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Abstract:

While there has been research on the effect of carbon emissions on firm performance, relatively little is
known about potential moderating factors. As an opportunity for firms to become more (energy)
efficient, investing in innovation is an important factor to investigate with regards to the carbon emission
and firm performance relationship. This paper investigates how investment in innovation affects the
carbon emissions and firm performance relationship. For this purpose a fixed effect model is developed
for estimation, analyzing a global panel dataset of 635 firms from 2012 to 2018. The results show a
negative effect of carbon emissions on firm performance. The results also indicate that investment in
innovation attenuates this negative effect. However, the analyses show different results for the different
measures of performance. The negative effect of carbon emissions on firm performance is established
for ROA and ROE, but not for Tobin’s q. Furthermore, the attenuating effect of investing in innovation
can only be confirmed for ROA. The analysis also suggests an opposite amplifying effect of investing

in innovation for Tobin’s q. However, this effect is not robust.
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1. Introduction

This thesis focuses on the moderating effect of innovation investment on the relationship between carbon
emissions and financial performance for a global sample of firms in the years 2012-2018. Since pre-
industrial times human activity has caused approximately 1°C of global warming and it is expected to
reach 1.5°C between 2030 and 2052 (Intergovernmental Panel on Climate Change, October 2018). This
has severe consequences for clouds, oceans, glaciers, the wind, the growth of plants and trees, and even
human diseases are impacted by the warming of the earth (Intergovernmental Panel on Climate Change,
October 2018). A major source of global warming is the emission of Greenhouse Gases' (GHG). The
largest GHG in the atmosphere are Carbon Dioxide, Methane, Nitrous Oxide and Fluorinated Gases.
Carbon Dioxide is indisputably the largest, contributing to 81 percent of all GHG emissions in 2018
(Environmental Protection Agency, n.d.). The largest source of GHG can be attributed to firms,
especially those operating in the energy, transport or industrial sector (Ritchie & Roser, 2020)2. As
policymakers aim to decrease the unfavorable effects of GHG emissions and in order to set optimal
taxes and develop environmental policies, it is important to know the sources of emissions and potential
risks tied to high emissions, such as pollution and global warming.

When firms discuss their environmental performance one of the main points is reducing (carbon)
emissions. This is often incorporated in the environmental strategy of a firm. Thus, reducing (carbon)
emissions can be identified as a sub-element of environmental performance. For management,
developing a strategy that fits the company’s environmental goals is important, as firms with high
emissions seem to be ‘punished’ in the market. This is indicated by the negative effect of carbon
emissions on firm financials that is identified in previous research (Matsumura, Prakash & Vera-Mufioz,
2014; Saka & Oshika, 2014; Lee, Min & Yook, 2015; Ganda & Milondzo, 2018). Matsumura, Prakash
and Vera-Mufioz (2014) find a robust negative association between carbon emission levels and firm
value dependent on whether firms disclose their emissions or not. Matsumura, Prakash and Vera-Mufioz
(2014) argue that their results indicate that markets penalize firms for their carbon emission levels, even
more so for firms that do not disclose this information publicly. Saka and Oshika (2014) find that carbon
emissions have a negative effect on the market value of equity of a company. Lee, Min and Yook (2015)
find that carbon emissions decrease firm value and furthermore, poor environmental performance (high
emissions) is penalized more in the market than positive performance is rewarded. More specifically to
financial performance, Ganda and Milondzo (2018) find strong evidence for a negative relationship
between carbon emissions and corporate financial performance for their sample. The majority of the

literature in this area seems to find this negative effect of carbon emissions on the financial performance

! Due to GHG, heat is retained in the Earth’s atmosphere. GHG create vapor in the atmosphere that decreases the
outflow of energy (reflection) from the Earth but has no effect on the inflow of energy from the Sun. This
unbalanced energy budget (inflow > outflow) leads to an increase of the Earth’s temperature and thus causes
global warming (Hassler & Krusell, 2018).

2 See Appendix A. Carbon dioxide emissions by sector or source.



of firms. Not only for policymakers, but for management with performance maximization goals,
knowing the effects of emissions on their company financials is important as well. Incorporating a
strategy that invests in reducing emissions and takes environmental costs into account could be
beneficial for the financial performance of a firm. These environmental costs can be defined as all
internal and external costs incurred in relation to environmental damage and protection (Jasch, 2003).

As the effects of environmental performance on the financial performance have been
particularly prominent in research and media the past decades, it is important to build on previous work
and expand scholarly knowledge of the complex phenomena that drive or affect the relationship between
the two. A variable that likely affects this relationship is innovation. Innovation is expected to moderate
the strength of the relation between carbon emission and firm performance. This expectation is based
on the fact that innovation is an important driver of growth as it provides firms an opportunity to stand
out and meet the changing need of customers (Porter, 1980). Investing in innovation and thus aiming to
improve processes, products and technologies can positively affect performance. Innovation covers not
only technological improvements, but also the development of management and business models can
improve energy efficiency and reduce the environmental costs associated with production, processes,
and human activities (Sheng, Miao, Song & Shen, 2019). All other things considered equal, adaptive
firms who invest in innovation signal information on potential improvements in the future, among which
possibly a reduction of emissions. Where firms that do not invest in innovation, signal that their
efficiency, productivity and carbon emissions might remain at the same level. Firms that have high
emissions but are working towards more efficient, energy saving innovative solutions are expected to
have a less negative effect of emissions on performance compared to the others that do not invest in
innovation. Thus, including innovation as a moderator in the analysis will probably lead to an attenuation
of the negative effect of carbon emissions on firm performance. If this is the case, this would indicate
that firms that are punished in the market for high carbon emissions could soften this negative effect by
investing in innovation, since investing in innovation seems to be rewarded in the firm’s financials. This
paper aims to analyze the effect of carbon emissions on firm performance and to determine whether
investing in innovation has a moderating effect in this relationship for a global sample of firms operating
in the years 2012-2018. Therefore, the following research question is investigated:

‘To what extent is the relationship between carbon emissions and firm performance moderated by
investment in innovation? .

This paper adds to the existing scientific knowledge on the relationship between carbon
emissions and firm financials and innovation as a moderator. To the authors best knowledge, the
moderating effect of innovation has not yet been researched in combination with the effect of carbon
emissions on firm-performance. Thus, there is an opportunity to investigate the relationships further.
Considering the present study, it should be mentioned that data on the carbon emissions of firms is

limited as not all firms disclose this information. The paper will contain a global sample of firms in



industries with relatively high emissions. The period in which the firms are examined is 2012-2018.
This time-period is chosen in order to gather a recent sample but to exclude crisis years (2007-2012)
where environmental performance seems to be less of a priority for firms as they focus more on core
activities (Muhammad, Scrimgeour, Reddy & Abidin, 2015). The dependent variable firm performance
is modeled using complementary accounting-based and market-based measures (Delmas, Nairn-Birch
& Lim, 2015). Two accounting-based short-term measures are used: the return on assets (ROA) and the
return on equity (ROE). The ROA takes into account the profitability of the economic resources and
assets on the balance sheet and the ROE measures the profitability of shareholder investment in the firm.
A market-based long-term measure is used to take into account potential future cash flows and
profitability, Tobin’s q. The different measures of performance help to investigate the relationship
between the variables in an era defined by unease concerning global warming and various stakeholders’
attention for (carbon) emissions levels.

The research question is investigated for a sample of 635 firms operating over 7 years using
panel data analysis techniques and accounting for unobservable differences invariant to time. The results
show a negative effect of carbon emissions on firm performance. The results also indicate that
investment in innovation attenuates this negative effect. However, the analyses show different results
for the different measures of performance. The negative effect of carbon emissions on firm performance
is established for ROA and ROE, but not for Tobin’s q. Furthermore, the attenuation effect of the
moderator can only be confirmed for ROA. The analysis also suggests an opposite amplifying effect of
the investing in innovation for Tobin’s q. However, this effect is not robust.

The paper is organized as follows. Section 2 provides a review of the important literature on the
subject and the hypotheses development. Section 3 then describes the sample and the empirical models.

Results are presented in Section 4, and Section 5 discusses the results and concludes.

2. Literature review and hypothesis development

This section discusses the relationships and effects discovered in previous literature. Based on the
literature the hypotheses are formed. The first paragraph contains an in-depth analysis of the literature
on carbon emissions and their relationship with firm performance. The second paragraph defines and

analyzes innovation as a moderator in the relationship between carbon emissions and firm performance.
2.1 Carbon emissions and firm performance

Environmental issues have become more a global priority in the last decades. This can be observed for
example in the agenda of the United Nations (UN). In 1997 the Kyoto Protocol was approved by the
UN framework convention on climate change. This protocol contained an agreement between industrial
countries to introduce measures and environmental orientated schemes to reduce GHG emissions. To

enable sustainable global development, the concentration of GHG should not exceed certain amounts.
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The goal was to reduce overall GHG emissions to at least 5 percent below the levels of 1990 between
2008 and 2012. One of the schemes developed in response to the Kyoto protocol is the Emission trading
system in Europe. The trading scheme ensures efficient emission reduction, emissions are reduced where
costs to do so are the lowest (European Commission, n.d.). It promotes investment in cleaner
technologies. The system was set up in 2005 and in 2020 emissions are expected to have decreased 21
percent in sectors covered by the system. It is argued that the trading of emissions efficiently attributes
costs and creates incentives to develop new knowledge and competences (Engels, 2009).

Many scholars have researched whether firms are financially rewarded for improving
environmental performance. From a mainstream profit maximization perspective, one could argue that
any investment in the environment is a reduction of maximal profit (Friedman, 1970). Without suitable
property rights to public goods and associated taxes and policies, an externality will arise. Since
ownership rights of for example air quality are ill-defined, the environmental cost of pollution through
high emissions will be incurred by society (Coase, 1960; McWilliams, Siegel, & Wright, 2006).
However, the majority of the findings in research on the topic do not fit this perspective, because most
studies find a negative effect of (carbon) emissions on firm financials (Oa. Matsumura, Prakash & Vera-
Mufioz, 2014; Saka & Oshika, 2014; Lee, Min & Yook, 2015; Ganda & Milondzo, 2018). So, while
many firms do aim for maximal profit, the last decades a trend has arisen in which firms voluntarily
internalize environmental costs and take part in initiatives to decrease GHG emissions. This trend and
the negative effect of carbon emissions on firm performance can be better explained using a process-
based institutional perspective. This perspective takes the institutional context into account, which
includes the response of the firms to institutional pressures from government, public opinion, media and
professional affiliates (Delmas & Toffel, 2008; Delmas, Nairn-Birch & Lim, 2015). As environmental
standards, norms and policies are formalized, most firms internalize the new institutional order. Failure
to comply with the ‘new’ institutional norms can threaten a firm’s legitimacy, resources, reputation and
even its survival (Bansal, 2005). Moreover, regulation forces firms to internalize environmental costs
and these conditions can foster investment in innovation (Delmas, Nairn-Birch & Lim, 2015). ‘First
mover’ firms are able to develop a strategic advantage by internalizing GHG costs early. So, the new
programs ensure reducing emissions and create new opportunities for financial benefits. This offers an
explanation for how reducing emissions can have a positive effect on firm performance. On the other
side, perhaps more straightforward, environmental penalties, taxes and clean-up costs for future
environmental damages lead to future liabilities for firms with high emissions (Choi & Luo, in press,
paragraph 2.1). Investors and stakeholders account for these future liabilities, which causes them to be
apparent in firm financials and valuations. This would explain how high emissions can have a negative
effect on firm performance.

An analysis of the literature provides evidence for this negative relationship between carbon

emissions and firm performance (Matsumura, Prakash & Vera-Mufioz, 2014; Saka & Oshika, 2014;



Lee, Min & Yook, 2015; Ganda & Milondzo, 2018). Matsumura, Prakash and Vera-Mufioz (2014) use
hand collected carbon emissions data for a sample of S&P 500 firms over the years 2006 - 2008. They
authors find that for each additional unit® of carbon emissions, firm value decreases over two hundred
thousand dollars (USD). Matsumura et al. (2014) find a robust negative association between carbon
emission levels and firm value. The authors argue that their results indicate that markets penalize firms
for their carbon emission levels, even more so for firms that do not disclose this information publicly.
Firms that voluntarily disclose information on their carbon emissions have a 2.3 billion US dollar higher
median market value than firms that do not disclose this information. This indicates that not disclosing
information on carbon emissions for a company has an even more negative effect than disclosing high
emissions on firm financials. Saka and Oshika (2014) investigate a sample of Japanese firms using data
over 2006-2008 from the Carbon Disclosure Project. Japan ranks highest in carbon efficiency globally,
which they acquired by implementing strict environmental protection policies relatively early. Among
the findings is that carbon emissions have a negative effect on the market value of equity of a company.
Lee, Min and Yook (2015) use a sample of Japanese manufacturing firms with hand-collected
environmental performance data over the years 2003-2010. The authors find that carbon emissions
decrease firm value. Their results indicate that negative environmental performance (high emissions) is
penalized more in the market than positive performance (low emissions) is rewarded. This is in line with
prospect theory which states that people are more sensitive to negative impacts than to positive ones.
Finally, Ganda and Milondzo (2018) investigate data from the Carbon Disclosure Project and lagged
financial performance data for a sample of African firms. The results show support for a negative effect
of carbon emissions on financial performance. The authors argue that integrating environmental
initiatives in order to reduce carbon emissions can steer the financial performance of firms (Ganda and
Milondzo, 2018).

Overall, firms are able to align their environmental goals with competitive strategies as a
suitable strategic choice can lower emissions and improve financial performance (Porter & Van der
Linde, 1995; King & Lenox, 2001). The improved financial performance then would be a result of
differences in environmental capacities of firms and managers that have access to certain resources and
capabilities which help them implement a profitable environmental strategy that is difficult for others to
imitate (Hart, 1997). Translating this to carbon emissions, a well-established ability of firms to reduce
carbon emissions can lead to a profitable strategic position compared to others. Furthermore, high carbon
emissions of firms can harm a firm’s financial performance. Not being able to keep up with firms that
internalized carbon emissions earlier and better, will threaten the reputation and legitimacy of

‘polluters’. This will in turn impact their firm performance. This effect is evident in previous research,

8 The authors use units of thousand metric tons.



as multiple authors find a negative effect of carbon emissions on firm financial performance as discussed

in this section. Based on these insights of previous research the following hypothesis can be formulated.
H1: Carbon emissions have a negative effect on firm-performance.
2.2 Innovation

Since innovation is a multifaceted concept, a clear definition of what aspect of innovation to include in
the analysis is important. Innovation is defined as “a complex process related to changes in production
functions and processes whereby firms seek to acquire and build upon their distinctive technological
competence, understood as the set of resources a firm possesses and the way in which these are
transformed by innovative capabilities” (Therrien, Doloreux & Chamberlin, 2011, p 656). In this paper,
when discussing innovation, the focus will be on the investment in innovation rather than the outcome
of innovation. Nowadays, firms are urged more to develop technologies and practices that enable a more
sustainable future by investing in environmentally sustainable innovations. These innovations are
solutions to reduce costs from environmental damage through the development of new ideas, behaviors,
products, and processes (Rennings, 2000). Porter and Van der Linde (1995) find that firms interested in
internalizing environmental sustainability should invest in research to develop new technologies capable
of enhancing the quality of their processes and products. From the categorization in the Oslo Manual
from the OECD, product innovations are defined as new or significantly improved goods or services
that are implemented in the market and process innovations are defined as a means to reduce costs,
increase quality and supply of products and services and include improved techniques in secondary
support activities (Organisation for Economic Co-operation and Development, 2005). Through product
and process innovations new energy efficient technologies are developed.

Innovation is an important driver of growth and performance. It provides firms with an
opportunity to stand out among their industry peers and to meet the ever-changing demand of customers.
Although innovativeness appears to affect a firm’s performance, growth, profitability and market value
positively, pursuing strategies focused on innovation may involve some difficult choices in allocating
resources. This could explain why some authors that researched the effect of innovation on performance
discovered inconclusive or negative results. Also, the complexity of both variables highlights the
importance of a clear definition. Focusing on literature that investigates innovation and financial
performance, a positive effect of innovation on firm performance is argued and discovered (Porter, 1980;
Roberts, 1999; Cho & Pucik, 2005; Prajogo, 2006; Atalay, Anafarta & Sarvan, 2013). Firms can affect
the shape of their growth curve through product innovation. In the long run firms can obtain growth
through widening the consumer group of products, thus coping with adverse demographics. Process
innovation affects the capital intensity of process, the economies of scale, fixed costs, the degree of
vertical integration and the consumer experience — all affect firm (and industry) performance (Porter,

1980). So, different categories of innovation can be utilized to improve financial performance and



growth if implemented correctly.

Firms that have high carbon emissions are more inclined to innovate and become more energy
efficient, also due to upcoming environmental regulation globally. It is likely that innovation is a
moderator in the relationship between carbon emissions and firm performance in the sample. A firm
with high carbon emissions and high investments in innovation, will experience a less negative effect of
carbon emissions on their firm’s performance than a firm with no (or low) investments in innovation.
Innovation can positively impact the efficiency of a firm and its firm performance by improving products
and processes, this could attenuate the effect of carbon emissions on firm performance. Through product
and process innovation a firm can reduce the costs to become compliant with new environmental
regulation and simultaneously increase performance. These innovations could be for instance
developing safer or more efficient products, saving materials in production, consuming less energy,
streamlining production lines, reuse of byproducts, converting waste into new products, reducing
storage, reducing the costs of waste disposal (Marcon, de Medeiros & Ribeiro, 2017). Environmental
regulation pushes firms to innovate, but in doing so, this might benefit their financial performance. Thus,
innovation facilitates the possibility to increase firm performance and through new technologies
decrease the negative effect of carbon emissions on firm performance. Firms that have high emissions
but are working towards more efficient, energy saving innovative solutions are expected to have a less
negative effect of emissions on performance compared to the others that do not invest in innovation.

Another argument for the expected moderating effect of investing in innovation is the signal it
provides to stakeholders. Investing in innovation could signal the firm’s intent to become more energy
efficient and reduce carbon emissions. Conveying data on investment in innovation to outside observers’
is already a choice that influences perceptions of the firm (Connelly, Certo, Ireland & Reutzel, 2011).
The more a firm invests in innovation, the more it shows the intent of becoming more efficient.
Stakeholders that receive this signal then weigh this against the negative effect of carbon emissions,
decreasing this effect. This indicates that firms that are punished in the market for high carbon emissions
could soften this negative effect by investing in innovation, since investing in innovation seems to be
rewarded in the firm’s financials. In sum, determining the existence of this moderation should be
important for a firm’s development of strategies, since they will seek to implement practices to include
certain types of innovation as to reduce emissions and improve performance in the different markets
where they operate to achieve better reputation, legitimacy and approval from stakeholders. Based on

these insights a second hypothesis can be formulated.

H2: Investing in innovation decreases the strength of the negative effect of carbon emissions on firm

performance.

The conceptual model in Appendix B. summarizes this section. Part 1 illustrates innovation as moderator

and the hypothesis. Part 2 contains the three effects that are investigated in the analysis.



3. Method

This section explains the sample selection choices made, how the variables are constructed, describes

the data and shows how the analyses are designed.
3.1 Sample and data

In order to determine an effect on the carbon emissions and firm performance relationship the sample
should contain a time period in which this relationship is most likely present. Muhammad, Scrimgeour,
Reddy, and Abidin (2015) find that the relationship between environmental performance and financial
performance of firms in Australia is strong before the 2008-2012 crisis, but non-existent during the
crisis. This is in line with the threat-rigidity hypothesis. The threat-rigidity hypothesis states that during
crises, firms focus on core tasks and diminish other activities, as explained by Staw, Sandelands and
Dutton (1981). For this reason, global crisis years will not be included in the sample. Since
environmental responsibility has become more important in government policy, received more media
attention in recent years and there is more data available on emissions recently, a global sample of the
years 2012-2018 is used for the analysis.

All financial data is retrieved from the Worldscope database and data on carbon emissions from
the Asset4 database, both are available on Thomson Reuters. All raw financial data is retrieved or
transformed into thousands of US dollars. The database contains 1475 firms with carbon emission data
for all years 2012-2018. Adding the research and development data the number of firms with available
data for all years decreased to 640. Five more firms were excluded from the sample as they had no full
data available on the dependent variable. The final sample contains 635 firms and 4,445 firm years.
Table 1 provides a frequency overview of firms per year, country and industry. There are nine different
industries* present in the sample. Manufacturing makes up most of the data with 492 firms operating in
this sector, as illustrated in Table 1. The global sample is constructed from 34 different countries. The
most frequent countries in the sample are Japan (JP), the United States (US) and the United Kingdom
(GB), with respectively 182, 133 and 57 firms.

4 Agriculture, Forestry, & Fishing (SIC 01-09), Mining (SIC 10-14), Construction (SIC 15-17), Manufacturing
(SIC 20-39), Transportation, Communications, Electric, Gas, & Sanitary Services (SIC 40-49), Wholesale Trade
(SIC 50-51), Retail Trade (SIC 52-59), Finance, Insurance, & Real Estate (SIC 60-67) and Services (SIC 70-89).
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Table 1
Frequency distribution for a sample of 635 firms for the period 2012-2018

Industry

Agriculture,  Mining  Construction ~ Manufacturing Transportation, Wholesale  Retail  Finance, Services

Forestry & Communication, Trade Trade  Insurance

Fishing Electric, Gas & & Real

Sanitary Services Estate
SIC  01-09 10-14 15-17 20-39 40-49 50-51 52-69 60-67 70-89 Total

Panel A: Distribution of sample observations by year and industry
Year
2012 2 25 22 492 55 5 4 2 28 635
2013 2 25 22 492 55 5 4 2 28 635
2014 2 25 22 492 55 5 4 2 28 635
2015 2 25 22 492 55 5 4 2 28 635
2016 2 25 22 492 55 5 4 2 28 635
2017 2 25 22 492 55 5 4 2 28 635
2018 2 25 22 492 55 5 4 2 28 635
Total 14 175 154 3,444 385 35 28 14 196 4,445

Agriculture,  Mining  Construction Manufacturing Transportation, Wholesale  Retail Finance, Services

Forestry & Communication, Trade Trade  Insurance
Fishing Electric, Gas & & Real
Sanitary Services Estate
SIC  01-09 10-14 15-17 20-39 40-49 50-51 52-69 60-67 70-89 Total

Panel B: Distribution of sample observations by country and industry
ISO®
AT 0 0 0 21 0 0 0 0 0 21
AU 0 7 0 28 0 0 0 0 0 35
BE 0 0 0 35 0 0 0 0 0 35
BR 7 7 0 21 0 0 0 0 0 35
CA 0 14 0 14 7 0 0 0 0 35
CH 0 0 0 140 0 0 0 0 0 140
CN 0 7 7 0 0 0 0 0 0 14
DE 0 7 7 175 35 7 0 7 14 252
DK 0 0 0 63 0 0 0 0 0 63
ES 0 0 7 14 14 0 0 0 0 35
Fl 0 0 14 63 14 0 0 0 7 98
FR 0 14 7 182 14 7 0 0 14 238
GB 0 21 21 280 49 0 7 0 21 399
HK 0 7 0 14 7 0 0 0 0 28
ID 0 0 0 7 0 0 0 0 0 7
IE 0 0 0 14 0 0 0 0 0 14
IL 0 0 0 21 0 0 0 0 0 21
IN 0 7 7 42 14 0 0 0 14 84
IT 0 7 0 21 7 0 0 0 0 35
JP 7 21 56 1,029 126 7 7 7 14 1,274
KR 0 0 7 98 21 0 7 0 0 133
LU 0 0 0 7 0 0 0 0 0 7
NL 0 14 0 56 0 0 0 0 7 77
NO 0 7 0 7 7 0 0 0 0 21
PH 0 0 7 0 0 0 0 0 0 7
PL 0 0 0 0 7 0 0 0 0 7
RU 0 0 0 0 7 0 0 0 0 7
SA 0 0 0 7 0 0 0 0 0 7
SE 0 0 0 84 7 0 0 0 7 98
SG 0 0 7 0 7 0 0 0 0 14
TR 0 0 0 21 0 0 0 0 0 21
T™W 0 0 7 168 14 0 0 0 0 189
us 0 21 0 763 28 14 7 0 98 931
ZA 0 14 0 49 0 0 0 0 0 63
Total 14 175 154 3,444 385 35 28 14 196 4,445

> See Appendix C. Data description for the all full country names.
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3.2 Construction of variables

3.2.1 Dependent variable
Firm performance

The dependent variable in the analysis is firm performance. Widely accepted quantitative measures for
financial performance are accounting and market-based measures (Gentry & Shen, 2010). These
measures are not perfect substitutes of one another, but complementary (Delmas, Nairn-Birch & Lim,
2015). Where accounting-based measures estimate the short-run effects of initiatives, market-based
measures capture the long-run expectations of investors. Few studies use both to test their hypotheses
(Delmas, Nairn-Birch & Lim, 2015). However, using both enables to compare differences between
short-term effects and long-run expectations, which is useful in the discussion of results. The
accounting-based measures in this thesis are return on assets (ROA) and return on equity (ROE). ROA
and/or ROE are often used as an estimate of performance by other authors of studies with a comparable
focus (Oa. Cohen, Fenn & Naimon, 1995; Clarkson, Li, Richardson & Vasvari, 2011; Alvarez, 2012;
Delmas, Nairn-Birch & Lim, 2015; Lee, Min & Yook, 2015; Damert, Paul & Baumgartner, 2017). ROA
measures the profitability of a firm in relation to its assets and ROE measures the profitability of
shareholders equity. An appropriate market-based measure is Tobin’s q. Tobin’s q is often used in
similar studies as well (Oa. King & Lenox, 2002; Delmas, Nairn-Birch & Lim, 2015). Tobin’s q reflects
the expected future gains of a firm with regard to (future) policies, initiatives and strategies.

3.2.2 Independent variable and moderating variable
Carbon emission

The independent variable in the paper is carbon emissions. The carbon emissions data measures total
Carbon Dioxide (CO2) and CO2 equivalents emission in tons. This means that not only Carbon Dioxide
is included, but also to some extent Methane (CH4), Nitrous Oxide (N20), Hydrofluorocarbons (HFCS),
Perfluorinated Compound (PFCS), Sulfur Hexafluoride (SF6) and Nitrogen Trifluoride (NF3). The data
from Thompson Reuters includes all direct emissions from sources owned or controlled by the company
and all indirect emissions from the consumption of electricity, heat or steam. Carbon Dioxide is the
largest contributing factor to the data and in development of the hypotheses most arguments are based
on theories on GHG, not solely carbon. The carbon emissions variable (C02) is constructed by dividing

the C02 Emission total by the total sales, creating a carbon intensity measure.
Innovation

The moderating variable in the analysis is innovation. The part of innovation most relevant to this
analysis is the investment in innovation. This will be measured by an R&D intensity measure (RD),

constructed by dividing the research and development expenditures of a firm by the total sales (King &
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Lennox, 2002). R&D expenditures are often used as proxy for innovation in this area of research
(Therrien, Doloreux & Chamberlin, 2011; Lee, Min, & Yook, 2015; Sheng, Miao, Song & Shen, 2019;
Chen & Lee, 2020).

3.2.3 Control variables

The valuation of the carbon emissions impact is not likely to be the same across firms, location and
industrial sectors (Clarkson, Li, Pinnuck and Richardson, 2015). This indicates that the sector and firm-
level characteristics are an important control in the relationship between carbon emissions and firm
performance. It would make sense that firms operating in a sector which is known to be harmful to the
environment, are coerced more by stakeholders to decrease their emissions. The analysis includes
several financial variables to control for sources of firm-level heterogeneity in line with previous studies
of financial and environmental performance (King & Lenox, 2002; Zeng, Xu, Yin & Tam, 2012;
Delmas, Nairn-Birch & Lim, 2015; Zhang, Lin, Yu & Yu, 2020). The natural log of total assets is used
to control for variation in firm size. Larger firms are more visible to stakeholders and the media. This
has an influence on their legitimacy and their reputation (Delmas, Nairn-Birch & Lim, 2015). Firm age
is introduced as control since the performance of firms is often connected to how long it is operating.
The degree to which a firm is leveraged (Lev) is expressed as the ratio of its debt to assets. A control for
capital intensity (Capi) was added by dividing total assets by the total sales. The capital intensity
represents the return on investment; it shows the efficiency of the firm in the use of its assets. The
variable Capi is logarithmically transformed to improve the normal distribution. Liquidity (Quick) is
also controlled for, a greater liquidity indicates more stable operations of a firm. Quick is logarithmically
transformed to create a better fit to the normal distribution as well. To control for differences in industry,
country and years dummies are added to the analysis. Finally, the ISIN code is used to identify the
different firms in the analysis. The calculations and definitions of all variables are summarized in table
2.

Table 2
Summary of the variable construction
Variables Definition
Tobin’s g (Q) Tobin’s q is constructed as equity market value divided by the book value of
equity.

Return on assets (ROA)  ROA is defined as net income divided by the average of last year's and current
year’s total assets times 100.

Return on equity (ROE)  ROE is defined as net income divided by the average of last year's and current
year’s common equity times 100.

Emissions (C02) C02 is constructed as total Carbon dioxide (CO2) and CO2 equivalents emissions
in tons divided by the total sales/revenue.
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Innovation investment
(RD)

Size
Age
Year

Liquidity (Quick)

Capital intensity (Capi)
Leverage (Lev)

Country identification
code (1SO)

Industry identification
code (SIC)

Company identification
code (ISIN)

RD is constructed as total R&D expenditures divided by the total sales/revenue.

Size is constructed as the natural log of total assets.
Age is calculated by subtracting the founding year from the year 2012 to 2018.
Years 2012 to 2018 are transformed into year-dummies in the analysis.

Quick is defined as cash & equivalents plus receivables divided by the current
liabilities.

Capi is constructed as total assets divided by total revenue/sales.
Leverage is constructed as total debt divided by total assets.

Two-letter codes that represent a certain country composed by the International
Organization for Standardization. Transformed into country-dummies.

SIC codes are four numbers where the first numbers represent major industries
and the last numbers the subclassification of business group. Transformed into
industry-dummies.

The ISIN identifier code consists of 12 numbers unique for each company. The
number includes the headquarter country and a specific security identification.

3.3 Design of analysis

The sample of 635 firms over 7 years fits a panel data analysis. This is a combination of a regression
and time series analysis with a cross-section of subjects observed over time. Panel analysis allows to
study dynamic and cross-sectional aspects of a relationship. Thus, using this kind of analysis provides
an opportunity to study the heterogeneity between observations. The results of the Hausman
specification tests® suggested the fixed-effects model is most suitable for the dataset. The hypotheses
are tested using a single model with all the independent, moderating and control variables to predict firm

performance. The following model is used:

Performance it = @, + ™ Emissions ; + £* Innovation ; + £5* Emissions*Innovation .+ g* Controls ;+ £

In which i denotes the firm, t the year and eta the error term which captures the residuals of the model. To
test the model, the statistical software STATA is used.
Table 3 presents the univariate Spearman correlations. Spearman pairwise correlations and

variance inflation factors are used to test for multicollinearity. A correlation of 1 indicates a perfect

6 See table D1 in Appendix D. Various dataset test.
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positive correlation between two variables and a correlation coefficient of higher than 0.7 indicates
multicollinearity. There is only one relative high correlation between ROA and ROE in the matrix. The
correlation between ROA and ROE is 0.71. This is useful since they both are used to measure the ‘firm
performance’. The correlation of ROA and ROE with Q is lower. This confirms that accountancy and
market-based measures measure not exactly the same and that these measures are not substitutes, but
complementary of one another (Delmas, Nairn-Birch & Lim, 2015). The pairwise correlations of the
independent variables in the correlation matrix are not high. Furthermore, the variance inflation factors
are below the critical values for all independent and control variables Both tests indicate
multicollinearity is unlikely to be a problem (See Appendix E. VIF test.).

In addition, an analysis of the residuals is performed’. The panel data shows cross-sectional
dependence, autocorrelation and heteroskedasticity in the dataset. Cross-sectional dependence means
there is correlation of units in the same cross-section. This could be caused by unobserved common
factors. Autocorrelation indicates that variables are correlated with lagged versions of themselves. This
poses problems for the correct modeling of the coefficients. Furthermore, the groupwise
heteroskedasticity means the standard errors of variables are non-constant. To correct these problems,
fixed-effects regressions with Driscoll-Kraay standard errors are performed (Hoechle, 2007). These
regressions assume heteroskedasticity in the error structure, autocorrelation to the first order and a
degree of cross-sectional dependency in the sample. The Driscoll-Kraay standard errors are robust to

correlations over time and correlations between panels.

Table 3
Pearson correlation matrix

1 2 3 4 5 6 7 8 9 10 11 12 13

.Q 1.00

. ROA 0.42* 1.00

.ROE 0.55* 0.71* 1.00

Co02 -0.16* -0.16* -0.16* 1.00

.RD 0.15* 0.09* 0.00 -0.21* 1.00

. Age 0.05* 0.01 0.09* -0.08 -0.12* 1.00

. Quick 0.01 0.2 -0.03* -0.15* 0.37* -0.16* 1.00

. Size -0.08* -0.08* 0.02 0.10* 0.02 0.08* -0.17* 1.00

. Capi -0.11* -0.11* -0.14* 0.22* 0.23* -0.09* 0.12* 0.32* 1.00

10. Leverage 0.05* 0.01 0.02 -0.03 0.00 -0.04* 0.00 -0.03 0.05* 1.00

1
1

1. Year 0.08* 0.05* 0.05* 0.01 0.01 0.04* 0.00 0.03 0.09* 0.02 1.00
2. Industry -0.02 -0.03* -0.03 0.20* -0.08* -0.15* -0.06* 0.21* 0.25* 0.04* 0.00 1.00

13. Country 0.16* 0.13* 0.15* -0.03* 0.13* -0.12* 0.11* 0.05* -0.05* -0.01 0.00 0.01 1.00

Note. ***p < 0.01, **p < 0.05, *p < 0.1.

7 See table D2 in Appendix D. Various dataset test.
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4. Analysis and results

4.1 Descriptive statistics

Table 4 presents the descriptive statistics. All continuous variables are winsorized to control for the
effect of extreme outliers. The variables that cannot be lower than zero are winsorized at the 99%
percentile of their distribution and all other variables are winsorized at both the 1% and 99% percentile
of their distribution. Control variables Quick and Capi are logarithmically transformed to improve their

fit to the normal distribution.

Table 4

Description of the variables

Variable Obs. Mean Median Std. Dev. Min Max
Q 4445 2.68 1.85 2.99 -4.34 19.48
ROA 4445 6.00 5.31 5.92 -13.49 26.25
ROE 4445 14.10 11.58 20.26 -47.48 124.14
C02 4445 0.28 0.05 0.67 0.00 4.68
RD 4445 0.04 0.02 0.05 0.00 0.25
Age 4445 76.89 74.00 44,94 0.00 209.00
Quick 4445 0.02 -0.02 0.56 -2.53 1.66
Size 4445 16.27 16.18 1.36 11.56 19.63
Capi 4445 0.29 0.24 0.47 -1.31 1.67
Leverage 4445 0.25 0.24 0.15 0.00 0.65

4.2 Test of hypotheses

Table 5 presents the results of various fixed effects regressions performed to estimate the relationship
between firm performance, carbon emissions and innovation. Driscoll-Kraay standard errors are used to
account for cross-sectional dependence, autocorrelation and heteroscedasticity. Model 1 and 4 use
Tobin’s q as a dependent variable, model 2 and 5 use Return on Assets as a dependent variable and
model 3 and 6 use Return on Equity as dependent variable. The only difference between the models with
the same dependent variable is the addition or exclusion of interaction term CO2RD. Model 1-3 are used
to examine the first hypothesis of the effect of carbon emissions on firm performance and model 4-6 to
estimate the moderating effect of investment in innovation.

The results from model 2 and 3 provide empirical support for a negative effect of C02 on firm
performance. The coefficients of C02 in model 2 and 3 are relatively high, respectively -1.135 and
-5.401. This which means that if carbon emissions change by one, the mean of ROA decreases with
1.135 and the mean of ROE decreases with 5.401. Model 1 shows a negative coefficient of CO2 as well,
but this effect is not statistically significant. The results indicate that there is evidence for a negative
relationship between C02 and firm performance, as predicted in the first hypothesis.

Model 4 shows a significant positive coefficient of CO2RD, this indicates that as RD increases,
the effect of C02 on performance will increase. Thus, as in this case, it will become more negative.

Comparing model 4 to model 1, the addition of the interaction term in the analysis causes the coefficient

15



to become more negative (from -0.132 to -0.362). The effect is only significant on the 10% level. The
model thus offers weak evidence against accepting the second hypothesis. Model 5 offers different
evidence, it shows a significant negative coefficient of CO2RD. The negative effect is significant at the
1% level. The effect turns the coefficient of C02 positive, it changes from -1.135 to 0.0764 (comparing
model 5 to model 2). This indicates that that as RD increases, the effect of C02 on performance will
decrease. The effect might even flip signs and become positive. However, the positive coefficient of
CO02 in model 5 is not significant, so this cannot be proven in this dataset. The analysis in model 5 thus
indicates that investing in innovation decreases the negative effect of carbon emissions on firm
performance, when using ROA as dependent variable. Model 5 thus supports the second hypothesis.
Model 6 shows a negative coefficient for CO2RD as well, however this effect is not significantly
different from zero. As discussed in paragraph 3.2.1, the results show there is indeed a difference in the
performance measures. Model 2, 3, 5 and 6 also show a significant negative effect of RD on ROA and
ROE. The coefficient of RD for Q is negative, but not statistically significant. This indicates that in the
sample investing in innovation has a negative effect on firm performance as measured by ROA and
ROE.

To test the robustness of the findings fixed effect regressions with robust standard errors are
performed. Robust standard errors also account for autocorrelation and heteroskedasticity. The results
of these tests are presented in Appendix F. The coefficients of C02 are comparable with the results in
table 5. The analyses show significant negative coefficients for dependent variables ROA and ROE. RD
has the same sign on the significant coefficients as well. For the effect of CO2RD there is a difference.
The coefficient of CO2RD for dependent variable Tobin’s q is not significant. Based on the evidence
with a low significance level in the fixed effect test with the Driscoll-Kraay standard errors and the fixed
effects tests with the robust standard errors the evidence in favor of the second hypothesis seems more
relevant. The analyses with ROA as estimate for firm performance support the second hypothesis.

In sum this means that there is an indication of a negative effect of carbon emissions on firm
performance. Moreover, there is evidence that indicates that investment in innovations attenuates this
relationship and might even turn it into a positive one. This effect in this sample can only be stated as

significantly different from zero for one of the three measures of the dependent variable, return on assets.
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Table 5
Fixed Effects regressions with Driscoll-Kraay standard errors.

Dependent variable Q ROA ROE Q ROA ROE
1 2 3 4 5 6
C02 -0.132 -1.135%* -5.401** -0.362 0.0764 -2.868
(-1.02) (-4.21) (-4.93) (-2.36) -0.19 (-1.16)
RD -3.489 -66.50** -171.7***  -5.304 -56.95** -151.7*
(-1.06) (-5.63) (-6.00) (-1.95) (-4.29) (-3.62)
CO2RD 25.25* -132.8***  -277.6
(2.65) (-7.07) (-1.43)
Age -0.331 0.209* 0.788 -0.332 0.214* 0.798
(-1.99) (2.51) (2.07) (-2.00) (2.57) (1.09)
Quick -0.375* 3.123%** 4.920** -0.366* 3.075%** 4.820%*
(-2.54) (15.84) (5.61) (-2.49) (17.48) (5.73)
Size -0.104 -0.216 -5.92 -0.085 -0.315 -6.127
(-0.72) (-0.37) (-2.15) (-0.58) (-0.57) (-2.35)
Capi -1.540** -4.904** -9.168 -1.578** -4.705%* -8.751
(-4.09) (-4.66) (-2.11) (-4.04) (-4.49) (-2.12)
Lev 1.076 -1.295 -0.588 1.076 -1.297 -0.593
(1.43) (-1.45) (-0.09) (1.42) (-1.50) (-0.09)
Industry Omitted
Country Omitted
Year Y Y Y Y Y Y
Constant 28.47* -1.802 61.45 28.28* -0.812 63.52
(2.53) (-0.19) -0.98 (2.52) (-0.09) -1.02
Observations 4445 4445 4445 4445 4445 4445
Within R-squared 0.0571 0.1337 0.0676 0.0578 0.1373 0.0689

Notes. 1) Robust t-statistics in parentheses; 2) ***p < 0.01, **p < 0.05, *p < 0.1.

5. Discussion and conclusion

This study examined the effect of carbon emissions on firm performance and introduced innovation as
a moderator in the relationship for a global sample over 7 years. Three different measures for firm
performance were used: Tobin’s q, ROA and ROE. In general, the analysis supports other theoretical
findings in significant negative effects of carbon emissions on firm performance for ROA and ROE.
These effects are robust when using a test with other standard errors in the analysis. Interestingly, the
effect is not significantly different from zero for Tobin’s q. Others do find a significant negative effect
for Tobin’s Q (i.e. King & Lennox, 2002). Tobin’s q reflects the ratio between the market value and the
inherent value of a firm. It could be that the market in which the firms from the sample operate does not
fully value the adherent effects of carbon emissions as much as expected, leading to a statistically
insignificant effect in the analysis. It can be concluded that high carbon emissions are punished at least
to some level in firm performance and reducing emissions can ensure financial benefits for firms.

The results furthermore indicate that investing in innovation has a moderating effect on the
relationship between carbon emissions and firm performance. The analysis with ROE as dependent

variable, does not yield a significant coefficient for the moderator. The analysis with Tobin’s q as
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dependent variable provides a significant positive coefficient at the 10% level for the moderator. This
indicates that as a firm invests more in innovation, the negative effect of carbon emissions on Tobin’s q
becomes stronger. This is not in line with the hypothesis. But, when using another test to check the
robustness of results, this coefficient is no longer significant. That the effect differs so much from the
other findings could perhaps be caused by the insignificant effect of carbon emissions on Tobin’s q. If
the effect from carbon emissions on Tobin’s q cannot be proven to be different from zero, it does also
make sense that the moderator does not diminish this effect in the analysis. The effect could thus be
biased. Considering the evidence, this finding provides very weak evidence against accepting the second
hypothesis. When analyzing the model using ROA as dependent variable for firm performance a
significant negative coefficient at the 1% level is discovered for the moderator. Upon checking the
robustness using another fixed effect test, the coefficient of CO2RD remains negative and statistically
significant. The negative coefficient indicates that when investment in innovation increases, the effect
of carbon emissions on ROA becomes less negative. The effect in the analysis is remarkably strong, the
coefficient of carbon emissions turns from negative to positive. However, the coefficient of C02 is no
longer significant with the addition of the interaction term in the model. Thus, firms that invest more in
innovation (R&D), have a less negative effect of carbon emissions on their firm performance if measured
as return on assets. The differences between ROA, ROE and Tobin’s q could also have an alternative
explanation: where ROA and ROE capture the short-term profitability, Tobin’s q is more aimed towards
long-term expectations. Keeping this in mind, the original results indicate that on the long term investing
in innovation more would actually strengthen the negative effect of carbon emissions on firm
performance. It could be the case that investors expect that the investment in the innovation of the firms
in the sample will have a limited effect on the carbon emissions in the future. Whereas in the short run,
only the investment in innovation might have a positive effect due to the signal it provides to
stakeholders about the willingness to invest.

Interestingly, all coefficients for RD are negative, which means that investing in innovation has
a negative effect on firm performance for this dataset. Perhaps the investment in innovation has a
negative effect because it means an outflow of capital in the short run. But when it leads to new
innovations in the long run, it will have a positive effect on performance. This is confirmed in other
research, investment in innovation requires time to generate positive changes in profitability (Canh,
Liem, Thu & Khuong, 2019).

In conclusion, the statistical analysis provides support for both hypotheses. The results confirm
a negative effect of carbon emissions on firm performance. The results also indicate that investment in
innovation attenuates this negative effect. However, the analyses show different results for the different
measures of performance. The negative effect of carbon emissions on firm performance is established
for ROA and ROE, but not for Tobin’s q. Furthermore, the effect of the moderator can only be confirmed
for ROA.
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The findings have several implications for management, policymakers and further research in
this area. The findings suggest firms are punished in high emissions of Carbon Dioxide, but also that
firms that innovate could possibly diminish this negative effect. For management it is important to
examine this relationship in their firm when developing strategies. Using this information firms with
high emissions might consider investing more into innovation. At least in the short term investing in
innovation can be used as a signal towards stakeholders to show the intention of working towards more
energy efficiency. The findings emphasize the findings in existing literature that firms should manage
their emissions proactively and invest in innovation. This may lead to a better financial performance as
a result. For policymakers to realize a decrease in pollution due to (carbon) emission from firms,
effective environmental policies should provide incentives to encourage firms with high carbon
emissions to reduce emissions and discourage firms with low carbon emissions to increase emissions.
The Emission Trading system in Europe seems like an effective example of how to provide these
incentives. In addition, promoting investment in innovation may increase the energy efficiency of firms
and this decrease pollution on the aggregate. And finally, the findings suggest short-term and long-term
perspective differences. For future research it might be interesting to investigate these differences in
depth.

While the analysis covers multiple industries and uses a global sample with a time period of
seven years, there are reasons to be cautious about the generalizability of the findings. The present study
is biased towards larger developed countries (i.e. Japan, the United States and the United Kingdom).
Also, the data is biased towards the manufacturing industry. The reason for this is that it is probably
more common to report the research and development expenditures in this industry. Unfortunately, the
R&D expenditures have limited availability on the used database as not a lot of companies report them.
A data improvement for future research is thus to gather more data on R&D expenditures or use another
measure to capture innovation (investment). To improve generalizability further research could also use
a larger and broader international sample including more industries, as in the present study some
countries are overrepresented. Another limitation of the present study to be considered and may be
addressed in further research is the proxy for carbon emissions. The variable used consist not only of
Carbon Dioxide, but other CO2 equivalents emissions as well. Using a different source of data on carbon

emissions could possibly solve this.
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Appendix A

Carbon Dioxide emissions by sector or source

Figure Al
World carbon emissions per sector 1960 — 2014

Carbon dioxide (CO2) emissions by sector or source, World, 1960 to 2014 Our Warld
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Source: International Energy Agency (IEA) via the World Bank.. Retrieved April 15, 2020, from
https://ourworldindata.org/grapher/carbon-dioxide-co2-emissions-by-sector-or-source.
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Figure B1
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Table C1

Data description

Variable
ISIN
Name
ISO
Country
SIC
Industry
Q

ROA
ROE

C02

RD

Quick
Size
Capi
Age
Lev
year

AFF
Const
FIRE
Manuf
Mining
RT
Services

TCEGSS

WT
AT
AU
BE
BR
CA
CH
CN
DE
DK
ES
Fl
FR
GB
HK
ID

Variable label

Company identification code
Company name

Country identification code
Country name

Industry identification code
Industry name

Tobin's q

Return on Assets

Return on Equity

Carbon Dioxide ratio

Research and development
ratio

Quick liquidity ratio
Company size indicator
Capital intensity ratio
Age in years

Lev ratio

Year between 2012 and 2018
Agriculture, Forestry, And
Fishing

Construction

Finance, Insurance, And Real
Estate

Manufacturing

Mining

Retail Trade

Services

Transportation,
Communications, Electric,
Gas, And Sanitary Service
Wholesale Trade

Austria

Australia

Belgium

Brazil

Canada

Switzerland

China

Germany

Denmark

Spain

Finland

France

United Kingdom

Hong Kong, SAR China
Indonesia

Appendix C
Data description

IL
IN

P
KR
LU
NL
NO
PH
PL
RU
SA
SE
SG
TR
TW
us
ZA
y2012
y2013
y2014
y2015
y2016
y2017
y2018

Ireland

Israel

India

Italy

Japan

Korea (South)
Luxembourg
Netherlands
Norway
Philippines

Poland

Russian Federation
Saudi Arabia
Sweden

Singapore

Turkey

Taiwan, Republic of China
United States of America
South Africa

2012

2013

2014

2015

2016

2017

2018
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Table D1

Durbin-Wu-Hauseman test

Appendix D

Various dataset test

S.E.
0.0192883
0.3510623
0.2983413
0.0031562
0.0044823
0.0237428
0.0030493

fe re Difference
Co02 -0.1601327 -0.1447505 -0.0153821
RD -1.943359 -0.1263094 -1.817049
CO2RD 2.400078 2.065754 0.3343244
Age 0.0764598 0.0007379 0.0757219
Quick -0.05718 -0.0463652 -0.0108148
Size -0.4369243 -0.2162894 -0.2206348
Capi -0.0224879 -0.0259776 0.0034898
Year

2013 0.1462034 0.2245128 -0.0783094 .
2014 0.2021565 0.3395359 -0.1373794 .
2015 0.2085233 0.4375126 -0.2289893 .
2016 0.0118518 0.3032525 -0.2914008 .
2017 0.0655572 0.421874 -0.3563168 .
Test: Ho: difference in coefficients not systematic

chi2(12) = (b-B)'[(V_b-V_B)*(-1)](b-B)

=154.35

Prob>chi2 =0.0000

Table D2

Summary Pesaran’s test, Wooldridge test and Modified Wald test

HO

Test

P-value

Result

Pesaran’s test of cross-sectional
independence

Cross sectional independence

Cross sectional dependence =
62.418

Prob = 0.0000

Null hypothesis rejected, the data
shows cross sectional dependence

Wooldridge test for

autocorrelation
No first-order
autocorrelation

F(1, 634) = 12.914

Prob > F = 0.0004

Null hypothesis rejected,
the data shows first order

autocorrelation

Modified Wald test for groupwise
heteroskedasticity

Homoskedasticity

Chi2 (635) = 5.4e+06

Prob>chi2 = 0.0000

Null hypothesis rejected, the data
shows first order groupwise
heteroskedasticity
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Table E1
VIF test

Variable

AFF
Age
AT
AU
BE
BR
Cco2
CO02RD
CA
CH
CN
Const
DE
DK
ES
Fl
FIRE
FR
GB
HK
ID
IE

IL
IN

KR
Capi

VIF

1.12
1.3

1.02
1.04
1.03
1.17
241
2.08
1.08
1.1

1.07
1.18
1.18
1.07
1.07
1.09
1.04
1.18
1.36
1.06
1.18
1.03
1.04
1.1

1.05
1.13
1.75

UVIF

0.890261
0.766433
0.978449
0.963528
0.967222
0.856222
0.415593
0.479888
0.926675
0.905449
0.931075
0.848657
0.846491
0.934102
0.931455
0.921291
0.959492
0.849492
0.735308
0.942968
0.84586

0.967708
0.964361
0.909278
0.951604
0.884687
0.570392

Appendix E

VIF test

Lev
Quick
LU
Mining
NL

NO

PH

PL

RD

RT

RU

SA

SE
Services
SG

Size
TCEGSS
TR

T™W

us

WT
2013
2014
2015
2016
2017
2018
ZA
Mean VIF

1.08
1.46
1.01
1.29
1.08
1.04
1.09
1.04
1.65
1.03
1.03
1.03
1.07
1.13
1.07
1.54
1.5

1.03
121
151
1.05
1.72
1.72
1.72
1.73
1.73
1.73
1.14
1.26

0.923911
0.686599
0.98908

0.77436

0.926988
0.958099
0.917559
0.961329
0.606968
0.96909

0.967922
0.972243
0.930941
0.883786
0.931739
0.647741
0.668382
0.974377
0.827003
0.660708
0.954473
0.582894
0.582429
0.580659
0.579012
0.578297
0.57874

0.877681
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Table F1

Fixed Effects with robust SE

Dependent variable:

Co2

RD

CO2RD

Age

Quick

Size

Capi

Lev

Industry
Country
Year
Constant
Observations
adj. R-squared

Note. ***p < 0.01, **p < 0.05, *p < 0.1.

Q
7

-0.13
-3.49

-0.33
-0.38
-0.10
-1.540***
1.076*

Y

28.47
4445.00
0.05

Appendix F
Fixed Effects model with robust standard errors

ROA

8
-1.135*
-66.50**

0.21
3.123***
-0.22
-4.904***
-1.30

Y

-1.80
4445.00
0.13

ROE

9
-5.401**
-171.7%*

0.79
4.920**
-5.920*
-0.168**
-0.59

Y

61.45
4445.00
0.07

Q

10
-0.36
-5.30
25.25
-0.33
-0.37
-0.09
-1.578***
1.076*
Omitted
Omitted
Y

28.28
4445.00
0.06

ROA

11

0.08
-56.95**
-132.8*
0.21
3.075***
-0.32
-4.705***
-1.30

Y

-0.81
4445.00
0.14

ROE

12

-2.87
-151.7*
-277.60
0.80
4.820**
-6.127*
-8.751**
-0.59

Y

63.52
4445.00
0.07
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