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Abstract: Sustainability reporting is one of the tools that contribute to incorporating sustainable
development in the design of extractive operations (i.e., “Design for Sustainability”), and the demand
for sustainability reports is increasing due to the increased focus on sustainable development and
sustainable financing efforts. The extractive industries are believed to have unique strengths to
contribute to achieving the Sustainable Development Goals. Nonetheless, companies are expected to
be transparent and accountable not only to investors but to all stakeholders, including communities,
suppliers, clients, employees, and governments. Therefore, extractive industries require effective
sustainability accounting and reporting to transition and contribute to sustainable development.
Through a data-driven approach, this paper examines the scope and consistency of sustainability
indicators used in the sustainability reports of eight oil and gas and eight mining companies from
2012 to 2018. Through content analysis and relevant statistical methods, we analyze the ways in which
companies reported on their contributions to sustainable development, with a focus on indicators
used and trends over time both within each industry and between industries. We demonstrate
that extractive industries’ sustainability reporting practices are not consistent over time and that
internal issues are better represented than external issues, in particular transportation and supply
chain issues. Furthermore, while there are similar trends across the industries in terms of social
and environmental indicator reporting, there are significant differences in economic reporting. We
conclude that although both industries have established sustainability reporting practices, there are
trends that demonstrate what companies are focusing on more, as well as areas for improvement. We
see this as an initial step for conceptualizing how these industries can more objectively, consistently,
and effectively assess and contribute to sustainable development.

Keywords: sustainability reporting; extractive industries; sustainability indicators; data-driven
approach; content analysis; sustainable development; design for sustainability

1. Introduction

Many environmental disasters and human rights incidents that have attracted pub-
lic concern over the last five decades have taken place in the mining and oil and gas
industries [1]. Hence, both industries have been a focus of debates about environmental
sustainability and social responsibility [2], and companies belonging to the extractive
industries generally have been subjected to more stakeholder pressure than others [3,4].
As a result many companies publish yearly sustainability reports to publicly broadcast
their economic, environmental, and social impacts and their contributions to sustainable
development [5,6].

Corporate sustainability reporting frameworks and guidelines include sets of indica-
tors to guide corporations in assessing and communicating their sustainable development
performance [7]. The need for indicators to evaluate sustainability and guide the sus-
tainable development process was initially raised by Agenda 21 at the Rio Conference
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in 1992. After this, indicators started to be developed and widely used in sustainabil-
ity assessments [8–10]. Companies often use the indicators provided in various guide-
lines/frameworks (i.e., Global Reporting Initiative (GRI), International Petroleum Industry
Environmental Conservation Association (IPIECA), CDP-formerly known as “Carbon
Disclosure Project”) to measure, monitor, and report their sustainable development perfor-
mance. Oil and gas and mining companies constantly evolve their sustainability reporting
schemes [11,12], and these reports vary in terms of which indicators are used, the method-
ologies used to assess the indicators, the reporting styles, and the content [2,13]. The
individual choices companies make about their approaches to sustainability reporting and
which sustainability issues to disclose creates subjectivity [14–16] and temporal variability
in sustainability reporting practices.

Previous analyses of the use of indicators in sustainability reporting suffer from being
limited to one industry, one year, assessing only GRI indicators, one dimension of sus-
tainability, or companies based in one country. This study adds to our understanding of
sustainability reporting in the extractive industries by providing an analysis of the indica-
tors that appeared in eight oil and gas and eight mining companies’ corporate sustainability
reports from 2012 to 2018. Through a comparison of the indicators that appeared in these
reports with a comprehensive set of sustainable development indicators compiled from the
literature, we reveal the scope and consistency of indicators used in these reports. Through
a data-driven approach, we extracted data from the sustainability reports using a content
analysis and provided a temporal analysis of the appearance of indicators to identify
and compare the reporting trends within and between each industry. We then conducted
hypothesis testing with relevant statistical methods to assess whether or not the temporal
variabilities observed in reporting were statistically significant. This analysis demonstrates
that extractive industries’ sustainability reporting practices are not consistent over time and
that internal issues (i.e., issues associated with a companies’ internal operating procedures
or employees) are better represented than external issues (i.e., issues associated with com-
panies’ relations with communities and other stakeholders.), in particular transportation
and supply chain issues. Similarly, direct environmental issues (i.e., issues that are directly
related to the company and its operations and that do not involve any third parties) are
reported on more than indirect environmental issues (i.e., issues involving third parties
such as suppliers, contractors, and communities). Furthermore, while there are similar
trends across the industries in terms of social and environmental indicator reporting, there
are significant differences in economic reporting, in particular on technology. We conclude
that although both industries have established sustainability reporting practices, there are
trends that show what companies are focusing on more, as well as areas for improvement.
We see this as an initial step for conceptualizing how these industries can more objectively,
consistently, and effectively assess and contribute to sustainable development.

1.1. Sustainability Reporting in the Extractive Industries

Oil and gas companies’ first efforts at sustainability reporting occurred in the 1980s,
and mining companies followed suit in the 1990s [2]. Although the primary focus was
on producing stand-alone environmental reports [12,17,18], both industries have since ex-
panded their scope and become more invested in sustainability reporting than most other
industries [3,7,19]. In the last decade, research on indicators used in sustainability reports
of oil and gas and mining companies has primarily focused on a single industry (either oil
and gas or mining); however, the research has varied in terms of scope. For example, some
studies have focused on the indicators companies used in a single year [7,17,18,20–23],
and others have examined the trends in reporting practices over time [2,3,19,24–30], but
hypothesis testing to assess the statistical significance of the temporal trends in reporting
has not been conducted. Likewise, some studies have focused on a single dimension of
sustainability (e.g., only environmental indicators) [17,20,22,25], while others investigated
more than one dimension [2,3,7,18,21,24,26–29]. However, none of these studies simulta-
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neously addressed both the oil and gas and mining industries and the three dimensions
of sustainability.

Sustainability reporting provides several potential benefits for companies. It can
increase companies’ understandings of risks and opportunities, and it can provide them
with the opportunity to increase transparency and therefore enhance their credibility
and brand value in the eyes of customers, suppliers, and broader society [31]. It has
also been viewed as a response to increased environmental and societal pressures and
as a component of obtaining and maintaining a “social license to operate” [12,17,18].
It may increase competitiveness by allowing companies to benchmark and assess their
sustainability performance with regard to legislation, standards, and voluntary initiatives,
and it may motivate employees to learn more about and implement measures to contribute
to companies’ sustainability performance. “Development of sustainable development
indicators and reporting and ongoing improvement against these indicators” is key for
what has been referred to as “Design for Sustainability” in both the production and mineral
processing stages of a mining operation [32]. Recording and reporting of sustainability
risks and opportunities are also essential for better management of extractive operations, as
they can be integrated into the project management system [33]. Finally, it can encourage
companies to streamline their processes and reduce costs by increasing efficiency [28,34–37].

Despite the benefits, criticisms have been lodged at the transparency, reliability, thor-
oughness, and utility of sustainability reports and the data presented within [38]. On
its own, sustainability reporting has been criticized for its mostly voluntary nature, and
companies have not appeared to prioritize sustainability reporting [38]. Companies have
also been accused of “greenwashing”, or presenting a favorable rather than a realistic
view of their performance [13,38], and exerting a significant level of higher management
control over the reporting process without implementing any accountability or auditing
mechanisms [38]. No less, sustainability reports are still the most institutionalized resource
that discloses companies’ activities related to sustainable development, and the demand
for sustainability reports is increasing [24]. Because large-scale extractive companies often
operate multi-nationally, and in some cases are required to report on aspects of sustainabil-
ity, while in other cases reporting is voluntary [39], there is a certain degree of subjectivity
in sustainability reporting [40–42]. This has potential political and managerial implica-
tions [41,42] and may contribute to the variation that occurs in these reports. However,
among multinational corporations, traditional reporting topics and employment data have
become more standardized as companies gain more experience reporting on these topics
and their measurement is relatively more straightforward than other issues [37].

1.2. Oil and Gas and Sustainability Reporting

Research on sustainability reporting practices of oil and gas companies has mostly
focused on the ways in which companies are using the GRI indicators and the trends
in reporting over time. Alazzani and Wan-Hussin (2013) evaluated the environmental
reporting in 2009 of eight oil and gas companies against the GRI 2006 Sustainability Report-
ing Guidelines and revealed the least and most disclosed environmental indicators [20].
They concluded that companies made reasonable efforts to report their environmental
performance in accordance with the GRI guidelines, that the voluntary adoption of GRI
guidelines increased transparency, credibility, and comparability in sustainability reporting,
and that the GRI guidelines should be adopted more widely among the industry [20].
Another study on environmental reporting by Khan et al. (2019) investigated the reporting
of 30 environmental GRI indicators by 12 oil and gas companies in Pakistan for the years
2010–2014. They showed that overall, there was an increase in the presence of the indicators;
however, the majority of the companies had relatively low coverage of these indicators, and
the indicators were not consistently disclosed over the years [25]. Orazalin and Mahmood
(2018) evaluated the trends in sustainability reporting practices of the Russian oil and
gas industry by manually collecting data from sustainability reports, annual reports, and
audited financial statements of fifty companies from 2012 to 2016. The authors used the
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GRI-based environmental, social, and economic indicators for evaluation and analyzed
the extent of disclosure in each pillar. They found a steady increase in the quantity of
environmental and economic indicators disclosed across the survey years and detected an
increasing trend in triple bottom line sustainability reporting, which measures a corpora-
tion’s performance across the three main pillars of sustainability: economy, society, and
the environment [13]. They suggested that triple bottom line reporting resulted in more
extensive sustainability disclosures [28].

Some studies have examined the relationship between the reporting practices of oil
and gas companies and other parameters. Summerhays and De Villiers (2012) reported
that the six largest oil and gas companies increased their environmental disclosures in
response to the 2010 Gulf of Mexico oil spill, and Hourneaux et al. (2017) examined the
association between companies’ corporate strategies and their reporting on sustainability
indicators. Through a comparative study of two large oil and gas companies using the GRI-
G4 indicators, they identified the indicator categories that were and were not connected
to each company’s corporate strategy. Their results showed that the indicator categories
that were strongly connected to strategy elements included labor practices and decent work,
environmental compliance, and indirect economic impacts, while transportation had a very
limited connection to company strategies. The authors also detected an imbalance in triple
bottom line reporting, with a dominance of social aspects [24]. In another study, Mahmood
and Orazalin (2017) examined the relationships between corporate board characteristics
and sustainability reporting practices of 30 Kazakhstan oil and gas companies between
2010 and 2013 by using GRI indicators and found that the board’s gender diversity and
size had a positive impact on the scope and quality of environmental reporting [26].

1.3. Mining and Sustainability Reporting

Research on sustainability reporting in the mining industry has primarily focused
on understanding the trends and evolution of reporting practices in all sustainability
pillars (social, environmental, and economic) and has emphasized the importance of
integrated sustainability reporting. Yongvanich and Guthrie (2005) argued that reporting
both financial and nonfinancial performance is essential. Their content analysis, based on
73 indicators that appeared in annual reports of 17 Australian mining companies for the
financial year 2002, revealed the disclosure frequency of each indicator. They showed that
although companies reported an average of 48% of all indicators, they disclosed only a
small portion of environmental and social indicators [21].

A number of studies have investigated the trends in reporting practices in the mining
industry over the years. Jenkins and Yakovleva (2006) performed a temporal analysis of
reporting of ten mining companies between 1999 and 2003. Although they found substan-
tial variability in the reporting practices among these companies, there were increasing
trends in social and environmental reporting, as well as in the incorporation of economic
disclosures in the stand-alone Social and Environmental Reports. There was also a trend
toward covering more complex issues related to sustainable development and corporate
social responsibility (CSR). Similarly, Perez and Sanchez (2009) assessed the evolution of
sustainability reporting in the mining sector between the years 2001 and 2006 by performing
a content analysis of the sustainability reports of four mining companies. They compared
these companies’ reporting performance and adherence to best practices and scored them
according to the most and least addressed topics. The social performance reporting score
was the highest for all companies, and the economic performance score was the lowest.
The environmental performance had the most variability in the reports. Furthermore, all of
the companies showed an improvement in their sustainability reports in terms of structure
and comprehensiveness. Lee (2017) investigated the relationship between the quality and
quantity of environmental disclosures of 55 Australian mining companies based on their
2013 reports and the indicators in the GRI’s Mining and Metals Sector Supplement. They
found that the number of environmental disclosures of these companies was positively
and significantly correlated with market capitalization and disclosure quality (i.e., the use-
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fulness of information in understandability, relevance, reliability, and comparability) [22].
Analyzing the literature on sustainability accounting and reporting practices in the mining
industry from 2004 to 2013, Lodhia and Hess (2014) concluded that these practices were
evolving slowly in the mining industry, and they identified the need for future studies
that analyze the social, environmental, and economic aspects disclosed by companies
and the extent to which they are integrated [29]. Yaylaci and Duzgun (2016) compiled
347 sustainability indicators specific to the mining sector in their study that proposes an
indicator-based sustainability assessment framework for the mining sector [43].

1.4. Comparing Industries

Few studies have examined the sustainability reporting practices of both the oil
and gas and mining industries. Raufflet et al. (2014) assessed the CSR practices in both
industries through interviews with experts and practitioners in the extractive industries
and through a content analysis of “regulatory scripts” in company reports in 2011, defined
as shared practices among the sector in response to international frameworks and standards.
They found that environmental topics (excluding transportation) and social, health, and
safety issues were particularly well covered [18]. Guenther et al. (2007) assessed the
reporting practices of the two industries but limited the analysis to GRI environmental
indicators over a one-year period. Their results revealed the three most commonly and
comprehensively reported indicators as total water use, compliance, and air emissions and
showed that only one-third of the GRI environmental indicators were reported. They also
showed significant differences in environmental reporting between the two industries.
Suska (2021) assessed the annual reports of the two industries for 2014–2019 and focused
on the environmental and climate responsibility initiatives of three Polish companies. They
showed that both industries were working toward reducing their environmental impact
caused by wastewater discharge but that there were areas for improvement in reporting on
carbon emissions and waste management [30]. Dilling (2016) examined the financial and
sustainability reports of the two industries and found that in 2012, Canadian companies’
minimally disclosed information related to long-term value creation [23].

Building on the research outlined above, we investigated oil and gas and mining
companies’ approaches to sustainability reporting using a data-driven approach. Consider-
ing the individual choices companies make in their reporting in terms of the indicators,
reporting methodologies, styles, and content [2,13], we hypothesized (i) that the reporting
practices of extractive industries show temporal variability and (ii) that there are differ-
ences between the reporting practices of oil and gas and mining companies. Although
our hypotheses concur with the literature, testing these hypotheses with a data-driven
approach that includes statistical tests has not been conducted. Therefore, our analysis
of both industries’ sustainability reporting practices addresses this gap by revealing the
statistical significance of these temporal trends. Here, we provide an analysis of eight
oil and gas companies’ and eight mining companies’ reports over seven years to identify
and compare the reporting trends both within and between industries. Using the triple
bottom line approach to sustainable development and including environmental, social,
and economic indicators in our analysis, we respond to a call from Lodhia and Hess (2014)
to examine the integration of social, environmental, and economic aspects disclosed by
companies [29]. Our study also shows that external issues, in particular those related to
supply chains, are relatively overlooked in the sustainability reports of extractive industries
and that there is more thorough reporting on internal issues. Likewise, indirect environ-
mental issues minimally appear in sustainability reports, while direct environmental issues
are reported on more. Although the two industries share similar trends in terms of social
and environmental reporting, there are significant differences in economic reporting, in
particular reporting on technology. Identifying the strengths and areas for improvement in
sustainability reporting indicates how sustainability reporting may be more representative
of the different pillars of sustainable development and may align better with common
goals and efforts toward sustainable development.
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We also contend that improvements in reporting based on particular optimization
points can contribute to companies’ ability to incorporate sustainable development concepts
more effectively into the design of their operations and achieve more sustainable business
models. Although design is a practical aspect of engineering, its main theoretical basis
is optimization, which does not only include consideration of technical aspects but also
includes the triple bottom line aspects of sustainable development (i.e., economics, society,
and the environment). This also relates to the concept of a sustainable business model
that builds on the triple bottom line approach [44,45] and is defined by Lüdeke-Freund
(2010) as “a business model that creates competitive advantage through superior customer
value and contributes to a sustainable development of the company and society” [46].
Organizational design for sustainable business models is another emerging concept that
investigates the design considerations for creating new business models or changing the
existing ones based on the triple bottom line approach [45]. This paper contributes to
these theoretical foundations of engineering design by demonstrating how the design
of extractive operations could be improved by considering explicit optimization points
derived from sustainability indicators.

2. Methodology

A data-driven approach is an exploratory approach that derives scientifically inter-
esting insights based on evidence coming from analysis and interpretation of data [47],
and it is widely adopted in sustainability research [48–51]. In this study, we began with
a comprehensive set of sustainability indicators (referred to hereafter as the “indicator
set”) and then collected data from the sustainability reports of selected oil and gas and
mining companies from 2012 to 2018 to compare the indicators used in these reports with
the indicator set (Figure 1). Through content analysis and relevant statistical methods,
we analyzed the ways in which companies reported on their contributions to sustainable
development, with a focus on indicators used and trends over time both within each
industry and between industries.

Figure 1. Research methodology flowchart.

2.1. Organization of the Indicator Set

This study used an indicator set that was established as part of a larger study on sus-
tainability assessment frameworks as decision support tools for the mining sector [43,52–54].
This indicator set was compiled by reviewing mining-related sustainability literature in
scientific journals, guideline documents produced by international organizations, including
the GRI, the United Nations (UN), the World Bank (WB), the Organization for Economic
Cooperation and Development (OECD), and the International Institute for Environment
and Development (IIED), as well as publications by sectoral organizations such as the Min-
ing Association of Canada and the International Council on Mining and Metals (ICMM).
This indicator set was then divided into “strategic-level” indicators and “project-level”
indicators [43,52]. Strategic-level indicators were those used by decision-makers to un-
derstand the impacts of proposed plans or programs at the macro scale (i.e., regional,
national, or global), and project-level indicators included the social, environmental, and
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economic impacts of specific projects or companies at the micro-scale (i.e., company- or
local-level) [52]. We used the project-level indicator set since our focus was on the impacts
of specific companies.

A comparison of our indicator set with the indicators used in oil and gas companies’
sustainability reports revealed that only 4% of the total indicators that appeared in the
oil and gas reports were not covered by our indicator set. Therefore, for consistency, we
used our original indicator set to analyze the sustainability reports of both industries. The
indicator set included 225 indicators, which were classified as either social (105 indicators),
environmental (87 indicators), or economic (33 indicators) [52]. Although there is a recent
turn to Economic, Social, and Governance (ESG) reporting, we did not classify indicators
according to “governance”, since the triple bottom line classification is still prevalent in the
literature, and governance became a distinctive fourth pillar only recently [55]. Even so, we
did not ignore governance-related indicators, as they are mostly classified under “social”
and “economic” indicators that cover business ethics, shareholders, employee relations,
board diversity, audit mechanisms, transparency, and internal controls and policies against
bribery and corruption. We then further grouped the indicators into categories based
on how they were classified in the literature (e.g., human rights, emissions, economic
performance) (see Appendix A). We classified social indicators as “internal” or “external”.
Internal indicators (e.g., business ethics or labor/management relations) signaled those
that were related to the companies’ internal operating processes or business principles.
External indicators (e.g., community engagement/impacts or human rights) included
those mostly associated with companies’ external relations with communities, customers,
suppliers, and other stakeholders outside of the companies’ employees. We also classified
environmental indicators in the indicator set as “direct” and “indirect”. The majority
of the environmental indicators were directly related to the company and its operations
and did not involve any third parties. However, some of the indicators were “indirect”,
as they involved third parties such as suppliers, contractors, and communities. The
indirect indicators included all of the indicators under the material use, transport and logistics,
and nuisance categories; indicators related to indirect energy consumption in the energy
category; indirect greenhouse gas emissions in the emissions category; and assessment of
suppliers and contractors’ quality and environmental performance in the environmental
management category.

2.2. Data Collection

We selected the top ten largest oil and gas companies in 2018 based on their compos-
ite score of revenue, profits, assets, and market value [56] and then checked the online
availability of their sustainability reports for the period between 2012 and 2018. Three of
the top ten oil and gas companies lacked sustainability reports for the full period under
study; therefore, we added the eleventh-ranking company, for a total of eight oil and gas
companies. For the selection of mining companies, we focused on the top 13 companies
based on their market value as of 2017 [57]. We eliminated companies that had no formal
sustainability reports in English for the period between 2012 and 2018. Five companies
were eliminated, and eight mining companies were included in the sample, which repre-
sented the primary metal industries (gold, copper, and iron). The final sample included
eight oil and gas and eight mining companies, for a total of 112 sustainability reports.
We limited our sample to this number because we felt that this would provide us with
a relatively thorough snapshot of reporting before and after the SDGs were announced
in 2015 and to keep the dataset manageable without the use of machine learning tools.
The report titles varied by company and year and included “Corporate Sustainability
Report”, “Corporate Social Responsibility Report”, “Responsibility Report”, “Corporate
Responsibility Report”, “Corporate Citizenship Report”, “Working toward Sustainable
Development Report”, “Social and Environmental Performance Report”, “Sustainable
Development Report”, “Sustainability Review”, and “Registration Document”. Some
companies disclosed their economic performance in annual or financial reports instead
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of in sustainability reports, and such reports were rarely cross-referenced in the sustain-
ability reports. The economic indicators that were accessible through the cross-references
provided in sustainability reports were also considered “addressed”.

2.3. Content Analysis

We compared our indicator set to the indicators used in companies’ sustainability
reports to examine the current approaches oil and gas and mining companies are using to
measure their contributions to sustainable development.

We used the content analysis method, which is a favored technique in sustainability
reporting research [21,24,27,29,58,59]. Content analysis systematically converts qualitative
data into quantitative data by analyzing and quantifying the presence of certain words,
concepts, or themes within textual material (e.g., reports and graphics) [60–62]. This
method is useful as a data-driven approach for providing objective assessments and
revealing trends in reporting [21]. Following Papoutsi and Sodhi (2020), we employed
the manual content analysis method, rather than using computer-aided text analysis tools,
for two reasons: (i) companies do not always present data in text form but rather provide
information via tables or figures, which would not be processed by computer-aided tools;
and (ii) since the reporting styles and guidelines vary significantly among companies and
industries, information specific to particular indicators could be included that may be
missed when adhering to a set of pre-defined keywords [58].

We identified and noted the presence or absence of indicators in texts covering cor-
porate disclosures by searching for certain words and concepts that mapped onto the
definitions of indicators in our indicator set. Accordingly, the presence of an indicator was
given a score of “1”, while the absence of an indicator was given a “0”. In some cases,
companies cross-referenced their indicators to the GRI index, which allowed us to directly
link these to the indicator set.

It should be noted that the 2017 sustainability report of one of the mining companies
was a summary report rather than a full report and included only about half of the indica-
tors the company included in their other reports. Therefore, this company was omitted
from the 2017 calculations so as not to distort the statistical results.

2.4. Data Analysis

We analyzed the data in terms of the extent to which the sustainability reports of
oil and gas and mining companies included the indicators in the indicator set and the
temporal variabilities in reporting. This analysis revealed the gaps and overlaps between
the indicator set and company reporting on these indicators, the most and least emphasized
indicator categories, and the differences in oil and gas and mining companies’ sustainability
reporting from 2012 to 2018. We used metrics of coverage ratio and reporting rate of
indicators for the comparison and adopted statistical tests to assess the significance of the
temporal variabilities observed in reporting.

2.4.1. Coverage Ratio

We determined the coverage ratio, or the ratio of the number of addressed indicators
within an indicator subset to the total number of indicators in the corresponding indicator
subset, for each year and each company. Equation (1) provides the calculation for the
coverage ratio.

Coverage Ratio (%) =
7

∑
n=1

disclosuren

number o f indicators in the corresponding set
× 100 (1)

where, disclosure n = total number of disclosed indicators by a company in nth year within
the seven-year period (2012–2018).

We calculated the coverage ratio for the entire indicator set and for the environmental,
social, and economic indicator subsets to understand the extent to which the indicators
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in the literature were covered in companies’ sustainability reports. We also examined the
trends in coverage ratio over time to understand the trends in sustainability reporting from
2012 to 2018.

2.4.2. Reporting Rate of Indicators

We examined the average reporting rate of each indicator in a given number of years
(i.e., the proportion of reports that disclose a particular indicator in n years). Equation (2)
provides the method for calculating the average reporting rate.

Average reporting rate in n years =
∑7

n=1 (
disclosure n

total number o f reports )

n years
(2)

where, disclosure n = total number of reports that disclosed the indicator in nth year within
the seven-year period (2012–2018).

The average reporting rate of each individual indicator category revealed the most
and least emphasized indicator categories in the reports.

2.4.3. Statistical Tests

We conducted statistical tests to assess whether or not the temporal variabilities
observed in reporting were statistically significant. To do this, we used repeated measures
ANOVA and supported it with the Friedman’s test, which is a nonparametric alternative to
repeated measures ANOVA that does not require the data to meet the normality assumption.
We used the Friedman’s test as a backup against a potential violation of ANOVA’s normality
assumption since not all of our tested datasets were normally distributed. After the
Friedman’s test, we also conducted a post hoc pairwise test (namely, a pairwise signed-rank
test) that compared each year in pairs to determine where exactly the differences lay. All
statistical tests and post hoc tests were conducted at 95% confidence level using the Real
Statistics Resource Pack software (Release 7.6; Copyright 2013–2021) [63]. The set p-value
for this confidence level was p = 0.05, with all of the p-values below this threshold value
providing statistically significant results. These tests allowed for a more in-depth analysis
of temporal variations and signaled the areas that were most and least consistently reported.
Statistical test results are provided in Appendix B.

2.4.4. Study Limitation

We recognize that this study is limited by our analysis of the sustainability reports
only, and it was not triangulated with more information from the companies. Future
studies might consider internally and externally validating the analysis of results by
also investigating industry papers, reports, or other documents that could enrich the
analysis, as well as by conducting interviews with experts, employees, and managers of
these companies.

3. Results
3.1. Coverage of the Indicator Subsets

Over the seven-year period, mining companies included a larger proportion (52%)
of the total indicator set in their reports than oil and gas companies (45%) (Table 1). Both
industries reported a higher proportion of social indicators than the other indicator subsets,
but mining companies reported more social and environmental indicators than oil and
gas companies, which reported on environmental indicators at a relatively low rate (37%).
Both industries reported on the economic indicators to the same extent (45%).
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Table 1. Coverage of indicator subsets in sustainability reports.

Indicator
Subsets

Indicator Set Oil and Gas Companies Mining Companies

Total
Number

of Indicators

Number of
Indicators
Covered

Coverage
Ratio

Number of
Indicators
Covered

Coverage
Ratio

Social 105 53 50% 61 58%
Environmental 87 32 37% 41 47%

Economic 33 15 45% 15 45%
Total 225 100 45% 117 52%

3.2. Reporting Rates by Indicator Categories

To understand the extent to which company sustainability reports disclosed specific
indicators over time, we analyzed the reporting rates of indicators grouped into thematic
categories within each subset for each year, as well as over the study period (Tables 2–7).
In Tables 2–7, the means represent the proportion of reports that disclosed an indicator
category in a given year, or over the seven years, and the standard deviations (SD) repre-
sent how spread-out the data values were around the mean. For both industries, yearly
reporting rates were calculated for eight reports, and the seven-year average reporting
rates represented 56 reports in total for each industry.

3.2.1. Temporal Variabilities in Reporting of Social Indicators

Overall, the two industries showed similar trends in disclosing social indicators in
their reports (Tables 2 and 3). However, mining showed higher temporal variability than
oil and gas in reporting most social indicator categories. There were also some overlaps
in the reporting of both industries’ most and least reported topics over the study period
(Tables 2 and 3). Social performance management and business ethics appeared in the top five
most frequently disclosed indicator categories for both industries, and customer health and
safety, product/materials stewardship, suppliers and contractors, and child labor appeared in the
five least reported categories for both industries.

Table 2. Means and standard deviations (Mean ± SD) of reporting rates of social indicator categories by oil and gas.

Social
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

External Indicator Categories

Product/Materials
Stewardship 0.30 ± 0.46 0.33 ± 0.47 0.29 ± 0.46 0.23 ± 0.42 0.28 ± 0.45 0.24 ± 0.43 0.21 ± 0.41 0.27 ± 0.44

Suppliers and
Contractors 0.13 ± 0.34 0.19 ± 0.40 0.31 ± 0.48 0.31 ± 0.48 0.31 ± 0.48 0.31 ± 0.48 0.31 ± 0.48 0.27 ± 0.44

Customer Health
and Safety 0.30 ± 0.46 0.40 ± 0.50 0.43 ± 0.50 0.35 ± 0.48 0.30 ± 0.46 0.30 ± 0.46 0.23 ± 0.42 0.33 ± 0.47

Child Labor 0.38 ± 0.49 0.42 ± 0.50 0.33 ± 0.48 0.38 ± 0.49 0.33 ± 0.48 0.33 ± 0.48 0.33 ± 0.48 0.36 ± 0.48

Indigenous Peoples 0.42 ± 0.50 0.46 ± 0.51 0.38 ± 0.49 0.38 ± 0.49 0.42 ± 0.50 0.33 ± 0.48 0.33 ± 0.48 0.39 ± 0.49

Forced or
Compulsory Labor 0.31 ± 0.48 0.44± 0.51 0.38 ± 0.50 0.38 ± 0.50 0.50 ± 0.52 0.38 ± 0.50 0.44 ± 0.51 0.40 ± 0.49

Community
Engagement/Impacts 0.41 ± 0.49 0.43 ± 0.50 0.44 ± 0.50 0.39 ± 0.49 0.40 ± 0.49 0.38 ± 0.49 0.40 ± 0.49 0.41 ± 0.49

Human Rights 0.59 ± 0.50 0.63 ± 0.49 0.70 ± 0.46 0.68 ± 0.47 0.66 ± 0.48 0.63 ± 0.49 0.70 ± 0.46 0.65 ± 0.48

Internal Indicator Categories

Labor/Management
Relations 0.38 ± 0.49 0.42 ± 0.50 0.40 ± 0.49 0.48 ± 0.50 0.46 ± 0.50 0.40 ± 0.49 0.40 ± 0.49 0.42 ± 0.49

Employment
Practices 0.58 ± 0.50 0.54 ± 0.50 0.56 ± 0.50 0.54 ± 0.50 0.54 ± 0.50 0.48 ± 0.50 0.54 ± 0.50 0.54 ± 0.50

Diversity and Equal
Opportunity 0.58 ± 0.50 0.48 ± 0.50 0.56 ± 0.50 0.56 ± 0.50 0.58 ± 0.50 0.58 ± 0.50 0.59 ± 0.50 0.56 ± 0.50
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Table 2. Cont.

Social
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

Occupational
Health and Safety 0.59 ± 0.49 0.58 ± 0.50 0.60 ± 0.49 0.61 ± 0.49 0.58 ± 0.49 0.53 ± 0.50 0.52 ± 0.50 0.57 ± 0.49

Training and
Education 0.58 ± 0.50 0.60 ± 0.50 0.65 ± 0.48 0.60 ± 0.50 0.58 ± 0.50 0.60 ± 0.50 0.55 ± 0.50 0.59 ± 0.49

Business Ethics 0.54 ± 0.50 0.57 ± 0.50 0.61 ± 0.49 0.60 ± 0.49 0.63 ± 0.48 0.63 ± 0.49 0.62 ± 0.49 0.60 ± 0.49

Social Performance
Management 0.68 ± 0.47 0.73 ± 0.45 0.77 ± 0.43 0.75 ± 0.44 0.75 ± 0.44 0.73 ± 0.45 0.73 ± 0.45 0.73 ± 0.44

Table 3. Means and standard deviations (Mean ± SD) of reporting rates of social indicator categories by mining.

Social
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

External Indicator Categories

Customer Health
and Safety 0.38 ± 0.49 0.33 ± 0.47 0.28 ± 0.45 0.18 ± 0.38 0.20 ± 0.41 0.20 ± 0.41 0.20 ± 0.41 0.25 ± 0.43

Product/Materials
Stewardship 0.50 ± 0.50 0.39 ± 0.49 0.39 ± 0.49 0.16 ± 0.37 0.16 ± 0.37 0.19 ± 0.39 0.19 ± 0.39 0.28 ± 0.45

Suppliers and
Contractors 0.25 ± 0.45 0.31 ± 0.48 0.31 ± 0.48 0.31 ± 0.48 0.38 ± 0.50 0.29 ± 0.47 0.25 ± 0.45 0.30 ± 0.46

Forced or
Compulsory Labor 0.56 ± 0.51 0.50± 0.52 0.44 ± 0.51 0.56 ± 0.51 0.50 ± 0.52 0.50 ± 0.52 0.44 ± 0.51 0.50 ± 0.50

Child Labor 0.54 ± 0.51 0.58 ± 0.50 0.54 ± 0.51 0.58 ± 0.50 0.54 ± 0.51 0.38 ± 0.50 0.42 ± 0.50 0.51 ± 0.50

Human Rights 0.63 ± 0.49 0.66 ± 0.48 0.61 ± 0.49 0.63 ± 0.49 0.70 ± 0.46 0.61 ± 0.49 0.66 ± 0.48 0.64 ± 0.48

Indigenous Peoples 0.58 ± 0.50 0.71 ± 0.46 0.67 ± 0.48 0.54 ± 0.51 0.71 ± 0.46 0.67 ± 0.48 0.71 ± 0.46 0.65 ± 0.48

Community
Engagement/Impacts 0.63 ± 0.49 0.67 ± 0.47 0.66 ± 0.47 0.63 ± 0.48 0.69 ± 0.46 0.64 ± 0.48 0.67 ± 0.47 0.66 ± 0.47

Internal Indicator Categories

Occupational
Health and Safety 0.57 ± 0.50 0.53 ± 0.50 0.51 ± 0.50 0.49 ± 0.50 0.52 ± 0.50 0.48 ± 0.50 0.57 ± 0.50 0.52 ± 0.50

Training and
Education 0.60 ± 0.50 0.63 ± 0.49 0.60 ± 0.50 0.63 ± 0.49 0.58 ± 0.50 0.57 ± 0.50 0.53 ± 0.51 0.59 ± 0.49

Diversity and Equal
Opportunity 0.66 ± 0.48 0.64 ± 0.48 0.63 ± 0.49 0.69 ± 0.47 0.72 ± 0.45 0.68 ± 0.47 0.64 ± 0.48 0.66 ± 0.47

Business Ethics 0.67 ± 0.47 0.70 ± 0.46 0.68 ± 0.47 0.67 ± 0.47 0.67 ± 0.47 0.62 ± 0.49 0.68 ± 0.47 0.67 ± 0.47

Labor/Management
Relations 0.65 ± 0.48 0.69 ± 0.47 0.63 ± 0.49 0.69 ± 0.47 0.73 ± 0.45 0.67 ± 0.48 0.67 ± 0.48 0.67 ± 0.47

Social Performance
Management 0.73 ± 0.45 0.73 ± 0.45 0.75 ± 0.44 0.73 ± 0.45 0.73 ± 0.45 0.71 ± 0.46 0.75 ± 0.44 0.73 ± 0.44

Employment
Practices 0.75 ± 0.44 0.75 ± 0.44 0.73 ± 0.45 0.81 ± 0.39 0.77 ± 0.42 0.79 ± 0.42 0.71 ± 0.46 0.76 ± 0.43

The ranges in reporting rates (i.e., the difference between the maximum and the
minimum proportion of disclosing reports over the seven-year period) (Figure 2) and the
results of statistical tests applied at 95% confidence level (Appendix B Tables A2 and A3)
revealed the most significant temporal variabilities. Oil and gas companies reported on
customer health and safety, suppliers and contractors, and forced or compulsory labor with the
highest ranges, meaning that there was significant variability in the presence (or absence) of
these indicators in the reports over the study period. There was also significant variability
in the reporting of customer health and safety (p = 0.036), diversity and equal opportunity
(p = 0.037), and occupational health and safety (p = 0.019) (Table A2).
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For mining companies, product/materials stewardship, child labor, and customer health
and safety showed the highest ranges in reporting over the study period, with a general
decrease in reporting over time (Table 3). The reporting of product/materials stewardship
(p = 2.2 × 10−18), customer health and safety (p = 0.002), and business ethics (p = 0.006) showed
significant variation over time (Table A3). However, mining’s reporting on product/materials
stewardship and customer health and safety seems to have stabilized in recent years, as the
reporting rates between 2015 and 2018 do not show significant variation, despite their
difference from earlier years (2012–2014) (Table A3). The reporting rate of business ethics
did not change much over the years, except dropping to its lowest in 2017 (Table 3), which
was significantly different compared with all other years (Table A3).

There were some categories where the results of neither ANOVA nor Friedman’s
test showed statistically significant difference over the years for the lump dataset, but the
post hoc test detected differences between some years. For one category in mining (social
performance management), the opposite was observed, where the result of Friedman’s test
showed a statistical difference for the lump dataset, but the post hoc test did not detect any
difference between years (Tables A2 and A3).

3.2.2. Reporting on Internal vs. External Indicators

A deeper dive into the reporting of indicators themselves revealed trends that poten-
tially demonstrate places where companies were focusing more or less. In both industries,
internal indicators (i.e., business principles or employee management) were generally reported
on more and showed lower temporal variability than external indicators (i.e., relations
with communities, customers, suppliers, and other stakeholders).

In most categories, indicators that can be narratively disclosed (e.g., indicators directly
related to company policies or programs) appeared in more reports, while indicators
requiring quantitative data or demonstrable proof (e.g., information regarding the number
of incidents, complaints, fines, and legal actions for noncompliance with laws) were
reported in a limited number of reports. Similarly, reporting was limited on indicators that
were related to actual incidents of violation or the identification of risks regarding external
issues, such as child labor, forced labor, and indigenous peoples.
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In addition, social indicators were reported on less, as the required level of detail
increased. For example, in the employment practices category, both industries reported
on the number of direct employees on their payroll in almost every report, but reporting
decreased for indicators that required more detailed employment information and statistics,
such as the number of indirect employees, employee turnover, and benefits provided to
full-time employees. Similarly, in the diversity and equal opportunity category, quantitative
indicators related to gender diversity were reported at higher rates, while the reporting
on the percentage of ethnic minorities in executive and management ranks was limited.
Additionally, in the occupational health and safety category, fatalities and lost-time acci-
dents were quantitatively disclosed by both industries in almost every report; however, the
number of compensated occupational diseases were among the least reported indicators.

3.2.3. Reporting on Direct vs. Indirect Environmental Issues

Both industries reported more on their direct environmental impacts, especially water
consumption (Tables 4 and 5). Environmental investments and activities, water consumption,
environmental management, and polluting incidents were among the most reported categories
by both industries. Although indirect environmental indicators appeared more in mining
reports than oil and gas reports, both industries minimally reported on the environmental
impacts resulting from their interactions with third parties. Furthermore, the environmental
impacts of activities conducted at the lower ends of the supply chain, such as material use
and transport and logistics, were among the least disclosed categories by both industries
(Tables 4 and 5).

An important difference between the environmental reporting of the two industries
was discovered for the energy category. In mining reports, the water–energy nexus was well-
covered, as energy and water consumption were the top two disclosed categories. However,
in oil and gas reports, energy was reported much less than water consumption.

Table 4. Means and standard deviations (Mean ± SD) of reporting rates of environmental indicator categories by oil and gas.

Environmental
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

Material Use 0.13 ± 0.33 0.15 ± 0.36 0.08 ± 0.28 0.08 ± 0.28 0.06 ± 0.24 0.10 ± 0.31 0.04 ± 0.20 0.09 ± 0.29

Nuisance 0.13 ± 0.34 0.13 ± 0.34 0.13 ± 0.34 0.13 ± 0.34 0.17 ± 0.38 0.17 ± 0.38 0.21 ± 0.41 0.15 ± 0.36

Transport and
Logistics 0.28 ± 0.46 0.31 ± 0.47 0.25 ± 0.44 0.22 ± 0.42 0.25 ± 0.44 0.19 ± 0.40 0.22 ± 0.42 0.25 ± 0.43

Liquid Effluents 0.23 ± 0.42 0.27 ± 0.45 0.29 ± 0.46 0.29 ± 0.46 0.31 ± 0.47 0.29 ± 0.46 0.29 ± 0.46 0.28 ± 0.45

Closure and
Rehabilitation 0.30 ± 0.46 0.38 ± 0.49 0.30 ± 0.46 0.30 ± 0.46 0.28 ± 0.45 0.23 ± 0.42 0.23 ± 0.42 0.29 ± 0.45

Emissions 0.26 ± 0.44 0.26 ± 0.44 0.32 ± 0.47 0.33 ± 0.47 0.32 ± 0.47 0.33 ± 0.47 0.35 ± 0.48 0.31 ± 0.46

Biodiversity 0.41 ± 0.50 0.38 ± 0.49 0.41 ± 0.50 0.44 ± 0.50 0.41 ± 0.50 0.41 ± 0.50 0.41 ± 0.50 0.41 ± 0.49

Energy 0.36 ± 0.48 0.36 ± 0.48 0.44 ± 0.50 0.44 ± 0.50 0.43 ± 0.50 0.43 ± 0.50 0.41 ± 0.50 0.41 ± 0.49

Solid Waste 0.42 ± 0.50 0.42 ± 0.50 0.44 ± 0.50 0.44 ± 0.50 0.42 ± 0.50 0.40 ± 0.49 0.42 ± 0.50 0.42 ± 0.49

Mineral Resources 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.51 0.44 ± 0.50

Polluting Incidents 0.49 ± 0.50 0.47 ± 0.50 0.49 ± 0.50 0.47 ± 0.50 0.47 ± 0.50 0.47 ± 0.50 0.46 ± 0.50 0.47 ± 0.50

Environmental
Management 0.48 ± 0.50 0.52 ± 0.50 0.52 ± 0.50 0.56 ± 0.50 0.58 ± 0.50 0.60 ± 0.49 0.50 ± 0.51 0.54 ± 0.50

Water Consumption 0.50 ± 0.51 0.53 ± 0.51 0.73 ± 0.45 0.68 ± 0.47 0.50 ± 0.51 0.60 ± 0.50 0.63 ± 0.49 0.59 ± 0.49

Environmental
Investments and

Activities
0.94 ± 0.25 0.94 ± 0.25 0.94 ± 0.25 0.88 ± 0.34 0.88 ± 0.34 0.88 ± 0.34 0.94 ± 0.25 0.91 ± 0.29
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Table 5. Means and standard deviations (Mean ± SD) of reporting rates of environmental indicator categories by mining.

Environmental
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

Transport and
Logistics 0.09 ± 0.29 0.13 ± 0.34 0.13 ± 0.34 0.09 ± 0.29 0.16 ± 0.37 0.14 ± 0.36 0.19 ± 0.40 0.13 ± 0.34

Material Use 0.27 ± 0.45 0.25 ± 0.44 0.15 ± 0.36 0.13 ± 0.33 0.13 ± 0.33 0.10 ± 0.30 0.10 ± 0.31 0.16 ± 0.37

Emissions 0.33 ± 0.47 0.31 ± 0.46 0.28 ± 0.45 0.29 ± 0.46 0.32 ± 0.47 0.33 ± 0.47 0.33 ± 0.47 0.31 ± 0.46

Mineral Resources 0.38 ± 0.50 0.38 ± 0.50 0.38 ± 0.50 0.38 ± 0.50 0.38 ± 0.50 0.36 ± 0.50 0.38 ± 0.50 0.37 ± 0.48

Solid Waste 0.48 ± 0.50 0.48 ± 0.50 0.38 ± 0.49 0.38 ± 0.49 0.44 ± 0.50 0.33 ± 0.48 0.50 ± 0.51 0.43 ± 0.49

Biodiversity 0.44 ± 0.50 0.50 ± 0.51 0.47 ± 0.51 0.53 ± 0.51 0.47 ± 0.51 0.43 ± 0.50 0.41 ± 0.50 0.46 ± 0.50

Closure and
Rehabilitation 0.45 ± 0.50 0.50 ± 0.51 0.55 ± 0.50 0.53 ± 0.51 0.65 ± 0.48 0.40 ± 0.50 0.43 ± 0.50 0.50 ± 0.50

Nuisance 0.42 ± 0.50 0.50 ± 0.51 0.50 ± 0.51 0.46 ± 0.51 0.67 ± 0.48 0.48 ± 0.51 0.58 ± 0.50 0.51 ± 0.50

Liquid Effluents 0.54 ± 0.50 0.54 ± 0.50 0.48 ± 0.50 0.50 ± 0.51 0.54 ± 0.50 0.48 ± 0.51 0.52 ± 0.50 0.51 ± 0.50

Polluting Incidents 0.50 ± 0.50 0.51 ± 0.50 0.51 ± 0.50 0.50 ± 0.50 0.58 ± 0.50 0.49 ± 0.50 0.60 ± 0.49 0.53 ± 0.50

Environmental
Management 0.56 ± 0.50 0.54 ± 0.50 0.52 ± 0.50 0.58 ± 0.50 0.60 ± 0.49 0.55 ± 0.50 0.56 ± 0.50 0.56 ± 0.50

Environmental
Investments and

Activities
0.69 ± 0.48 0.69 ± 0.48 0.75 ± 0.45 0.75 ± 0.45 0.81 ± 0.40 0.79 ± 0.43 0.75 ± 0.45 0.75 ± 0.44

Water Consumption 0.70 ± 0.46 0.65 ± 0.48 0.65 ± 0.48 0.78 ± 0.42 0.83 ± 0.38 0.83 ± 0.38 0.85 ± 0.36 0.75 ± 0.43

Energy 0.79 ± 0.41 0.78 ± 0.42 0.79 ± 0.41 0.79 ± 0.41 0.75 ± 0.44 0.71 ± 0.46 0.75 ± 0.44 0.76 ± 0.42

3.2.4. Temporal Variabilities in Reporting of Environmental Indicators

The yearly reporting rates in Tables 4 and 5 show the variation in reporting of envi-
ronmental issues from year to year. Oil and gas reported on water consumption, closure and
rehabilitation, environmental management, and transport and logistics with the highest ranges
(Figure 3). Statistical tests revealed a significant difference in the reporting of all of these
categories over the years, except transport and logistics (Table A4). The temporal variability
observed in the reporting of emissions was also significant (p < 0.0001) (Table A4). For
oil and gas’ reporting on energy, neither ANOVA nor Friedman’s test showed significant
difference over the years for the lump dataset, but the post hoc test detected differences
between some years (Table A4). Oil and gas’ reporting on water consumption fluctuated over
the years by peaking in 2014 and significantly decreasing in 2016 (Table 4), as demonstrated
by the significant difference when comparing 2012 and 2014, 2013 and 2014, 2014 and 2016,
and 2015 and 2016 (Table A4). Oil and gas reported on closure and rehabilitation with a
general decreasing trend after 2013, significantly decreasing in 2017 to its minimum, and
remaining the same in 2018, as demonstrated by the statistically significant difference when
comparing 2013 and 2017 as well as 2013 and 2018 (Table A4). The reporting of environ-
mental management made its peak in 2017 (Table 4) and significantly decreased in 2018
(Table A4). There was a significant increase in the reporting of emissions when comparing
the earlier years (2012 and 2013) with more recent years (after 2014) (Table A4).

For mining companies, the highest ranges occurred in the reporting rates of closure
and rehabilitation, nuisance, and water consumption categories. Statistical tests revealed a
significant difference in the reporting of all of these categories over the years, except
for nuisance (Table A5). The ranges that occurred in the reporting rates of closure and
rehabilitation could be due to a lack of relevant data (i.e., no sites reached closure that year).
Reporting on water consumption had an increasing trend after 2013 and peaked in 2018
(Table 5). Mining’s reporting on water consumption seems to have stabilized after 2015 since
no significant difference was observed when comparing the more recent years with each
other, but the reporting in recent years significantly differed from earlier years (2012–2014)
(Table A5). The temporal variability in reporting of polluting incidents (p = 0.032), material
use (p = 0.0001), and solid waste (p = 0.0048) was also significant. Mining’s reporting on
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polluting incidents was almost stable between 2012 and 2015 but fluctuated significantly
after 2015 (Tables 5 and A5). Reporting on material use decreased after 2013 and stabilized
after 2014, and the reporting in more recent years (2014 to 2018) significantly differed from
that in earlier years (2012 and 2013) (Table A5). Mining’s reporting on solid waste fluctuated
over the years, dropping to its minimum in 2017 and peaking in 2018 (Tables 5 and A5).

Figure 3. Range in reporting rates of environmental indicator categories, representing the extent of change in their
appearance in reports over seven years (2012–2018).

3.2.5. Differences Emerging in the Reporting of Economic Indicators of the Two Industries

Overall, the coverage of the economic indicator subset was the same for both industries
(Table 1). However, the economic indicator categories were generally disclosed at a higher
rate in mining than in oil and gas (Tables 6 and 7). There were some overlaps in both
industries’ most and least reported topics. Indirect economic impacts and products were
the two most frequently disclosed categories, while customers and resource intensity were
reported the least by both industries. Despite these commonalities, the details of reporting
revealed significant differences between the two industries.

Both industries reported the most on the same two categories, both of which had
only one indicator. The indicator under indirect economic impacts is “understanding and
describing significant indirect economic impacts, including the extent of impacts”, and it
was disclosed as a broad range of contributions by the companies, including the number
of jobs supported in the supply or distribution chain, enhanced skills and knowledge in a
community or in a geographic location, stimulating foreign direct investment, and other
contributions such as wages and tax revenues. Most companies disclosed it both narratively
and quantitatively in their reports, under “broader socio-economic contributions” or “local
development” titles and mentioned the distributed economic benefits, as well as training
and grants provided to local communities. The products category included a “breakdown
by product type” indicator, which was disclosed either as the types and diversity of
products, or the total amount of individual products sold. Oil and gas companies, in
general, quantitatively disclosed this indicator through their production amounts. Some
mining companies did the same, but some also provided descriptions and locations of their
assets or product groups instead of providing quantitative information.
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Table 6. Means and standard deviations (Mean ± SD) of reporting rates of economic indicator categories by oil and gas.

Economic
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

Customers 0.25 ± 0.45 0.25 ± 0.45 0.25 ± 0.45 0.25 ± 0.45 0.19 ± 0.40 0.19 ± 0.40 0.31 ± 0.48 0.24 ± 0.43

Resource Intensity 0.28 ± 0.46 0.28 ± 0.46 0.34 ± 0.48 0.28 ± 0.46 0.31 ± 0.47 0.28 ± 0.46 0.28 ± 0.46 0.29 ± 0.46

Employees 0.35 ± 0.48 0.35 ± 0.48 0.35 ± 0.48 0.35 ± 0.48 0.33 ± 0.47 0.38 ± 0.49 0.38 ± 0.49 0.35 ± 0.48

Procurement
Practices 0.29 ± 0.46 0.38 ± 0.49 0.42 ± 0.50 0.38 ± 0.49 0.42 ± 0.50 0.50 ± 0.51 0.58 ± 0.50 0.42 ± 0.49

Market Presence 0.46 ± 0.51 0.46 ± 0.51 0.50 ± 0.51 0.42 ± 0.50 0.38 ± 0.49 0.42 ± 0.50 0.42 ± 0.50 0.43 ± 0.50

Technology 0.38 ± 0.50 0.38 ± 0.50 0.50 ± 0.52 0.56 ± 0.51 0.44 ± 0.51 0.56 ± 0.51 0.63 ± 0.50 0.49 ± 0.50

Compliance and
Public Sector 0.41 ± 0.50 0.38 ± 0.49 0.50 ± 0.51 0.50 ± 0.51 0.53 ± 0.51 0.56 ± 0.50 0.63 ± 0.49 0.50 ± 0.50

Providers of Capital 0.50 ± 0.51 0.50 ± 0.51 0.50 ± 0.51 0.50 ± 0.51 0.53 ± 0.51 0.56 ± 0.50 0.50 ± 0.51 0.51 ± 0.50

Economic
Performance 0.56 ± 0.50 0.53 ± 0.51 0.56 ± 0.50 0.56 ± 0.50 0.56 ± 0.50 0.63 ± 0.49 0.59 ± 0.50 0.57 ± 0.49

Products 0.88 ± 0.35 0.88 ± 0.35 0.88 ± 0.35 0.88 ± 0.35 0.75 ± 0.46 0.75 ± 0.46 0.75 ± 0.46 0.82 ± 0.38

Indirect Economic
Impacts 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

Table 7. Means and standard deviations (Mean ± SD) of reporting rates of economic indicator categories by mining.

Economic
Indicator Categories 2012 2013 2014 2015 2016 2017 2018 7-Year

Average

Customers 0.06 ± 0.25 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.06 ± 0.25 0.00 ± 0.00 0.00 ± 0.00 0.02 ± 0.13

Technology 0.13 ± 0.34 0.06 ± 0.25 0.13 ± 0.34 0.19 ± 0.40 0.06 ± 0.25 0.14 ± 0.36 0.19 ± 0.40 0.13 ± 0.33

Resource Intensity 0.03 ± 0.18 0.06 ± 0.25 0.13 ± 0.34 0.16 ± 0.37 0.16 ± 0.37 0.14 ± 0.36 0.25 ± 0.44 0.13 ± 0.34

Employees 0.28 ± 0.45 0.28 ± 0.45 0.33 ± 0.47 0.30 ± 0.46 0.33 ± 0.47 0.31 ± 0.47 0.30 ± 0.46 0.30 ± 0.46

Providers of Capital 0.47 ± 0.51 0.47 ± 0.51 0.53 ± 0.51 0.53 ± 0.51 0.59 ± 0.50 0.57 ± 0.50 0.53 ± 0.51 0.53 ± 0.50

Economic
Performance 0.59 ± 0.50 0.53 ± 0.51 0.53 ± 0.51 0.50 ± 0.51 0.63 ± 0.49 0.61 ± 0.50 0.56 ± 0.50 0.56 ± 0.50

Compliance and
Public Sector 0.53± 0.51 0.56 ± 0.50 0.63 ± 0.49 0.59 ± 0.50 0.59 ± 0.50 0.64 ± 0.49 0.66 ± 0.48 0.60 ± 0.49

Procurement
Practices 0.54 ± 0.51 0.54 ± 0.51 0.63 ± 0.49 0.67 ± 0.48 0.71 ± 0.46 0.67 ± 0.48 0.71 ± 0.46 0.64 ± 0.48

Market Presence 0.58 ± 0.50 0.63 ± 0.49 0.67 ± 0.48 0.71 ± 0.46 0.79 ± 0.41 0.81 ± 0.40 0.67 ± 0.48 0.69 ± 0.46

Products 0.88 ± 0.35 0.88 ± 0.35 1.00 ± 0.00 0.88 ± 0.35 1.00 ± 0.00 0.86 ± 0.38 1.00 ± 0.00 0.93 ± 0.26

Indirect Economic
Impacts 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.86 ± 0.38 1.00 ± 0.00 0.98 ± 0.13

Customers was among the least reported categories by both industries. This category
had two quantitative indicators disclosing the geographic breakdown of markets to which
the companies sell, with (i) their national market shares and (ii) contribution to GDP.
These indicators assess the significance of market presence and the contribution to the
economies (and wealth) of the countries in which the companies have their markets [9].
Although customers were reported the least by both industries, oil and gas had a much
higher reporting rate (0.24) than mining (0.02). Similarly, resource intensity was another
category that was least reported by both industries, but oil and gas had a much higher
reporting rate (0.29) than mining (0.13). This category included indicators looking at the
amount of produced goods or services per material, land, and energy inputs, as well as
another indicator related to transport intensity. Mining companies disclosed “produced
goods or services per material input” the most in this category, but in a limited number of
reports (0.28), while oil and gas companies disclosed “produced good per energy input”
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the most (0.57). “Produced goods per land input” was the least disclosed indicator in this
category by both industries (0.02 of mining reports and none of oil and gas reports).

Procurement practices included indicators related to the supply chain (i.e., percentage
of local suppliers, cost of goods and materials purchased, and “equity”, as in equitable
contracting and procurement practices). Both industries reported the most on “cost of
goods, materials, and services purchased”. Mining reported more than oil and gas on
“percentage of purchasing from local suppliers to out of region”, which is in line with the
findings of the social reporting results, where oil and gas reported less than mining on the
percentage of their local suppliers to total suppliers. The indicator that was least reported
by both industries in this category was “equitable contracting and procurement practices”.

The most significant difference between the economic reporting of the two industries
was in technology. This category had two indicators, one specific to innovation and R&D in-
vestment and the other specific to wastewater treatment efficiency. Both industries reported
on their technology investments considerably more than their wastewater treatment effi-
ciency. Oil and gas companies reported (0.49 reporting rate) and potentially invested more
in technology, which has the potential for great contributions to sustainable development,
while mining companies’ reporting on this topic was quite minimal (0.13).

3.2.6. Temporal Variabilities in Reporting of Economic Indicators

Oil and gas reported on procurement practices, compliance and public sector, and technology
with the highest ranges (Figure 4). Statistical tests revealed a significant difference in the
reporting of all of these categories over the years, except for technology (Table A6).

Figure 4. Range in reporting rates of economic indicator categories, representing the extent of change in their appearance in
reports over seven years (2012–2018).

For mining companies, the highest ranges were observed in the reporting rates of
market presence, resource intensity, and procurement practices categories. The reporting of
resource intensity showed a significant variation (p = 0.020) (Table A7). For mining’s report-
ing on market presence, neither ANOVA nor Friedman’s test showed significant difference
for the lump dataset, but the post hoc test detected differences between some years. For
providers of capital, the opposite was observed, where the result of Friedman’s test showed a
difference for the lump dataset, but the post hoc test did not detect any difference between
years (Tables A6 and A7).
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The economic topics that were reported with the highest ranges showed an overall
increasing trend in both industries’ reports. Compliance and public sector and technology
categories had fluctuating reporting rates over the years but an overall increasing trend
in oil and gas reports (Table 6). Mining’s reporting of resource intensity had an overall
increasing trend over the years (Table 7), with a significant increase from 2012 and 2013 to
2018 (Table A7). Market presence had a steady increase in mining reports from 2012 to 2017
(Table 7), although this steady increase was broken in 2018. The reporting of procurement
practices had a steady increase in both oil and gas and mining reports (Tables 6 and 7). These
results suggest that the focus of both industries on these issues increased over the years.

In general, mining’s reporting showed a higher temporal variability than oil and gas
for most of the economic indicator categories (Figure 4). This was confirmed by the results
of post hoc pairwise tests (Tables A6 and A7). Oil and gas showed no variability at all in
reporting indicators related to their indirect economic impacts (Figure 4).

4. Discussion

The analysis of the indicator subsets used in oil and gas and mining companies’
sustainability reports revealed that both industries reported a higher proportion of social
indicators than the other indicator subsets (Table 1), which might be expected given the
close association between CSR and sustainability reporting in the industries [2,64]. Notably,
mining reported more social and environmental indicators than oil and gas companies.
Although we do not know the exact reasons behind this difference, it may be indicative
of the larger spatial and temporal scales at which mining developments take place or
the varied resources and commodities represented by the mining industry. These factors
result in relatively unique designs for each mine, with particular social and environmental
constraints. Hence, reporting more of these indicators may be inherent to the nature of
mining operations. It is also important to note that both industries primarily report social
and environmental data at the corporate rather than site level. For example, one oil and
gas company stated that they manage and report on water-related issues at the local level
to comply with local environmental regulations and do not include this information in
their corporate level sustainability reports. This aggregation may contribute to a lack of
transparency in reporting, where site specific issues are masked. Both industries might
consider expanding their reporting on social and environmental indicators to include both
corporate and site-level data or by providing links to site-level reporting.

Both industries reported on less than half of the economic indicators. This could reflect
a general pattern of reporting only baseline economic data in sustainability reports and
disclosing more specific economic data in annual or financial reports. For both industries,
it might be beneficial to report on more economic indicators in their sustainability reports
or to at least provide cross-references to their annual or financial reports. This could align
more with triple bottom line reporting and allow companies to gain a better understanding
of the interdependence of their social, economic, and environmental performance [31].

Our results prove our two overarching hypotheses. We demonstrated that the report-
ing practices of extractive industries show temporal variabilities (i.e., inconsistencies) and
revealed the statistical significance of these inconsistencies. We also revealed the significant
differences between the two industries, specifically in economic reporting. In addition to
proving our hypotheses with the discrepancies we identified, we revealed more nuanced
findings that we believe are equally as important. We discuss these findings in more detail
in the remainder of this section.

4.1. The Need for Greater Attention to External Issues

Diving deeper into the topics covered within the indicator subsets, in both industries,
internal indicators (related to the companies’ internal operating processes, business prin-
ciples, or employee management) were generally reported on more and showed lower
temporal variability than external indicators (related to a companies’ relations with com-
munities, customers, suppliers, and other stakeholders). Although both industries covered
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a relatively higher proportion of indicators in the social pillar (Table 1), both industries
placed more emphasis on their internal operations by reporting on social performance man-
agement, business ethics, and other internal indicators more than the external indicators
(Tables 2 and 3). The high reporting rate of internal indicators by both industries may reflect
the straightforward nature of reporting on corporate policies and management structures
rather than more complex issues “outside of the fence”.

As previous research suggests, the indicators reported in sustainability reports should
address external sustainability issues as well as internal ones to provide information that is
more “representative” of the impacts on sustainable development [9]. This is also critical in
terms of designing more sustainable business models and corporate strategies, as it requires
the consideration of all stakeholders, including customers, suppliers, and shareholders [45].
Furthermore, reporting external indicators can encourage companies to take a systems
engineering perspective, wherein their design and planning incorporates both downstream
and upstream processes and actors. Therefore, there is still room for improvement in terms
of addressing externally focused contributions to sustainable development [65]. We recom-
mend that both industries adopt a systems engineering approach while identifying external
indicators, and we report on these least emphasized external indicators more explicitly.

Social indicators that are directly related to company policies or programs and that
can be narratively disclosed were reported more, while reporting of indicators requiring
quantitative data or demonstrable proof was limited. Similarly, reporting was limited on
actual incidents of violation or the identification of risks regarding external issues, such
as child labor, forced labor, and indigenous peoples. In addition, social indicators were
reported on less as the required level of detail increased. These results might suggest that
there is room for improvement in terms of transparency and accountability. There is a need
for continuous monitoring and evaluation and greater attention to such external issues. If
extractive industries pay more attention to this, they might also avoid the risk of being
critiqued for “greenwashing”. These might point out the need for more detailed and robust
data collection in both industries.

Supply Chain Traceability

In both industries, customer health and safety, product/materials stewardship, suppliers and
contractors, and child labor appeared in the five least reported categories. At formal oil and
gas and mining operations, child labor is highly unlikely, explaining its low levels of re-
porting. However, the low reporting on the other indicators suggests that the further down
the supply chain from the company to which an indicator refers, or the more “external”
the issue is to the company, the less it is reported. This may be due to the difficulties in
collecting and monitoring data at the corporate level related to downstream suppliers and
contractors, as most extractive companies work with a large number of these providers
across their global operations. Nonetheless, this contributes to the critique that both sectors
lack supply chain traceability [66–68]. Incorporating sustainable development in the design
of extractive operations requires a holistic approach based on life cycle thinking and a sys-
tems engineering perspective, and sustainability reporting should involve all activities in
the supply chain [9,45]. For this reason, supply chain aspects of the design should be taken
into account as a set of design constraints. Researchers in the field of organizational design
for sustainable business models also suggest that linkages to external partners such as
distributors and outsourcers should be established [69] to enrich the final output of a value
chain [45,70]. Other researchers have suggested that sustainable value chains are not be pos-
sible unless issues concerning a company’s relationship with suppliers are addressed [71].
Furthermore, given the increased global attention to supply chain issues among investors,
consumers, and governments, companies are under pressure to have more responsible and
sustainable supply chains [72–74]. Therefore, we suggest that these lesser reported aspects
of the supply chain need to be more represented in sustainability reports.
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4.2. The Need for Greater Attention to Environmental Issues Involving Third Parties

The environmental indicators that were among the most reported by both industries
included environmental investments and activities, water consumption, environmental manage-
ment, and polluting incidents. This reflects other studies that found that environmental topics
were generally well covered in extractive industries’ sustainability reporting [2,18,28] and
suggests that reporting of such environmental topics is an “older” and “more institution-
alized” issue [18]. Furthermore, we found that oil and gas companies reported on their
environmental investments and activities at a relatively high rate, which might be related to
efforts to shift the public perception of the oil and gas industry after incidents such as the
2010 Gulf of Mexico oil spill.

The most reported environmental categories by both industries reflected their di-
rect environmental impacts. Both industries minimally reported on the environmental
impacts resulting from their interactions with third parties and on activities conducted
at the upper and lower ends of the supply chain, such as material use and transport and
logistics (Tables 4 and 5). However, material use and transportation are among the topics
that investors look for in companies’ sustainability disclosures [75–81]. This relates to
the traceability issue in the supply chain, and similar to social reporting, we suggest an
increased focus on these more external issues.

An important difference between the environmental reporting of the two industries
was discovered for the energy category. In mining reports, the water–energy nexus was
well covered, as they were the top two disclosed categories. However, in oil and gas
reports, energy was reported much less than water consumption. The global demand for
water and energy is increasing as a result of the growing population, urbanization, and
economic growth, while the resources are becoming scarce. Hence, the water–energy
nexus is central to sustainable development, and governmental and non-governmental
organizations are keeping track of the consumption of these resources [82]. Furthermore,
energy consumption is frequently listed among the topics that investors would like to see
in companies’ sustainability disclosures [75–80,83–90]. Hence, it would serve oil and gas
better to report more on energy issues to deliver a more integrated and representative
reporting on issues related to sustainable development and investment.

4.3. Inconsistency in Reporting over Time

Both industries demonstrated similar temporal variabilities in their reporting over
time, although overall, mining companies showed more inconsistency than oil and gas com-
panies in reporting most of the environmental, social, and economic indicator categories.
Hypothesis testing with statistical tests showed that most of the temporal variabilities
observed in reporting were statistically significant.

These temporal variabilities reflect companies’ divergent approaches to sustainability
reporting and introduce a level of subjectivity that obscures a robust assessment of the
extractive industries’ collective contributions to sustainable development. Although vari-
ability in reporting is to a certain extent inevitable, in the long run, it would be beneficial for
companies in the oil and gas and mining industries to learn from each other and attempt to
coalesce around similar reporting structures. This will allow professionals in the extractive
industries to gauge the progress and challenges of companies and the industry in general
in contributing to the Sustainable Development Goals.

In both industries, the reporting of external indicators (e.g., customer health and safety,
product/materials stewardship) showed higher temporal variability than internal indicators.
In addition, water consumption and closure and rehabilitation were among the categories that
were reported with the highest variability by both industries over time. However, these
are important topics that affect large number of stakeholders; hence, we suggest more
consistent reporting on such issues.
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4.4. Differences Observed in Economic Reporting

The details of economic reporting revealed significant differences between the two
industries. Although customers were reported the least by both industries, oil and gas had
a much higher reporting rate (0.24) than mining (0.02) (Tables 6 and 7). This may make
sense given the oil and gas’ direct access to their customers, unlike mining. Since mining
produces raw materials instead of final products, mining companies usually do not have
direct access to their customers. However, it might be more beneficial for mining compa-
nies to better address customer-related indicators in their reports since more customers
are placing more importance on sustainability reports and companies’ contributions to
sustainable development.

Similarly, resource intensity was less reported by both industries, but oil and gas had a
much higher reporting rate (0.29) than mining (0.13). Topics related to resource intensity
may appear less in the reporting of both industries because these topics are generally part
of production data and may be more explicitly reported in financial reports. Indicators
referring to the amount of produced goods or services per material, land, and energy
inputs should be reported more by both industries, considering the importance of resource
efficiency for international financial institutions [91]. The indicator that was least reported
by both industries was “equitable contracting and procurement practices” in the procure-
ment practices category. This indicator can indicate to what extent underrepresented
entrepreneurs have access to business opportunities and can also reflect aspects of diversity
and inclusion.

The most significant difference between the economic reporting of the two industries
was in technology. Oil and gas reported more on technology (0.49), while mining’s reporting
on this topic was quite minimal (0.13). Roca and Searcy (2012) similarly found in their
study that indicators related to technology were reported by oil and gas and not reported at
all by mining [7]. This might suggest that mining companies’ investments in technology
are limited. In fact, mining’s lower investment in innovation and R&D relative to other
industries has been emphasized in the literature [92–95]. According to Ernst & Young,
innovation is among the top 10 business risks and opportunities facing mining, and
significant productivity gains can be achieved by fostering innovation [96]. Although oil
and gas companies reported more on technology, their reporting in this category did not
appear to be well-established due to its high reporting range and fluctuations over the
years (Table 6 and Figure 4). With the current efforts to transition to a low carbon economy,
companies may benefit from communicating their investments in innovation and R&D
more proactively and consistently to attract investors [97].

5. Conclusions

We analyzed the current use of sustainable development indicators by the two major
extractive industries with a data-driven approach and identified the strengths in sustain-
ability reporting practices of the two industries, while also providing insights into areas for
improvement. The supply chain traceability issue is a particular area that can improve in
reporting, and we may anticipate seeing an uptick in this because of the growing attention
being given to more responsible and ethical supply chains. The concept of design for sus-
tainability encompasses the life cycle of projects and products and requires seeking ways
to reduce impacts of operations along and between production and recycling chains [32].
Therefore, we propose that the extractive industries focus on resolving the supply chain
traceability issue to better incorporate sustainable development considerations into the
design and management of their operations. This is also a part of responsible investment
efforts, as investors pay increasing attention to companies’ disclosures on topics related to
their suppliers, supply chain, responsibility to customers, product stewardship, and child
labor [75–78,80,81,86–90,98]. From the investors’ perspective, these topics are “material
investment risks”, and lack of their accurate and meaningful disclosure might make it
more challenging for companies to assess their own risks and create value and to im-
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pede investors’ interpretation and incorporation of such information into their decision
making [99].

Ernst & Young recently cited “social license to operate” as the number one risk for
the mining industry for the second year in a row, as social responsibility, stakeholder
demands, and scrutiny from end consumers increase [96]. We see this risk reflected in the
less frequent reporting of external indicators in sustainability reporting of the extractive
industries. We believe that improving the sustainability reporting of both oil and gas and
mining in terms of the representativeness of external sustainable development issues would
have a significant impact on addressing some of these risks, as it would allow companies
to identify blind spots and areas for improvement. In addition, the United Nations’ most
recent policy brief provides recommendations to “transform the extractives sector into an
engine for sustainable development” by including civil society, vulnerable groups, local
communities, and other stakeholders in the design, implementation, and monitoring of
extractive operations [100]. Thus, increasing the focus on reporting external issues would
help extractive industries better incorporate sustainable development considerations into
the design and management of their operations. This is also critical for capturing the
interactions and synergies between different institutions that play important roles in
achieving common Sustainable Development Goals, including industry, communities,
governments, academia, and the media, or the “Penta-Helix” [101–103]. Additionally,
reporting practices with reduced temporal uncertainty would aid extractive industries in
more successfully monitoring their own performance and contribute to more transparent,
ethical supply chains and a lower carbon footprint [96].

A recent report produced by the Responsible Mining Initiative (RMI 2020) cautioned
about “SDG-washing” [104]. Accordingly, although mining companies are increasingly
aligning their sustainability reporting with the SDGs, their reporting is selective, and
they generally omit the negative impacts potentially hindering the achievement of the
SDGs. This points to the need for an honest picture of the challenges the mining sector
faces in its support of the SDGs [104], which is also valid for the oil and gas industry.
We believe that sustainability reporting practices with increased temporal stability and
representativeness could aid both extractive industries in addressing the critique of “SDG-
washing” and may provide a profound method for mapping the contributions of extractive
industries’ practices to SDGs. For example, if the external issues that are currently being
overlooked, such as indicators related to product stewardship and supply chain, are included
more in sustainability reports, it would help the extractive industries demonstrate their
contributions to particular SDGs (i.e., SDG 8—decent work and economic growth and SDG
12—responsible consumption and production), as well as areas where they can improve.
Similarly, if the mining industry reports more on technology and innovation, it would
serve them better in demonstrating their contributions to SDG 9 (industry, innovation,
and infrastructure). Therefore, we suggest that more representativeness of sustainable
development issues would be beneficial for the extractive industries.

Although the two industries have been reporting for several years and they cover a
large number of indicators in their reports, there are still areas for improvement in terms
of the representativeness of the issues and goals related to sustainable development that
appear in their reports. This suggests that the number of reported indicators does not really
matter in sustainability reporting of extractive industries; what matters is the reported
indicators’ content and their connections to sustainable development. Future research
could investigate the real reasons behind the trends and temporal variabilities in companies’
reporting practices through primary data (e.g., interviews with companies). Moreover,
research might be conducted on more companies over a longer time to obtain more precise
statistical results and to better identify potential correlations of the reporting trends with
other parameters. Finally, we advocate for a framework or a decision-making tool that
allows for more objective sustainability assessments, yet attends to the temporal and spatial
variability that occurs across extractive industries’ operations.
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Appendix A

Table A1. List of the indicators in the literature indicators set broken down by indicator category.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Compliance and Public
Sector (4)

Amount of money paid to political parties and institutions whose prime function is to fund political parties or
their candidates

Fines paid for non-compliance (economic, environmental, and social)

Total fund for mine closure and rehabilitation, including mitigating the post-closure environmental unit and
social impacts

Total investment for pollution prevention and control (air, water, and solid waste)

Customers (2)
Geographic breakdown of markets, disclosing contribution to GDP greater than 5%

Geographic breakdown of markets, disclosing national market share greater than 25%

Economic Performance (4)

Coverage of the organization’s defined benefit plan obligations

Financial implications and other risks and opportunities for the organization’s activities due to climate change

Net sales

Significant financial assistance received from government

Employees (5)

Health, pension, and other benefits and redundancy packages provided to employees as percentage of total
employment costs

Investment in employee training and education as percentage of net sales

Percentage of employees that are shareholders in the company

Total cost of employment as percentage of net sales

Total payroll costs and benefits (including pension and redundancy payments) broken down by region or country

Indirect
Economic
Impacts (1)

Understanding and describing significant indirect economic impacts, including the extent of impacts

Market Presence (3)

Policy, practices, and proportion of spending on locally based suppliers at significant locations of operation

Procedures for local hiring and proportion of senior management and workforce hired from the local community
at location of significant operation

Range of ratios of standard entry level wage compared with local minimum wage at significant locations of
operation

Procurement Practices (3)

Cost of goods, materials, and services purchased

Equity

Percentage of purchasing from local supplier to our of region

Products (1) Breakdown by product type

Providers of capital (4)

Average capital employed

Distributions to providers of capital broken down by monetary interest on debt and borrowings and dividends on
all classes of shares

Percentage of ethical investments relative to total investments

Return on average capital employed (ROACE)
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Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Resource
Intensity (4)

Produced goods or services per land input

Produced goods or services per energy input

Produced goods or services per material input

Transport intensity

Technology (2)
Innovation and R&D Investment

Wastewater treatment (% efficiency)

ENVIRONMENTAL

Biodiversity (4)

Description of the major impacts on biodiversity associated with company activities and/or products and services in
terrestrial, freshwater, and marine environments

Identity, size, protected status, and biodiversity value of water bodies and related habitats significantly affected by the
reporting organization’s discharges of water and runoff

Loss of wildlife habitat due to noise emissions

Significant impacts of activities, products, and services on biodiversity in protected areas; description of high
biodiversity value outside protected areas

Closure and
Rehabilitation (5)

Number of awards for rehabilitation and a summary, if applicable

Number of mines closed

Number of sites officially designated for biological, recreational, or other interest as a result of rehabilitation

Number of sites rehabilitated

Summary of the policy for closure and rehabilitation

Emissions (19)

CH4

CO2

Emissions of acid gases (NOx, SO2, and other), breakdown by substance

Emissions of ozone depleting substances, breakdown by substance

Emissions of particles

Equivalent number of fully grown trees that would be required for sequestration of the total CO2 emissions

HFCs

Initiatives to reduce greenhouse gas emissions and reductions achieved

Loss of wildlife habitat (due to emissions)

N20

Net emissions of CO2 (total CO2 emissions minus CO2 emissions potentially sequestered by trees)

O3

Other emissions; breakdown by substance

Other relevant indirect greenhouse gas emissions by weight

PFCs

SF6

The amount of CO2 emissions that can (theoretically) be sequestered by the trees planted by the company

Toxic emissions (including heavy metals, dioxins, 40 crystalline silica, and others), breakdown by substance

VOCs
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Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Energy (10)

Breakdown by type of the amount of the primary energy used (including natural gas, diesel, LPG, petrol, and
other fuels) (Direct energy consumption by primary energy source)

Breakdown by type of the amount of the secondary energy used (electricity and heat) used and exported
(if applicable)

Energy from renewable sources used and exported (if applicable)

Energy saved due to conservation and efficiency improvements

Indirect energy consumption by primary source

Initiatives to provide energy efficient or renewable energy-based products and services and reductions in energy
requirements as a result of these initiatives

Initiatives to reduce indirect energy consumption and reductions achieved

Percentage of renewable energy used relative to total energy consumption

Summary of energy policy

Total primary and secondary energy used

Environmental Investments
and Activities (2)

Summary of any other environmental voluntary activities

Total environmental protection expenditures and investments by type

Environmental
Management (6)

Initiatives to mitigate environmental impacts of products and services, and extent of impact mitigation

Monetary value of significant fines and total number of non-monetary sanctions for noncompliance with
environmental laws and regulations

Percentage of planning permissions refused on environmental and social grounds relative to the number
applications for permissions

Percentage of sites certified to an EMS (e.g., ISO % 14001/EMAS)

Summary of any assessments of suppliers and contractors quality and environmental performance

Total number of prosecutions for environmental non-compliance and a summary for each region and country
if applicable

Liquid Effluents (6)

Breakdown of substances discharged with liquid effluents

Describe any measures put in place to prevent acid main drainage, if applicable

Percentage of permitted sites causing downstream and/or underground water quality problems relative to the
total number of permitted sites

Total volume of tailings and disposal methods

Total volume of water discharge into waterways

Total water discharge by quality and destination

Material Use (6)

Breakdown by type and the total amount of packaging used

Breakdown by type and the total amount of chemicals used

Materials used by weight or volume

Percentage of materials used that are recycled input materials

Percentage of recycled or re-used packaging relative to the total amount of packaging

Percentage of waste chemicals (processed or unprocessed) used from both internal and external sources

Mineral Resources (2)
Breakdown of the amount of each saleable primary resource extracted

Total products’ yield as percentage of the amount of saleable products relative to the total amount of material
extracted

Nuisance (3)

Discomfort and possible diseases due to noise emissions

Loss of wildlife habitat due to infrastructure problems caused by operations

Total number of external complaints related to noise, road dirt and dust, visual impact, and other nuisance
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Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Polluting Incidents (9)

Amount of hazardous materials that may affect human health or ecosystems

Area possibly affected due to accidents/incidences polluting air, water, soil

Describe any measures put in place to prevent tailings dam(s) failure

Effect of accidents/incidents polluting air, water, soil

Frequency of accidents/incidences polluting air, water, soil

Number of environmental accidents and a summary for each region or country, as applicable

Possible effect of hazardous materials in case of accidents/incidences

Recovery period in case of damage

Total number and volume of significant spills

Solid Waste (6)

Percentage of permitted sites that have a problem of land contamination relative to the total number of
permitted sites

Percentage of products sold and their packaging materials, reclaimed by category

Total hazardous solid waste and breakdown by type and description of disposal methods

Total non-hazardous solid waste and breakdown by type and description of disposal methods

Total weight of waste by type and disposal method

Weight of transported, imported, exported, or treated waste

Transport and Logistics (4)

Percentage of distance for transport of products to customers covered by road, rail, and water transport,
breakdown by type

Significant environmental impacts of transporting products, goods and materials used for the organization’s
operations and transporting members of the workforce

Total distance for all transport per ton of products

Total transport distance, including in the mine/quarry, transport of products to customers, business travel, and
commuting for “fly-in, fly-out” operations

Water Consumption (5)

Percentage and total volume of water recycled and reused

Percentage of water recycled and reused (e.g., cooling, waste, rainwater) relative to the total water withdrawn
from source

Proportion of total water resources affected

Total water use for production of mineral resources

Water use intensity by activity

SOCIAL

Business Ethics (17)

Actions taken in response to incidents of corruption

Commitment to strategy of corporate citizenship irrespective of laws in place and government approach
to enforcement

Corporate compliance and accountability with respect to international, national, and regional regulations,
restrictive measures, and laws

Group policies with reference to internal, external CSR benchmarks, and human rights issues

Investigate more equitable “rent-sharing” agreements

Monetary value of significant fines and total number of non-monetary sanctions for noncompliance with laws
and regulations

Number and percentage of operations with closure plans

Percentage and total number of business units analyzed for risks related to corruption

Percentage of employees trained in organization’s anti-corruption policies and procedures

Proven commitment to CSI as a mechanism for contributing to local and regional development plans in countries
of operation

Proven commitment to government stakeholder dialogue and engagement as a systematic principle of corporate
policy from the outset to the end of a project/investment

Public policy positions and participation in public policy development and lobbying



Sustainability 2021, 13, 8716 27 of 37

Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Business Ethics (17)

Summary of the policy for managing political contributions and lobbying

Summary of the policy on addressing bribery and corruption that meets (and goes beyond) the requirements of
the OECD Convention on Combating Bribery

Sustained commitment to corporate social investment

Total number of legal actions for anticompetitive behavior, anti-trust, and monopoly practices and their outcomes

Total value of financial and in-kind contributions to political parties, politicians, and related institutions
by country

Child Labor (3)

Operations identified as having significant risk for incidents of child labor and measures taken to contribute to the
elimination of child labor

Specify any verified incidences of non-compliance with child labor national and international laws

Summary of the policy on excluding child labor as defined by the ILO Convention 138

Community
Engagement/
Impacts (13)

Alcoholism due to the company’s operations

Awards received for social and ethical behavior in relation to local communities

Cultural disruption due to the company’s operations

Nature, scope, and effectiveness of any programs and practices that assess and manage the impacts of operations
on communities

Number and description of significant disputes relating to land use, customary rights of local communities, and
Indigenous Peoples

Percentage of sites with “fly-in, fly-out” operations relative to the total number of sites

Prostitution due to the company’s operations

Specify any community projects in which the company has been involved

Summary of Community Sustainable Development Plan to manage impacts on communities in areas affected by
its activities during the mine operation and post-closure

Summary of the policy for liaison with local communities

Summary of the policy on stakeholder involvement, including the mechanisms by which stakeholders can
participated in decision-making on the issues that concern them

The extent to which grievance mechanisms were used to resolve disputes relating to land use, customary rights of
local communities, and Indigenous Peoples and the outcomes

Total number of health and safety complaints from local communities, with a summary, if applicable

Customer Health and
Safety (5)

Life cycle stages in which health and safety impacts of products and services are assessed for improvement

Number and type of instances of non-compliance with regulations concerning customer health and safety,
including the penalties and fines assessed for these breaches

Percentage of significant products and services categories subject to health and safety impacts of products and
services are assessed

Summary of the policy for preserving customer health and safety during use of products

Total number of incidents of non-compliance with regulations and voluntary codes concerning health and safety
impacts of products and services during their life cycle, by type of outcomes

Diversity and Equal
Opportunity (8)

Composition of governance bodies and breakdown of employees per category according to gender, age group,
minority group membership, and other description diversity indicators

Ratio of basic salary of men to women by employee category

Total number of incidents of discrimination and actions taken

Percentage of ethnic minorities employed relative to the total number of employees, with an explain of how
representative that is of the regional or national population makeup

Percentage of ethnic minorities in senior executive and senior and middle management ranks

Percentage of women employed relative to the total number of employees

Percentage of women in senior executive and senior and middle management ranks

Summary of the equal opportunity policy
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Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Employment Practices (6)

Benefits provided to full-time employees that are not provided to temporary or part-time employees, by
major operation

Breakdown by region or country of the number of direct employees (on company payroll)

Employee turnover expressed as percentage of employees leaving company relative to the total number of
new employees

Number of indirect employees (e.g., contractors, consultants) expressed as full-time equivalents

Total number and rate of employee turnover by age group, gender, and region

Total workforce by employment type, employment contract, and region

Forced or
Compulsory
Labor (2)

Operations identified as having significant risk for incidents of forced or compulsory labor and measures to
contribute to the elimination of forced or compulsory labor

Summary of the policy to prevent forced and compulsory labor as specified in ILO Convention No. Description
29, Article 2

Human Rights (7)

Identification of human rights issues and commitment to their protection

Percentage and total number of significant investment agreements that include human rights clauses or that have
undergone human rights screening

Percentage of security personnel trained in the organization’s policies or procedures concerning aspects of human
rights that are relevant to operations

Percentage of significant suppliers and contractors that have undergone screening on human rights and
actions taken

Statement on whether the company conforms with the ILO Conventions on the Right to Organize (no. 87 and 98)

Summary of the policy concerning human rights relevant to company’s activities

Total hours of employee training on policies and procedures concerning aspects of human rights that are relevant
to operations, including the percentage of employees trained

Indigenous
Peoples (3)

Percentage of quarries/mines on sites sacred for indigenous people relative to the total number of quarries/mines

Summary of the policy to address the needs and particularly the land rights of indigenous people

Total number of incidents of violations involving rights of indigenous people and actions taken

Labor/
Management
Relations (6)

Freedom of association and collective bargaining

Minimum notice period(s) regarding operational changes, including whether it is specified in collective
agreements (Description)

Number of strikes and lock-outs exceeding one week’s duration, by country

Percentage of employees covered by collective bargaining agreements

Policy procedures involving consultation and negotiation with employees over changes in the company (e.g.,
restructuring, redundancies, etc.)

Ranking of the company as an employer in the internal ranking and surveys

Occupational Health
and Safety (11)

Education, training, counselling, prevention, and risk-control programs in place to assist employees, their families,
or community members regarding serious diseases

Health and safety topics covered in formal agreements with trade unions

Lost-time accidents

Lost-time accidents relative to the total hours worked

Number of compensated occupational diseases

Number of fatalities at work

Percentage of hours of training regarding health and safety relative to the total number of hours worked

Percentage of total absence hours on health and safety grounds relative to the total hours worked

Percentage of total workforce represented in formal joint management–worker health and safety committees that
help monitor and advise on occupational health and safety programs

Rates of injury, occupational diseases, lost days, and absenteeism and number of work-related fatalities by region

Summary of the policy on HIV/AIDS
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Table A1. Cont.

Indicator
Category
(Number of
Indicators)

ECONOMIC

Product/Materials
Stewardship (10)

Monetary value of significant fines for noncompliance with laws and regulations concerning the provision and
use of products and services

Practices related to customer satisfaction, including results of surveys measuring customer satisfaction

Programs and progress relating to materials stewardship

Programs for adherence to laws, standards, and voluntary codes related to marketing communications, including
advertising, promotion, and sponsorship

Summary of consumer satisfaction and complaints

Summary of the policy related to product information and labelling

Total number of incidents of non-compliance with regulations and voluntary codes concerning marketing
communications, including advertising, promotion, and sponsorship by type of outcomes

Total number of incidents of non-compliance with regulations and voluntary codes concerning product and
service information and labelling, by type of outcomes

Total number of substantiated complaints regarding breaches of customer privacy and losses of customer data

Type of product and service information required by procedures and percentage of significant products and
services subject to such information requirements

Social
Performance
Management (7)

Demonstrable use of Social Impact Assessment (SIA) tools throughout project life, including closure

Ongoing group social audit and verification processes conforming to AA 1000

Socially responsible approach to personal development

Socially responsible communication strategy and employee involvement

Socially responsible employment and working conditions

Socially responsible management policies and system

Sustained commitment to social performance evaluation, reporting at local and corporate level

Suppliers and Contractors (2)
Percentage of contracts that are paid in accordance with agreed terms

Percentage of local suppliers, relative to the total number of suppliers

Training and Education (5)

Average hours of training per year per employee by employee category

Number of employees that are financially sponsored by the company for further education

Percentage of employees receiving regular performance and career development reviews

Percentage of hours training (excluding Health and Safety) relative to the total hours worked (e.g., management,
production, technical, administrative, cultural, etc.)

Programs for skills management and lifelong learning that support the continued employability of employees and
assist them in managing career endings

Appendix B

Table A2. Statistical test results showing change over the study period for social reporting of oil and gas companies. (Tests
were conducted at 95% confidence level.)

Social Indicator
Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Suppliers and
Contractors

Not significant
(p = 0.190)

Not significant
(p = 0.151) -

Forced or
Compulsory Labor

Not significant
(p = 0.750)

Not significant
(p = 0.799) -

Training and
Education

Not significant
(p = 0.500)

Not significant
(p = 0.581) -

Indigenous Peoples Not significant
(p = 0.379)

Not significant
(p = 0.449) -

Child Labor Not significant
(p = 0.843)

Not significant
(p = 0.936) -
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Table A2. Cont.

Social Indicator
Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Community
Engagement/Impacts

Not significant
(p = 0.483)

Not significant
(p = 0.531) -

Labor/Management
Relations

Not significant
(p = 0.429)

Not significant
(p = 0.461) -

Human Rights Not significant
(p = 0.436)

Not significant
(p = 0.486) -

Social Performance
Management

Not significant
(p = 0.525)

Not significant
(p = 0.579) -

Product/Materials
Stewardship

Not significant
(p = 0.141)

Not significant
(p = 0.092) • 2013 and 2015

Employment Practices Not significant
(p = 0.278)

Not significant
(p = 0.258)

• 2012 and 2017

Business Ethics Not significant
(p = 0.123)

Not significant
(p = 0.071)

• 2012 and 2014
• 2012 and 2016

• 2012 and 2017
• 2015 and 2016

Customer Health
and Safety

Not significant
(p = 0.070)

Significant
(p = 0.036)

• 2013 and 2018
• 2014 and 2018

Diversity and
Equal Opportunity

Not significant
(p = 0.084)

Significant
(p = 0.037)

• 2012 and 2013
• 2013 and 2018

Occupational Health
and Safety

Significant
(p = 0.049)

Significant
(p = 0.019)

• 2014 and 2017
• 2015 and 2017
• 2015 and 2018

Table A3. Statistical test results showing change over the study period for social reporting of mining companies. (Tests
were conducted at 95% confidence level.)

Social Indicator
Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Suppliers and
Contractors

Not significant
(p = 0.350)

Not significant
(p = 0.353) -

Forced or
Compulsory Labor

Not significant
(p = 0.577)

Not significant
(p = 0.666) -

Training and Education Not significant
(p = 0.384)

Not significant
(p = 0.398) -

Indigenous Peoples Not significant
(p = 0.345)

Not significant
(p = 0.343) -

Employment Practices Not significant
(p = 0.490)

Not significant
(p = 0.609) -

Child Labor Not significant
(p = 0.155)

Not significant
(p = 0.119)

• 2015 and 2017
• 2016 and 2017

Occupational Health
and Safety

Not significant
(p = 0.313)

Not significant
(p = 0.308) • 2017 and 2018

Human Rights Not significant
(p = 0.329)

Not significant
(p = 0.327) • 2016 and 2017

Community
Engagement/Impacts

Not significant
(p = 0.148)

Not significant
(p = 0.134)

• 2015 and 2016
• 2016 and 2017

Diversity and Equal
Opportunity

Not significant
(p = 0.326)

Not significant
(p = 0.328) • 2014 and 2016
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Table A3. Cont.

Social Indicator
Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Labor/Management
Relations

Not significant
(p = 0.492)

Not significant
(p = 0.549) • 2016 and 2017

Social Performance
Management

Not significant
(p = 0.072)

Significant
(p = 0.012) -

Customer Health
and Safety

Significant
(p = 0.027)

Significant
(p = 0.002)

• 2012 and 2015
• 2012 and 2016
• 2012 and 2017

• 2013 and 2015
• 2013 and 2017

Product/Materials
Stewardship

Significant
(p = 2.73 × 10−11)

Significant
(p = 2.2 × 10−18)

• 2012 and 2013
• 2012 and 2014
• 2012 and 2015
• 2012 and 2016
• 2012 and 2017
• 2012 and 2018
• 2013 and 2015

• 2013 and 2016
• 2013 and 2017
• 2013 and 2018
• 2014 and 2015
• 2014 and 2016
• 2014 and 2017
• 2014 and 2018

Business ethics Significant
(p = 0.019)

Significant
(p = 0.006)

• 2012 and 2017
• 2013 and 2017
• 2014 and 2017

• 2015 and 2017
• 2016 and 2017
• 2017 and 2018

Table A4. Statistical test results showing change over the study period for environmental reporting of oil and gas companies.
(Tests were conducted at 95% confidence level.)

Environmental
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Nuisance Not significant
(p = 0.529)

Not significant
(p = 0.777) -

Environmental
Investments

Not significant
(p = 0.333)

Not significant
(p = 0.423) -

Biodiversity Not significant
(p = 0.924)

Not significant
(p = 0.975) -

Transport and
Logistics

Not significant
(p = 0.404)

Not significant
(p = 0.441) -

Mineral resources Not significant
(same data over the years)

Not significant
(same data over the years) -

Liquid Effluents Not significant
(p = 0.225)

Not significant
(p = 0.181) -

Solid Waste Not significant
(p = 0.799)

Not significant
(p = 0.926) -

Polluting Incidents Not significant
(p = 0.770)

Not significant
(p = 0.889) -

Material Use Not significant
(p = 0.190)

Not significant
(p = 0.134) -

Energy Not significant
(p = 0.091)

Not significant
(p = 0.057)

• 2012 and 2014
• 2012 and 2015

• 2013 and 2014
• 2013 and 2015
• 2013 and 2017

Environmental
Management

Significant
(p = 0.247)

Not significant
(p = 0.225)

• 2017 and 2018

Closure and
Rehabilitation

Significant
(p = 0.029)

Significant
(p = 0.014)

• 2013 and 2017
• 2013 and 2018
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Table A4. Cont.

Environmental
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Emissions Significant
(p = 8.52 × 10−5)

Significant
(p = 1.195 × 10−6)

• 2012 and 2014
• 2012 and 2015
• 2012 and 2016
• 2012 and 2017
• 2012 and 2018

• 2013 and 2014
• 2013 and 2015
• 2013 and 2016
• 2013 and 2017
• 2013 and 2018

Water Consumption Significant
(p = 0.036)

Significant
(p = 0.009)

• 2012 and 2014
• 2013 and 2014

• 2014 and 2016
• 2015 and 2016

Table A5. Statistical test results showing change over the study period for environmental reporting of mining companies.
(Tests were conducted at 95% confidence level.)

Environmental
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based on Post Hoc
Pairwise Test

Nuisance Not significant
(p = 0.177)

Not significant
(p = 0.135) -

Environmental
Investments

Not significant
(p = 0.457)

Not significant
(p = 0.526) -

Biodiversity Not significant
(p = 0.213)

Not significant
(p = 0.169) -

Transport and
Logistics

Not significant
(p = 0.275)

Not significant
(p = 0.253) -

Mineral Resources Not significant
(same data over the years)

Not significant
(same data over the years) -

Liquid Effluents Not significant
(p = 0.439)

Not significant
(p = 0.470) -

Environmental
Management

Not significant
(p = 0.461)

Not significant
(p = 0.514) -

Emissions Not significant
(p = 0.186)

Not significant
(p = 0.157) • 2012 and 2014

Energy Not significant
(p = 0.277)

Not significant
(p = 0.267) • 2015 and 2017

Polluting Incidents Not significant
(p = 0.056)

Significant
(p = 0.032)

• 2015 and 2016
• 2015 and 2018

• 2016 and 2017
• 2017 and 2018

Material Use Significant
(p = 0.0063)

Significant
(p = 0.0001)

• 2012 and 2014
• 2012 and 2015
• 2012 and 2016
• 2012 and 2017
• 2012 and 2018

• 2013 and 2014
• 2013 and 2015
• 2013 and 2016
• 2013 and 2017
• 2013 and 2018

Solid Waste Significant
(p = 0.0208)

Significant
(p = 0.0048)

• 2012 and 2017
• 2013 and 2017

• 2015 and 2018
• 2017 and 2018

Closure and
Rehabilitation

Significant
(p = 0.0060)

Significant
(p = 0.0028)

• 2012 and 2016
• 2014 and 2017
• 2015 and 2016

• 2015 and 2017
• 2016 and 2017
• 2016 and 2018

Water Consumption Significant
(p = 0.0011)

Significant
(p = 9.67 × 10−6)

• 2012 and 2016
• 2012 and 2017
• 2012 and 2018
• 2013 and 2015
• 2013 and 2016

• 2013 and 2017
• 2013 and 2018
• 2014 and 2015
• 2014 and 2016
• 2014 and 2017
• 2014 and 2018
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Table A6. Statistical test results showing change over the study period for economic reporting of oil and gas companies.
(Tests were conducted at 95% confidence level.)

Economic
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based
on Post Hoc Pairwise Test

Customers Not significant
(p = 0.294)

Not significant
(p = 0.277) -

Employees Not significant
(p = 0.689)

Not significant
(p = 0.827) -

Technology Not significant
(p = 0.269)

Not significant
(p = 0.238) -

Economic Performance Not significant
(p = 0.647)

Not significant
(p = 0.877) -

Products Not significant
(p = 0.351)

Not significant
(p = 0.423) -

Indirect Economic
Impacts

Not significant
(same data over the years)

Not significant
(same data over the years) -

Resource Intensity Not significant
(p = 0.817)

Not significant
(p = 0.953) -

Market Presence Not significant
(p = 0.483)

Not significant
(p = 0.677) -

Providers of Capital Not significant
(p = 0.526)

Not significant
(p = 0.632) -

Procurement Practices Not significant
(p = 0.079)

Significant
(p = 0.036) • 2012 and 2018

Compliance and
Public Sector

Not significant
(p = 0.073)

Significant
(p = 0.023) • 2013 and 2018

Table A7. Statistical test results showing change over the study period for economic reporting of mining companies. (Tests
were conducted at 95% confidence level.)

Economic
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based
on Post Hoc Pairwise Test

Customers Not significant
(p = 0.443)

Not significant
(p = 0.544) -

Employees Not significant
(p = 0.405)

Not significant
(p = 0.469) -

Technology Not significant
(p = 0.526)

Not significant
(p = 0.587) -

Economic
Performance

Not significant
(p = 0.711)

Not significant
(p = 0.809) -

Products Not significant
(p = 0.508)

Not significant
(p = 0.677) -

Indirect Economic
Impacts

Not significant
(p = 0.170)

Not significant
(p = 0.062) -

Procurement Practices Not significant
(p = 0.129)

Not significant
(p = 0.076) -

Compliance and
Public Sector

Not significant
(p = 0.608)

Not significant
(p = 0.647) -

Market Presence Not significant
(p = 0.116)

Not significant
(p = 0.055)

• 2012 and 2016
• 2012 and 2017
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Table A7. Cont.

Economic
Indicator Category

ANOVA
Result

Friedman’s Test
Result

Different Year Pairs Based
on Post Hoc Pairwise Test

Resource Intensity Not significant
(p = 0.054)

Significant
(p = 0.020)

• 2012 and 2018
• 2013 and 2018

Providers of Capital Not significant
(p = 0.086)

Significant
(p = 0.021) -
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