
This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT 1

Distilling the Interplay Between Corporate
Environmental Management, Financial, and

Emissions Performance: Evidence From U.S. Firms
Olawale Ogunrinde , Graduate Student Member, IEEE, Ekundayo Shittu , Member, IEEE,

and Kanwalroop Kathy Dhanda

Abstract—This article investigates the relationship between
firms’ carbon intensity, carbon management practices, and their
financial performance. The extant literature on firms’ financial
performance and their environmental performance has mostly
considered a single dimension of firms’ environmental performance
leading to restricted, and often, mixed outcomes. With panel data
collected on financial statements and climate change related activi-
ties from 136 corporate firms in the U.S. between 2011 and 2018, this
article integrates a process dimension based on an environmental
management score with an outcome dimension represented by
firms’ carbon emissions intensity. A regression model is employed
to investigate the relationships between corporate environmental
performance and corporate financial performance. We find evi-
dence of a nonlinear relationship between corporate firms’ environ-
mental performance and financial performance across both high
and low-carbon intensive sectors. Specifically, we find that for firms
in the high-carbon intensive sector, a U-shaped relationship exists
between firms’ corporate environmental performance outcome di-
mension and their financial performance while for the low-carbon
intensive sector, the converse is the case. The results show that the
interaction between the outcome dimension of environmental per-
formance and financial performance is moderated by the process
dimension of environmental performance for firms in the low- and
high-carbon intensive sectors.

Index Terms—Carbon management, emissions, environmental
performance, financial performance, investments.

I. INTRODUCTION

OVER the past decade, there has been a tremendous
growth in corporate investment for environment protec-

tion projects. These investment projects aim at limiting the
impact of firm operations on their immediate environment. This
study provides an in-depth analysis carefully examining the
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interplay between the effects of firms’ corporate investments
in making their operations more environmentally sustainable
and their financial performance. The increased corporate re-
sponse to environmental management can be attributed to the
constant pressure from stakeholders (investors, shareholders,
customers, nongovernment organizations (NGOs) and govern-
ments) to reduce their environmental impact and operate with
less carbon footprint, along with delivering more environmen-
tally friendly products and services [1]–[3]. In response to
these demands, many firms have taken advantage of market
opportunities by proactively increasing investments in emis-
sions abatement projects [4], [5]. Likewise, in order to meet
the Paris Climate Change Accord’s targets, it is imperative to
look beyond those policies set at the macroeconomic level and
further consider decisions and actions implemented by firms at
mitigating emissions on the firm level [6], [7]. Studies also show
how corporate firms make substantial contributions towards total
greenhouse gas (GHG) emissions. For example, it is estimated
that the top 250 corporate emitters are responsible for about
one-third of the global annual anthropogenic GHG emissions
[8]. Therefore, these reasons have made it crucial for firms
to integrate sustainable environmental protection investment
projects within their business operations.

Considering investments in emissions abatement usually
come at a considerable cost and corporate managers are primar-
ily in the business of maximizing shareholder profits, the value
of being green is repeatedly questioned. Under what circum-
stances does it pay to be green? How much of firm resources
should be invested in environmental protection projects and
what effects would such investments have on the firm’s bottom
line? Consequently, these pertinent questions pose a dilemma
on the extent of environmental friendliness to be adopted by
corporate bodies. While interrelations between corporate envi-
ronmental performance (CEP) and corporate financial perfor-
mance (CFP) have been researched, the relationship between
the two is vague, as shown in conflicting results from past liter-
ature. Moreover, when coupled with the ambiguity surrounding
firms’ financial performance due to self-reporting on environ-
mental stewardship [9], [10], an additional investigation is nec-
essary to effectively determine the interrelations between CEP
and CFP.

It has been postulated that corporate investments in environ-
ment projects are direct costs, which draw firms away from their
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core operations and negatively impact competitiveness [11]–
[13]. Such conclusion, describes a tradeoff situation between
CEP and CFP. On the contrary, it has been found that firms with
superior CEP can be rewarded with improved competitiveness
[2], [14]. This stream of research explains that improved tech-
nology investment in emissions abatement reduces waste and
improves resource utilization and firm productivity—ultimately
leading to positive effects on CFP [15].

This article aims to resolve such ambiguity by examining the
consequences of organizations’ environmental activities on their
CFP through removing the generalized treatment of firms and
further taking into consideration the multidimensional nature of
CEP. CEP has previously been measured as either i) the envi-
ronmental operational performance/outcomes dimension which
considers the output of a firm’s operational activities as it relates
to its natural environment, or ii) the environmental management
performance/process dimension, which refers to management
principles and activities aimed towards reducing the impact of
their operations on the natural environment. However, studies
have shown these two to be dissimilar constructs which fail to
individually capture or explain a comprehensive measure of CEP
[16]–[19].

Supported by prior existing literature, our research exposes
how the results in the studies are underlined by the generalized
treatment of firms. By introducing a bifurcated treatment of firms
along high- and low-carbon intensive sectors, our results differ
from previous studies by showing empirical evidence of con-
trasting nonlinear relations between the outcomes dimensions
of CEP and CFP across bifurcated groups. Additionally, we also
introduce a new robust measurement construct for the process
dimension of CEP. Likewise, by integrating a comprehensive
set of environmental management practices developed from
the Carbon Disclosure Project (CDP) reporting guidelines into
an environmental management score (EMS), we successfully
capture the process dimension measure in its entirety. We, then,
investigate the combined nonlinear effects of this new metric
and the outcome dimension metric on CFP in a curvilinear
study using regression analysis. Better yet, our results also show
evidence across both industry segment groups of a moderating
effect of the process dimension on the relationship between the
outcomes dimension measure and both the accounting and stock
market measurement metric of CFP. Ultimately, these provide
an in-depth analysis into the interplay between CEP and CFP.

The contributions of this research to the existing literature
provide theoretical insights that reveal how business perfor-
mance of firms is not only related to technology investments in
environmental mitigation as observed from firm environmental
outputs but is also distinguished by industrial sectoral differ-
ences. Furthermore, the study sheds some light on how the com-
bined effects of technology investment in emission mitigation
and firm-level investments in environmental policies influence
the business performance of firms. In doing so, this clarifies to
business managers, practical commitment levels in improving
overall environmental performance as it relates to the carbon
intensity of the business environment.

This study presents several practical implications for corpo-
rate managers and decision makers involved in both the planning

and implementation of corporate environmental and sustainabil-
ity projects. For firms in the high-carbon intensive sector, cor-
porate investments in environmental protection have to exceed
certain thresholds before marginal economic benefits outweigh
marginal costs. Beyond this threshold, firms are rewarded by
the market for improved outcomes results. For this group of
firms, corporate managers may realize that investing in strategic
environmental management processes alongside technology in-
vestments in emission abatement is expected to be rewarded by
the market with improvements in their future earning potentials.
On the contrary, for firms in the low emissions sectors, corporate
investments in environmental protection exhibit diminishing
returns beyond a certain threshold, which imply negative ef-
fects on firm financial performance. For this group of firms,
corporate managers may also realize the importance of balancing
investments in strategic environmental management processes
alongside investments in emissions abatement technologies.

II. BACKGROUND

Some steps taken by corporate organizations in limiting their
GHG emissions include investments in energy efficient and
low-carbon energy technologies, and engagement in several
corporate carbon management practices. Carbon management
is critical to the success of corporate firms due to several
imminent climate change risks and opportunities they face.
As a result, corporate organizations are constantly faced with
pressure from stakeholders (government, shareholders, potential
investors, NGOs, and environmental regulatory organizations)
to limit their carbon emissions [20]–[23]; particularly in how
technical knowledge informs their technology choices [24].
Governments have introduced various incentives to encourage
reduction of GHG emissions at the corporate level. In a similar
vein, consumers are increasingly focusing on doing business
with environmentally friendly corporations who have provided
information on their GHG mitigation actions [25]–[28]. Thus,
corporate firms are constantly aiming to improve their environ-
mental performance. In the following sections, a review of the
literature highlights underlying distinguishing metrics on the
constructs and linkages between CEP and CFP.

A. Construct for Corporate Environmental Performance

Environmental performance metrics are necessary to assist
stakeholders in decision making and provide a basis for drawing
comparisons across corporate organizations [17]. Over the years,
studies have defined and measured the scope of CEP [16]–
[19]. Three different perspectives of environmental measure-
ment were identified by [16], which include process improve-
ments, environmental cleanliness, and customer satisfaction,
with arguments that none of these measures solely capture the
entire concept of environmental measurement. Similarly, Xie
and Hayase[18], Trumpp et al. [19], and Delmas et al. [29]
identified two distinctive dimensions of CEP, which include
environmental processes and environmental outcomes. Specif-
ically, environmental processes refer to management practices
aimed towards reducing the effect of business operations on the
natural environment. Environmental outcomes on the hand refer
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to the operational performance indexes or the outputs from firm
operational activities such as CO2, NOX , and SOX emissions.
As a result, the outcomes measures are easily conceptualized and
can be represented by common operational performance indexes
unlike the process measures, which are intangible and pose a
measurement challenge. We further argue that the inconsisten-
cies in the extant literature could, therefore, stem from the in-
complete conceptualization of the CEP measurement construct.
In this study, a firm’s outcome based measure is represented
by its carbon performance (CP) [6], [29] and its process based
measure by an EMS.

B. Relationship Between Environmental and
Financial Performance

The effect of CEP on CFP can be explained using various
management theories. The traditional economic theory of firms
by [30], assert that organizations should be in the business
of maximizing shareholder wealth and not engaging in social
responsibilities, which as this shifts focus away from firms’ pri-
mary responsibilities—ultimately implying that environmental
protection efforts could negatively impact a firms bottom line.
On the other hand, drawing from the stakeholder’s theory, a
firm’s stakeholders respond to accounting and market signals in
relation to its environmental responsiveness [31]. Therefore, the
level of a firm’s commitment to stakeholder demands in relation
to its environment also determines both the firm’s reputation
and consequently its CFP [32], [33]. In a similar vein, the legiti-
macy theory explains that firms are socially accountable for the
environmental implications of their operations [34]. Therefore,
firms who fail to comply with these demands may experience a
negative impact on their bottom line, thus jeopardizing their
sustained existence. Finally, the resource based view (RBV)
of a firm explains that firms derive both internal and external
benefits by creating tangible and intangible resources—leading
to improved competencies and capabilities. In addition, such
valuable resources improve an organization’s competitiveness
within its industry and consequently improve its CFP [35]–[37].
From an external perspective, these intangible resources are
either created or diminished by a firm’s decision to either engage
or not engage in corporate social responsibilities [38], [39].
The natural RBV (N-RBV) by Hart [40] originated from the
RBV perspective and details how firms can generate competitive
advantage by building capabilities in the areas of pollution
prevention, product stewardship, and sustainable development
through its environmental interactions. As a result, these lead to
improved efficiencies, reduced waste, higher productivity, lower
costs, and ultimately improved CFP [40], [41].

While the extant literature has closely examined the influ-
ence of environmental performance on a firm’s finances, there
have been conflicting conclusions. For instance, some studies
highlight linear relationships whereas others document nonlin-
earity between the two performance metrics. On the one hand,
a positive linear relationship [42]–[45] is reported based on
the win–win hypothesis by [13] and supported with arguments
from the N-RBV and the stakeholder theory. For example,
King and Lenox[43] found evidence of a positive correlation

between lower pollution levels and higher financial performance
based a sample consisting of 652 manufacturing firms in the
U.S. The research argue how carbon emissions mitigation steps
adopted by corporate organizations are associated with com-
petitive advantage—hence improving CFP. On the other hand,
numerous studies support the existence of a negative relationship
[46]–[48]. This is based on the traditional economic theory [30]
that identifies an inverse relationship between a firm’s social
responsibility actions and its profit due to the transfer of firm
resources away from its central focus. For instance, Cordeiro
and Sarkis [46] demonstrated the presence of a significant
negative relationship between environmental friendliness and
earnings-per-share forecasts. This win-lose theory depicts how
a firm’s superior investments in emissions mitigation technology
and practices is expected to have a negative impact on its
economic results compared to cost savings such as from less
superior investments. In essence, emissions reduction activities
and investments are regarded as nonvalue added costs, which
negatively affect the firm’s bottom line [11], [15].

Recent research examines the nonlinear relationship between
CEP and CFP with varying results. Some studies highlight the
nonlinear relationship between only the outcomes dimension
measures of CEP and CFP across Japanese manufacturing firms
[15], [21]. The results show evidence of an inverted U-shaped
relationship. Some other similar studies were also done along
these lines but argued for a U-shaped relationship [49], [50].
[51] observed an inverted U-shaped relationship between CEP
and CFP using both the process dimension and the outcomes
dimension across carbon-intensive sectors. However, the process
dimension in this case is represented using an environmental,
social and government (ESG) indicator scale, which contains
elements of both process and outcome dimensions of CEP
[51]. Due to the challenges in providing a distinct numerical
measure of the process dimension, independent measures of
this dimension is less often captured in the extant literature.
Also, recent studies advocate for further studies investigating
the introduction of distinct measures of the process dimension
[19], [51].

To the best of our knowledge, no study has investigated the
nonlinear relationship between CEP and CFP considering dis-
tinct measures of both the process and outcomes dimensions. We
achieved this by developing a distinct comprehensive measure
of the process dimension using data on twenty-five implemented
corporate management practices across five distinct categories
provided in the reporting guidelines of the CDP. These guide-
lines span several areas that adequately capture the definition
of the process dimension measure. Moreover, we also extend
these curvilinear investigations on both dimensions of CEP
by performing our analysis in two separate groups of industry
sectors categorized according to their carbon emission levels.

III. THEORETICAL FRAMEWORK

Low-carbon intensive firms require minimal efforts and in-
vestments in emissions abatement technologies. For such firms,
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Fig. 1. Financial performance and CP at low- and high-carbon intensive sectors. Source: Authors’ synopsis.

utilizing cleaner production processes versus end-of-pipe treat-
ments provides both improved CEP and superior economic bene-
fits [52]–[55]. As these firms also become more environmentally
conscious, transaction costs associated with pollution abatement
are reduced due to improved efficiencies and reduced waste [56];
further leading to improved economic benefits. Nevertheless,
these particular firms can only benefit so much because the
emission reduction benefits are lower than the associated costs.
Therefore, additional investments to improve CP after certain
point will have a negative impact on firms’ bottom line. At this
stage, firms conceivably meet environment regulation emissions
standards due to their improved CP—further reducing any incen-
tives associated with emissions reduction. This creates a turning
point in the relationship between CP and CFP resulting to an
inverted U-shaped relationship. Such a turning point represents
a maximum performance threshold, that if exceeded, results in
diminishing returns, as shown in Fig. 1, where associated costs
exceed expected benefits of environmental friendliness. There-
fore, in unison with both the N-RBV and stakeholder theories,
firms on the left of the curve are on the side of increasing CP
with improvements in CFP. However, for firms on the right-hand
side of the curve, CFP declines as CP improves as a result
of marginal abatement costs exceeding its marginal benefits
[19], [51]. Therefore, we posit that for firms with a low-carbon
intensity, there exists an inverted U-shaped relationship between
CP and CFP.

Hypothesis 1 (H1): For firms with low-carbon intensity, an inverted
U-shaped relationship exists between carbon performance and CFP.

Drawing from the neoclassic economic view, emissions re-
duction activities are associated with direct costs and could also
precisely impact corporate organizations’ bottom line. High-
carbon intensive firms require substantial investments in emis-
sions abatement. Based on the principle of tradeoffs, a corporate
organization’s investment in pollution abatement is expected to
have a negative effect on its CFP as long as the costs outweigh
any potential economic benefits. For instance, these tradeoffs
could largely be seen in emissions mitigation by high-carbon in-
tensive firms using end-of-pipe approaches leading to increased
operating costs without subsequent economic value added [6],

[15]. The immediate environmental improvements could, thus,
be associated with a negative impact on CFP.

As these corporate organizations continue to improve CP with
more emissions reduction initiatives, the efficient utilization of
low-carbon technologies would eventually lead to a superior
business position in the market [13]. In line with the N-RBV,
introducing proactive environmental improvement mechanisms
in areas of product stewardship and sustainability will also even-
tually improve corporate competitive advantage. In turn, such
gains would lead to a reduction in organizations’ operational
costs due to waste elimination and result to a turning point in
the relationship. As shown in Fig. 1, the turning point for these
firms represents an expected minimum threshold that is achieved
before the emergence of expected benefits associated with envi-
ronmental friendliness. Improved firm-stakeholder relationships
consistent with stakeholder and legitimacy theories strengthen
these economic benefits—ultimately attracting environmentally
conscious investors and leading to stronger financial results.
Therefore, we hypothesize that for firms with high-carbon in-
tensity, a U-shaped relation exists between the CP and CFP.

Hypothesis 2 (H2): For firms with high-carbon intensity, a U-shaped
relationship exists between carbon performance and CFP.

Moderating effect of carbon management practices: In re-
sponse to addressing climate change related issues, corporate
organizations implement carbon management practices to ap-
pear more eco-friendly. These practices focus on the strategic
internal activities carried out by management. Corporate firms
display varying levels of carbon strategies, which determine the
strength of their carbon management practices. We refer to the
strength of an organization’s carbon management practices as
the extent and level of implementation of its carbon manage-
ment practices. This is dependent on the strategic choices and
resources available to it and depicts how proactively such carbon
management activities are being embraced and integrated into
its business operations [20]. Furthermore, these strategic choices
are reliant on the stakeholder expectations to be fulfilled by
corporate desires. Therefore, firms that meet these stakeholder
demands are expected to experience improved CFP [57].

Carbon management practices show a firm’s dedication to re-
ducing the impact of its operations on the environment. However,
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there is not an assurance that such improvements will happen
since environmentally friendly corporate bodies may focus more
on improving their reputation by reducing the pressure from
different stakeholder groups rather than reducing their environ-
mental outputs [29], [58]. In addition, empirical evidence in
the extant literature shows that carbon management practices
do not solely determine a firm’s environmental outputs [18],
[59]—thus, it prompts the proposition that carbon management
practices have a moderating effect on the relationship between
CP and CFP [6]. Therefore, we posit that the relationship be-
tween CP and CFP is moderated by the strength of the firm’s
carbon management practices. Organizations with either low or
high CP will, thus, stand to gain more economic benefits with
superior carbon management practices compared to less devel-
oped carbon management practices. As a result, we hypothesize
that the following.

Hypothesis 3 (H3): The relationship between a firm’s carbon perfor-
mance and its CFP is moderated by the strength of its carbon man-
agement practices: for the same level of carbon performance, higher
levels of carbon management practices are associated with improved
financial performance while lower levels of carbon management
practices are associated with a decline in financial performance.

IV. METHODOLOGY

In the following section, the methodology employed to ad-
dress the hypotheses is further examined by first describing
the data and variables including their sources. Specifically, we
highlight our independent, dependent, and control variables.
Second, the process involved in defining and creating some of
these variables are explored in more detail. Third, the regression
model implemented is described with the variables defined.

A. Data and Variables

The dataset consists of climate change related information
for corporate organizations participating in the CDP from 2011
to 2017 along with corporate financial data up until 2018. CDP
provides voluntary and comprehensive information on corporate
climate change related activities to both investors and public
users with participating firms representing over 50% of the
global market capitalization [60]. A firm’s total carbon emissions
is denoted by the sum of its scope 1 and scope 2 emissions.
The GHG Protocol defines scope 1 emissions as those direct
emissions emanating from sources owned and controlled by the
corporate body such as the emissions from boilers, vehicles,
and process equipment all within the organization’s operational
boundaries. Scope 2 emissions on the other hand are indirect
emissions from the purchase of electricity, heat and steam.
Scope 3—also referred to as indirect emissions (excluding those
defined in scope 2)—represents emissions along the value chain
of corporate firms and also outside their operational boundaries.

Data on firms’ financial information was obtained from
Refinitiv’s (formerly Thomson’s Reuters Financial and Risk)
Datastream, a global financial and macro-economic data re-
source with over 65 years of data across 175 countries [61]. The
dataset after accounting for outliers and missing data is com-
prised of 136 U.S. corporate firms who have provided climate

change related information to the CDP consistently between the
periods of 2011 and 2017. The final unbalanced panel dataset
consists of a total of 922 firm-year observations with reporting
firms spanning ten industry sectors. For the purpose of this
study, the firms have been divided into two categories based
on their Global Industry Classification Standards (GICS). The
first category represents firms in the low-carbon intensity firms
while the second represents firms in the high-carbon intensity
firms. Table A1 in the Appendix contains a full list of acronyms.

1) Independent Variables: Outcome Dimension Measure:
This analysis represents the outcome dimension of CEP by the
total carbon emissions of each firm. Previous studies use the
emissions of toxic substances [14], [15] and the change in CO2

emissions over a period [50], [62]. The outcome dimension
is denoted by the sum of the scope 1 and scope 2 emissions
divided by the annual sales figure of each firm [6], [51], where a
high emission intensity represents a low CP and a low emission
intensity represents a high CP. This denotes the first independent
variable of interest CP.

Process dimension measure: The second independent vari-
able of interest is the process-based dimension of CEP. The
process dimension is defined by developing an EMS for each
participating firm within each firm-year. The EMS was devel-
oped using climate change information request data provided
by firms reporting to the CDP throughout the selected years.
The data used consists of twenty-five responses provided by
each firm on its own carbon management practices, as shown
in Tables A2– A4. These responses are categorized into five
broad areas identified in the CDP information request provided
to participating firms. The areas include governance, strategy,
targets and initiatives, communications, and emissions. Since
the responses from the CDP survey are in the form of ordinal
data, we attach a score to each level on the ordinal scale. A firm
is, therefore, assigned a score based on its response to its level of
involvement in each carbon management practice. Furthermore,
a score of zero is assigned to represent the nonexistence of any
carbon management practice.

Governance refers to the organizational governance structure
adopted by firms to address the issue of climate change (Ta-
ble A2: G1–G3). For instance, a score of zero is assigned to
firms who have provided no incentives to managers for climate
change management and the firms who do support incentives
receive a score of 1. The strategy section (Table A2: S1–S3),
refers to firms’ processes and strategies developed in structur-
ing their approach towards climate change including specific
action plans and principles incorporated into environmentally-
conscious business operations [20], [63]. For instance, in mea-
suring a firm’s approach towards climate change risk manage-
ment, scores are coded as 2 (highest score) or 1/0 (lowest score)
based on the depth of the firm’s approach.

Targets and initiatives refer to those already defined and
implemented emissions reduction goals, objectives, and steps
(Tables A2 and A3: T1–T5). Firms provide information here on
their absolute and intensity emissions targets, and also on the
scopes covered by each target. A firm with emissions targets
on all three emissions scopes is awarded the highest possible
score while a firm with targets on any two scopes is awarded
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the next lower score in that manner until a score of zero is
assigned to firms with no emissions targets during the report-
ing year. The communications section provides details on the
communications provided by firms outside of the CDP report
on their GHG emissions and climate change related activities
(Table A3: C1–C2). Firms are awarded points based on whether
or not such communication has been provided and the status of
the communication report at the end of the reporting year.

The emissions category (Tables A3 and A4: E1–E12) show
data on the following:

1) type and status of firms’ emissions verification or assur-
ance status;

2) the depth of the verification or assurance undertaken;
3) the emissions scopes individually verified (scope 1, scope

2, and scope 3);
4) the proportion of GHG emissions verified within each

scope.
For example (see Table A3), firms are assigned scores based

on the depth of verification undertaken ranging from a high to
reasonable, moderate, limited, and no assurance. Firms are also
assigned points based on whether or not they are involved in any
emissions trading schemes. The EMS, our second independent
variable of interest, is the outcome of standardizing the scored
responses for each question and then finding the average value
of the standardized scores for each of the firms in each firm year.

2) Dependent Variables: The dependent variable in our re-
search is a firm’s CFP. For the purpose of this study, we recognize
both the accounting and stock market dimensions of CFP. Ac-
counting metrics consider actual costs and revenue in addition to
how firm investments in climate change reduction affect profit.
Stock market measures on the other hand represent the estimates
of a firm’s future cash flows relative to the assets invested [43].
Consistent with approaches in the past research, we measure
a firm’s accounting profitability dimension using the return on
assets (ROA) [14], [25] and a firm’s stock market profitability
measure using Tobin’s Q [42], [43]. ROA was calculated by
finding the ratio of the net income to the total asset value for
each firm within each year while Tobin’s Q was calculated by
finding the ratio of the total market value to the total asset value
of each firm within each year.

3) Control Variables: Several control variables are intro-
duced, which also influence CFP. The size of a firm (SIZE)
is controlled for because it directly influences a firm’s corpo-
rate social behavior with larger firms being more responsive
to stakeholder demands [64]. However, previous research have
shown evidence of both positive and negative effects of firm
size on CFP [43], [65]. The size of a firm is represented by
the natural logarithm of its total assets within the firm year
[48], [65].

We control for a firm’s growth (GROWTH) because it is
expected that an increase in growth would influence a firm’s
future earnings. The growth of a firm is represented by the
percentage increase in sales from one year to the next year [25],
[56]. A firm’s leverage (LEVERAGE) is also controlled for and
represented as the ratio of its long term debt to its total assets
[6], [29] because leverage may impact CFP since it is a measure
of firms’ corporate risk tolerance.

Also, a firm’s total cash flow within the year (CASH_FLOW)
is controlled for and defined as a ratio of the sum of its total cash
flows to its total sales within the year [66]. We also control
for a firm’s research and development intensity (R&D_INT).
A corporate firm’s investment in innovation through R&D can
potentially improve shareholder value and enhance CFP through
the development of intangible expertise and resources [67], [68].
We denote a firm’s R&D intensity by the ratio of its R&D
expenses to its sales within the year [14].

A firm’s capital intensity (CAPITAL_INT) is also controlled
for and defined by the ratio of the firm’s capital expenditure to
its assets at the start of the year [49]. Evidence from the extant
literature has also shown capital intensity to affect CFP both
positively and negatively [14], [50].

Furthermore, the renewable portfolio standards (RPS), is the
final variable introduced and used as a proxy for the regulatory
environment in which these firms operate. The RPS refers to
policy mandates across states requiring that a certain percentage
of electricity is sourced from renewable energy sources. The
variable is the average annual RPS percentage calculated by
dividing the sum of nominal RPS requirements in a year by the
total annual electricity sales [69]. The RPS data were sourced
from the Lawrence Berkeley National Laboratory database of
RPS. This proxy for policy reflects in the sum of scope 1 and 2
emissions in each period.

B. Model

An ordinary least square (OLS) multiple regression technique
is employed in investigating the relationship between the process
based and outcome based measures of CEP and CFP. We also
test for the presence of nonlinear relationship by introducing the
quadratic term of CP. Due to the effects of maturity on the impact
of carbon mitigation investments on firm economic returns, a
time lag is introduced to capture any expected benefits. Also, in
order to alleviate any issues of endogeneity that may arise as a
result of correlations between our error term and independent
variables, we use CFP measures at years t+ 1 and t+ 2 [14],
[47]. Our final model is shown as follows:

CFPit+n = β0 + β1CPit + β2CP2
it + β3EMSit

+ β4(EMSitCPit) + β5(EMSitCP2
it) + β6SIZEit

+ β7GROWTHit + β8CASH_FlOWit

+ β9LEVERAGEit + β10CAPITAL_INTit

+ β11R&D_INTit + β12RPSt + ε (1)

where i represents each firm, t each year and n ∈ (1, 2) indi-
cating the time lags for the dependent variables. CP and EMS
represent the key independent variables of carbon performance
and EMS while SIZE, GROWTH, CASH_FLOW, LEVERAGE,
CAPITAL_INT, R&D_INT, and RPS represent control vari-
ables and ε the error term.

V. RESULTS

This section describes the distribution of firm industry sectors
across bifurcated groups and displays the descriptive statistics
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Fig. 2. Scope 1 and Scope 2 emissions by sector. Source: Authors’ analysis.

of variables employed. It further discusses the regression results
across both groups, some implications of these results and model
validations carried out.

A. Firm Industry Sector Distribution and Descriptive Statistics

Fig. 2 shows the total scope 1 and scope 2 emissions of firms
in the dataset while Table I shows the distribution of the firms
based on their GICS. A detailed list of firms in the dataset per
GICS group is provided in the Appendix (Tables A5–A10).

Table II shows the entire dataset summary statistics for all
firms alongside those in the low and high-carbon intensive indus-
try sectors separately. A comparison of the low and high-carbon
intensive sectors indicates the mean CP in the high-carbon
intensive sectors is over 29 times that in the low-carbon intensive
sectors. The correlation matrix of the dataset with all firms as
well as the low and high-carbon intensive sector is also shown
in Table III. All correlations between the independent variables
are below ±0.7.

B. Regression Results

In order to investigate the relationships between the dependent
and independent variables, a multiple OLS regression analysis
is performed on the two sections of the data set which include
firms in the low and high-carbon intensive sectors. Using two
separate measurement metrics of CFP as the dependent variable,
the regression model includes: 1) linear and quadratic terms of
CP; 2) EMS; 3) the interaction components of both the linear and
quadratic components of CP and EMS; and 4) control variables.
Tables IV and V show the regression results for the low-carbon
intensive sectors while Tables VI and VII show that for the high-
carbon intensive sectors. For each of the groups,the results are
shown for CFP at year t+ 1 and year t+ 2.

1) Low-Carbon Intensive Sector Analysis: Models A1 and
B1 (Tables IV and V, respectively) indicate the effect of in-
troducing all the control variables into the model. The results
indicate most of the variables showing the expected coefficient

signs and significance for both Tobin’s Q and ROA. Models
A2 and B2 include the main independent variables of interest:
the linear and quadratic terms of CP and EMS. The results
show that with Tobin’s Q at time t+ 1 (model A2), R-squared
value improved by 0.027 and F-tests suggest that the additions
into the model better predict the variation in the dependent
variable. Model B2 also shows statistically significant increase
in the R-squared value by 0.019 with statistical significance
coefficients indicating an inverted U-shape for CP and CP2.
Model A6 demonstrate similar findings as A2 and B6 and also
shows similar improvements in R-squared by 0.103 though not
statistically significant.

Models A3 and B3 include the linear interaction term between
CP and EMS. Results show an improvement in the R-squared
value by 0.019 and 0.013, respectively, and also that the inclusion
of the interaction term better specify the models. The final
set of models (A4 and B4) include the quadratic interaction
terms for CP and EMS. Results show the coefficient of the
linear and quadratic terms for both models (β1 and β2) to be
positive and negative, respectively, and both statistically sig-
nificant. The inclusion of this component indicates a statistical
significant increase in the R-squared value at the 1% level
indicating an improvement over and beyond the previous model.
Similar results are seen in models A8 and B8 for CFP at year
t+ 2.

2) High-Carbon Intensive Sector Analysis: For the high-
carbon intensive sectors, the results are shown in Tables VI
and VII. Models C1 and D1 (Tables VI and VII, respectively)
show the effects of including only the control variables for both
Tobin’s Q and ROA, respectively. The next block (models C2
and D2) includes the linear and quadratic terms of CP and
EMS. Both models present a statistically significant increase in
R-squared of 0.089 and 0.11, respectively, both at the 1% level.
At time t+ 2, models C6 and D6 also demonstrate statistically
significant similar findings.

Models C3 and D3 include the first interaction term of the
linear component of CP and EMS. C3 shows an increase in
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TABLE I
CLASSIFICATION OF FIRMS BY GICS SECTORS AND INDUSTRY GROUPS

Source: Authors’ analysis.

R-squared of 0.014 while D3 shows an increase of 0.001. Com-
parable findings are also seen in models C7 and D7. The final
block includes the interaction term of the quadratic component
of CP and EMS. Models C4 and D4 show R-squared improve-
ments of 0.004 and 0.027, respectively. Similar results are also
seen in models C8 and D8 at time t+ 2.

3) Moderation Analysis: The analysis of the interaction
components between CP and EMS shows that the interactions
are significant for both the low carbon and high carbon intensive
sectors. We also see this being consistent for CFP measured as
Tobin’s Q and ROA at both years t+ 1 and t+ 2.

Generally, for quadratic nonlinear relationship with inter-
acting components on the linear and squared term, we can
determine whether the strength of the relationship between an
independent variable and the dependent variable is influenced
by a moderating variable by testing for a joint significance of
the coefficients of the interaction terms [70]. A partial F-test
performed by restricting the two interactions CP · EMS and
CP2 · EMS confirms their joint significance at p < 0.001 for
CFP measured by ROA and Tobin’s Q in both the low- and
high-carbon intensive sectors. This provides evidence that the
strength of the moderating variable (EMS) influences the rela-
tionship between CP and CFP—thus supporting H3.

To further investigate the moderating relationship, the graph
of Tobin’s Q and ROA were plotted against CP at different
levels of the moderator variable (EMS) using the fitted regression
values, as shown in Fig. 3, for the low-carbon intensive sectors
and Fig. 4 for the high-carbon intensive sectors. A high EMS
value (EMS_H) is represented to be one standard deviation
above the mean, a moderate EMS value (EMS_M ) to be the
mean EMS and a low EMS value (EMS_L) to be the EMS
at one standard deviation below the mean [70], [71]. To en-
compass the horizontal axis spread, values of CP are taken
in steps of 0.5 of the standard deviation above and below the
mean.

4) Model Validation: Several model validation tests were
carried to validate and confirm the accuracy of the regression
model. Tests for multicollinearity showed the absence of multi-
collinearity among the independent variables. Table VIII shows
that the variance inflation factors ranged from a minimum of 1.2
to a maximum of 2.2—these are within the acceptable threshold
of values less than 10 [72]. Also, a residual normality test was
performed to determine the goodness of fit of the regression
models. For a null hypothesis indicating the residuals are normal,
results showp > 0.77 andp > 0.85 for the low- and high-carbon
intensive sectors, respectively.
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TABLE II
SUMMARY STATISTICS BY INDUSTRY SECTOR

Source: Authors’ analysis.

VI. DISCUSSION

The analysis of the low-carbon intensive group reveal that
the coefficient of the linear component of CP (β1) is pos-
itive and significant while that of the quadratic component
(β2) is negative and significant. These results are also con-
sistent for CFP measured using ROA and Tobin’s Q and de-
pict evidence of an inverted U-shaped relationship between
CP and CFP. The results provide evidence in support of H1
that an inverted U-shaped relationship exists between CP and
CFP for firms in the low-carbon intensive sectors. Similarly,
the results are also consistent for CFP at year t+ 1 (mod-
els A1–A4 and B1–B4) and year t+ 2 (models A5–A8 and
B5–B8).

In contrast to the low-carbon intensive sector results, the
results of the high-carbon intensive sectors show evidence of
a statistically significant U-shaped relationship between CP and
CFP. The results reveal the coefficient of the linear component
of CP (β1) is statistically significant and negative while that of
the quadratic term (β2) is significant and positive. These results
are consistent for CFP represented by ROA and Tobin’s Q and
are also consistent for CP lagged by one year(models C1–C4
and D1–D4) and two years(models C5–C8 and D5–D8). These
provide evidence of a U-shaped relationship between CP and
CFP supporting H2.

From Fig. 3, the graph of Tobin’s Q against CP shows that
at the high value of our moderator variable, there is evidence
of a U-shaped relationship while at the low value, an inverted

Authorized licensed use limited to: The George Washington University. Downloaded on February 08,2021 at 00:03:02 UTC from IEEE Xplore.  Restrictions apply. 



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

10 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

TABLE III
CORRELATION MATRIX OF THE VARIABLES

Source: Authors’ analysis.

Fig. 3. Corporate financial performance as a function of carbon performance
at high, medium, and low values of EMS for the low carbon intensive sectors.
Source: Authors’ analysis.

U-shaped relationship. For this category, higher levels of EMS
are associated with higher levels of CFP for the same level of

Fig. 4. Corporate financial performance as a function of carbon performance
at high, medium, and low values of EMS for the high carbon intensive sectors.
Source: Authors’ analysis.

CP. However, for each of the EMS plots, it is observed that
higher levels of EMS are associated with declining CFP as CP
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TABLE IV
HIERARCHICAL REGRESSION RESULTS FOR LOW-CARBON INTENSIVE SECTORS WITH TOBIN’S Q AS DEPENDENT VARIABLE AND LAGGED BY 1 AND 2 YEARS

Values in bracket represent the robust heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.

improves and lower levels of EMS are associated with better CFP
as CP improves. For the average and lower EMS case, there is
a significantly inverted U-shape in response for CFP to increase
with increasing CP. Therefore, the relationship between Tobin’s
Q and CP is influenced by the strength of EMS. However, while
a similar relationship is seen with CFP measured using Tobin’s
Q and ROA, ROA is less sensitive to changes in the moderator
variable, EMS, when compared to Tobin’s Q. This is illustrated
in the small changes observed in ROA in comparison to Tobin’s
Q at different levels of the moderator variable.

Fig. 4 also investigates the moderating relationship between
CP and EMS in the high-carbon intensive sectors. Evidently, for

the same level of CP, higher values of EMS are associated with
higher values of CFP, while lower EMS values are associated
with lower levels of CFP. However, for the high-carbon intensive
sectors, the results for Tobin’s Q show that as CP is improved,
CFP improves for high, average, and low values of EMS. The
results of the moderating relationship for CFP measured as ROA
show similar behavior to Tobin’s Q. Nonetheless, it is once again
seen that ROA is less sensitive to the moderating variable, EMS,
as in the case of the low-carbon intensive sectors. These results
support H3 highlighting that the relationship between CP and
CFP is moderated by the carbon management practices—for
the same level of CP, higher levels of the carbon management
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TABLE V
HIERARCHICAL REGRESSION RESULTS FOR LOW-CARBON INTENSIVE SECTORS WITH ROA AS DEPENDENT VARIABLE AND LAGGED BY 1 YEAR AND 2 YEARS.

Values in bracket represent the robust heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.

practices are associated with improved CFP and lower levels of
carbon management practices are associated with reduced CFP.

This article differs from most recent research aimed at un-
derstanding the CEP and CFP relationship that only considered
environmental outcomes in the operationalization of CEP. By
introducing a precise measure of the environmental process
dimension compared to how it was captured using environ-
mental indicators containing both elements of the process and
outcome dimension, the results from this study make clearer
the interplay occurring between both dimensions of CEP as
they relate with CFP. In addition, by introducing a treatment of
firms across the two industry sector groups the results from this
study reveal that ambiguities observed in previous studies may

emanate from the generalized treatment of firms, as shown in
the outcomes of Sections V.B.1 and V.B.2. Furthermore, as dis-
cussed in Section V.B.3, our results show how improvements in
environmental outcomes affect the business performance of
firms at different levels of the process dimension. The analyses
once more reveal how the combined effects of both dimensions
of CEP vary across the industry groups.

VII. ADDITIONAL REGRESSION

Table A11 in the Appendix shows the regression summary
results for CFP measured as Tobin’s Q and ROA when all firms
are grouped together. The results are shown for CFP at year
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TABLE VI
HIERARCHICAL REGRESSION RESULTS FOR HIGH CARBON INTENSIVE SECTORS WITH TOBIN’S Q AS DEPENDENT VARIABLE AND LAGGED BY 1 AND 2 YEARS

Values in bracket represent the robust heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.

t+ 1. Models M1 to M4 and M5 to M8 show the regression
results with the dependent variable as Tobin’s Q and ROA,
respectively. The results demonstrate evidence of a significant
U-shaped relationship between CP and CFP. These conclusions
are in line with recent studies investigating the relationships
between CFP and outcome measures of CEP when all industry
sectors are combined in the same group [49], [50]. For this group,
it is seen that the process dimension variable is only significant
for CFP measured as Tobin’s Q and not for ROA. In addition, the
interaction terms between the outcomes and process dimensions
variables are not significant in this case as well.

Furthermore, we performed the analysis across three industry
sector groups, which are the high-, intermediate-, and low-
carbon intensive sector groups. These results are shown in the
Appendix—Tables A12, A13, and A14, respectively. The tables
reveal the low- and high-carbon intensive groups show similar
results to our original analysis, but with reduced statistical signif-
icance. However, the intermediate sector group revealed similar
characteristics in direction with the low-carbon intensive group
but with the key independent variables of interest seen to be
nonsignificant due to the greatly reduced sample size across the
group.
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TABLE VII
HIERARCHICAL REGRESSION RESULTS FOR HIGH CARBON INTENSIVE SECTORS WITH ROA AS DEPENDENT VARIABLE AND LAGGED BY 1 YEAR AND 2 YEARS

Values in bracket represent the robust heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.

TABLE VIII
VARIANCE INFLATION FACTORS

Source: Authors’ analysis.

VIII. CONCLUSION

This article investigated the relationship between CEP and
CFP as it focused on the multidimensional construct of CEP
by considering both the process and outcome dimensions. The
contributions from this study provided theoretical insights for
the CEP-CFP relationship by revealing how this relationship
is impacted by sectoral differences across firms. The study also
provided practical implications in relation to a firm’s bottom line
relevant to decision makers saddled with the responsibility of
balancing investments in strategic environmental management
processes and emission reduction technologies across different
industry sectors.
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The results indicated that for firms in the low-carbon intensive
sectors, there is evidence of an inverted U-shaped relationship
between the outcome dimension of CEP and the CFP measured
using both accounting-based metrics (ROA) and stock market
performance-based metrics (Tobin’s Q). However, in the high-
carbon intensive sectors, there is statistical significance evidence
of a U-shaped relationship between the outcome dimension
measures of CEP and CFP using both ROA and Tobin’s Q. This
implies that for either of the two sector groups in the study,
some firms on one side of the curvilinear relationship have their
CFP metrics decline with improvements in CP and the others
have it in the converse. Therefore, within both groups, benefits
to be accrued from emissions abatement actually depend on the
level of outcome measures of CEP for a representative firm.
For the high-carbon intensive sectors, our results implied that
these benefits were associated with outcome measures beyond a
minimum threshold of CP. Therefore, firms in these sectors need
to improve their CP beyond certain expected values to derive the
associated benefits of environmental stewardship. In the case of
the low-carbon intensive sectors, there are increasing benefits
associated with certain thresholds of outcomes measures beyond
which diminishing returns set in. Hence, firms within this sector
need not improve outcomes dimension measures beyond certain
expected values in order to avoid negative impacts on CFP.
The results from the low-carbon intensive sectors are consistent
with theoretical concepts of “too-much-of-a-good-thing” [49],
[50], which is derived from the economic theory of diminishing
returns. It explains that firms’ increased benefits from emissions
abatement could eventually result in negative effects when cer-
tain thresholds are exceeded. On the contrary, the evidence from
the analysis of the high-carbon intensive sectors aligns with the
theory that firms’ emissions abatement activities may lead to
decreasing outcomes below certain levels and once these levels
are exceeded, firms observe improved benefits.

The results also demonstrated that the interaction between
both dimensions of CEP highlight statistical significance for
the low- and high-carbon intensive sectors alike. These effects
were also significant when CFP is measured using both Tobin’s
Q and ROA. For firms in the low-carbon intensive sectors, the
results revealed that at higher levels of process based measures,
CFP is expected to decline with improvements in CP while
at low process based measures, CFP is expected to improve
with improved CP. Therefore, it can be implied that firms in
these categories need to achieve a balance between high levels
of outcomes and high levels of process-based measures. This
may be because firms in this category require minimal barri-
ers to overcome in order to derive the benefits of improved
environmental response. On the contrary, the results from the
high-carbon intensive sectors, revealed relatively higher levels of
CFP associated with higher process based measurements. Also,
for all the levels of process-based measures, improvements in CP
are associated with improvements in CFP. This implied that these
group of firms stand to gain more benefits from improved envi-
ronmental performance with improvements in both outcome and
process-based dimension measures. For this category of firms,

this may be because they require higher barriers to overcome in
terms of environmental performance in comparison to firms in
the low-carbon intensive category.

The interplay described between CP, EMS, and CFP appears
to be more pronounced in the stock market measurement metric
(Tobin’s Q) in comparison to the accounting measurement met-
ric (ROA). Given that Tobin’s Q represents the estimates of a
firm’s future cash flow relative to its assets, the results observed
may be due to this metric being more sensitive to investors and
stakeholders in comparison to the accounting measure that is
primarily concerned with the short term profitability of corporate
firms. This also sheds more light on some practical implications
of the moderating relationship of EMS. Specifically, process
dimension improvements are expected to have a greater impact
on future earnings rather than immediate profitability measures.

Although this study enhances our knowledge in the rela-
tionships between CEP and CFP across different industry sec-
tors, some limitations need to be considered in generalizing
the findings from the study. First, all climate change related
information was self-reported data by participating firms in the
CDP. However, despite this limitation, the authors believe that
the CDP still represents one of the most comprehensive data
sources for this sort of information. In addition, the study sample
size was limited to corporate firms who voluntarily provided
details on their carbon management practices consistently within
the selected years. Also, due to the readily available data on
corporate carbon emissions across all industry sectors over the
years, this measurement metric was selected to represent the
outcomes measure of CEP. Future studies could investigate
this multidimensional interplay across other outcome dimension
measures along with including larger sample sizes as more firms
continue to report on their carbon management practices.

APPENDIX

A. Acronyms

TABLE A1
ACRONYMS AND THEIR MEANINGS
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B. Scores for firms’ Carbon Management Practices

TABLE A2
FIRMS’ CARBON MANAGEMENT PRACTICES AND ASSIGNED SCORES, PART 1

Source: Adapted from the CDP.

TABLE A3
FIRMS’ CARBON MANAGEMENT PRACTICES AND ASSIGNED SCORES, PART 2

Source: Adapted from the CDP.
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TABLE A4
FIRMS’ CARBON MANAGEMENT PRACTICES AND ASSIGNED SCORES, PART 3

Source: Adapted from the CDP.
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C. Organization List by Industry Sector

TABLE A5
LOW-CARBON INTENSIVE FIRMS I

Source: CDP.
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TABLE A6
LOW-CARBON INTENSIVE FIRMS II

Source: CDP.
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TABLE A7
LOW-CARBON INTENSIVE FIRMS III

Source: CDP.
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TABLE A8
HIGH-CARBON INTENSIVE FIRMS I

Source: CDP.
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TABLE A9
HIGH-CARBON INTENSIVE FIRMS II

Source: CDP.
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TABLE A10
HIGH-CARBON INTENSIVE FIRMS III

Source: CDP.
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D. Additional Regression Summary

TABLE A11
REGRESSION RESULT SUMMARY FOR ALL SECTORS WITH TOBIN’S Q AND ROA AS DEPENDENT VARIABLES

Values in bracket represent the robust-heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.
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TABLE A12
REGRESSION RESULT SUMMARY FOR LOW CARBON INTENSIVE SECTORS WITH TOBIN’S Q AND ROA AS DEPENDENT VARIABLES

Values in bracket represent the robust-heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.
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TABLE A13
REGRESSION RESULT SUMMARY FOR INTERMEDIATE CARBON INTENSIVE SECTORS WITH TOBIN’S Q AND ROA AS DEPENDENT VARIABLES

Values in bracket represent the robust-heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.
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TABLE A14
REGRESSION RESULT SUMMARY FOR HIGH CARBON INTENSIVE SECTORS WITH TOBIN’S Q AND ROA AS DEPENDENT VARIABLES

Values in bracket represent the robust-heteroscedasticity standard errors, ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01, and †p < 0.001. Source: Authors’ analysis.
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