIC value (Sant’Anna, 2015). In order to diagnose
the best model for modeling the data of this study, the test results of the three models can be
seen in Table 4.

From Table 4, it can be observed that negative binomial model presented a chi-square of the
likelihood ratio = 11.22, Deviance = 35.80, AIC =549.61, and df=15; p value > 0.05 demon-
strates that it is not the appropriate model for data processing. Evaluating the Normal and
Poisson models, we can see that the two models present better adjustments to the data when
compared to the negative binomial model. Both presented p value <0.05. Nonetheless,
although the normal model presented an AIC =561.34 which was less than the Poisson
model’s AIC=701.64, it can be observed that the normal model presented a very large
deviance denoting some discrepancies in this model (Deviance = 6989.2). Therefore, the best
model for modeling the data in this research is the Poisson model.
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Table 4 Adjustment quality and the Omnibus test

Model

Normal Poisson Negative binomial
Chi-square of the likelihood ratio 42.03 267.2 11.22
Deviance 6989.2 379.43 35.8
Akaike Information Criterion (AIC) 561.34 707.64 549.61
Dimensional deviance 71 379.43 35.8
Pearson’s chi-square 6989.2 376 26.69
Pearson chi-square scaled 71 376 26.69
Log-likelihood (263.67) (337.82) (258.8)
Finite sample corrected AIC (AICC) 572.89 717.71 559.68
Bayesian Information Criterion (BIC) 599.81 743.84 585.81
Consistent AIC (CAIC) 616.81 759.84 601.81

Normal model: Chi-square of the likelihood ratio =42.03; Deviance = 6989.2; AIC =561.34; df=15; p<0.01.
Poisson model: Chi-square of the likelihood ratio =267.2; Deviance =379.43; AIC =707.64; df=15; p<0.01.
Negative binomial model: Chi-square of the likelihood ratio = 11.22; Deviance = 35.80; AIC =549.61; df=15;
p>0.05

df degree of freedom

It is important to note that chi-square of the likelihood ratio is similar to the R* of
linear regression models but bigger and better. Thus, the Poisson model is the best fit of
the three models for data modeling at the expense of the negative binomial and normal
model. The criteria considered to evaluate the models suggest that the structure of the
most appropriate and compatible regression model is the Poisson model, possibly due to
the performance of the probability density function. According to literature, this is
because the Poisson model is used in studies in which the response or dependent variable
has discreet values (Sant’Anna 2015). The response variable in this study is obtained by
counting sentences in sustainability reports. Thus, the most suitable model for modeling
the data was the Poisson model. The binding function of the Poisson model is:

y=log(u) = B0 +37_, Bixj+€ (7)

where y is the response variable, 30 a constant, i coefficients of the independent variables to
be estimated, x; variables, and i the error term. Table 5 presents the Poisson model effect test.

Table 5 Model effect tests

Variables Wald’s chi-squared df Sig. (p value)
(Sorted by origin) 437.528 1 0.000
Size 33.896 1 0.000
Sector 52.881 8 0.000
Region/continent 64.060 3 0.000
Efficiency 18.518 1 0.000
No. of women 13.706 1 0.000
Country status 00.840 1 0.359

Response variable: climate risk disclosure
df degree of freedom
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Table 5 presents the Poisson test results. All the variables were statistically significant
(p value=0.000<0.01) with the exception of the “country status” variable. This result
demonstrated, once again, that the Poisson method is the best suited for the statistical
treatment of the research data.

4 Results
4.1 Descriptive statistics
4.1.1 Disclosure of climate risks in the sustainability report (GRI)

Table 6 shows the total number of sentences found in sustainability reports from the investi-
gated companies by sector.

A total of 600 sentences were found, of which 142 sentences were found in the
“Technology” sector, representing almost 24% of the total. The sector with the second highest
rate of disclosure was the “Consumer goods” sector, followed by the “Financial” sector. The
sector with the least disclosure was “Telecommunications.” When analyzing disclosure by
sector, it was found that the “Financial” sector had the highest rate of disclosure regarding
“climate risks.” Also, the “Raw materials” sector disclosed the highest amount of information
about “Physical risk.”

It was observed that TSMC—a Taiwanese company from the “Technology” sector—
disclosed most information related to climatic risks in the 2015 GRI. During the analysis of
this company’s report, it was found that it had clearly detailed separate topics such as
strategies, actions, and policies for mitigating climate risks. This may be considered a good
example to be followed by other companies. The company with the second highest level of
disclosure was BHP Billiton, from the “Raw materials” sector, in Australia. From the 71
companies that published the sustainability GRI report, eight of them did not provide
information regarding policies, actions, and strategies for mitigating the effects of climate
change. The corporations that did not present any information on climate risks in their GRI
reports are shown in Table 7.

4.1.2 Disclosure of climate risk in CDP questionnaire

Of the 71 companies, 10 did not respond to climate risks issues representing 14%. The
corporations that did not present any information on climate risks in their CDP reports are
shown in Table 8.

Table 8 shows eight companies that did not address any issues regarding climate risks
(questionnaire CCS5.1). On the other hand, two companies mentioned the three big risk
categories (CC5.1—see Table 9) in their reports; however, they did not discuss anything
regarding such items. In other words, they did not comment on questions CC5.1a, CC5.1b, and
CCS.1c of the CDP. The results of the content analysis on climate risks from CDP question-
naires answered by the studied companies are listed in Table 9. A total of 447 sentences about
climate risks were found in the CDP questionnaires.

From the results, it appears that the “Regulatory risks” category was the most
predominant one, representing about 47%, almost half of all information related to
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Table 7 Companies that made no disclosure of climate risks in their GRI reports in 2015

No. Rank (PwC 2015) Company Sector Country Disclosure
1 13 General Electric Industrial USA 0
6 31 Walt Disney Consumer service USA 0
3 45 Gilead Science Healthcare USA 0
8 48 Novo Nordisk Healthcare Denmark 0
4 66 UnitedHealth Group Healthcare USA 0
2 71 United Technologies Industrial USA 0
5 86 AbbVie Inc Healthcare USA 0
7 97 AstraZeneca PLC Healthcare UK 0

climate risk disclosure; next was the “Physical risks” category, which made up 32%;
and finally, the “Other risks” category, represented 21% of the total disclosed. From the
results, it also appears that the phrase that appeared most in the analyzed questionnaires
was “risk to reputation,” here representing the risk that the company’s image would
have in the face of challenges posed by climate change. This demonstrates that
companies are very worried about how their different stakeholders perceive them—a
group made up of investors, shareholders, government, and society as a whole.

We found that the level of disclosure in the CDP questionnaire responses with regard to
climate risk varies from sector to sector and by category of climate risk. The “Oil and gas”
sector disclosed the most amount of information about climate risks. This is consistent with
previous research, which claims that high-profile companies are those that operate in highly
persistent industries (Perry and Sheng 1999; Stray and Ballantain 2000; Suttipun and Stanton
2012b) and are therefore more vulnerable to political and social environmental issues than
low-profile businesses (Newsone Deegan 2002).

The “reputation” of a corporation is strongly linked to the vision that society has of it
particularly in relation to climate change and climate risks. This reinforces one of the
assumptions of legitimacy theory, according to which there is a kind of contract between the
company and the society in which it operates (Suchman 1995; Deegan 2002, 2006, 2007a;
Gray et al. 1995). Furthermore, the company must produce internal boundaries, respecting
values and limits when carrying out its activities, and disclosure is a way or channel that
companies use to communicate with society.

The degree of disclosure to the CDP questionnaires, regarding climate risks, was found to
vary from one activity sector to another and by category of climate risks. Table 10

Table 8 List of CDP reports with no disclosure of climate risks

Ranking (PwC 2015) Company name Sector Country
6 PetroChina Ltd Oil and gas China

13 General Electric Industrial USA

73 Boeing Co. Industrial USA

83 Siemens AG Industrial Germany
19 Procter & Gamble Consumer goods USA

33 Coca Cola Consumer goods USA

45 Gilead Science Healthcare USA

68 Medtronic PLC Healthcare Ireland
64 Qualcomm Inc. Technology USA

93 SAP AG Technology Germany

@ Springer



Mitig Adapt Strateg Glob Change

Table 9 Results from content analysis of the CDP reports

Categories of climate risks Subcategories of climate risks Disclosure Classification
Risks driven by changes Cap and trade schemes 28 3rd
in regulation Carbon taxes 26 4th
Fuel/energy taxes and regulations 23 Sth
Uncertainty surrounding new 22 6th
regulations
Emission reporting obligations 19 8th
General environmental regulations, 19 9th
including planning
International agreements 13 12th
Other regulatory drivers 12 14th
Product labeling regulations 11 15th
and standards
Air pollution limits 10 18th
Product efficiency regulations 9 20th
and standards
Renewable energy regulation 6 25th
Lack of regulation 5 28th
Voluntary agreements 4 29th
Total 211
Risks driven by changes Rise in sea level 11 16th
in physical climate parameters Changes in precipitation, floods, 34 2nd
and droughts
Tropical cyclones (hurricanes 19 10th
and typhoons)
Uncertainty of physical risks 19 11th
Change in precipitation pattern 13 13th
Change in mean (average) 11 17th
temperature
Other physical climate drivers 10 19th
Change in temperature extremes 7 23rd
Induced changes in natural resources 6 26th
Change in mean (average) 6 27th
precipitation
Snow and ice 2 32nd
Total 143
Risks driven by changes in other Reputation 35 Ist
climate-related developments Changing consumer behavior 22 7th
Uncertainty in market signals 8 21st

Other drivers 8 22nd
Fluctuating socioeconomic conditions 7 24th
Uncertainty in social drivers 4 29th
Increasing humanitarian demands 3 31st
Induced changes in human 2 32nd
and cultural environments
Total 93
Total global 447

demonstrates the climate risk disclosure by activity sector and the ranking of companies,
considering the categories of climate risks:

It can be seen that, on average, the differences in the disclosure level of information
about climate risks between both reports were insignificant. The disclosure of CDP had
a total of 447 sentences with an average of 7.58, while the disclosure of GRI totaled
475—excluding the outliers from the standard calculation—with an average of 7.79.
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The results reveal that, considering all consolidated sectors, the level of disclosure
varied little.

On the other hand, the “Industry” and “Consumer services” sectors showed a slightly more
significant difference between the two reports. While in CDP the averages were 4.33 and 5.80,
respectively, in GRI, they were 9.5 and 9.25, respectively. According to these findings,
companies from the “Industry” and “Consumer Services” sectors disclosed more information
regarding climate risks in the GRI sustainability report than in the CDP questionnaire.
However, the “Health” and “Raw materials” sectors had the opposite results. That is, there
was more information regarding climate risks in the CDP questionnaires than in the GRI
sustainability reports.

Consolidating information from both reports, the sector with the greatest level of disclosure
was the “Financial” sector, with an average of nine sentences per report. The second sector
with a high level of disclosure was “Consumer goods,” with an average of 8.26 sentences per
report. The third sector with a high level of disclosure was “Technology,” with an average of
8.07 sentences per report.

4.2 Hypothesis testing
Step 4: Develop the modeling and parameter analysis

Presented in detail in Section 3, the most suitable final model for modeling the data was the
Poisson model. The final parameter estimation results of the research model equation are
shown in Tables 11 and 12.

The Poisson model regression uses logarithms to estimate the coefficient variables; for this
reason, after estimating this model’s coefficients, it was necessary to transform these coeffi-
cients back to their original values via exponential conversion.

The variable “size” had a p value =0.000 with a coefficient of exp [0.000]=1.000.
This showed that there were no positive or negative relationships between the level of
disclosure regarding climate risks and the size of the company, parameterized by total
assets, leading to the rejection of hypothesis /7. According to Suttipun and Stanton
(2012), the theory of legitimacy suggests that large companies should respond with more
disclosure because they have a greater impact on social expectations, since they have

Table 11 Mean comparison of disclosure by sector

CDP Report GRI Report CDP and GRI
Sector CDP N Mean GRI N Mean Total N Mean
Oil and gas 50 6 8.33 45 7 6.43 95 13 731
Technology® 49 7 7.00 72 8 9.00 121 15 8.07
Financial 56 7 8.00 88 9 9.78 144 16 9.00
Industrial 13 3 433 38 4 9.50 51 7 7.29
Consumer goods 87 12 7.25 126 14 9.00 213 26 8.19
Healthcare 112 13 8.62 52 10 5.20 164 23 7.13
Telecoms 35 4 8.75 15 4 3.75 50 8 6.25
Consumer services 29 5 5.80 37 4 9.25 66 9 7.33
Raw materials® 16 2 8.00 2 1 2.00 18 3 6.00
Total 447 59 7.58 475 61 7.79 922 120 7.68

@ Springer



Mitig Adapt Strateg Glob Change

Table 12 Regression results

Expected sign Estimate df Standard error p value

Intercept 3.491 0.3292 0.000
Size + 0.000 0.0000 0.000
Sector —/+ 52.88 - 0.000
Raw materials + 0.173 1 0.2425 0.477
Consumer goods + 0319 1 0.1609 0.047
Consumer services + 0.073 1 0.1916 0.702
Financial services - —1.061 1 0.2688 0.000
Healthcare - -0.031 1 0.1637 0.849
Industry + -0.140 1 0.2030 0.490
Oil and gas + -0.118 1 0.1817 0.517
Technology - 0.320 1 0.1691 0.062
Telecommunications - 0

Continent 64.060 - 0.000
America —/+ -1.274 1 0.2058 0.000
Asia —/+ 0.563 1 0.2937 0.055
Europe —/+ —1.156 1 0.2065 0.000
Oceania —/+ 0*

Efficiency of BD - -0.038 1 0.0089 0.000
Number of women in BD + 1.181 1 0.3190 0.000
Country

Developed + 0.25 1 0.2734 0.359
Developing 0*

BD Board of Director

Set to zero because this parameter is redundant

more stakeholders than small ones. However, the results of this study could not confirm
any such relationship. Nevertheless, this finding can be explained by the research sample
characteristics, because the survey sample was composed of the largest 100 companies in
the world. The average difference between sizes tends to be insignificant when it comes
to influencing the level of disclosure. Therefore, we cannot reject the assumption of
legitimacy theory that size influences disclosure. In fact, for this reason, certain control
variables, such as financial performance and indebtedness, were not investigated, taking
into consideration the specific characteristics of the sample.

The variable “sector” had a p value =0.000, indicating that the company’s activity
sector impacts its level of information disclosure regarding climate risks, which in fact is
consistent with hypothesis /2. This finding corroborates the results of Stanwick and
Stanwick (2000) and Hackston and Milne (1996). It is inferred that companies operating
in economic activities considered to be potentially polluting and which are able to modify
the environment are more likely to disclose environmental information than those with low
polluting potential activities.

Analyzing sectors specifically, we observed that the “Financial” sector is the one with
a stronger negative coefficient of exp [— 1061]=0.346, statistically significant at a level
of 1% (p value =0.000)—revealing that companies in the “Financial” sector are 65.4%
(1-0.346) less likely to disclose climate risk information than the average of the top 100
companies. The “Consumer goods” sector was statistically significant at the 5% level (p
value = 0.047) with a coefficient of exp [0.319] = 1.376, positively denoting that compa-
nies in this sector tend to disclose more information about climate risks. This means that
“Consumer goods” companies are 37.6% more likely to report climate risk disclosure. In
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the “Technology” sector, the results are also statistically significant (p value = 0.06), with
a coefficient of exp [0.32]=1.37—a positive signal, revealing that there is a positive
relationship between the “Technology” sector and the information disclosure level of
climate risk. Therefore, these results confirm hypothesis H2.

The “Country” variable had a p value =0.359, demonstrating the non-existence of statis-
tically significant differences between the level of climate risk disclosure of companies from
developed countries and those from emerging countries. As a result, hypothesis H3—that
companies from developed countries have a higher information disclosure level regarding
climate risks than companies from emerging countries—was rejected. This finding diverges
from results found by Adams et al. (1998) and Kolk et al. (2001).

The “Continent” variable, in a generic way, gave a p value=0.000, showing that this
variable is a determining aspect regarding the level of information dissemination of climate
risk. America and Europe were statistically significant at the 1% level (p value = 0.000), with
coefficients of exp [— 1274] =0.279 and exp [— 1156] = 0.3 14, respectively. These results show
that companies from the USA and Europe, on average, reported 72.10% (0.279-1) and 68.6%
(0.314-1) less climate risk information, respectively, considering the average disclosure level
of all continents.

The Asian continent had a positive relationship with the level of disclosure, with a
coefficient of exp [0.563]=1.756 statistically significant at the level of 5% (p value =
0.05), revealing that companies from Asia tend to disclose more information regarding
climate risk than companies from other continents. That is, Asian companies had on
average 75.6% greater disclosure of information on climate risks when compared to the
level of disclosure across all continents.

The Board of Directors’ efficiency, parameterized by its size, had a strong negative
relationship with a coefficient of exp [0.038]=0.962—it was statistically significant at the
level of 1% (p value =0.000), regarding climate risk information disclosure. This result led to
the acceptance of hypothesis H5. This result reveals that Board of Directors of small size—in
other words, efficient ones—have a stronger commitment to climate issues. This result
confirms predictions from authors Lipton and Lorsh (1992) and Jensen (1993) that an efficient
Board of Directors should be small.

The “proportion of women on the Board of Directors” variable had a strong positive
relationship, with a coefficient of exp [1.181]=3.257, statistically significant at the level of 1%
(p value = 0.000) for the climate risk information disclosure level. This leads to the acceptance
of hypothesis H6—that is, the greater the proportion of women on the company’s Board of
Directors is, the higher the commitment with issues regarding climate change and, conse-
quently, the higher the information disclosure level. For each additional female Board of
Director member, the company’s level of disclosure increased 225.7% (3257-1).

Step 5: Validation of model

In order to validate the model used to represent the data of this research, the following
diagnostics were performed:

*  Standardized residuals: The residues are usually used in the model’s adequacy diagnosis
plotting these residuals. This graphical tool is useful when evaluating the adequacy of
models, randomness of residuals, probability distribution of response variable, and inclu-
sion of new factors or outliers (Rao and Wu, 2005 in Sant’Anna 2015).
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* Deviance residuals: according to Sant’Anna, (2015), this is the most recommended
residual in graphical analysis/diagnosis because these residues are the closest to the
Normal probability distribution to verify the adequacy to the role of probability and
randomness of the residues.

Finally, the diagnostic measures proposed in this paper to analyze and validate the adequacy
of the regression models are presented in Figs. 1 and 2.

From Figs. 1 and 2, it can be observed that the residues are within the range, showing
that the binding function used is perfectly suitable for data modeling. Furthermore, the
residues show no tendency. On the contrary, they appeared random and there were no
extreme values or outliers.

4.3 Contributions, limitations, and future research

The efforts by corporations in carbon management play an important role in mitigating
greenhouse gas emissions to consequently reduce climate risks, but very little previous
research focused on the climate risk disclosure. First, the present study contributes to the
literature that deals with corporate disclosure, more particularly, the disclosure of climate
risks. The management of climate risks in the business context is a current topic of great
importance. In fact, there is a desperate need for companies to better understand their
climate risks and for investors and others to understand the potential climate risks on their
investments. This study presents a way to get people thinking more about the evaluation of
risk disclosure. The results provided some insight into how companies are committed to
climate issues and how they are disclosing them in sustainability reports as a form of
accountability to the various stakeholders. In addition, the results of this study revealed
that when the level of disclosure is relatively low, it might be a warning sign to companies
that they are vulnerable to climate risks, especially regulatory ones.

Nevertheless, in pointing out the contribution that this study makes to the literature on
corporate disclosure, it is important to recognize some important limitations, in particular
the sample size. The initial population of 100 companies was reduced to 71 due to
accessibility and non-conformance of the reports in order that the content analysis could
be performed. The ability of this study to analyze and examine climate change was also
limited by the fact that only 1 year of study could be considered. In addition, the research
worked with climate disclosure information reported by the companies. Therefore, a few
questions need to be addressed. Is the “climate risk disclosure” that companies are
currently doing today really accurate and transparent? Or is it nothing more than green
washing? Is it based on serious analysis, scenario planning, or even rudimentary risk
assessment? Or is it simply done for purposes of informing organizations such as GRI
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and CDP to get a better score or its equivalent? Thereby, analyzing the context, it is
reasonable to believe that even if companies are making a serious assessment of climate
risk, they are unlikely to disclose all information for competitive reasons.

As a result, the more companies take climate risks seriously, the more likely it is that this
information will be concealed. In addition, the results are valid only for the companies
analyzed and therefore cannot be generalized to all companies in the world as it is a small
sample. The results achieved in this study should be examined carefully and can be considered
as very preliminary for future studies.

Finally, investigating the disclosure of information on climate risks is a promising
area for future research, given that companies have a very important role to play in this
process of mitigating climate change. Investigating the largest companies in the world is
even more relevant because they have the resources to invest in such issues as well as
serving as an example for small- and medium-sized enterprises. A future study could
explore the long-term trends of the world’s largest companies, incorporating future cycles
of CDP survey responses.

5 Conclusions and implications

Climate change represents an urgent threat with potentially irreversible impact for humankind
and the planet. Therefore, it requires broader participation from all countries. This participation
requires an effective and proper response in order to accelerate the reduction of greenhouse
emissions (GEE) (IPCC 2014). Thus, this subject currently occupies important places on
prominent agendas and is being discussed by the governments, environmental organizations,
international organizations, and society as a whole.

This study aimed to investigate if there are statistically significant relationships between the
disclosure of information about climate risks and its determinants by the Global Top 100
Companies by Market Capitalization, according to the classification of PwC. In order to
achieve this objective, the paper analyzed the reports from the GRI and the CDP question-
naires answered by those companies. From 100 companies, 13 are not in the GRI database,
three did not disclose the reports in a format appropriate to perform the content analysis, and
seven companies released reports in languages unknown to the researchers. Thus, the final
sample of this study was composed of 71 corporations.

Using content analysis, the research identified 600 sentences in the GRI sustainability
reports about climate risks. The sectors with the largest disclosure on average were Technol-
ogy, Consumer goods, and Finance. The words “Climate Change” and “Climate Risks” were
found to be the ones used most often by the investigated companies. Companies such as
“TMSC” from Thailand, followed by “BHP Billiton” from Australia and “Nestlé S.A.”
disclosed large amounts of information about phenomena related to climate change,
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respectively. On the other hand, this study found eight companies that did not disclose any
Climate Change information in their sustainability reports.

Results from the content analysis of CDP questionnaires identified that ten sampled
companies did not answer the question regarding climate risks. Some mentioned in their
reports that economic activity is not subject to climate risks. There were 447 sentences
regarding climate risks. The “Regulatory risks” category was the most predominant,
representing nearly 47%, followed by the “Physical risks” category with 32% and in last
place the “Other risks” category representing 21% of the total disclosure. Results
demonstrated that the “Oil and gas” sector provided more information about regulatory
risks than other sectors. Considering the “Physical risks” category, the sector with the
highest disclosure was “Raw materials,” and finally, considering the “Other risks”
category, the sector that stood out was “Health.”

The study demonstrates that the level of concern regarding questions linked to climate
change is lower than what was expected. From 71 companies, only two disclosed information
on climate risks above 65 sentences, representing 2.81% of the sampled companies. Only five
companies disclosed between 25 and 50 sentence units of information and more than 78%
disclosed less than 20. Why did 2.81% of companies disclose more than 65 units of
information regarding climate risks, while 78% disclosed less than 20 and others disclosed
absolutely nothing about climate risks? Are those companies not concerned about the chal-
lenges related to climate change? If many of the largest companies in the world, taking into
consideration their capital power, take little action and do not have strategies to mitigate the
challenges and consequence of climate change, what about smaller companies?

Regarding the sixth research hypotheses, two of them were rejected. Analyzing the results,
it is possible to infer that company size has no impact on disclosure level of climate risks;
however, more research is required. Results also indicate that the company’s region or
continent is strongly related with the level of disclosure of climate risks. In addition, the
results demonstrate that Asian companies tend to disclose more information on this subject
than companies from other continents. This may be related to the vulnerability level of each
continent regarding climate change consequences. The study also revealed that whether or not
a company’s origin was a developed or undeveloped country had no effect on its level of
disclosure regarding climate risks. On the other hand, it seems that a company’s specific
country of origin influences disclosure level. This may be related with current rules regarding
climate change in a country. For instance, if the Australian government has strong legislation
on climate change, it is clear that companies from that country will disclose more information.

It was found that the higher the number of women on a company’s Board of Directors, the
greater a company’s commitment and disclosure would be regarding climate issues. We
conclude that information disclosure is a very important component in the climate mitigation
process and it is also becoming very important for investors when making investment
decisions. An important conclusion is that the influence of investors as shareholders and
suppliers of capital, and the power of governments is necessary to increase the level of a
company’s commitment on climate issues and, as a consequence, increase the disclosure of
such information.

This study provides some empirical evidence for scholars, students, researchers,
academics, and professionals of the extent and content of climate risk disclosure by
the world’s largest companies and extends the findings, discussions, and debates of
previous studies about corporate climate risk disclosure. The results of this study may
encourage governments of all countries investigated to make corporate environmental
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reporting mandatory in the future. Furthermore, governments should provide stronger
public policy to engage corporations to reduce emissions. Thus, our findings may serve
as a basis for decision-making by country leaders, especially the environmental agencies
considering legislation on climate change.

Given the low level of disclosure found in this study, companies are at serious threat of
facing regulatory risks. Since the absence or lack of information disclosed on climate risks can
be interpreted by environmental agencies or governments as a lack of commitment to limit
emissions. One strategy demonstrated by the present study to increase the level of disclosure of
climate risks is that companies should increase the participation of women on the Board of
Directors. Another strategy to increase climate risk disclosure may come from the strength of
institutional investors and governmental regulation. These stakeholders can put pressure on
companies to increase their commitment to climate issues.

Finally, the world’s largest companies should proactively identify the specific climate risks
to which their business is subject. They should develop actions, policies, and strategies to
mitigate risks related to climate change. These actions should be reported and disclosed as a
form of accountability to stakeholders. In the current context of emission reduction targets,
detailed disclosure of mitigation strategies is crucial as it provides greater security for
investors, governments, and the wider community. Thus, the world’s largest companies should
lead by example and make greater investments in climate risk disclosure.
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