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Abstract

This study investigates the two-way relationship between corporate environmental
performance (EP) and corporate financial performance (FP). The relationship between
EP and FP remains ambiguous after decades of study. To contribute to the ongoing
debate, we estimate a system of dynamic equations simultaneously by deploying structural
equation modeling (SEM). The study employs annual data on all constituents of the
S&P 500 index from 2011 to 2020 retrieved from Bloomberg and Refinitiv. In contrast
to most literature, this study conclusively finds that FP affects EP only for a subset
of firms (brown firms) while the effect of EP on FP differs across model specifications,
measures of FP, or sectors, rendering the effect inconclusive. Further, the findings reveal
that environmental expenditures entirely moderate the effect of FP on EP. The study
concludes that FP boosts EP in brown firms only when environmental expenses are

incurred.
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1. Introduction

The world is starting to realize the environmental consequences of conducting business
as usual. Regulators and policy makers are, therefore placing more and more stringent
pollution abatement requirements on businesses. In the past few decades, the Environ-
mental Protection Agency (EPA) has regulated more than 174 major industrial sources
of air toxics, including chemical plants, oil refineries, aerospace manufacturers, and steel
mills. Between 1999 and 2011, a number of these regulations became effective. It is ex-
pected that these standards will reduce annual toxic emissions by about 1.7 million tons
when they are fully implemented. These policies require businesses to invest in pollution
abatement technology to reduce their emissions. This seems to be at odds with the idea
of profit-making — the primary reason why businesses exist.

Yet some businesses are going above and beyond the regulatory requirements to im-
prove their environmental performance or reduce toxic emissions. There are several rea-
sons for this. First, investment in pollution abatement enhances operational efficiency
leading to improved profits. Pollution can be seen as a waste of resources (such as raw
materials and energy). Thus, Porter| (1991) suggests that investments made to comply
with environmental regulations and policies may lead to a reduction in such wastage and
cause an increase in profits so much so that they end up compensating for the compli-
ance costs incurred for waste disposal. Second, when investors have a preference for green
products as |Pastor et al.| (2022)) find, firms selling these products will see an increase in
their profits, and thereby, an increase in their asset prices. Third, socially responsible
investments (such as investment in pollution abatement) can reduce the cost of capital
for businesses, as the findings of |Heall (2005)) indicate. Finally, |[Feldman et al. (1997)
observe that firms that make investments to improve their environmental performance
signal that they are better protected against other risks such as regulatory or legislation
non-compliance. As a result, compliant firms are more trusted by stakeholders when

compared to their non-compliant counterparts. All these reasons support the view that



investments in environmental performance (EP) are conducive to enhanced financial per-
formance (FP), defying the traditionalist view of EP where EP is seen as a mere cost
that only contributes to deteriorating firm profit margins.

The majority of the literature is devoted to explaining the direction of the impact
of EP on FP i.e. the papers either side with Porter’s hypothesis and conclude that EP
impacts FP positively (Hart and Ahuja; 1996 King and Lenox, 2002; [Konar and Cohen,
2001)) or they conclude that EP affects FP negatively thereby providing evidence for the
traditionalist view (Wagner et al| [2002; |Lu and Taylor} [2018). Some researchers also find
that there exists no relationship between both (Aras et al., |2010).

Several meta-analytic studies have attempted to reconcile these inconsistencies in the
literature. Horvathova (2010) finds that factors such as the empirical method employed,
the measure of financial performance or the time covered by the study affect the nexus
between EP and FP. |Dixon-Fowler et al|(2013)) find that small firms gain more from im-
proving EP compared to large firms, that US firms benefit more than their international
counterparts from improving EP, and that EP has more influence on market-based mea-
sures than on accounting-based measures of FP. |Albertini (2013) finds that the EP-FP
relationship is stronger when EP is measured by Environmental Management variables
(EMVs) that indicate firms’ attitude towards environmental responsibility. Employing
instead Environmental Performance variables (EPVs) or Environmental Disclosure vari-
ables (EDVs), which measure the environmental outcomes, as measures of EP produces
weaker EP-FP associations. |Albertini (2013) further highlights that the EP-FP relation-
ship appears stronger when FP is measured using accounting-based measures (relative to
market-based measures), and in non-longitudinal analyses (when compared to longitudi-
nal ones).

The literature took an interesting turn when |Waddock and Graves| (1997) found that
improving EP can be contingent upon firms’ FP. Their results substantiated the slack
resource theory according to which firms with slack resources (potentially available be-
cause of better financial performance) may be in a better position to invest in EP. While

the research investigating the impact of FP on EP is still scant, some studies have made



an attempt at exploring the bi-directional relationship between both (Al-Tuwaijri et al.,
2004; |Lu and Taylor} 2018; Liu|, 2020)).

A number of studies have delved into exploring the role of moderators in influencing
the EP-FP nexus. Some examples of such moderators include competitive advantage, an
industry’s environmental risk, and the role of corporate brand and financial constraints
(Lopez-Gamero et al.,|2009; |Semenova and Hassel, 2016; Rahman) 2023)). The importance
of the sector of activity or the industry membership of a firm as a potential moderator
in the EP-FP relationship has been highlighted by |Dixon-Fowler et al.| (2013]). Lucas
and Noordewier| (2016) or Liu/ (2020)) find that there exists inter-industry differences in
the impact of EP on FP. However, the possibility that there could also be differences in
the impact of FP on EP across industries is left unexplored. This is where the primary
contribution of our paper lies. We posit that both the impact of EP on FP and of FP on
EP could differ depending on the industry/sector to which the company belongs.

Overall, in the literature to this date, the effect of corporate environmental perfor-
mance (EP) on the corporate financial performance/profitability (FP) has been studied
extensively. Most recent studies find that EP positively affects FP (Temiz, [2022; |(Chen
et al., |2023)). However, this relationship may be biased as there also exists evidence
pointing out the prevalence of an opposite causal relationship i.e. corporate financial
performance affecting corporate environmental performance. It is also intuitively plausi-
ble that the financial performance of a firm enables it to have enough slack to have the
ability to invest in improving its environmental performance. If this bi-directional nature
of the relationship is not taken into account to model the EP-FP relationship, then the
results obtained in most of the prior literature in this area may present a biased and an
incomplete picture of the actual relationship between EP and FP.

Owing to this rationale, in this paper, we posit that the availability of slack (proxied
by FP) affects the capability of companies to invest in their environmental management
practices (proxied by EP), and improved EP results in developing capabilities that may
lead to higher efficiency and therefore, better FP. Considering this mechanism of two-way

effects, the EP-FP relationship is postulated to be bi-directional and must be estimated



as such in order to give a complete and unbiased picture of the EP-FP relationship.

Additionally, we model this relationship separately for brown (heavily polluting) and
green (relatively less polluting) sectors. This is done because heavy-emitters differ from
light-emitters in their characteristics such as nature of operations and emissions inten-
sity. \Gull et al. (2022) and Van Hoang et al.| (2023) point out that the sector to which a
company belongs significantly affects its commitment towards sustainability development
goals. Carbon control policy (which varies greatly across industries) is also found to nega-
tively affect the ESG performance of firms (Shu and Tan, 2023)). Companies operating in
sectors that pollute more are also more likely to be subject to more stringent regulations
corresponding to higher environmental compliance costs. Qian et al. (2023)) find that
government inspection (which are more likely to be carried out in polluting industries)
has a pronounced influence on the environmental investments of a firm. These differences
between brown and green companies may result in different levels of proactiveness in in-
vesting in environmental practices (FP — EP). These differences also affect the response
of FP to changes in EP. Hence, how FP affects EP may be different for brown companies
compared to their green counterparts (EP — FP). Finally, we include the lagged values
of both FP and EP in the model specification (to control for the strong persistence in
the dynamics of FP and EP).

This bi-directional relationship is modeled with the novel structural equation model-
ing (SEM) approach. SEM estimates the equations in a system of equations simultane-
ously. SEM enables modeling the EP-FP relationship while taking care of the endogeneity
resulting from simultaneity. We establish a causal relationship by controlling for the en-
dogeneity using instrumental variables for both the endogenous variables (EP and FP)
in the system of equations that we estimate.

To the best of our knowledge, this is the first dynamic longitudinal study of the EP-
FP bi-directional relationship that distinguishes between clean (green) and dirty (brown)
sectors. For the effective formulation of policies, it is important to allow for differences
in the EP-FP relationship between green and brown firms, because the decisions to (i)

adopt pro-environmental measures to become greener (captured by the impact of finan-



cial performance on environmental performance) and (ii) reap the economic benefits of
becoming greener (captured by the impact of environmental performance on financial
performance) are intertwined. Therefore, the separate analysis of the two-way EP-FP
relationship enables a better understanding of inter-industry differences than imposing
a one-way impact of EP on FP across industries (Iwata and Okada, 2011; [Liu, 2020),
allowing regulators to design sector-specific incentive policies, which depend not only on
the financial benefits accruing from improvements in environmental performance but also
on the environmental efforts in response to improvements in financial performance.

By exploiting the outlined methodology to estimate the bi-directional relationship
between EP and FP for green and brown sectors separately, we find that only firms in
brown sectors improve their EP upon experiencing an improvement in FP. This result is
robust across different model specifications, estimation methods, and alternate measures
of FP and EP. Therefore, we find conclusively that FP affects EP only for a subset of
firms (brown firms) while the effect of EP on FP depends on the model specifications,
measure of FP, and sector. Our results attest to the slack resource theory originally
proposed by (Waddock and Graves (1997)) but only for a subset of firms (brown firms).
The results also substantiate the theory put forward by Palmer et al.| (1995). They argue
that generalizing a positive impact of EP on FP is not appropriate. They assert that the
positive impact of EP on FP may only exist for some firms depending upon their internal
capabilities. Given this, a more directed approach to regulation is advisable as it would
be better aligned with achieving win-win results for businesses and the environment.

The rest of the paper is organized as follows: Section 2 reviews the relevant literature;
Section 3 provides a description of the data used and variables constructed; Section
4 specifies the research methodology adopted; Section 5 reports and discusses empirical
findings; Section 6 reports robustness checks results, and Section 7 concludes, highlighting

the main contribution and discussing future avenues for research.



2. Literature review

2.1. Theoretical foundations

As per the traditional economic rationale, EP bears a negative impact on FP. [Fried-
man| (1970)) argued that investments in corporate social responsibility (CSR) activities are
wasteful expenditures that reduce the returns to the business stakeholders. [Porter| (1991)
and Porter and Linde (1995) were amongst the first to challenge this negative view of
environmental performance. They argue that carefully crafted environmental regulation
can provide a boost to a country’s competitiveness by promoting innovation that leads to
lower costs. They discuss several cases where such ‘innovation offsets’ end up exceeding
the cost of compliance. This has been termed in the literature as ‘Porter’s hypothesis’.
A large body of literature and multiple theories discuss how enhancing environmental
performance can be a win-win situation where environmental harm is curbed and firms
benefit in the form of better financial performance (Porter and Van der Linde, 1995} |King
and Lenoxl, 2002; [Hart and Ahuja, (1996)).

Wernerfelt| (1984) puts forward the resource-based view according to which a firm
can uphold its competitive advantage only if the capabilities creating that advantage are
backed by resources that cannot be easily imitated by its competitors. This view is taken
one step forward by [Hart| (1995) who explores the interconnectedness of pollution pre-
vention, product stewardship, and sustainable development. As per the natural resource-
based view proposed by [Hart| (1995)), a firm’s capability to cope with the complexities
posed by the natural environment enables the development of costly-to-copy resources
and capabilities. Such capabilities and resources lead to an improved competitive ad-
vantage and a better reputation. The resulting improvements from better environmental
management strategies can enhance financial performance (Hart and Dowell, [2011]).

Instrumental stakeholder theory also provides a rationale for the win-win argument
behind the positive association between EP and FP. The instrumental stakeholder the-
ory states that firms employ various strategies to establish a good relationship with their
stakeholders which in turn helps firms improve financial performance (Jones, |1995). Slack

resource theory, as discussed earlier, suggests that firms with better financial performance



may possess the required ‘slack’ to invest in socially responsible actions (Waddock and
Graves,, [1997). While most of the literature explores how EP affects FP, a subset of
the literature has also investigated whether more profitable firms invest more in envi-
ronmental performance (Al-Tuwaijri et al. 2004; Semenova and Hassel, 2016} |Liu, [2020).
Combining the evidence for the existence of a bi-directional relationship between EP and
FP as suggested by the aforementioned theories and literature, we model the EP-FP

nexus using a system of equations where both EP and FP are endogenous.

2.2. Factors affecting the EP-FP nexus

The heterogeneous results pertaining to the EP-FP nexus reported in the literature
can be attributed to moderators (Dixon-Fowler et al., 2013)). [Bissoondoyal-Bheenick et al.
(2023)) highlight the importance of size and media channels as moderators in the relation-
ship between ESG and firm performance measured by Tobin’s Q ratio. |Alexopoulos et al.
(2018)’s findings indicate that firm-specific and market-related characteristics such as so-
cietal, cultural and institutional settings impact the linkage between EP and FP. These
factors lead to a negative impact of EP on FP, suggesting that there are no economic ben-
efits for firms that actively engage in reducing their energy consumption. Dal Maso et al.
(2018) demonstrate that stakeholder prioritization and engagement jointly strengthen the
EP-FP relationship. |Lopez-Gamero et al.| (2009) show that firms recognized as earlier
environmental performers adopt more proactive environmental management practices,
which in turn translate into better financial performance i.e. becoming a relatively more
environmentally proactive firm earlier leads to better financial outcomes. They also show
that the impact of environmental protection on environmental performance is positive
and that it depends on the sector under consideration.

Nakao et al.|(2007) argue that since there are many dimensions of environmental and
financial performance of firms, concluding on a positive two-way relationship between en-
vironmental and financial performance is not appropriate (mostly due to potential omitted
variable bias). So, they compare various dimensions of top-scoring firms (from an envi-
ronmental management survey) before drawing conclusions regarding the direction of the

EP-FP relationship. [Iwata and Okadal (2011)) study the effect of improving environmen-



tal performance on the financial performance of Japanese clean and dirty manufacturing
industries. They find that the financial impact of improving environmental performance
is different for clean and dirty industries. |Bissoondoyal-Bheenick et al.| (2023) also find
that the impact of ESG on FP varies across different industry sectors. [Semenova and
Hassel (2016) include the industry’s environmental risk and environmental policy as a
variable in their model that determines the relationship between FP and EP. |Qi et al.
(2014) show that industry-level environmental performance positively impacts a firm’s
financial performance. Lucas and Noordewier| (2016) explore industry pollution-related
factors as moderators in the relationship between FP and EP. These authors find that
relatively dirty and non-proactive industries benefit more (in terms of improved financial
performance) from engaging in environmental management practices.

Most of the literature that addresses the bi-directional relationship between EP and
FP has predominantly relied on cross-sectional data sets (Al-Tuwaijri et al., [2004; Lucas
and Noordewier], 2016; Lu and Taylor, [2018)). |Albertini| (2013) highlights that the EP-FP
relationship appears stronger in non-longitudinal studies. |Liu| (2020) exploits longitudi-
nal data and addresses the issue of reverse causality by employing a cross-lagged model.
There, it is acknowledged that the relationship between EP and FP can be different for
firms operating in ‘dirty’ industries relative to firms operating in ‘clean’ ones. The ra-
tionale behind this hypothesis is that as industries vary in their industrial configurations
and structures, their performance response to better environmental management strate-
gies may differ. The reported findings support a heterogeneous impact across industries
of EP on FP, but that FP has a positive mean effect on EP.

Lucas and Noordewier| (2016) state that the ‘technical environment’ of a particular
industry will bear an impact on the amount of pollution created in an industry. Indus-
tries that pollute more are also more likely to be subject to more stringent regulation.
Environmental compliance costs are more likely to be higher for firms in relatively more
polluting sectors. This implies that the cost savings from adopting better environmental
management strategies may be greater for firms operating in relatively more polluting

sectors (Klassen and McLaughlin, |1996). We therefore examine separately the EP-FP
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nexus, distinguishing between high (referred to as brown firms) and relatively low emitters

(or green firms).

2.3. Measures of FP and EP in the literature

The literature studying the relationship between corporate financial performance (FP)
and environmental performance (EP) mostly examines competing measures of FP to
gauge how this variable responds to changes in EP, or EP—FP. The most popular
accounting-based measure to establish the EP—FP relationship is the return on assets
(ROA), e.g. |Choi et al.| (2010), |Qureshi and Ahsan| (2022)) and Lahouel et al.| (2022).
Return on equity (ROE) has also been employed (instead) in many studies, e.g. |Wagner
et al.| (2002). Other measures of FP employed in the literature include return on sales,
return on capital employed, stock returns, price to book value, return on invested capi-
tal, earnings before interest and tax (EBIT) to total sales, and earnings before interest,
tax, depreciation, and amortization (EBITDA) to total sales (Qiu et al., 2016; Wagner
et al., 2002; Naimy et al., 2021; Iwata and Okada), 2011; Laguir et al., 2018; |Gull et al.|
2022). |Alareeni and Hamdan (2020) use market-based measures of FP, such as Tobin’s
Q, in conjunction with accounting-based measures. The importance of using both these
market-based and accounting-based measures is discussed in |[Endrikat et al.| (2014]) meta-
analysis, where it is acknowledged that the accounting-based measures of FP, such as
ROA, better capture the efficiency with which a firm makes use of its assets to generate
value in the short-run. Instead, market-based measures, such as Tobin’s Q, gauge the
perceptions regarding the future performance of firms and hence, better proxy for their
long-term performance. However, |Albertini (2013)) argues that market-based measures of
financial performance are economic indicators that are mostly beyond management con-
trol, while accounting-based measures of financial performance are under management’s
control, reflecting management’s voluntary choices regarding firm resource allocation.
Thus, we employ Return on Assets (ROA) as the primary measure of FP. Return on
equity (ROE), return on invested capital (ROIC), return on capital employed (ROCE),
profit margin (PM), EBITDA to revenue ratio (EBITDA/REV), and EBIT to sales ratio

(EBIT/SALES) are used as alternative measures of FP to gauge the robustness of the
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results obtained.

Just as for FP, the literature has considered different ways to measure/quantify EP,
such as greenhouse gas emissions (Hassan and Romilly, 2018} Bolton and Kacperczyk,
2020), waste emissions and water use (Hoang et al., 2020), toxic release inventory (Clark-
son et al., [2011)), environmental scores published by various databases (Liu, [2020)), envi-
ronmental management initiatives (Klassen and McLaughlin| [1996) or carbon intensity
(Pedersen et all 2021), amongst others. Here, we use the environmental pillar score
(EScore) or the ‘E’ of the ESG score provided by Refinitiv. Refinitiv’s ‘E’ scores are a
combination of scores assigned under three main categories - 1) emissions 2), resource
use, and 3) innovation. The E scores can be thought of as a proxy for a firm’s envi-
ronmental management practices. Environmental management variables (as opposed to
environmental performance and environmental disclosure variables) depend on processes,
systems, or productivity (Albertini, |2013). This author finds that EP measured using
environmental management variables has a significantly stronger relationship with FP.

As discussed previously, the natural resource-based view theory states that a firm de-
velops dynamic capabilities (such as better environmental management practices) to cope
with the challenges posed by the natural environment (Hart} [1995)). These capabilities
may lead to competitive advantage and hence, improve financial performance (Hart and
Dowell, 2011). Therefore, EP as a proxy for environmental management practices may
be the source of the development of a firm’s dynamic capabilities which in turn leads to
improved financial performance.

The debate is not only limited to the sign and direction of the EP-FP relationship
but also extends to its horizon, i.e. does EP affect the FP of a firm contemporaneously or
with a lag? The meta-analysis by Hang et al.| (2019) provides evidence in support of the
Porter Hypothesis (revisionist view), with the economic returns (FP) to improvements
in EP materializing only with a delay of around 2 years. Most researchers find that EP
in the previous year affects FP in the current year (Lucas and Noordewier, 2016} Liu,
2020). Some researchers also find evidence in support of a contemporaneous relationship

between EP and FP (Al-Tuwaijri et al.| 2004} Iwata and Okadal, 2011]). The meta-analysis
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conducted by |[Endrikat et al. (2014) also supports the existence of a relationship between
EP and concurrent FP as well as between EP and subsequent FP. Thus, we seek to
gauge the impact of prior and concurrent EP on FP and vice versa. We also account
for lagged values of both FP and EP in the model specification to control for the strong
persistence in the dynamics of financial and environmental performance. As shown below,
these additional features of the model allow us to correct for the potential presence of
a spurious relationship between EP and FP —that could be explained by a strong time-
series persistence in the variables (Granger and Newbold, |1974), and to reduce potential
biases in such relationship, due to the effect of unobserved heterogeneity not captured by

the set of observable factors used as controls.

3. Data and sample selection

The dataset used for this analysis considers the constituents of the S&P 500 index
over the period 2011 to 2020, obtained from Bloomberg and Refinitiv Datastream. The
reason for the choice of time period is that the ESG ratings have become more complete
and accurate only recently. Therefore, we use data starting from 2011 to ensure the relia-
bility of the results. The enactment of legislative efforts requiring substantial investments
in decarbonization - the Infrastructure Investment and Jobs Act (2021) and the Inflation
Reduction Act (2022) mark a strategic shift away from traditional environmental regula-
tions towards technological innovation and infrastructure renewal (Farber, [2024). These
changes may result in a huge impact on how environmental performance is perceived by
companies 2021 onwards, so we do not include these years in our analysis. All available
data from 2011 to 2020 on the constituents of S&P 500 index are used in the analysis.
The sample employed is unbalanced. In particular, Refinitiv provides data on the Envi-
ronmental, Social, and Governance (ESG) scores, and their sub-components ‘E’‘S’, and
‘G’ respectively. This study uses a broader and all-encompassing modern definition of
environmental management practices by considering the Environmental Pillar Score, i.e.
the ‘E’ of the ESG index, rather than traditional indicators of environmental performance

such as greenhouse gas (GHG) or toxic waste emissions, that have been previously used
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by studies for gauging the nature of the EP-FP relationship (Hassan and Romilly, |2018;
Al-Tuwaijri et al., [2004; [Iwata and Okadal, 2011). EScore has been adopted as a measure
of environmental performance at the firm level in the recent literature (Lahouel et al.
2022; Dal Maso et all 2018 [Liu, [2020). This information is merged with data on the
Global Industry Classification Standard’s (GICS) sector classification for the S&P 500
constituent firms.

There are 11 sectors as per the GICS — Energy, Materials, Industrials, Consumer Dis-
cretionary, Consumer Staples, Health Care, Financials, Information Technology, Commu-
nication Services, Utilities, and Real Estate. Six Sectors are classified as brown and five
as greenﬂ, according to the MSCI ESG Research on Carbon Footprinting (2015) and the
MSCI Net-Zero Tracker (October 2021)E| The estimations of the carbon footprint in the
MSCI ESG Research report have been done as per scope 1 plus scope 2 emissionsﬁ In
the MSCI Net-Zero Tracker report, the estimations of the implied temperature increase
resulting from activities of each of the GICS sectors have been computed using Scope
1, 2 and 3 emissions’| Since only Scope 1 and Scope 2 emissions are the emissions that
companies can (mostly) directly control, they form the primary basis for the classifica-
tion of firms into green and brown sectors for the purpose of this study, noting that the
inclusion of Scope 3 emissions doesn’t alter the classification obtained[f] The number of

green and brown firms in each sector is reported in Table [T}

2The sectors are ranked from most to least polluting based on their emissions and the top 6 sectors
are classified as brown, with the remaining as green.

3A report that gauges the world’s listed companies’ progress towards reducing climate risk

4Scope 1 emissions: all direct GHG emissions from sources owned or controlled by the company, out
of total emissions of the MSCI ACWI Index. Some examples include emissions from fossil fuels burned on
site, or emissions from entity-owned and/or leased vehicles. Scope 2 emissions: Indirect GHG emissions
from consumption of purchased electricity, heat, or steam, and the transmission and distribution (T&D)
losses associated with some purchased utilities.

Scope 3 emissions comprise emissions that companies are indirectly responsible for - such as emissions
that result from purchasing, using, and disposing of products from suppliers. Since Scope 3 emissions
are not produced by the companies themselves i.e these emissions are not the by-product of the activ-
ities carried out by companies’ owned or controlled assets, and therefore, cannot be controlled by the
companies themselves.

6As a check to determine if the classification is accurate in light of the time period selected, we rank
sectors according to the average emissions’ intensity ratio (calculated by dividing Scope 1 and Scope
2 emissions by Total Assets) and then classify firms into green and brown sectors. The classification
remains unchanged.
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Table 1: Classification of Sectors in the dataset

Brown Sectors Green Sectors

Sector Number of Firms Sector Number of Firms
Utilities 29 Real Estate 29
Materials 28 Information Technology 75
Industrials 71 Health Care 64
Energy 21 Financials 67
Consumer Discretionary 60 Communication Services 26

Consumer Staples 32

Total 241 Total 261

Notes: This table displays the number of firms in each sector. The sectoral classification is done based
on the GICS classification criteria. Sectors are then divided into 2 broader categories namely, brown and
green. Brown sectors are sectors with higher scope 1 and 2 emissions compared to green sectors. The
overall (full) sample comprises all firms listed on the S&P 500 index. The data used is retrieved from
Refinitiv and Bloomberg.

Table 2: Summary Statistics of variables employed in this analysis. Table of variable definitions is

available in

Brown Firms Green Firms
Variable Obs Mean S.D. Obs Mean S.D.
EScore 2,236 48.96 28.34 2,403 44.51 28.37
ROA 2,296 6.98 7.37 2,477 6.13 8.18
CFO/SaleS 2,335 16.43 13.65 2,571 24.81 24.36
TD/TA 2,334 33.89 26.47 2,560 24.77 20.25
SalesGrowth 2,326 5.57 20.87 2,564 11.48 37.80
In(TA) 2,335 9.66 1.19 2,564 9.85 1.77
EnvDisclScore 2,199 30.97 20.56 2,234 23.56 19.83
Capitallntensity 2,300 1.88 1.52 2,494 5.28 6.73
ROIC 2,295 12.04 13.35 2,469 10.27 23.98
ROE 2,283 27.75 66.16 2,441 18.20 34.19
EBITDA/REV 2,319 19.64 18.30 2,132 28.42 28.65
ROCE 2,245 34.04 82.09 1,464 44.85 53.89
PM 2,312 7.34 18.41 2,507 14.26 25.69
EBIT/SALES 2,312 12.46 19.40 2,017 17.68 28.43
ER 1,989 0.50 0.50 1,734 0.22 0.41
InEnvInn 1,590 3.83 0.67 1,257 3.75 0.69
InEScore 2,040 3.78 0.79 2,176 3.64 0.90

Notes: This table reports the summary statistics for brown and green firms separately. The overall (full)
sample comprises all firms listed on the S&P 500 index. The data employed is annual and pertains to
the period from 2011 to 2020. The data used is retrieved from Refinitiv and Bloomberg.

The data on the rest of the variablesﬂ in the analysis is retrieved from Bloomberg.
These variables include return on assets (to gauge FP - the second endogenous variable),
cash flow from operations to sales (a performance/efficiency ratio used to measure a firm’s

ability to generate cash flow in proportion to its sales), the environmental disclosure score

"The Table containing variable definitions and acronyms used in the study is reported in Appendix
A.
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Table 4: Correlation Coefficients between Profitability Measures

Panel A: Correlation coefficient matrix between profitability measures: Brown firms’ sample

(1) (2) (3) (4) (©) (6) (7)

1 ROA 1

2 ROIC 0.8198* 1

3 ROE 0.3512* 0.382* 1

4 EBITDA/REV 0.3938* 0.2515% 0.1349* 1

5 ROCE 0.1277* 0.1092* 0.0962* 0.0531* 1

6 PM 0.6392* 0.4286* 0.2251* 0.7903* 0.0958* 1

7 EBIT/SALES  0.5759* 0.4104* 0.2114* 0.9145* 0.0818* 0.9167* 1

Panel B: Correlation coefficient matrix between profitability measures: Green firms’ sample

(1) 2) 3) 4) () (6) (7)

1 ROA 1

2 ROIC 0.5749* 1

3 ROE 0.5792* 0.6012* 1

4 EBITDA/REV 0.3361* 0.1794* 0.1865* 1

5 ROCE 0.2015* 0.2461* 0.3002* 0.1594* 1

6 PM 0.4713*  0.2299* 0.2654* 0.8651* 0.2807* 1

7 EBIT/SALES  0.46* 0.2439*  0.2693* 0.9463* 0.2146* 0.911* 1

Notes: This table reports the correlation coefficients between profitability measures used for robustness
checks. The correlation coefficients are reported for brown and green firms separately. The overall (full)
sample comprises all firms listed on the S&P 500 index. The data employed is annual and pertains to
the period from 2011 to 2020. The data used is retrieved from Refinitiv and Bloomberg. * denotes
significance at 5%.

- this score ranges from 0 to 100, the more the environmental information disclosed the
higher the score, total assets (firm size), total debt to total assets (firm level of leverage)
and capital intensity measured as the ratio of total assets to revenue (another indicator of
firm efficiency). Other variables employed in this study include the alternate profitability
measures namely, ROE, ROIC, ROCE, PM, EBITDA/REV, and EBIT/SALES. The
summary statistics (number of observations, mean, and standard deviation) for brown
firms (firms in all brown sectors combined) and green firms (firms in all green sectors
combined) for all variables employed in this study are presented in Table .

The summary statistics show that environmental pillar scores are higher for brown
firms than for green firms. This can be attributed to the fact that brown firms are gen-
erally under higher regulatory and stakeholder pressure when it comes to environmental
performance as opposed to green firms which compels them to improve their environ-
mental performance. This is also reflected in the environmental disclosure score, which is
substantially higher for brown firms compared to green firms. [De Villiers and Van Staden

(2011) argue that firms with a bad environmental reputation and firms faced with en-
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vironmental crises are more likely to disclose environmental information. It is plausible
that such firms are more likely to be firms belonging to brown sectors and hence, these
firms disclose more as well as pursue more environmental initiatives to become ‘greener’.

Next, the correlation matrix containing correlation coefficients between all variables
employed in the main analysis is reported in Table [3| The correlation matrices for both
brown and green firms’ samples have been reported in Panel A and Panel B respectively.
It can be observed that the pair-wise unconditional correlation between EP and FP
is negative for brown firms and positive for green firms. This relationship is explored
in detail in Section 5 below. ‘Time’ denotes the time trend and is also reported in
the correlation matrices to understand how variables in the model are associated with
time. It can be noted that ROA is negatively associated with time for brown firms but
positively so for green firms. But EScore is positively associated with time for both
brown and green firms. The correlation matrix between various operational profitability
measures is reported in Table [4] Panels A and B for brown and green firms respectively.
It can be observed that for brown firms, ROIC & PM are highly correlated to ROA,
that EBIT/SALES is moderately correlated to ROA, and that ROE, EBITDA/REV
& ROCE are weakly correlated to ROA. Instead, for green firms, ROIC & ROE are
moderately related to ROA, while EBITDA/REV, ROCE, PM, & EBIT/SALES are

weakly correlated to ROA.

4. Methodology

4.1. Empirical Specification

Structural equation modelling (SEM) is adopted to flexibly study the bi-directional
EP-FP relationship, building on the aforementioned literature. The proposed empirical
specification considers nonrecursive structural equation models for parameter estimation
in the presence of reverse causality. This choice allows us to address the potential re-
verse causality between EP and FP and accommodate the presence of mutual correlation
between the errors of the different equations in the SEM, see Wang and Wang] (2019).

The dependent variables in the system of equations are ROA;; and the EScorey, as
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measures of a firm’s FP and EP respectively. In the text, we use EP and FP interchange-
ably with EScore and ROA (and other measures of ROA), respectively. The model
specification includes a set of observable factors acting as controls: TD/TA;; (leverage),
Salesgrowth;, (firm growth), In(TA);, (firm size), and Capitallntensity;, and CFO/Sales;;
(measures of efficiency level), see equations (1) and (2). Leverage is found in most of the
related literature to have a negative impact on ROA;; (Iwata and Okadaj, [2011}; |Semen-
ova and Hassel, 2016} |Zahid et al., 2020). Firm growth (measured by sales growth) is
expected to have a positive impact on its ROA;; (Lahouel et al.; |2022; |Wang and Chen,
2022)). In(TA); negatively influences a firm’s ROA;;, because smaller firms are more prof-
itable (Semenova and Hassel, 2016; [Hassan and Romilly, 2018; [Wang and Chen, 2022).
Similarly, the efficiency level is expected to positively affect operational performance. In
our empirical specification, two measures of efficiency are employed, namely, the capi-
tal intensity ratio (Capitallntensity;;) and the cash flow from operations to sales ratio
(CFO/Salesy;). A lower Capitallntensityy;, and a higher CFO/Sales;; imply higher effi-
ciency. Therefore, it is expected that the Capitallntensity;; has a negative impact while
CFO/Sales;; has a positive impact on a firm’s ROA;;. Finally, we expect that ROA;;_1)
has a significant and positive impact on ROA;;. On the other hand, Clarkson et al.| (2011])
find that the E score is determined by TD/TA;;, SalesGrowth;, and In(TA);. These vari-
ables are therefore included as controls in equation . TD/TAj; is expected to negatively
impact the decision to pursue an environmentally proactive strategy, while SalesGrowth;;
and In(TA);, should both have a positive effect on the take-up of pro-environmental
strategies. Last, the EnvDisclScore;;—1yy is also included, since Lu and Taylor| (2018)
find that it positively affects environmental performance, albeit with a lag (Al-Tuwaijri
et al., 2004). Indeed, past years’ levels of environmental disclosure may inform investors’
expectations in the current year. EScore;;_;) and ROA;;_;) are included in both equa-
tions to remove the presence of strong time series persistence in both dependent variables.
Omitting this effect can lead to spurious results on the EP-FP relationship driven by the
dynamic persistence of these variables - see Granger and Newbold| (1974) for a detailed

discussion of this effect in non-stationary time series. Additionally, firm and time fixed
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effects are included, to control for the presence of unobserved heterogeneity across firms

and over time. Thus, the proposed empirical specification is as follows:

ROA;; = By + S1EScore;, + SoTD/TA; + pfsCapitallntensity;, + S4ln(TA);;

+65CFO/Sales;; + BgSalesGrowth;; + f7ROA ;—1) + SsEScorei—1) + a; + jue + €5

EScore, = 09 + 01ROA;; + 62TD/TA;; + 03SalesGrowthy, + d4ln(TA )4

+0sEnvDisclScore; 1y + B7ROA ;—1) + BsEScorej_1) + aj + pip + 1y

where subindices ‘i’ and ‘t’ refer to the company and time period respectively. «; and
are shorthand for firm and year/time fixed effects, and € and u;, are the corresponding
equation error terms.

We impose the exogeneity of the regressors given by the conditions cov(uy, zi;) = 0 and
cov(é€i, zit) = 0 (where zy is shorthand for all covariates in the model). The nonrecursive
SEM approach allows for non-zero correlation between the errors of each equation €
and uy i.e. cov(ey, uy) # 0. It is also assumed that errors are serially uncorrelated i.e.
cov (Ui, Uis—j)) = 0 and cov(ei, €¢—jy = 0), for j = 1,.... Additionally, for estimation
purposes, the error terms €; and uy are assumed to be normally distributed. This is a

standard assumption in SEM.

4.2. Model Identification

The model is identified if there is at least one solution to the system of equations.
Three conditions are required for model identification:

1) Since this is a non-recursive model where ROA;; and EScore;; are determined en-
dogenously, ROA;; and EScore;; are assumed to be connected to each other by two uni-
directional paths (one originating from ROA;; and terminating at EScore;; and the other
originating from EScore;; and terminating at ROA;;). Model estimation requires then
the use of variables that act as ‘instruments’ to achieve model identification (Finch and

French) 2015; Wang and Wang, 2019) i.e. of variables (instruments) that have a direct
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path to just one of the endogenous variables in the feedback loop, and not to the other
(Martens and Haase, 2006). For example, for equation to be identified, at least one
instrument must bear a direct impact on ROA;; but not on EScore;;, and similarly for
equation , i.e. at least one instrument must have a direct impact on EScore;; but not
on ROA;;.

2) The order conditionf] is satisfied i.e. the degrees of freedom (difference between the
number of observed values and the number of parameters estimated in the model) should
be either zero (just-identified) or greater than zero (over-identified) to have a unique or
more than one solution to the system of equations —, respectively.

3) The rank conditionﬂ is satisfied. The rank condition states that any particular equa-
tion within a system of G equations is identified if and only if it is possible to construct at
least one non-zero determinant of order (G-1) from the coefficients of variables that were
excluded from that equation but that were contained in the other equations included in
the model.

For the first condition to be satisfied, CFO/Sales;; and Capitallntensity;; have been
employed as instruments for ROAitH. Both CFO/Sales;; and Capitallntensity;, are mea-
sures of efficiency. CFO/Sales;; measures a company’s ability to generate cash from its
sales and it is expected to have a direct effect on ROA;; while it doesn’t necessarily have
an impact on the EScorey; of a company. Similarly, Capitallntensity;;, measured as the
ratio of assets to revenue, also reflects the efficiency level of a company by gauging its
ability to generate revenue using its assets. While Capitallntensity;; is widely used as a
determinant of the ROA;; of a company (Russo and Fouts|,[1997; Rokhmawati et al.,|2015)),
it doesn’t necessarily have a direct impact on EScorey of a ﬁrmﬂ. de Burgos Jimenez
and Céspedes Lorente (2001)) state that pollution control, zero waste, or environmental

program designs reinforce operational management techniques such as statistical process

8The order condition is necessary but not sufficient for identification.

9The rank condition is a necessary and sufficient condition for identification.

10The first stage results are reported in

1 Capital Intensity has been measured as the inverse of the assets turnover ratio, which excludes the
capital expenditures of a company to build fixed assets. Therefore, it is assumed here not to influence
environmental performance.
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control, total quality control, total quality management, or design for manufacture. And,
uptake of these techniques results in enhanced production efficiency (Luan et al., 2016).
Therefore, it is conceivable that better environmental performance may result in better
efficiency, while the direct causal relationship in the opposite direction (from efficiency
to environmental performance) doesn’t appear plausible.

Freedman and Jaggi| (1982)) also show that there is no association between accounting-
based measures of financial performance (such as ROA) and environmental information
disclosure. Second, there may be an association between environmental disclosure and
ROA, but there is no direct causal relationship between environmental disclosure and
ROA. For example, a firm might improve its environmental performance thereby improv-
ing its operational efficiency in a given year and hence, disclose more in the same year. In
this case, environmental performance may affect environmental disclosure as well as finan-
cial performance, but this does not amount to environmental disclosure impacting ROA.
And if anything, these are contemporaneous associations, not lagged ones as assumed
here. The joint validity of the EnvDisclScore;_1y, CFO/Sales;;, and Capitallntensity;; is
confirmed by the overidentification tests conducted [

For the second condition to be satisfied, the number of excluded exogenous variables
(from an equation) must equal or exceed the number of endogenous variables in that
equation minus one (Paxton et al., [2011). By this rule, both equations in the system of
equations are identified.

For the third condition to be satisfied, we obtain at least one non-zero determinant
of order G-1 (i.e. 2-1 = 1 in this case) for each equation and find that the rank condition

is satisfied for both the equations in the system.

4.8. Model Estimation

Model estimation has been performed deploying generalized structural equation mod-
eling (GSEM). This method uses maximum likelihood procedures to estimate the model

parameters and permits the inclusion of unobservable factors in the model specification.

12The overidentification conditions i.e the Hansen J test statistics and their corresponding P-values

for the green sample and brown sample are reported in

22



This possibility to account for the presence of fixed effects (FEs) has been leveraged here,
in a panel data setting. This is done by including dummies as factor variables. Fixed
effects in this setting are interpreted as capturing unobserved sources of heterogeneity at
the firm level that do not change over time. Year fixed effects have also been accounted
for in the model specification. While GSEM enables the inclusion of fixed effects via
factor variables (firm and year dummies), it does not allow computation of goodness of
fit statistics (such as the chi-squared value, root mean square error of approximation,
Tucker-Lewis index, and Comparative Fit Index) that help evaluate the fit of the model
to the data.

Another full-information techniquﬂ that is widely used to solve simultaneous equa-
tions to address the problem of endogeneity and correlated errors is three stage least
squares (3SLS). The 3SLS procedure extends the 2SLS procedure as follows. First, 3SLS
estimates the equation disturbances’ variance/covariance matrix using residuals from two
stage least squares (2SLS). Second, this matrix is used as the sandwich matrix in GLS es-
timation performed on the set of equations in the system (Paxton et al., [2011)). The 3SLS
approach has been adopted to gauge the consistency of results across different estimation
techniques.

The estimation is carried out using both the aforementioned techniques[” The model
is estimated for all brown firms and all green firms separately, pooling across different
sectors, which is why fixed effects in this setting are crucial. The estimations are thus
conducted in four different settings, for four different model specifications. The goal is to
determine whether there are meaningful discrepancies in results across different settings

and specifications. This exercise will also provide insight into why results pertaining to

IBFull-information techniques make use of all information from all equations in a model of simultaneous
equations and, therefore, take into account the correlation between residuals of these equations.

1A third commonly explored possibility to estimate dynamic longitudinal models is system GMM.
Since we take into account the dynamic component (EScore;;_1y and ROA;(_1)) in our model, our fixed
effects estimator might be biased (i.e. ‘Nickell’s bias’). The importance of this effect depends on the
ratio N/T, with N the number of firms and T the sample period. It is customary in dynamic panel
data settings to correct this effect by resorting to system GMM estimation methods. However, to the
best of our knowledge, the latter approach has not been extended to a simultaneous equation framework.
We therefore rely on instrumental variable identification and maximum likelihood methods to overcome
such concerns, while allowing for contemporaneous and dynamic relationships between environmental
and financial performance.
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the EP-FP nexus are non-robust in the literature.

We test the EP-FP relationship under these four model specifications to gauge the
impact of the exclusion of lags of EP and FP and, the exclusion of time FEs from the
model. The four model specifications can be broadly classified into two parts - one
containing lagged FP (ROA;4_1)) & lagged EP (EScore;;_1)) as controls, and the other
without. Within these two broad parts, there are two main settings - 1) with firm &
time FEs and 2) with firm FEs only. Finally, the standard errors have been clustered at
the firm level (in all four settings) to address the possibility of serial correlation among

observations of a firm.

5. Empirical Results

5.1. Main Results

The results from this analysis reveal that the effect of environmental performance on
financial performance is not statistically significant for either green or brown firms, so,
for simplicity, we only report the results presenting the impact of financial performance
on environmental performancd™ The results for brown firms are reported in Table [
The results for green firms are reported in Table [ This paper focuses on the sign and
significance of the independent variable (variable of interest) under various model speci-
fications. While comments are made on the results under different model specifications,
the final conclusion about the impact of EP on FP (and vice versa) is based on the most
comprehensive /robust model specification - one that includes the lags of EP & FP and
firm and time FEs.

The results in Table [f|indicate that the impact of ROA;; on EScore;; for brown firms is
consistently positive and statistically significant across model specifications and for both
estimation approaches. This is the most important result of this study since it does not
depend on 1) the methodology deployed (GSEM or 3SLS) nor on 2) the model specifica-

tion adopted (i.e. whether lags are included or excluded, and whether time-fixed effects

15The results presenting the impact of environmental performance on financial performance are pre-
sented in Appendix C.
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are taken into account or not). In its most complete specification, column (1) reports
that a one percent increase in ROAj; leads to a 0.315 point increase in EScore;;, meaning
that brown firms that perform better financially also perform better environmentally,
irrespective of their size or of disclosing, measured by In(TA);, and EnvDisclScore;; re-
spectively.

Brown firms that grow more (have a high SalesGrowth;;) or that are less leveraged (have
a low TD/TA;;) appear to perform worse environmentally. Although these effects are
not in line with the findings in the prior literature, the significant leverage-environmental
sustainability performance relationship supports the idea that lenders prefer firms that
perform better environmentally and that emission reduction efforts may divert resources
from more traditional firm expansion strategies (Alsayegh et al., 2020). Ginglinger and
Moreau| (2023) find that lenders do not prefer firms exposed to high climate risk. This
result implies that lenders have a taste for environmental proactiveness and they may
prefer to fund activities that improve the environmental performance of firms. Lastly,
and as already mentioned, EScore;_1) has a positive and significant impact on EScore;
indicating strong time series persistence of the environmental performance at the firm
level over time.

Table [6] reports under cols. (1) and (2) that those that perform worse financially
(ROA;;) tend to perform environmentally better (EScore;) although the effect is not
statistically significant. Furthermore, the opposite sign is obtained once EScore;;_1) and
ROA;; are excluded, under cols. (3) and (4). Apart from EScore;_1y and EnvDisclScore;_1),
all other controls are not significant under col. (1) - the most comprehensive setting. The
results are similar across techniques and hence, it can be concluded that green firms that
perform better financially do not perform environmentally better, once we control for past
emission reduction efforts and past environmental disclosures, as well as for the possibility

of environmental performance determining financial performance (reverse causality).

5.2. Mechanism analysis
This subsection discusses the potential mechanism through which FP affects EP. We

suggest that the causal effect of FP on EP is moderated by expenditure incurred on
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environmental practices. Slack resources (proxied by FP) only result in improvement in
EP when they are used to invest in the uptake of environmental management practices.
This variable is obtained from Refinitiv. We call this variable ‘emission reduction’ (ER)
— a value of 1 signifies that the company has either achieved some reduction in the level
of emissions or has incurred some expenditure related to the environment. A value of 0
indicates that the company has neither reduced emissions nor incurred any environmental
expenditures.

To show the effect of profitability on environmental performance is moderated by
whether a company has reduced emissions or incurred environmental expenditures in a
given year or not, we introduce an interaction term between FP and expenditure on en-
vironmental practices (the moderator) using seemingly unrelated regression (Sureg). We
perform Sureg instead of SEM to explore the role of expenditures incurred on environ-
mental practices as a moderator because estimating the bi-directional EP-FP relationship
while also including moderators is not viable in the SEM framework. The use of Sureg
enables simultaneous estimation of the system of equations while allowing the use of
interaction terms without causing identification issues.

The results of the mechanism analysis are reported in column (9) of Tables [f| and [6]
The mechanism results reported in column (9) of Table [5|indicate that an improvement in
profitability (representing the availability of slack resources) results in an improvement in
the environmental performance of a firm when emission reduction takes place or environ-
mental expenditures are incurred by a firm. The coefficient of the variable ROA (proxy for
profitability) becomes insignificant when it interacts with the emission reduction variable
indicating that the entire effect of profitability on environmental performance is through
companies making efforts to reduce emissions and incurring expenditures to boost their
environmental performance. The results reported in column (9) of Table [0 indicate no

significant moderating effect for green firms.
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5.8. Robustness Tests

5.8.1. Alternate measures of FP

To test the robustness of the main findings to the definition of corporate financial per-
formance, we repeat the estimation procedure by replacing ROA with other comparable
measures of operational profitability (financial performance - FP), namely, ROE, ROIC,
ROCE, PM, EBITDA/REV, and EBIT/SALES. The simultaneous equations model that
includes lags of EP and FP is estimated 1) with firm and time FEs, and 2) with firm
FEs only, for comparison purposes. This section reports only the effect of financial per-
formance on environmental performanceﬁ. The results for brown firms are reported in
columns (1) to (12) of Table [7] The results for green firms are reported in columns (1)

0 (12) of Table [§]

The results in Table[7] are commensurate with the results reported in Table[f] Leaving
aside columns (5) and (6) - corresponding to ROCE, the coefficients of all other prof-
itability measures are positive and statistically significant. The robustness of the findings
to the choice of profitability measure provides additional support to the conclusion that,
conditioning on lagged FP, increases in contemporaneous FP cause improvements in EP
for brown firms. Profitability measures with low to moderate correlations with ROA,
such as ROE, EBITDA/REV, and EBIT/SALES, still deliver significant and positive
coefficients. These results further reinforce the main findings in Table [5]

Lastly, Table |8 reports that the impact of contemporaneous FP on EP for green
firms is negative (in the setting that includes both firm and time FEs) for two out of
six measures of profitability namely, ROE, PM, EBITDA/REV, and EBIT/SALES. This
result is similar to the findings obtained in Table [6] with the exception that here, in the
case of certain profitability measures (such as EBITDA/REV, and EBIT/SALES) the
results are also statistically significant. The negative coefficient of contemporaneous FP
on EP suggests that there can be a diversion of firms’ investment towards endeavours

other than the ones that improve environmental performance - endeavours that firms

16The results presenting the impact of environmental performance on alternative measures of financial
performance are reported in Appendix C.
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deem more profitable compared to enhancing their environmental performance (Aighedo,
2021). Since green firms are faced with lower regulatory attention, they may not prioritize
improving their EP like their brown counterparts do. This result is the complete opposite

of the corresponding finding for brown firms (reported in Table @

5.8.2. Alternate measures of EP

To test the robustness of the main findings to the definition of corporate environ-
mental performance, we repeat the estimation procedure by replacing EScore with other
comparable measures of environmental performance, namely, InEnvinn and InEScore.
The simultaneous equations model that includes lags of EP and FP is estimated with
firm and time FEs.

We construct the variable ‘InEnvInn’ using the ‘environmental innovation score’ to
measure the environmental performance of a company. We take the natural logarithm of
the environmental innovation score as an alternate measure of environmental performance
to study the EP-FP relationship. Taking the natural logarithm of the environmental in-
novation score normalizes the data and alleviates any concerns about the presence of out-
liers. The environmental pillar score, used as our benchmark measure, is a combination
of the emission reduction score, the resource use score, and the environmental innovation
score. The environmental innovation score is a measure of a company’s ability to lower
environmental costs and burdens on its customers. |Aastvedt et al. (2021) employs the
environmental pillar score and environmental innovation score from Refinitiv to measure
green innovation and disentangle the impact of environmental performance on the finan-
cial performance of oil and gas companies. The environmental innovation score has been
used to measure environmental performance widely in the recent literature (Orazalin and
Mahmood, 2021; [Rocha et al, 2023; Bazel-Shoham et al., 2024]).

Column (14) of Tables [7] and [§ reports the results obtained for equation [2l when the
system of equations (equations 1 and 2) are simultaneously estimated after replacing the
‘EScore’ with the natural logarithm of the Environmental innovation score or ‘InEnvInn’.
Table [7] reports the results for the brown firms and Table [§ reports the results for the

green firms.
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It is clear from the results that FP bears a positive impact on EP for the brown firms
(as observed from the main findings of the paper) even for alternate measures of EP.
This result provides further evidence that brown firms’ profitability (availability of slack)
positively affects their environmental performance.

In column (13) of Tables [7] and |8 we also report the results when estimations are
performed by replacing the original Environmental pillar score ‘EScore’ (used in the main
analysis) with the natural logarithm of EScore (InEScore). The estimation results provide
further proof that financial performance bears a positive impact on the environmental
performance of a company in the case of brown firms only. The effect remains insignificant

for the green firms.
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6. Conclusion

This paper re-examines the relationship between the financial performance (FP) and
the environmental performance (EP) of firms operating in different (clean/green and
dirty/brown) sectors, to rationalize the different findings advanced in the recent litera-
ture. Deploying non-recursive structural equation methods (SEMs) in a dynamic panel
data setting, we find that only brown firms that perform better financially are able to
improve their environmental performance (FP—EP), e.g. by investing more. This result
aligns well with the increased scrutiny and pressure (by regulators and stakeholders) that
brown firms are subject to, leading them to invest more in improving their environmen-
tal performance. This result appears robust to different model specifications, estimation
methods, and alternative measures of FP. The insignificant impact of EP on FP for brown
firms is in line with the argument put forward by [Palmer et al| (1995). They describe
why generalizing a positive impact of EP on FP (EP—FP) is not accurate. The positive
impact of EP on FP (EP—FP) may only exist for a select few firms depending on their
internal capabilities, see [Liu| (2020)). Even brown firms which may experience huge gains
in terms of cost savings from investment in environmental management practices (Klassen
and McLaughlin) [1996) lose financially in the near term in an attempt to comply with the
regulation. Therefore, regulation may not necessarily prove beneficial for firms’ financial
health.

A more directed approach (based on firms’ internal capabilities) to regulation should
achieve win-win results for the environment and businesses as desired. Incentive schemes
must be designed for businesses that stand to lose from compliance in the short run.
Moreover, since brown firms tend to increase EP when they have more slack (proxied by
their FP), policymakers and regulators can nudge these firms to increase EP by giving
them financial incentives, such as tax breaks and subsidies.

In the case of green firms, the bi-directional EP-FP relationship is not significant
across different model specifications. EP and FP appear unrelated for green firms. Only
when exploring alternative measures of financial performance, such as, EBITDA/REV,

or EBIT/SALES, we find that better financially performing (green) firms actually per-
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form worse environmentally. This suggests that investing in environmental management
practices is not high on the agenda for green firms. However, to achieve the net zero
goal, green firms also have to be pushed to invest in environmental management prac-
tices. If these firms do not stand to gain substantially in terms of cost savings from
investment in better EMPs, more innovative incentive schemes must be designed aimed
at low-emitters - such as setting mandatory sector-relevant environmental standards and
imposing penalties for non-compliance. These measures will ensure that relatively low-
emitting companies (green firms) maintain a baseline level of environmental performance.

Overall, the results of the analysis can be useful for regulatory bodies and govern-
ments. There are long-term and short-term goals that public policy strives to achieve.
Using sector-specific road maps developed in collaboration with industry is one way to
bridge the gap between long-term pledges and short-term action plans. The basic concep-
tual model developed in this study can be useful for policy makers who seek to formulate
sector-specific policy actions to incentivize environmentally friendly corporate behaviour
and deter environmentally injurious corporate actions. This study points to the need for
regulators and governments to create sector-specific benchmarks for environmental per-
formance to help companies set realistic and relevant goals. And, put in place incentives
tailored to each sector’s unique characteristics and challenges to make it cost-effective for
businesses to achieve those goals.

Further work should address some of the limitations of the study. ‘E’ of ESG may
be subject to some degree of effort to ‘greenwash to appear greener’ than actually ‘being
greener’. Hence, addressing these limitations to come up with a clearer classification of
brown and green firms and, combining some measures of environmental performance to
formulate a more comprehensive indicator of environmental efforts would be welcome in

future research.
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Appendix A. Table of Definitions

Table of Definitions

Variable Abbreviation Definition Measure of
Environmental Pillar Score EScore The ESG scores provided by Refinitiv measure a com- Environmental performance
pany’s ESG performance, based on data reported by the
company. This study uses the 'E’ component of the ESG
score that represents a company’s performance on emis-
sions, environmental innovation, and resource use
Return on assets ROA Ratio of net income and average total assets: percentage Profitability
profit a business generates from its assets
Cash flow from operations CFO/Sales Ratio of cash flow from operations and sales: the ability Efficiency
to sales of a firm to generate cash in proportion to its sales
Total debt to total assets TD/TA Ratio of total debt and total assets: extent to which the Leverage
company relies on debt to finance its assets
Sales growth SalesGrowth Percentage increase/decrease in the sales of a firm from Firm Growth
previous year
Log (total assets) In(TA) | Natural logarithm of total assets of a firm | Size |
Environmental disclosure EnvDisclScore Score measuring the degree of transparency of a company Transparency
score in disclosing material information regarding the environ-
ment.
Capital intensity Capitallntensity Ratio of total assets to revenue: the ability of a company Efficiency
to generate sales from its assets
Return on invested capital ROIC Ratio of net operating profit after tax and invested cap- Profitability
ital: gauges how well a company uses its capital to gen-
erate profits
Return on Equity ROE Ratio of net income and shareholders’ equity: gauges Profitability
how well a company manages its shareholders’ capital to
generate profits
EBITDA to revenue ratio EBITDA/REV Ratio of EBITDA (Earnings before interest, tax, depre- Profitability
ciation, and amortization) and sales
Return on capital em- ROCE Ratio of operating profit and capital employed: gauges Profitability
ployed how well a company uses its total capital to generate
profits
Profit margin PM Ratio of net income to revenue: gauges the extent to Profitability
which a business activity is profitable after deducting all
expenses
EBIT to sales EBIT/SALES Ratio of EBIT (Earnings before interest and tax) and Profitability
sales: represents operating margin of a company
Log (Environmental Pillar InScore Natural logarithm of the Environmental Pillar Score Environmental performance of a
Score) company
Log (Environmental Inno- InEnvInn The environmental pillar score, used as our benchmark Environmental performance of a
vation Score) measure, is a combination of the emission reduction company
score, the resource use score, and the environmental in-
novation score. The environmental innovation score is a
measure of a company’s ability to lower environmental
costs and burdens on its customers. We use the natural
logarithm of the Environmental Innovation Score.
Emission Reduction ER A dummy variable that takes the value ’1’ if a company Emission reduction or environ-

has either achieved some reduction in the level of emis-
sions or has incurred some expenditure related to the
environment. A value of 0 indicates that the company
has neither reduced emissions nor incurred any environ-
mental expenditures.

mental expenditure

Notes: This table contains names of the variables used in the analysis, their acronyms, definitions, and what they measure.
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Appendix B. First stage IV results

The first stage results for equation 1 for the brown sample, green sample, and full

sample are presented in Table below:

Table B.9: First stage IV results for equation 1 (EP—FP)

Brown sample  Green Sample Full sample

Dependent Variable: ROA;

TD/TA;¢ -0.065%** -0.125%** -0.102%**
(0.012) (0.016) (0.010)
SalesGrowth; 0.062*** 0.030*** 0.035%***
(0.007) (0.007) (0.005)
In(TA);¢ -1.935%** -0.798* -1.012%%*
(0.510) (0.484) (0.348)
EnvDisclScore;;_1) 0.007 -0.009 -0.001
(0.013) (0.016) (0.010)
ROA;(;—1) 0.238%** 0.303%** 0.282%**
(0.024) (0.025) (0.018)
EScore;(;_1) -0.003 -0.013 -0.006
(0.011) (0.010) (0.008)
CFO/Sales;t, 0.114%** -0.002 0.015**
(0.014) (0.009) (0.007)
Capitallntensity; -0.335 -0.169 -0.341%**
(0.222) (0.103) (0.091)
Constant 62.804%** -24.267*** 19.009***
(6.027) (7.261) (5.966)
Year FEs Yes Yes Yes
Firm FEs Yes Yes Yes
Instrument F-test 14.89*** 12.15%%* 12.81%%*
Sargan chi2 1.376 2.05 0.845
p-value 0.2407 0.1522 0.3579
N 1,841 1,841 3,682
R-squared 0.6978 0.6655 0.6635

Notes: This table contains estimates of coefficients and standard errors (in parentheses) for the first stage results of
Equation [1] (in the system of equations) when SEM estimation is performed using brown, green, and full sample (brown
and green combined) data. All estimations reported in the table are performed using 3SLS. Estimations in all columns
include both firm and time fixed effects. Standard errors in all estimations i.e. in columns (1)-(12) are clustered at the firm
level to take into account the effects of autocorrelation and heteroskedasticity. The full sample comprises all firms listed on
the S&P 500 index. The second last row contains the number of observations used in the estimation. The last row of the
table contains the R-squared statistic. The data employed is annual and pertains to the period from 2011 to 2020. The
data used is retrieved from Refinitiv and Bloomberg. *** ** and * denote significance at 1%, 5%, and 10%, respectively.

The first stage results for equation 1 (presented in Table show that the instru-
ments for ROA;; i.e. CFO/Sales;; and Capitallntensity;, are jointly significant (indicated
by values of F-statistic greater than 10) for brown, green, and the full samples. The overi-
dentification test results also indicate the joint validity of instruments (see p-value>0.05)

for brown, green, and full samples.
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The first stage results for equation 2 for the brown sample, green sample, and full
sample are presented in Table below:

Table B.10: First stage IV results for equation 2 (FP—EP)

Brown sample  Green Sample Full sample

Dependent Variable: EScorej

TD/TAj¢ 0.024 -0.078%* -0.021
(0.021) (0.031) (0.018)

SalesGrowth;, -0.007 0.011 -0.0001
(0.013) (0.012) (0.008)

In(TA);¢ 1.600* 0.991 1.320%*
(0.931) (0.904) (0.627)

EnvDisclScore;(;_1) 0.067*** 0.137*** 0.093***
(0.023) (0.029) (0.018)

ROA;(4—1) 0.013 -0.020 0.005
(0.044) (0.048) (0.032)

EScore;(y_1) 0.620%** 0.661%** 0.650%**
(0.021) (0.019) (0.014)

CFO/Sales; 0.015 -0.021 -0.007
(0.026) (0.016) (0.012)

Capitallntensity; -0.548 0.043 -0.147
(0.406) (0193) (0.165)

Constant 0.989 4.767 29.446
(11.006) (13.566) (10.763)

Year FEs Yes Yes Yes
Firm FEs Yes Yes Yes
Instrument F-test 88.86*** 69.87*** 80.94***
Sargan chi2 1.376 2.05 0.845
p-value 0.2407 0.1522 0.3579
N 1,841 1,841 3,682
R-squared 0.9323 0.9197 0.9257

Notes: This table contains estimates of coefficients and standard errors (in parentheses) for the first stage results pf
Equation [2] (in the system of equations) when SEM estimation is performed using brown, green, and full sample (brown
and green combined) data. All estimations reported in the table are performed using 3SLS. Estimations in all columns
include both firm and time fixed effects. Standard errors in all estimations i.e. in columns (1)-(12) are clustered at the firm
level to take into account the effects of autocorrelation and heteroskedasticity. The second last row contains the number of
observations used in the estimation. The last row of the table contains the R-squared statistic. The full sample comprises
all firms listed on the S&P 500 index. The data employed is annual and pertains to the period from 2011 to 2020. The
data used is retrieved from Refinitiv and Bloomberg. *** ** and * denote significance at 1%, 5%, and 10%, respectively.

The first stage results for equation 2 (presented in Table show that the instru-
ment for EScore;; i.e. EnvDisclScore;_1) is significant (indicated by values of F-statistic
greater than 10) for brown, green, and the full samples. The overidentification test results
also indicate the validity of the instrument (see p-value>0.05) for brown, green, and full

samples.
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Appendix C. Results: Impact of Environmental Performance on Financial

Performance

The results reported under column (1) in Table indicate that the impact of

EScore;; on ROA;; for brown firms is positive but not statistically significant in the most
robust setting, i.e. with EScore;_;) and ROA;;_1), and both firm and time FEs. But
the impact of EScorei; on ROAy; is positive and statistically significant under column
(2), once time FEs are removed from column (1) model specification. This result points
out that when variation in ROA;; explained by year shocks is taken into account, the
variation in ROA;; explained by EScore;; becomes insignificant. So, it can be concluded
that the impact of EScore;; on ROA;y; is not statistically significant.
It is also evident that the impact of EScore;;—1) on ROAj; is negative and significant in
column (2). This negative impact of EScore;;_1y on ROAj; is in line with El Khoury et al.
(2023)). However, our interpretation of the results differs once we control for the presence
of time dummies in column (1). In this case, we find the absence of any contemporaneous
or lagged statistically significant effect of EScore on ROA;{""]

Looking at other controls, we find that TD/TA;¢, In(TA);, and Capitallntensity;; neg-
atively influence ROA;; while SalesGrowth;;, CFO/Sales;; and ROA;(;—1y positively influ-
ence ROAj;, in line with results reported in the literature.

Columns (3) and (4) present the results excluding lags of EScore and ROA while
including firm and time FEs, and including only firm FEs, respectively. Here, the co-
efficients of EScore;; are not statistically significant and are very small in magnitude
compared to those under columns (1) and (2), likely due to the presence of suppression
effects{r_g] (Williams and Jorgensen, 2023). The findings are consistent across estimation
techniques - the GSEM results reported under columns (1), (2), (3) and (4) are very
similar to the corresponding 3SLS specifications, reported under columns (5), (6), (7)

and (8).

1"We conducted a Wald test to confirm the lack of statistical significance of both contemporaneous
and lagged effects of EScore on ROA. Results are available upon request.
18The suppression effect occurs when adding a predictor increases another variable’s predictive ability.
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The results reported in Table under column (1), indicate that the impact of
EScore;; on ROA;; is negative but not statistically significant for green firms. When
excluding year fixed effects, under column (2), the sign reverses. This sign reversal could
result from the fact that time dummies act as potential confounding variables in our
analysis. Confounding variables (‘confounders’) are variables that influence both the
dependent (ROA;; or FP) and the independent variable (EScore;, or EP). As both EP
and FP increase with time, see Table [3| and both EP & FP are also positively associated
(unconditionally), results of models excluding time dummies may suffer from omitted
variable bias (Busch et al., 2022)). The results under columns (3) and (4) also indicate
that the inclusion of time dummies switches the signs of the coefficient of EScore;;. This
finding reinforces the possibility that time dummies act as strong ‘confounders’ in the
contemporaneous relationship between EP and FP for green firms. Moreover, EScore;
is an insignificant predictor of ROA;; even in the setting excluding lags of EScore and
ROA. As for the controls, under column (1) (the main setting), TD/TA;; and ROA;;—1)
are the only significant predictors of ROAj, while all other controls do not appear to be
statistically significant.

The results under columns (1) and (2) are very similar to the results reported under
columns (5) and (6). And similarly for the results reported under columns (3) and (4)
and (7) and (8) respectively. Hence, irrespective of the estimation technique and model
specification, contemporaneous EP appears not to impact the FP of green firms.

The results in Table indicate that the impact of contemporaneous EP on FP (for
all cases except column (1)) is positive but not statistically significant, corroborating the
result reported in Table[C.11] For example, the magnitude of the impact of contempora-
neous EP on FP becomes larger in most cases when year FEs are taken into account - this
points to the possibility (as discussed above) that the year dummies act as suppressors.

Table reports that controlling for lagged EP, the impact of contemporaneous
EP on FP for green firms is negative but statistically non-significant (in the setting that
includes both firm and time FEs) for four out of six measures of profitability considered,

namely, ROE, ROIC, ROCE, and EBITDA/REV. These results conform with those re-
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ported in Table The sign reversal for the contemporaneous effect of EP on FP
upon considering time FEs (in addition to firm FEs) is also much the same as observed
in Table [C.12] This sign reversal could be stemming from omitted variable bias (which
occurs if year dummies are not included in the model specification) that confounds the

results in the setting with only firm FEs.
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