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Abstract: This study sought to analyze the level of adopted climate change mitigation and adapta-
tion practices and their relationship with the performance of Brazilian industrial companies. The
data were collected through an e-survey in 40 Brazilian industrial companies linked to the Carbon
Disclosure Project (CDP) and analyzed using univariate and multivariate statistical methods. Mitiga-
tion and adaptation practices were adopted as independent variables against climate change, while
performance parameters (financial, innovative, production, market, and export performance) were
included as the dependent variables. Our findings indicate that Brazilian industrial companies have
been adopting both corporate practices of mitigation and adaptation to climate change and show
that there are relationships between mitigation and adaptation practices and different dimensions of
corporate performance. This study contributes to scientific advancement and developing a theoretical
model that addresses, in an integrated manner, managing climate change adaptation and mitigation
practices and corporate performance.
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1. Introduction

Climate change has become a major challenge for world leaders seeking to establish
policies to manage and minimize the impacts on the ecosystem, which are represented
by numerous risks to human health [1], agricultural production, food security, and the
economy and development of countries [2,3]. The 2018 Intergovernmental Panel on Climate
Change (IPCC) report estimated that human activities have caused approximately 1.0 ◦C
of global warming in the pre-industrial period, with a likely range of 0.8 to 1.2 ◦C [4].
According to the report, if temperatures continue to increase at the current rate, global
warming is expected to increase by 1.5 ◦C between 2030 and 2052 and bring catastrophic
effects to the ecosystem and society. Therefore, the hazards to health, livelihoods, food
security, water supply, human security, and economic growth are also expected to increase
with global warming.

Given the above, the main agents of society, including businesses and the industry,
must operate in line and allied with climate change policies. Research on climate issues and
industry has focused on how companies adjust to changing business conditions in the face
of new competitors, demands, and changes in political, economic, and legal conditions [5].
From this perspective, climate change and extreme weather events are only considered
peripheral or generic risk factors in the business and management literature.

In Brazil, the industrial sector directly accounts for about 7% of greenhouse gas (GHG)
emissions. Its capacity to generate growth and income and potential competitiveness make
this sector one of the most critical actors in tackling climate change [6]. Actions related to
mitigation and adaptation to climate change meet the national economic development goals;
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thus, a low carbon economy may bring opportunities for the Brazilian industry and produce
positive effects and economic growth. In recent years, the increasing integration of climate
change into corporate strategies has increased the interest of management researchers
in the climate issue [7]. However, there are still numerous gaps regarding theoretical
contributions related to management, and some authors [8] have reported that few studies
have assessed how companies respond to climate change.

The Paris Agreement signed in 2015 was an important measure, however, it alone does
not impose limits applicable to the national emissions of the signatory countries. In order
to reduce the emission of greenhouse gases and, consequently, mitigate climate change, it
is necessary to implement more effective measures by countries in order to prioritize the
generation of renewable energy and reduce the use of fossil fuels.

Other authors [9] have stated that it is essential to investigate the challenges and op-
portunities generated from the climate crisis and how organizations respond, especially in
developing countries such as those in South America. In addition, the authors highlighted
the importance of research analyzing how organizations develop practices to mitigate or
adapt to climate change and improvements in organizational operations in international
performance. In this sense, research in business management involves different aspects
of climate change, including risks, opportunities, barriers, and coping strategies, albeit
there still seems to be a lack in the scope of the strategic management of companies and
the ability to influence company performance. Some efforts have been made to identify
climate change impacts in the commodity sectors [10–12] and industrial and business
processes [6,13], which allow inferring a significant impact of climate change on production
and performance.

Given these scenarios, the fundamental question of this study is: How does adopting
mitigation and adaptation practices relate to the performance of industrial companies? To
this end, this study sought to analyze the level of adopting climate change mitigation and
adaptation practices and their relationship with the performance of Brazilian industrial
companies. In addition to the introduction, this paper is structured into five sections. The
second section presents a literature review on the corporate practices of mitigation and
adaptation to climate change, corporate performance, and climate change, while the third
section discusses the methodological procedures employed, followed by the analysis and
discussion of the results in the fourth section and, finally, the final considerations.

2. Theoretical Framework
2.1. Corporate Practices of Mitigation and Adaptation to Climate Change

Adaptation and mitigation are considered two critical corporate responses to climate
change and its impacts on the ecosystem, and in climate change management, these
concepts can be perceived under different approaches [14]. Because of their different
objectives, scales, planning, and implementation measures, mitigation and adaptation
measures are treated separately in projects and policies [15–17].

Despite the differences in the concepts of adaptation and mitigation, the synergy
and mutuality between them cannot be ruled out [16]. Berry et al. [18] corroborate by
stating that synergies and conflicts between adaptation and mitigation are often ignored
in research, and in the literature, there is a range of studies addressing the themes of
mitigation and adaptation [17,19–22]. Nevertheless, few papers have presented a definition
of the terms, and even fewer have applied the terms simultaneously. In this sense and to
deepen these concepts, Table 1 lists the discrepancies in these definitions in the literature.
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Table 1. Conceptualization of terms.

Concept Author

Mitigation

Technological changes and substitutions that reduce resource use and
emissions per unit of production and implement measures that reduce

greenhouse gas emissions and increase carbon sinks.
[23]

Mitigation is a reduction in the rise of atmospheric greenhouse gases occurring
via emission reductions or carbon sequestration. [24]

Global mitigation refers to reducing greenhouse gas emissions and/or
enhancing carbon sinks. [16,17]

Mitigation options are available in all major sectors. They can be more
cost-effective when used in an integrated approach that combines measures to
reduce energy use and greenhouse gas end-use intensity, decarbonize energy

supply, reduce net emissions, and enhance carbon sinks.

[25]

Adaptation

Initiatives and measures to reduce the vulnerability of natural and human
systems against the current and expected effects of climate change. [23]

Adaptation can be defined as the set of actions taken in response to changes in
climate, which improve well-being, do not change the climate as the goal, and

would not have been done if the climate were not changing.
[24]

Adaptation involves improving adaptive capacity and reducing vulnerability
to climate change by taking advantage of favorable opportunities resulting

from climate change.
[16]

Adaptation options exist in all sectors, but the contexts for implementation and
the potential to reduce climate-related risks differ across sectors and regions.
Some adaptation responses involve co-benefits, synergies, and trade-offs. As
climate change increases, so will the challenges for many adaptation options.

[25]

Source: Prepared by the authors.

According to the definitions above, mitigation is directly related to GHG reduction,
and adaptation involves reducing vulnerability to climate change. Despite being perceived
as two independent actions within science, their interaction is fundamental and must be
addressed in all sectors [18]. The two concepts are inherently linked; for instance, a high
mitigation level could require less adaptation, and conversely, with sufficient adaptation, is
a possible reduction in the need for mitigation [26].

The model of mitigation practices used by Cadez and Czerny [27] involves a series
of actions under different strategies related to emission reduction. Carbon-intensive com-
panies focus on a single mitigation strategy rather than deploying multiple strategies
simultaneously, and typically these strategies involve efficiency improvement practices
that do not require high investments [27]. Moreover, studies have shown that achieving
an absolute reduction in industrial emissions requires a broad set of mitigation options
that go beyond common practices [28]. These primary mitigation practices that industrial
companies can adopt are described and proposed by the IPCC [25], being: energy efficiency,
emission efficiency (e.g., fuel and feedstock switching, carbon dioxide capture and storage),
efficiency (e.g., reduced yield losses in production), reuse of materials and recycling of more
intensive products, and increased product use and reduced demand for product services.

Strategies employed by industrial companies also include the use of technology, such
as emission-free lighting, green buildings, non-greenhouse inputs (e.g., gases), environ-
mentally friendly boilers, cooling systems, and cleaning agents [29,30]. In this sense, the
importance and prominence of technology in mitigation practices are perceived, and indus-
trial companies can employ a plethora of heterogeneous mitigation technologies, including
pollution control, eco-efficiency, eco-design, and low-carbon energy management systems;
an appropriate combination of technologies is also recommended to achieve the desired
operational and environmental performance [31].

In the context of emissions, companies can implement corporate carbon strategies
that encompass organizational engagement, risk management, carbon measurement and
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policy, product improvements, process improvements, and carbon offsetting. Carbon
competitiveness is summarized as organizational activities aimed at retaining or gaining a
competitive advantage and covers issues such as new markets and products [32]. Mitigation
measures are associated with adaptive actions in response to climate change by society and
business [33], and there are significant analytical challenges associated with mitigation and
adaptation assessments. However, the boundaries of mitigation measures are more clearly
defined because there is a straightforward metric (GHG emission reduction) to assess the
effectiveness of such determinations. Nonetheless, what does or does not fall within the
scope of adaptation is much more ambiguous, and there are no widely accepted metrics for
assessing the effectiveness of adaptation policies and measures.

By directing the gaze to managers, awareness of the climate effects that are responsible
for the social and long-term implications of climate change stimulates a more comprehen-
sive assessment of exposure to climate risks [34]. According to the authors, recognizing
that organizational systems, management structures, or organizational policies can favor
the adoption of a present-time perspective, stifling the understanding of the long-term
implications of sustainability issues, emerges as a primary concern for companies that wish
to encourage more proactive action on climate issues.

Adaptation strategies are often seen and linked as the responsibility of the government
and the public sector. The private sector’s primary thrust in the climate change field, so far,
has been limited to issues involving mitigation strategies, including the monetization of
carbon credits [30]. Nevertheless, it is pivotal for these agents to partake in climate change
initiatives with a particular focus on adaptation. According to a United Nations report [35],
adaptive measures should consider both preventive and corrective measures and avoid
extreme and irreversible damage. Hence, it is possible to protect the most vulnerable
sectors of the region’s population and natural assets along with actions that will bring a
range of additional benefits (improved health, welfare, and energy efficiency and reduced
air pollution and deforestation). West and Brereton [33] highlighted several examples
of adaptation measures that include installing and updating dams and rising sea level
projections, which are taken into account in land management and coastal infrastructure
and development policies; investing in climate protection in building infrastructure; devel-
oping integrated risk assessment tools in the insurance sector; and investing in drought
prevention measures.

Adaptation options seem to have a complexity and dependence on the adaptation
objective of each sector or environment. In this perspective, Rao and Thamizhvanan [30]
reported that adaptation practices are usually specific to local conditions and developed
locally from relevant action plans to reduce climate-related risks. These action plans involve
information-sharing practices, developing early warning systems (to alert about impending
calamities) and preparation plans, and developing strains and cultures that can withstand
various climatic conditions (heatwaves, droughts, and water salinity).

The Brazilian Ministry of the Environment [36] developed the National Plan for
Adaptation to Climate Change, with sectoral adaptation actions. According to this plan,
adaptation actions for the industrial and mining sectors involve mapping risk areas, pro-
viding tools to access network data, monitoring and alerts using a managerial language,
investing in ecosystem services (including “climate risks” assessments in all industrial com-
panies’ action plans), and investments in reuse and recycling, desalination, and alternative
sources of obtaining water and energy.

2.2. Business Performance and Climate Change

A scenario characterized by the uncertainties and consequences of climate events
brings forth numerous challenges to companies due to the loss or gains of tangible and
intangible resources that this environment represents. Adopting sustainable practices in
the context of climate change can influence their position in the market through corporate
reputation and market legitimacy [37]. For companies with international operations, this
issue is even more emerging. Chakrabarty and Wang [38] noted that these companies
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face the most diverse expectations from their stakeholders, and adopting climate change
mitigation and adaptation practices can thus influence export performance under the
aspects of product leadership, sales, and technological evolution.

In a market context, Ziegler, Busch, and Hoffmann [39] evaluated the relationship
between disclosed corporate responses to climate change and stock market performance
and found that investors tend to invest in companies with a higher level of climate change
disclosure, which may increase awareness of global warming. From another perspective,
Cooper, Raman, and Yin [40] demonstrated the effects of GHG emissions on company
value, reporting that there is a double price to pay associated with GHG emissions and
related to a discount on company value, which is linked to the future negative cash flow
associated with emissions and the reduced reputation of corporate social responsibility.

The vulnerability of production processes to natural disasters amplified by climate
change can significantly hinder industrial companies’ profits and market efficiency [41].
This is corroborated by Qian, Suryani, and Xing [42], who sought to explore the relation-
ship between carbon policy performance and market returns at different times and policy
changes. The authors showed that the market rewarded top carbon performers and penal-
ized heavy polluters in energy-intensive industrial companies when reacting to the carbon
tax repeal. Adopting environmental practices causes positive stakeholder perceptions and,
consequently, improves these companies’ image and reputation performance [43]. Hsu and
Wang [44] found that investors appear to be concerned that the costs of combating global
warming may outweigh the benefits.

Despite the controversy of a business perspective in science, companies may attempt
to take advantage of possible economic opportunities arising from the climate issue by
risks and costs, anticipating regulations and developing capabilities through new products
or markets [44]. Thus, a perceived threat in the context of climate change can also be an
encouraging factor for companies seeking an innovative solution. In addition to threats to
their own operations, by adopting climate change adaptation strategies, companies also
contribute to their role in society [45].

Reduced GHG emissions can bring different strategic benefits to companies [46], and
several of these benefits include operational improvements, anticipating and influencing
climate change regulations, accessing new sources of capital, improving risk management,
improving reputation, identifying new market opportunities, and improving human re-
source management. Furthermore, studies have shown the impact of business activities on
the environment and how the control of GHG emissions can reduce costs and generate a
series of benefits for organizations [47].

In addition to the points described above, climate change can bring important con-
sequences when considering companies’ international operations. Through an empirical
study, Chakrabarty and Wang [38] proved that multinational companies that implement
climate change mitigation practices tend to significantly increase sales effectiveness and
product leadership and achieve convergence between two strategic objectives: mitigating
their impact on the climate and increasing competitiveness. For the authors, in addition to
the direct influence of climate change mitigation on the competitiveness of multinational
corporations, the level of internationalization of companies also acts as an essential control
variable.

Given the context presented, the following research hypotheses were elaborated:

H1. Climate change mitigation practices are positively associated with business performance.

H2. Climate change adaptation practices are positively associated with business performance.

3. Methodology

This study adopted a sample of Brazilian companies from the industrial sector linked
to the Carbon Disclosure Project (CDP), a non-profit organization that assists in managing
the environmental impacts of cities, states, and companies [48]. The CDP consists of
national and multinational industrial companies with potential impacts at the local and
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global levels and high representativeness in the Brazilian economy. The CDP has one
hundred and fifty-six (156) participating companies, albeit only the associated industrial
companies were considered, totaling sixty-eight (68).

The data were collected through an e-survey using a five-point Likert scale. The
respondents answered the questions by choosing scores that best reflected their opinion,
with 1 being the lowest level of agreement and 5 the highest, whose tests proved to be
the most appropriate choice for this research. Experts evaluated the initial version of the
questionnaire, and a pre-test was then conducted with two random organizations from the
sample that were asked to provide feedback on the clarity, comprehensiveness, adequacy,
face validity, and readability of the items of the scales.

The studies of IPCC [25], Damert, Paul, and Baumgartner [32], MMA [36], West and
Brereton [33], and Cadez and Czerny [27] were used to build the model and measure the
mitigation and adaptation practices (independent variables) adopted in the face of climate
change. The indicators of the independent variables are listed in Table 2.

Table 2. Variables and indicators of mitigation and adaptation practices.

Variables Indicators Theoretical
Basis

Mitigation practices

Improving equipment, product, and technology
efficiency;

Cleaner low-carbon energy generation;
Establishing an energy efficiency policy;

Collaborative activities between companies in the
sector, government, and other companies and

organizations;
Reuse of materials and recycling;

Waste reduction;
Reuse, recycling, and energy recovery;

New industrial processes and radical product
innovations;

Product/service efficiency;
Disclosing climate change reports (data on emissions

and practices).

[25,27,32,33]

Adaptation practices

Mapping of risks related to climate change;
Inclusion of climate risk in the company’s action plans;

Actions to reuse and/or desalinate water;
Obtaining energy and water from alternative sources;

Actions for ecosystem conservation.

[36]

Source: Prepared by the authors.

The dependent variables were characterized by business performance and represented
by financial, innovative, production, market, and export performance. In this sense, the
business performance construct was built considering the studies of Papadopoulos and
Martín [49]; Gunday, Ulosoy, Kilic, and Alpkan [50]; and Kneipp [51], as shown in Table 3.
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Table 3. Variables and indicators of business performance.

Variables Indicators Theoretical
Basis

Financial
performance

Return on assets (profit/total assets);
Overall company profitability;

Return on sales (profit/total sales);
Cash flow (excluding investments).

[49–51]

Innovative
performance

Cash flow (excluding investments);
Innovations introduced in work processes and

methods;
Quality of the new products and services;

Number of new projects in products and services;
Percentage of new products in the existing portfolio;
Number of innovations under intellectual property

protection.

Production
performance

Production flexibility (volume);
Production and delivery speed;

Cost of production;
Quality and compliance.

Market
performance

Total sales;
Market share;

Customer satisfaction.

Export
performance

Support received to enter the export market;
Actions to increase the social and environmental

awareness of the products/company;
Mechanisms of response to competitor pressure;

Improvements brought about from expansion into
foreign markets;

Increase in company profitability;
Impacts from customer/consumer diversification;

Increased supply in the product portfolio;
Export sales;

Export profitability.
Source: Prepared by the authors.

Sixty-eight (68) industrial companies participating in the CDP were contacted. Of the
companies contacted, 40 replied and agreed to participate, representing an average return
rate of 58.8%. More than 54% of the respondents were coordinators, consultants, supervisor
engineers, analysts, managers, environmental directors, or sustainability directors. The
remaining respondents are active in administrative management positions and innova-
tion. Regarding the companies’ fields of activity, 17.1% were from the agricultural/agro-
industrial sector; 11.4% from the energy sector; 8.6% each from the cellulose paper, chem-
ical/petrochemical, pharmaceutical, and plastic sectors, respectively; 5.7% each from
the rubber and machinery and equipment branches, respectively; 2.9% each from the
metal/steel, ceramics, and footwear branches, respectively; and, lastly, 8.6% from other
areas. For the purposes of comparison with the reality in the country, agribusiness is
responsible for more than 26% of Brazil’s GDP, while the industrial sector holds 22.2%
of the Gross Domestic Product, with the electricity and gas sectors (9.8%), food (8.2%),
construction of buildings (7.1%), and the extraction of oil and natural gas (6.6%) being the
most representative. Regarding the size of Brazilian industries, 93.8% are micro and small,
5% are medium-sized companies, and 1.2% are large companies [52].

The non-adherence of the data distribution to normality was performed using the K-S
test and the basis to choose the analysis techniques used in SPSS software (version 18.0).
Univariate (means and standard deviation) and bivariate (correlation and multiple corre-
spondence analysis) techniques were applied to analyze the existing relationship between
mitigation and adaptation practices and climate change and business performance.
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Due to the non-normality of the data, Spearman’s r coefficient (rs) was used to analyze
the bivariate correlation [53]. For the multiple correspondence analysis, homogeneity
analysis (Homals) was adopted, which, through the perceptual maps, allowed the cor-
respondences between the categories of variables studied to be viewed and evaluated
according to their proximity [54].

4. Results and Discussion

The results were first analyzed by descriptive analysis and then analyzed by correlation
and multiple correspondence analysis. Finally, the results are discussed theoretically.

4.1. Descriptive Analysis

In order to understand the average adoption of corporate practices in the selected
sample, the two constructs were analyzed by univariate descriptive analysis. The first one
refers to mitigation practices and the second to adaptation practices in climate change. The
descriptive analyses of the mitigation practices adopted by the sample companies are listed
in Table 4.

Table 4. Climate change mitigation practices of the analyzed companies.

Mitigation Practices Mean Standard
Deviation

Energy efficiency and
emission
efficiency

The company has practices to improve
equipment, products, and technology

efficiency.
4.15 1.16

The company has cleaner, low-carbon
energy generation practices (e.g., fossil

fuel switching).
3.40 1.38

The company has practices establishing
an energy efficiency policy, such as

combined heat and power and process
changes and optimization.

3.39 1.32

The company has practices of
collaborative activities between

companies in its sector and others.
2.55 1.41

Reuse and
recycling

The company has practices for reusing
materials and recycling products,

including recycled materials.
3.95 1.21

The company has waste reduction
practices. 4.37 1.00

The company has reuse, recycling, and
energy recovery practices, such as

material substitution.
3.43 1.39

Product/process
improvements

The company has practices of new
industrial processes, radical product
innovations, and designs, including
product changes, aimed at process
efficiency and lower input usage.

3.59 1.32

The company has product/service
efficiency practices (e.g., overall end-use

energy efficiency).
3.15 1.39

The company has practices of releasing
reports related to climate change

(emission data and practices).
3.34 1.71

Source: Prepared by the authors.
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According to the results, among the mitigation practices, the ones with the highest
average scores involve reuse and recycling actions, making the practices of waste reduction,
material reuse, and product recycling stand out. These findings are relevant as the IPCC [25]
emphasized that one of the most effective ways of mitigating GHG emissions involves
waste management and recycling. Moreover, the IPCC [25] states that industrial companies
can improve their resource efficiency by recycling or reusing before sending materials
to landfills, which are considered significant GHG emission sources. Several mitigation
options exist at the pre-consumer stage, and the most important is waste reduction during
production processes and the importance of post-consumer waste.

According to Cadez and Czerny [27], recycling materials are widely used in steel,
aluminum, glass, and plastic industrial companies. Nevertheless, with over 158 companies
from three European Union countries, the authors found that recycling practices are less
applied than the other mitigation practices. In contrast to the information reported by
Cadez and Czerny [27], the data herein demonstrate that industrial companies seem to be
keener on adopting recycling and reuse practices compared to other mitigation actions,
and this was also observed by Fuchs et al. [55], who showed recycling as one of the most
adopted actions in reducing GHG emissions in the Brazilian automotive and pulp and
paper sectors. The results found seem to be in line with Rao and Thamizhvanan [30], in
which there was a greater interest of executives to participate or support in the context of
mitigation strategies such as reduction, reuse, and recycling practices.

Still within the scope of mitigation practices, those related to energy efficiency and
emissions efficiency stand out, as also noted by Kneipp [51], who showed that Brazilian
industrial companies adopt, with high intensity, practices to improve energy efficiency
and reduce emissions, demonstrating that they are concerned with the best use of natural
resources. However, the practices representing the lowest adoption percentages refer to
collaborative activities between companies and involvement in negotiations with gov-
ernments and partnerships. This result does not follow the theories of Wadin, Ahlgren,
and Bengtsson [56] and Berry et al. [18], who believed that alliances between differently
sized companies and sectors are pivotal in the scope of mitigation and adaptation practices
as they favor learning and spreading sustainable technologies, thereby contributing to
sustainably transforming markets.

Given this scenario, the institutional reflection of these issues is fundamental since
developing partnerships and establishing dialogue and cooperation with governments,
organizations, and other stakeholders are essential for the efficiency of climate change
coping plans in industrial companies [57,58], especially in developing countries [59]. In the
scope of adaptation practices adopted by industrial companies, a similar index to mitigation
practices is perceived, as presented in Table 5.

Table 5. Climate change adaptation practices of the analyzed companies.

Adaptation Practices Mean Standard Deviation

The company carries out risk mapping for climate change. 2.84 1.64
The company includes “climate risk” in its action plans. 3.05 1.60

The company has actions for the reuse and/or desalination of water. 3.75 1.32
The company has actions to obtain energy and water from alternative

sources (e.g., wind, solar, geothermal, biomass, biogas, etc.). 3.16 1.59

The company has actions for ecosystem conservation. 4.00 1.34
Source: Prepared by the authors.

As illustrated above, the adaptation practice that presents the highest average is devel-
oping actions for ecosystem conversation. In a way, it is also perceived as a contradictory
fact if we consider the study by Berry et al. [18], for which adaptation actions regarding
ecosystem conservation, such as biodiversity and water, had a strong dependence on the
interaction between sectors and organizations. This study identified that companies have
a high index of ecosystem conservation practices, albeit, as seen earlier, they do not have
collaborative activities between companies in the sector and across sectors.
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The adaptation practice with the lowest average is mapping climate change risks,
showing that companies may still struggle to identify and manage climate change risks.
However, identifying and assessing the risks and impacts of climate change in organizations
is the determining factor in climate policies [60,61]. Moreover, Gasbarro, Iraldo, and
Daddi [13] reported that risk assessment helps determine and prioritize vulnerabilities
and opportunities and may encourage companies to pay more attention to climate events.
Hence, the absence of this practice in companies can maximize the impacts of climate
change.

Considering these pieces of evidence, Brazilian industrial companies have an average
level of adopting mitigation and adaptation practices related to climate change, corrobo-
rating Souza et al. [62], in which over half of the companies surveyed adopted mitigation
plans, and 32% adopted adaptation plans. In this sense, our findings can be considered
positive since these practices may be related to the more significant awareness and respon-
sibility of the sampled companies towards environmental and climate issues. For Damert
and Baumgartner [63], larger companies tend to implement more sophisticated measures in
response to climate change, and this is likely because of their greater public exposure and
superior financial and human resources. In this scenario, and considering that the sampled
companies are large and references in the market, there are still challenges to maximizing
mitigation and adaptation practices in Brazilian industrial companies.

Added to this context is the geographical importance of Brazil, considered highly
vulnerable to climate change due to various factors, including its dependence on natural
resources, the scale of its agricultural activities, the size of its forests, and its biodiversity [34].
Therefore, this issue requires an even more solid and focused attitude from companies and
society towards minimizing climate change.

4.2. Correlation and Multiple Correspondence Analysis

The association between climate change mitigation and adaptation practices and
business performance was carried out by correlation analysis between the indicators of the
independent and dependent variables considering the mean of each construct (Table 6).

Table 6. Climate change adaptation and mitigation practices and corporate performance—Spearman’s
correlation.

Financial
Performance

Innovative
Performance

Production
Performance

Market
Performance

Export
Performance

Mitigation
practices

Improving equipment, product, and
technology efficiency. 0.231 0.408 * 0.349 0.252 0.266

Cleaner, low-carbon energy
generation. 0.058 0.078 0.242 0.012 0.318

Establishing an energy efficiency
policy. 0.181 0.244 0.291 0.020 0.316

Collaborative activities between
companies in the sector, government,

and other companies and
organizations.

0.057 0.070 0.290 0.022 0.390 *

Reuse of materials and recycling. 0.247 0.122 0.253 0.122 0.056

Waste reduction. 0.027 0.100 0.234 0.287 0.143

Reuse, recycling, and energy recovery. 0.103 0.241 0.219 0.169 0.448 **

New industrial processes and radical
product innovations. 0.077 0.186 0.472 * 0.229 0.208

Product/service efficiency. 0.047 0.320 0.242 0.171 0.346

Disclosure of climate change-related
reports (emission data and practices). 0.329 0.492 ** 0.621 ** 0.280 0.581 **
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Table 6. Cont.

Financial
Performance

Innovative
Performance

Production
Performance

Market
Performance

Export
Performance

Adaptation
practices

Mapping the risks related to climate
change. 0.091 0.098 0.159 0.265 0.420 *

Including climate risk in the
company’s action plans. 0.091 0.269 0.380 0.178 0.388 *

Actions for water reuse and/or
desalination. 0.089 0.131 0.260 0.323 0.400 *

Obtaining energy and water from
alternative sources. 0.139 0.076 0.400 * 0.012 0.319

Actions for ecosystem conservation. 0.289 0.407 * 0.535 ** 0.181 0.172

Note 1: * Significant positive correlations (p ≤ 0.01). Note 2: ** Significant positive correlations (p ≤ 0.05). Source:
Prepared by the authors.

In the context of climate change mitigation practices, improving equipment, prod-
uct, and technology efficiency was significantly correlated with innovative performance
(rs = 0.408; p < 0.01). Furthermore, collaborative activities between companies in the sector,
government, and other companies and organizations were significantly correlated with
export performance (rs = 0.390; p < 0.01), and the practice of reuse, recycling, and energy
recovery had significant correlations with export performance (rs = 0.448; p < 0.05). New
industrial processes and radical product innovations showed significant correlations with
export performance (rs = 0.472; p < 0.05) and the disclosure of climate change-related
reports (emission data and practices) showed positive and significant correlations with
innovative performance (rs = 0.492; p < 0.05), production performance (rs = 0.621; p < 0.05),
and export performance (rs = 0.581; p < 0.05).

In the analyses of climate change adaptation practices, export performance showed
positive and significant correlations with climate change-related risk mapping practices
(rs = 0.420; p < 0.01), the inclusion of climate risk in company action plans (rs = 0.388;
p < 0.01), and water reuse and/or desalination actions (rs = 0.400; p < 0.01). The practice
of obtaining energy and water from alternative sources showed positive and significant
correlations with production performance (rs = 0.400; p < 0.01), and actions for ecosys-
tem conservation positively and significantly correlated with innovative performance
(rs = 0.407; p < 0.01) and production performance (rs = 0.535; p < 0.05).

In order to confirm the bilaterality of the relationship between mitigation and adapta-
tion practices and business performance, multiple correspondence analysis (Homals) was
carried out. For this analysis, the different dimensions of business performance and the
variables corresponding to mitigation and adaptation practices were used as variables, thus
enabling the existence of the relationships. The new variables generated were divided into
three categories of analysis (Table 7).

Table 7. Multiple correspondence analysis—Homals.

Constructs Indicators

Corporate practices Mitigation practices High adoption degree
Low adoption degreeAdaptation practices

Business performance

Financial performance
High

Medium
Low

Innovative performance
Production performance

Market performance
Export performance

Source: Prepared by the authors.

The analyses showed that dimension 1 has an eigenvalue of 0.484714 and dimension
2 a value of 0.275000. The eigenvalues demonstrate the contribution of each dimension
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and reveal the variability in the data [53]. Some inferences in the scope of the management
of climate change management and its interface with business performance in Brazilian
industrial companies are plotted in Figure 1.
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The results allow us to determine the degrees of business performance (high, medium,
and low).

• The high adoption degree of mitigation practices is correlated with high innovative
performance.

• The high adoption degree of mitigation practices is correlated with high market
performance.

• The high adoption degree of mitigation and adaptation practices is correlated with
medium export performance.

• The low adoption degree of mitigation and adaptation practices is correlated with
medium innovation, production, and market performance.

Given the analyses performed, industrial companies that adopt mitigation and adapta-
tion practices with high intensity have a high degree of innovative performance. Similarly,
companies with a high degree of mitigation and adaptation practices have a high market
performance. The results found in the correlation and multiple correspondence analyses
confirm our findings of the exploratory analysis and underline the importance of industrial
companies adopting mitigation and adaptation practices to gain a competitive advan-
tage in the market and innovations sphere. In the next section, the results are discussed
theoretically.

4.3. Discussion

The evidence of the analyses corroborates the theoretical findings of Bandeira, Góis,
Luca, and Vasconcelos [64], since a higher level of disclosure and knowledge of GHG
emissions can affect the stakeholders’ perception, thus influencing the purchasing and
reputation processes and consequently indirectly leading to financial gains. Therefore,
it is believed that despite it not being possible to view this direct relationship between
mitigation and adaptation practices and financial performance, there is a consequent impact
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of higher market, innovation, and export performance since these are important variables
for the profitability of companies [65].

As well as Damert, Paul, and Baumgartner [32] and Damert and Baumgartner [63], this
study did not identify an association between carbon mitigation practices and the financial
performance of the analyzed companies. The importance of the study context is highlighted,
since, for Seles et al. [9], there is a weakening of the relationship between environmental
practices and business performance in Brazil, as a consequence of the economic crisis
experienced in the country. Although it is not possible to link practices related to climate
change and business performance, it appears that, in the long term, consequently, such
measures may be associated with financial gains or losses. In this sense, implementing
adaptation processes is important in economic terms, in the sense that it contributes to
reducing higher costs resulting from climate change [34].

Furthermore, some climate change mitigation and adaptation practices are positively
associated with innovative performance, and this corroborates the data presented by
Martinez-Conesa, Soto-Acosta, and Palacios-Manzano [66] in the sense that, as companies
adopt sustainable practices, there is higher innovative performance. Such evidence also
finds theoretical consistency with Rodima-Taylor, Olwig, and Chhetri [67], who stated that
a context of climate change requires organizations to have higher innovative and technolog-
ical performance. In contrast to what Damert, Paul, and Baumgartner [32] and Damert and
Baumgartner [63] reported, our study did not identify strong positive associations between
mitigation and adaptation practices and financial performance. Notably, the data herein
is crucial since, as Seles et al. [9] emphasized, there is a weakening of the relationships
between environmental practices and business performance in Brazil due to the economic
crisis in the country.

The influence of climate change on developing innovations, technologies, and ser-
vices is evident since most mitigation and adaptation practices require developing and
applying technologies and new products to achieve operational efficiency [67–70]. In fact,
the correlation between improved equipment, product, technology efficiency, and busi-
ness performance is evident, reinforcing the interrelation of the themes and validating
the theoretical assumptions of Stefano, Montes-Sancho, and Busch [71], since, in order to
reduce GHG emissions, companies have increasingly sought to develop significant inno-
vations, whether in the form of products, processes, or technologies. The results confirm
the data of Seles et al. [9] and testify that among environmental practices, those related
to technology and environmental innovations tended to represent an improvement in
business performance.

In addition, we highlight the bilaterality of the themes since, besides the dependence on
innovation already addressed in the literature, companies that invest heavily in mitigation
and adaptation practices achieve superior innovative performance. This information can
be of great value for companies and contribute to implementing and disseminating these
practices since companies’ gains transcend financial aspects [72,73]. What is more, these
data point out that actions to control GHG emissions may lead to productivity gains, thus
corroborating Cucchiella, Gastaldi, and Miliacca [47,74]. Radhouane, Nekhili, Nagati, and
Pache [75] also found that companies that disclose environmental actions are positively
related to business performance (i.e., higher environmental disclosure is valuable in terms
of market performance).

Furthermore, the multiple correspondence analysis (Homals) showed that adopting
mitigation practices can be important in terms of market performance, therefore consol-
idating the findings of Qian, Suryani, and Xing [42]; Cooper, Raman, and Yin [40]; Jorge
et al. [43]; and Ziegler et al. [39] and reinforcing the macro-environmental attention that
companies must have with climate issues. It was also possible to identify a relationship
between practices related to climate change and export performance, collaborating with the
study of Chakrabarty and Wang [38]. This relationship is interesting at the foreign market
level because companies concerned with climate change mitigation and adaptation actions
may be standing out due to factors already evidenced by McWilliams and Siegel [76], such
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as product differentiation, differentiated consumer vision, and awareness of sustainability
issues in international markets.

Therefore, it is possible to sustain that those corporate practices of the mitigation of
climate change are positively correlated with business performance (H1). Similarly, it was
also possible to elucidate that corporate climate change adaptation practices are positively
correlated with business performance (H2).

5. Conclusions

This study aimed to understand the behavior of Brazilian industrial companies in the
context of climate change and verify how mitigation and adaptation practices relate to
business performance. Our findings made it possible to understand and present evidence
of the behavior of companies in terms of positioning and practices in the context of climate
change and the relationship with business performance. Hence, it was possible to identify,
theoretically and empirically, important and guiding elements for advancing this area
of knowledge.

According to the results, Brazilian industrial companies have been adopting both
corporate practices of mitigation and adaptation to climate change. Waste reduction is the
practice with the highest average adoption in the mitigation area, while for adaptation
practices, there is a greater propensity for ecosystem conservation practices. Nevertheless,
the mitigation practice with the lowest adoption refers to collaborative activities involving
other companies, while the lowest adaptation adoption practice refers to mapping risks
related to climate change. In general, considering the overall means, a moderate level
of adoption of climate change practices by Brazilian industrial companies was observed.
Given that the sample was characterized by large companies that are consolidated in the
market and active in the international scenario, these results imply that joint efforts are
still required to deal with the current effects of climate change and future projections of
uncertainties involving this concerning scenario.

Through the bivariate correlation and multiple correspondence analysis techniques,
it was possible to identify the possible relationships between mitigation and adaptation
practices and different dimensions of business performance. Moreover, we elucidated that
industrial companies that adopt mitigation and adaptation practices with high intensity
have a high degree of innovative performance. Similarly, companies with a high degree of
mitigation and adaptation practices have a high market performance. This manuscript also
contributes to scientific advancement, as there are still numerous uncertainties and contro-
versial studies involving the theme. Developing a model that addresses the management
of practices related to climate change and business performance in an integrated way can
be considered a theoretical contribution because, in the literature, there are initiatives that
deal unilaterally, and there is still a lack of empirical studies on these themes.

Although this study broadens the knowledge about companies’ responses to climate
change, significant limitations are considered. The first limitation refers to the sample
size since there was a low response rate; thus, the results cannot be generalized to the
other companies in the research universe, restricting them only to the sample as a whole.
Another limitation refers to the theoretical choices because the theme is still incipient in
administrative science, and, finally, the fact that the corporate information is based on the
individual perceptions of a single respondent.

This study allows some suggestions for future research. One of the suggestions is
expanding the sample universe, allowing the verification of the influence of the segment,
international performance, and the size in the positioning of companies concerning climate
issues. In addition, this study only focused on industrial companies, although it would also
be interesting to shed light on companies from other sectors (i.e., services), thus revealing
possible divergences and synergies between the sectors.
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