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Abstract
Existing literature on greenhouse gas (GHG) emissions disclosure has paid little attention to private firms, despite the fact 
that this type of firm is responsible for significant GHG emissions. This study empirically analyzes the GHG disclosure of 
German private firms. The results suggest that more pronounced information asymmetries due to a more dispersed own-
ership structure and/or multiple bank relationships are associated with more extensive GHG disclosure. This aligns with 
arguments from agency and stakeholder theory. While this result is not new for public firms, it is for private firms. Given the 
specific characteristics of this type of firms (no separation of ownership and control, private communication channels, close 
bank–borrower relationships), it is not a straightforward assumption that observations from public firms can be transferred to 
private firms one-to-one. Moreover, higher levels of actual GHG emissions are also associated with more GHG disclosure, 
indicating that legitimacy theory arguments hold for private firms as well.

Keywords  GHG disclosure · Environmental disclosure · Private firms · GHG emissions · EU ETS · ESG

JEL Classification  M14 · M41 · Q54

Introduction

Several initiatives are attempting to promote the reduction 
of greenhouse gas (GHG) emissions and mitigate global 
warming (e.g., the United Nations (UN) Sustainable Devel-
opment Goals (SDGs), the Paris Agreement, and the C40 
Cities initiative). However, in analyzing progress on SDG 
13, the UN believes that the world is “on the brink of a cli-
mate catastrophe and current actions and plans to address 
the crisis are insufficient.” (UN, 2023).

Recent literature has emphasized that the real effects of 
sustainability disclosures (Christensen et al., 2017; Fiechter 
et al., 2022) and of disclosures on GHG emissions (Dow-
nar et al., 2021; Tomar, 2023) are significant. Capital mar-
kets react to firms’ GHG disclosures (Griffin et al., 2017; 

Matsumura et al., 2014), and banks also take information on 
firms’ GHG awareness into account when making lending 
decisions (Jung et al., 2018).

However, the existing literature has focused almost exclu-
sively on public firms. That is not surprising, given the higher 
visibility of this type of firms and the better data availability. 
Nevertheless, the vast majority of firms all over the world are 
not listed on a stock exchange.1 Prior literature has shown that 
private and public firms exhibit different characteristics when 
it comes to financial disclosure (Ball & Shivakumar, 2005; 
Burgstahler et al., 2006; Hope et al., 2013). However, there are 
a very few studies that analyze and find such differences with 
respect to non-financial disclosure (Carmo & Miguéis, 2022; 
Fernandez-Feijoo et al., 2014; Hickman, 2020), and none that 
specifically analyze GHG disclosure of private firms. Given the 
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major impact that private firms have on the economy2 and the 
major impact that the private economy has on GHG emissions,3 
understanding the GHG disclosures of private firms is an impor-
tant step toward integrating these firms into global efforts to fight 
climate change.

The purpose of this paper is therefore to shed light on 
why private firms decide to voluntarily disclose GHG emis-
sions information. What are the drivers of private firms’ 
GHG disclosures? Which patterns that we know about from 
public firms are transferable to private firms, and which 
are not? I conduct an empirical analysis on German pri-
vate firms that are covered by the European Union Emission 
Trading System (EU ETS). The EU ETS is a key domestic 
policy to achieve the EU’s GHG emission reduction targets 
(see, e.g., the update of the Nationally Determined Contri-
bution (NDC) of the EU and its Member States from 2023). 
This setting is especially suited to address these research 
questions for several reasons: First, there is no mandatory 
GHG disclosure in Germany for the period of analysis, for 
private or for public firms. As a consequence, it is possible 
to rule out disclosure incentives induced by the regulatory 
framework. Second, annual reports from private firms are 
publicly available in Germany, in contrast to many other 
large economies in the world. This is not only necessary for 
data collection, but it also sets up a communication channel 
for private firms with their stakeholders. Third, from an eco-
logical point of view, it is worth analyzing the German set-
ting because Germany is the largest GHG emitter within the 
EU.4 Last, analyzing firms covered by the EU ETS comes 
with some advantages: on one hand, the business model of 
these firms is associated with high GHG emissions levels; 
therefore, if there were any private firms (and their stake-
holders) that were aware of their own GHG emissions and 
the potential consequences, it should be the ones covered by 
the EU ETS. On the other hand, since firms covered by the 
EU ETS are obliged to report facility-level GHG emissions 
to the relevant authority, it is possible to track their GHG 
emissions with a bit of effort. These firms do not necessar-
ily disclose their GHG emissions in their annual reports. 
Nevertheless, the GHG emissions information I gathered by 
analyzing the EU ETS data proxies actual GHG emissions 
of all sample firms independent of their decision to disclose 

this information in their annual (or comparable) reports. I 
can therefore overcome the self-selection problem that stud-
ies dealing with voluntary disclosure usually suffer from 
(Christensen et al., 2021).

I find a robust positive effect of ownership dispersion, 
and a negative effect of having a single bank relationship 
on a given firm’s GHG disclosure level. Both results are in 
line with arguments from principal–agent theory and stake-
holder theory: When information asymmetries with capital 
providers (as important stakeholders) are more likely, i.e., 
when there is a dispersed ownership structure and multi-
ple bank relationships, sample firms tend to disclose more 
GHG emissions information. Moreover, I find a robust and 
significant positive association between a firm’s actual GHG 
emissions level and the GHG Disclosure Index. This indi-
cates that insights from legitimacy theory that have already 
been shown to apply for public firms could hold for private 
firms as well. The local anchoring of a firm is supposed to 
account for a potentially important stakeholder group of pri-
vate firms, namely, the local community the firm is embed-
ded in. Nevertheless, my results do not suggest a significant 
association between a firm’s local anchoring and its level of 
GHG disclosure.

Although some results are not new for public firms, they 
are for private firms. It is not obvious that private firms have 
similar GHG disclosure incentives ex ante as public firms. 
Private firms are often assumed to face fewer information 
asymmetries compared to their public counterparts (Beatty 
& Harris, 1998), and hence, it is not straightforward to 
assume that the information demands of capital providers 
would qualify as relevant determinants of GHG disclosures 
for them. Moreover, for arguments related to legitimacy 
theory to be effective, it is necessary that a given firm try-
ing to seek or maintain legitimacy be recognized by the cor-
responding audience (Suchman, 1995). Since private firms 
can be rather small (Burgstahler et al., 2006), and hence 
are potentially less exposed to public attention than public 
firms, this precondition might not be valid. Hence, it is again 
not straightforward that legitimacy concerns play a role for 
private firms’ GHG disclosure decisions ex ante.

This study makes three major contributions: First, it adds to 
the growing body of literature on (voluntary) GHG disclosure. 
It shows that some mechanisms that are relevant for public 
firms’ GHG disclosure also apply for private firms. Second, 
from a methodological point of view, I have been able to con-
duct a voluntary disclosure study without the typical problem 
of self-selection bias. Third, because it is the first study to spe-
cifically address the determinants of GHG disclosure of private 
firms, it has implications for both practitioners and policymak-
ers: A careful consideration of the determinants of voluntary 
disclosure is a cornerstone for any further ambitions to stand-
ardize and regulate (corporate) reporting. This is especially 
relevant considering the expansion of mandatory sustainability 

2  According to Eurostat, SMEs, which are likely to be private firms 
in most cases, account for 99.8% of all enterprises in the EU, employ 
64.4% of the EU’s non-financial business economy workforce, and 
contribute to more than half of value-added wealth (52.6%) in 2019 
(Eurostat, 2022).
3  In 2019, more than half of worldwide GHG emissions were caused 
by the sectors of energy supply (34%) and industry (24%) (IPCC, 
2022).
4  In 2019, Germany emitted 809,799 kilotons of CO2 equivalent, 
which is almost 20% of total EU GHG emissions (European Parlia-
ment, 2023).
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reporting requirements as laid down in the European Union’s 
“Corporate Sustainability Reporting Directive” and its poten-
tial indirect effects on non-listed small and medium-sized 
entities (SMEs). Initiatives such as the C40 Cities that seek 
to promote GHG emission reductions can also benefit from a 
deeper understanding of the motivations of private firms, as 
getting these types of firms on board could be critical to their 
success in meeting their reduction targets. In addition, these 
cities shape the environment of the private firms that operate 
in their vicinity, and thus the ability of these firms to reduce 
their GHG emissions.

This study is structured as follows: “The Institutional 
Background” Section provides an overview of the study’s 
institutional framework. “Literature and Hypotheses” Sec-
tion summarizes the existing literature and develops the 
hypotheses. The research design is described in “Research 
Design” Section. “Regression Results” Section discusses 
descriptive statistics as well as the results of multivariate 
regressions and endogeneity issues. “Conclusion” Section 
concludes.

The Institutional Background

European Directive 2003/87/EC introduced a trading scheme 
for GHG emission allowances in the European Union. The 
main goal was “to promote reductions of greenhouse gas 
emissions in a cost-effective and economically efficient man-
ner” (European Parliament & the Council, 2003). Firms that 
operate facilities which perform (at least) one of the activi-
ties covered by the Directive, or aircraft operators, need to 
hold a permit issued by a “competent authority.” This permit 
is only granted if the operator “is capable of monitoring 
and reporting emissions” (2003/87/EC, Art. 6). According 
to Article 14, each operator of an installation has to report 
the emissions from that installation during each calendar 
year to the competent authority. The competent authority 
must then make emissions reports available to the public 
(2003/87/EC, Art. 17), which takes place in the Union Reg-
istry. GHG disclosure at the Union Registry website is rather 
opaque, however: facility-level GHG emission data are only 
disclosed using an internal ID number. An additional table 
is necessary to trace this ID number to the account holder, 
which is usually the firm that owns the installation. To deter-
mine firm-level GHG emissions, all facilities that belong to 
this firm have to be collected manually. Therefore, although 
GHG emissions information is publicly available on the 
Union Registry website, determining a specific firm’s GHG 
emissions is time consuming and hence costly.

Reporting requirements regarding firms’ annual reports 
are untouched by the EU ETS Directive. It is incumbent on 
firms to decide whether they wish to additionally disclose 
GHG emissions information in their annual reports or even 
publish stand-alone reports.

Literature and Hypotheses

Related Literature

Literature on the determinants and consequences of GHG 
disclosure is already exhaustive when it comes to public 
firms (e.g., Luo et al., 2012; Matisoff et al., 2013; Prado‐
Lorenzo et al., 2009).

Considering the broader concept of CSR, (public) firms 
with a dispersed ownership structure seem to exhibit more 
extensive CSR disclosure (Cormier et al., 2005; Gamer-
schlag et al., 2011; Lu & Abeysekera, 2014). The reduc-
tion of information asymmetries between a firm’s man-
agement and its owners by more extensive disclosure 
corresponds to the ideas of principal–agent theory, but can 
also be explained by stakeholder theory. Building on the 
latter, Guenther et al. (2016) identified government, gen-
eral public, media, employees, and customers as relevant 
stakeholders for firms’ decisions to disclose information 
on their GHG emissions.

Studies on the market value effects of GHG disclosures 
have also underscored the relevance of information related 
to GHG emissions to investors (e.g., Griffin et al., 2017; 
Matsumura et al., 2014).

Moreover, there are several studies that have analyzed the 
association between a firm’s cost of capital and its GHG dis-
closure and/or performance. Most of the studies have found 
a negative association between the cost of equity and (more 
extensive) GHG disclosure (e.g., Lemma et al., 2019). Jung 
et al. (2018) found a positive association between the amount 
of GHG emissions and the cost of debt. Furthermore, they 
found that this effect could be mitigated by showing “carbon 
awareness,” which they measured as GHG disclosure.

The link between a firm’s GHG disclosure and its actual 
GHG emissions has also gained attention, but the results are 
ambiguous. Some studies found a positive association (e.g., 
Giannarakis et al., 2017; Guenther et al., 2016), indicating 
that well-performing firms try to signal their type by more 
extensive disclosure, which therefore suggests that signaling 
arguments also apply for GHG concerns. On the contrary, 
other studies have identified highly selective GHG disclo-
sure behavior (Kim & Lyon, 2011) or a negative associa-
tion between GHG disclosure and performance (Luo et al., 
2018); this suggests legitimacy considerations as a potential 
motivation for firms’ decisions to disclose GHG informa-
tion. More recently, analyses of the particular strategies used 
to gain or maintain legitimacy have attracted attention in 
the literature. These strategies often go back to Lindblom 
(2010): While one of them refers to substantive changes 
in firms’ actions and their disclosure, others reflect a more 
symbolic disclosure that is not associated with an underlying 
change in actions. Current empirical evidence supports the 
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existence of both substantive and symbolic intentions with 
respect to environmental/GHG disclosure (e.g., Borgstedt 
et al., 2019; Crossley et al., 2021; Liesen et al., 2017).

Moreover, recent literature has underscored the idea that 
there are real effects of sustainability (Christensen et al., 
2017; Fiechter et al., 2022) and GHG disclosures (Downar 
et al., 2021; Tomar, 2023) in mandatory reporting settings.

Taken together, a comprehensive picture of determinants 
and potential consequences of corporate GHG disclosures 
can be drawn from the existing literature. However, the find-
ings rely exclusively on analyses of public—or at least very 
large—firms. There are a very few studies that explicitly 
consider private firms. Freedman and Stagliano (2002) ana-
lyze the environmental disclosures of firms that are about to 
go public, but find no higher levels of such disclosures com-
pared to the control group of firms that are already publicly 
listed. Fernandez-Feijoo et al. (2014) use a sample consist-
ing of private and public firms and show that stakeholder 
pressure is associated with more transparent sustainability 
reports. The analysis of large Portuguese firms by da Silva 
Monteiro and Aibar-Guzmán (2010) shows that listing status 
is positively related to the level of environmental disclosure. 
Chi et al. (2020) examined differences in the CSR reporting 
behavior of Taiwanese public and private firms and found 
public firms to be more likely to publish a CSR report. Hick-
man (2020) comes to a similar conclusion for US firms and 
also finds out that they are more likely to follow the GRI 
guidelines. Private firms facing greater information asym-
metry, e.g., due to a large number of shareholders, show a 
similar reporting behavior as public firms. In a sub-sample 
analysis she finds that non-owner stakeholders motivate 
private firms to publish CSR reports. Carmo and Miguéis 
(2022) performed a case study on five non-listed Portuguese 
firms. They found information demands of stakeholders such 
as the local community to be one main reason for initiating 
CSR reporting among the firms they analyzed. Apart from 
these studies, the closest other analyses have come to this 
are studies on SMEs.

Russo and Perrini (2010) view CSR in SMEs as an out-
come of socially responsible behavior to build up social 
capital. For larger firms, they rather considered CSR as an 
antecedent of good stakeholder relationships in line with 
stakeholder theory. Baumann-Pauly et al. (2013) presented 
another approach: since the relative costs of external CSR 
communication are rather high for smaller firms and low for 
larger firms, but the relative organizational costs of integrat-
ing CSR practices are low for small firms and high for larger 
ones, two gaps result: a reporting gap for SMEs that imple-
ment CSR practices but do not report them, and an imple-
mentation gap for larger firms that communicate about CSR 
but have difficulties when implementing CSR strategies.

These studies solely draw on differences in the size of 
the firm. While this can be an important difference between 

private and public firms, there are additional differences that 
might also affect their decisions on GHG disclosure.

First, private firms show very heterogeneous ownership 
characteristics (Hope et al., 2012). While public firms usu-
ally have only limited managerial ownership, private firms 
range from large multinational entities closely resembling 
public firms (Bonacchi et al., 2019) to small companies run 
by a manager–owner (Berger & Udell, 1998). With signifi-
cant managerial ownership, the manager–owner agency con-
flict should be less relevant. A manager–owner typically has 
a substantial share of her wealth and of human capital tied 
to the firm. According to principal–agent theory, that should 
reduce managerial myopia. Second, private firms typically 
have little access to capital markets, which is associated with 
lower financial reporting quality (Burgstahler et al., 2006). 
Third, private firms (may) have a far more concentrated 
ownership structure than their public counterparts. With 
concentrated ownership, private communication becomes 
more likely, reducing the need for high financial reporting 
quality (Ball & Shivakumar, 2005). Fourth, private firms are 
typically assumed to rely more on debt than public firms, 
and tend to have close relationships with their lending banks 
(Santikian, 2014). Such close relationships facilitate private 
communication and in turn reduce the need for high finan-
cial reporting quality (Bigus & Hillebrand, 2017). Fifth, 
due to their smaller size and their non-listed status, private 
firms can be considered to be less visible than public firms. 
Different stakeholders might therefore be relevant for them 
compared to those of public firms.

Taken together, there are several differences between pub-
lic and private firms that have the potential to affect their 
reporting decisions. In an auditing context, Langli and Svan-
ström (2014) conclude that “differences that exist between 
private and public companies are so large and fundamental 
that without careful consideration we cannot rely on findings 
for public companies” (2014, p. 149). I therefore postulate 
that insights into the determinants of GHG disclosure that 
are drawn from studies on public firms cannot be transposed 
ex ante to private firms. For this reason, I discuss the poten-
tial determinants of private firms’ GHG disclosure based on 
(a.) insights from public firms’ GHG disclosure, but (b.) in 
the light of private firms’ characteristics.

Development of Hypotheses

Ownership Dispersion

Investors in public firms seem to consider information con-
cerning a firm’s GHG emissions as important (Griffin et al., 
2017; Matsumura et al., 2014). Financial risks arising from 
extensive environmental pollution could also play a role 
for owners of private firms, rendering information on GHG 
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emissions relevant to them as well. The long-term survival 
of the firm is especially important to owners of private firms, 
who typically have a non-diversified portfolio. On the other 
hand, especially for owners of firms with financial con-
straints, environmentally related topics might be perceived 
to be less relevant, because these firms need to focus their 
limited resources on the survival of the firm.

Even if we assume the GHG emissions information is 
relevant to owners of private firms, a second point still has to 
be considered: Where ownership is concentrated and there is 
no separation of ownership and control, disclosure of GHG 
emissions information in publicly available documents may 
not be necessary due to private communications. However, 
research on public firms (with their dispersed ownership 
structure) has shown that information asymmetries between 
owners and managers can be reduced by more and better 
CSR reporting (e.g., Cormier et al., 2005; Gamerschlag 
et al., 2011; Lu & Abeysekera, 2014). Private firms may 
have a concentrated ownership structure with, in extremum, 
owner–managers, but they may also have a dispersed and 
complex ownership structure comparable to public firms 
(Bonacchi et al., 2019). The information asymmetry-reduc-
ing effect of official GHG disclosure might therefore also be 
observed for private firms (Hickman, 2020). The possible 
variation in ownership concentration makes the private firm 
setting especially interesting for analysis.

Taken together, it is not clear ex ante whether the demand 
for information with respect to GHG emissions exists among 
private firms’ owners. If it does exist, I assume arguments 
from principal–agent theory to hold for private firms as well, 
and therefore expect to observe increased GHG disclosure 
with a more dispersed ownership structure. This would also 
be consistent with stakeholder theory, which assumes that 
owners are important stakeholders whose information needs 
must be fulfilled. However, since private communication 
could play an important role for private firms, I posit H1 as 
a null hypothesis:

Hypothesis 1  For private firms, a firm’s ownership disper-
sion is not associated with its disclosure levels on GHG 
emissions.

Bank Relationships

Current research suggests that creditors also incorporate 
GHG emissions information into their lending decisions 
(Jung et al., 2018). Since bank financing is a primary source 
of external capital (Berger & Udell, 1998; Santikian, 2014), 
one could conclude that private firms are likely to disclose 
information on their GHG emissions voluntarily in order 
to fulfill the information demands of this especially impor-
tant type of stakeholder. Above all, when the relationship 
between the bank and the firm is close because the bank is 

the firm’s sole provider of debt, its information demands 
are especially relevant to the firm. Such close bank–bor-
rower relationships are of major importance in Germany’s 
bank-based financial system (Ongena et al., 2012). On the 
other hand, in such cases, private communication becomes 
more likely. Consequently, prior research has shown that 
close bank–borrower relationships are associated with lower 
financial reporting quality (Bigus & Hillebrand, 2017). The 
same could apply for GHG reporting: Interested lenders 
could request information on GHG emissions via private 
communication channels, in part to ensure an information 
advantage over competing banks.

Having the information demand of an especially impor-
tant stakeholder on one hand, and the possibility of private 
communication on the other, I formulate H2 without a 
direction:

Hypothesis 2  For private firms, a firm’s close bank rela-
tionship is associated with its disclosure levels on GHG 
emissions.

Local Anchoring

Prior research has identified several stakeholders that shape 
the GHG disclosure behavior of public firms (e.g., Guenther 
et al., 2016; Prado‐ Lorenzo et al., 2009). Again, these stud-
ies focus on large and public firms. As Prado‐Lorenzo et al. 
(2009) argued, those firms tend to be more visible. With 
smaller, non-listed, and less visible firms, other stakehold-
ers might become more relevant. Investigations of stake-
holder relations and CSR reporting have identified the local 
community as an important stakeholder (Cooper & Owen, 
2007; Jamali, 2008). Marquis and Battilana defined local 
communities as “institutional arenas that have an enduring 
influence on organizational behavior through regulative, 
normative, and cultural-cognitive processes” (2009, p. 294). 
The extent of this influence on a firm’s behavior is what I 
refer to as a firm’s “local anchoring.” While public firms 
are more likely to be multinationally operating corporations 
with a decentralized structure and numerous sites, the vari-
ation of local anchoring can be much wider among private 
firms, ranging from similarly decentralized firms to highly 
centralized, locally operating firms with in extremum a sin-
gle site and extremely narrowly defined markets for their 
products and labor.

On the one hand, local communities might be especially 
interested in information on firms’ polluting activities as 
they might perceive themselves as the first ones affected. On 
the other hand, for a locally anchored firm, the local com-
munity serves two important functions. First, from a stake-
holder theory perspective, it is an important stakeholder, 
because its suppliers, customers, or (potential) employees 
are all part of the same local community. Second, from a 
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legitimacy theory perspective, locally based firms are less 
visible to society at large, which means that society at large 
may not be particularly interested in that particular firm. 
Thus, a locally anchored firm may instead desire the legiti-
macy that its immediate local community can provide. In 
this vein, I follow the literature which suggests that stake-
holder theory and legitimacy theory are not two entirely 
distinct approaches, but overlap (Gray et al., 1995). Both 
theories help explain the rationale for a firm’s actions with 
respect to its GHG disclosure, albeit from slightly different 
perspectives.

Therefore, assuming that the local community is inter-
ested in the GHG emissions of a locally anchored firm, 
both theoretical approaches suggest that the firm should 
respond to this information demand. What remains ques-
tionable is the “how.” If GHG emissions are considered to 
be of major importance to the local community, the firm 
may want to have this information clearly stated in its formal 
reporting. However, if it is simply concerned about inform-
ing interested people living close by, there may be other 
ways to disclose GHG emissions information, such as com-
mon billboards and local newspapers. Moreover, monitor-
ing becomes easier if the firm only operates in a locally 
restricted area and, thus, reporting in official documents 
might be less necessary.

Altogether, it is worth analyzing the effect of a private 
firm’s local anchoring on its GHG disclosure behavior, 
because it is an attribute that is potentially particularly 
important to private firms, and it is not ex ante clear what 
prevails: the use of official documents to inform the local 
community about GHG emissions or the use of private com-
munication. Hence, again, H3 is stated without a direction:

Hypothesis 3  For private firms, a firm’s local anchoring is 
associated with its disclosure level on GHG emissions.

Actual GHG Emissions

For public firms, two explanatory approaches prevail in 
explaining how a firm’s actual GHG performance and its dis-
closure about it are related: Disclosure theory suggests that 
firms voluntarily disclose sufficiently favorable information 
to increase the value of the firm, but withhold unfavorable 
information. There is evidence that investors punish public 
firms with lower share prices for high GHG emissions (e.g., 
Griffin et al., 2017; Matsumura et al., 2014). Thus, firms 
voluntarily disclose their environmental performance only 
when it is good (Clarkson et al., 2008; Giannarakis et al., 
2017; Hummel & Schlick, 2016). A “substantive” legiti-
macy strategy would lead to the same outcome, because 
this concept describes how firms change their actions and 
communicate them in order to ensure legitimacy (Borgstedt 

et al., 2019). On the other hand, other legitimacy strategies 
are symbolic and do not involve actual changes in behavior 
(Lindblom, 2010). In these cases, better GHG disclosure 
serves as a tool to maintain legitimacy despite the fact that 
actual behavior is not changed for the better (i.e., GHG emis-
sions are not reduced). This is consistent with the prior lit-
erature finding that higher levels of environmental disclosure 
seek to repair negative effects on legitimacy (e.g., Braam 
et al., 2016; Deegan et al., 2002; Stanny, 2013).

There are a number of problems in transferring these 
argumentation patterns to private firms. For disclosure 
theory, the capital market mechanism is lacking for private 
firms. For legitimacy theory, it is necessary to discuss whose 
legitimacy a private firm seeks. For large, multinationally 
operating private firms, that legitimacy may come from a 
national or global society, similarly to public firms. But for 
small and less visible firms, the target audience is probably 
not the (global) society but rather the (local) community. As 
discussed for H3, there may therefore be other instruments 
to ensure legitimacy.

Hence, in a setting of private firms, other approaches to 
explain the association between a firm’s actual GHG emis-
sions and its disclosure about it may be needed. Transferring 
the approaches of Russo and Perrini (2010) and Baumann-
Pauly et al. (2013) for CSR practices of SMEs suggests that 
smaller firms may find it easier to behave in an environ-
mentally friendly manner, but harder to properly report that 
behavior. Therefore, a positive association between GHG 
disclosure and the actual GHG emissions level could result.

Since not only the existing empirical evidence but also the 
theoretical arguments point in different directions, I again 
formulate the hypothesis without a predicting direction:

Hypothesis 4  For private firms, a firm’s actual level of 
GHG emissions is associated with its disclosure on GHG 
emissions.

Research Design

Sample Description

The sample comprises German private firms covered by the 
EU ETS from 2013 to 2015. The homogeneous regulatory 
framework in Germany at that time is especially suited for 
this analysis because there was no comprehensive GHG 
reporting requirement at that time. The observation period 
starts with the beginning of the third EU ETS trading period 
in 2013. In April 2017, the German Parliament passed the 
CSR Directive Implementation Act. To rule out any possible 
biases from this later regulatory intervention, I restrict the 
observation period to between 2013 and 2015.
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Between 2013 and 2015, 1,412 account holders operated 
2,674 installations covered by the EU ETS in Germany. I 
exclude account holders that were aircraft operators, uni-
versities, and other public authorities before matching the 
remaining account holders (firms) with the data availability 
of basic financial information (total assets, profit/loss) in 
Dafne, a database containing financial information on Ger-
man private and public firms. This matching results in a 
maximum sample of 1,547 firm-year observations. Remov-
ing insolvent observations (15) and observations that did 
not have the necessary control variables (425) reduced the 
sample to 1107 firm-year observations. I exclude another 
195 observations because they showed no verified GHG 
emissions in the period under consideration; for 43 firm-year 
observations, no annual report was available in the pertinent 
source, the Bundesanzeiger. A total of 66 firm-year obser-
vations originate from public firms. Some firms published 
an annual report and a consolidated financial statement 
under the same name; in such cases, both reports were col-
lected and analyzed. I also researched the firms’ websites to 
determine whether the firm (a) published a sustainability/
CSR/environmental or a comparable report or (b) published 
information about its GHG emissions on its website. Table 1 
summarizes the sample selection of the analysis.

GHG Disclosure Index

When measuring sustainability, or more specifically the 
quality of GHG disclosure, existing research often relies 
on databases such as ASSET4 (e.g., Fiechter et al., 2022), 
Bloomberg (e.g., Grewal et al., 2021), or CDP (e.g., Döring 
et al., 2023). However, all typical data sources have in com-
mon that they almost exclusively provide data on publicly 
listed firms and thus do not cover the sample firms of this 
study.

As an alternative, content analysis is a widely used 
approach to analyze firms’ GHG or sustainability disclo-
sure (Blanc et al., 2019; Fonseka et al., 2019; Kong et al., 
2024). Some authors also use automated content analysis 

(Hummel et al., 2024). However, when analyzing i.) non-
standardized textual resources (such as different sections 
within the annual reports, websites, as well as very hetero-
geneous stand-alone reports) provided in an ii.) inaccessible 
format (PDFs), automated textual analysis is difficult (Lewis 
& Young, 2019).

Therefore, this study applies (manual) content analysis 
to construct a self-designed GHG Disclosure Index (GDI). 
After reviewing existing literature as well as key GHG 
reporting frameworks (e.g., the GRI 305 standard and the 
CDP, 2022 Questionnaire), I identified key reporting topics 
that seem to indicate (good) GHG disclosure and discussed 
these topics with other researchers. A list of the following 
seven disclosure items was distilled:

•	 Information on the amount of GHG emissions or com-
parable information that allows this amount to be deter-
mined (such as information on EU ETS allowances 
needed);

•	 Statements on reporting boundaries (i.e., information on 
Scope 1, 2, or 3 GHG emissions);

•	 Information on the accounting method applied;
•	 The publication of an emissions target;
•	 Statements on the firm’s commitment to established 

reporting guidelines and verification;
•	 The provision of historic GHG emissions data; and
•	 Information on a climate change policy that reflects 

awareness of the topic in general.

For each of these seven items—apart from the commit-
ment to guidelines/verification5—a firm’s disclosure can 
score a maximum of three points. This approach follows 
the disclosure index of Wiseman (1982): three out of three 
points means that a disclosure statement is present and 
described in monetary or quantitative terms. Two out of 
three points are assigned to items disclosed with company-
specific information, but in non-quantitative terms. A score 

Table 1   Sample compilation

*Total assets, profit/loss, leverage, industry affiliation, bank relationships

Firm-year observations

German firms under EU ETS (2013–2015) with basic financial information in Dafne (total assets, profit/loss) 1547
Minus insolvent observations 15
Minus observations with any missing (control) variable* 425
Minus firms without any GHG emissions (2013–2015) according to Union Registry data 182
Minus firms with no annual report in the Bundesanzeiger 56
Minus public firms 66
Final total sample 803

5  For the commitment to established guidelines, the maximum score 
is two points because no quantitative statement can be made.
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of one means that this item is mentioned in general terms 
only; zero points mean that the specific item is not present 
in the disclosure at all. Self-designed disclosure indices that 
apply this scoring approach are commonly used in the litera-
ture (Fonseka et al., 2019; Grewal et al., 2021; Kong et al., 
2024).6

After collecting the relevant disclosure sources (annual 
reports, consolidated reports, stand-alone reports, and web-
sites), a small test sample was analyzed independently by 
three coders (the study author and two research assistants). 
The coding process was then discussed. It turned out that 
the Wiseman approach provides a simple and robust way 
to score the information sources we analyzed. There were 
only a very few discrepancies that needed to be discussed, 
such as how to value quantitative information on emission 
certificates. Once these issues were discussed and clarified, 
the coding was done by the study author. Notes were taken in 
order to be able to return to difficult passages later. Finally, 
these passages were discussed again. At the end of the scor-
ing procedure, a final plausibility check was performed, 
focusing on these difficult passages and on the sources coded 
at the beginning, to ensure a consistent coding process.

Finally, I totaled the scores for each item. The highest 
possible score is therefore 20 (= 6 × 3 + 1 × 2). If a firm 
disclosed GHG information on more than one channel, for 
instance, in its annual report and in a sustainability report, 
I take the highest score obtained. Thus, the variable GDI 
displays the maximum GHG disclosure across all channels 
analyzed.

For sensitivity analyses, variations of this index are used: 
Since GDI2 refers only to information on direct and/or indi-
rect emissions, it ranges between zero and three. The most 
relevant items for assessing the quality of a firm’s current 
GHG disclosure (information on direct/indirect emissions, 
reporting boundaries, accounting method used, verification 
practices) are summarized in GDI3, which ranges from zero 
to eleven.

Other potential alternative measures from the literature, 
such as the publication of a stand-alone report (e.g., Chen 
et al., 2023; Dhaliwal et al., 2011) or the application of GRI 
guidelines (e.g., Chen et al., 2023; Rezaee & Tuo, 2019), are 
not appropriate for the analysis of this study because they (i.) 
relate to the broader concept of sustainability reporting in 
general (and not GHG disclosure in particular) and (ii.) have 
been shown not to adequately reflect high-quality reporting 
(Mahoney et al., 2013; Uyar et al., 2020). As mentioned 

above, CDP, ASSET4, etc., generally do not include infor-
mation on private firms.

Independent Variables

Ownership Dispersion

I measured a firm’s ownership dispersion, OWNDISP, by 
(the natural logarithm of) the number of its owners. The 
more owners a firm has, the more dispersed the ownership 
structure is.

Bank Relationships

In the relationship lending literature, the closeness of bank 
relationships is proxied by the number of bank relationships 
a firm has (Berger & Udell, 1998; Bigus & Hillebrand, 2017; 
Ongena et al., 2012). I therefore introduce a dummy vari-
able, SINGLE_B, which takes a value of 1 if a firm specifies 
only one bank relationship in the Dafne database. For firms 
with more bank relationships according to Dafne, this vari-
able is 0.

Local Anchoring

It is not yet common to measure a firm’s local anchoring 
in accounting literature. Although some studies have men-
tioned the (local) community as an important stakeholder 
(Cooper & Owen, 2007; Jamali, 2008), they have not ana-
lyzed this relationship quantitatively. Prior attempts to proxy 
local anchoring quantitatively have been either not feasible 
due to data limitations (e.g., Greenwood et al., 2010) or not 
appropriate in a private firm context (e.g., Hope & Thomas, 
2008).

I approximate the extent of a firm’s connection to its local 
community, LOCALANCH, by the number of a firm’s sites 
reported in Dafne, multiplied by -1 so that higher values 
indicate fewer sites and, thus, greater local anchoring. If a 
firm has only a few sites, they will probably be quite close 
together and will use shared resources, e.g., a shared admin-
istration building. The more sites a firm has, the more locally 
dispersed it will likely be. Consequently, firms’ top manag-
ers must address problems that affect a wider area, reducing 
a firm’s local connectedness.

Actual GHG Emissions

The measure for a firm’s actual GHG emissions levels is 
based on information that the sample firms have to provide 
to the Federal Environment Agency. Excel sheets with veri-
fied emissions for different years can be downloaded from the 
Union Registry website. Using information from the European 
Transaction Log website, it is possible to assign facility-level 

6  Table  A1 (Supplementary Material) summarizes the references 
for the application of the items in previous research and their occur-
rence in the CDP 2022 Questionnaire and GRI 305. It also provides 
an overview of alternative measurement approaches. Table A2 (Sup-
plementary Material) shows examples from annual reports or stand-
alone reports for each item and score level. Table A3 (Supplementary 
Material) shows the descriptive statistics for each item.
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information7 to a particular EU ETS account holder, which 
is usually a firm. If a firm operates more than one facility, I 
aggregate the emission data for all facilities of this firm to 
obtain firm-level data. This approach makes it possible to 
gather information on actual GHG emissions levels for all 
sample firms, independent of their decision to disclose GHG 
information in their annual reports or on their websites.

Taking into account that higher output inherently leads 
to higher GHG emissions, GHG emissions were normalized 
by dividing them by total revenues (e.g., Kim et al., 2015). 
I then use this “specific emissions level,” SEMIS, to proxy 
firms’ actual GHG emissions.

Control Variables

The set of control variables comprises variables that have 
been frequently applied in studies on (voluntary) environ-
mental disclosure: SIZE (e.g., Luo et al., 2012; Prado‐Lor-
enzo et al., 2009), LEV (e.g., Luo et al., 2013), and ROA 
(e.g., Clarkson et al., 2008), which are based on financial 
statement figures. A number of studies have identified indus-
try affiliation as an important driver for GHG disclosure 
(Luo et al., 2012; Matisoff et al., 2013; Rankin et al., 2011). I 
therefore include industry fixed effects. Moreover, disclosure 
quality, including environmental disclosure quality, depends 
to a great extent on whether or not information is assured 
(Moroney et al., 2012). Hence, I include a binary variable 
ASSURE that takes the value of 1 if the GHG information 
source is assured, and 0 otherwise.

The last set of control variables consists of dummy vari-
ables that refine the consideration of ownership character-
istics, which are of particular interest in a private firm set-
ting. They capture whether the firm’s largest shareholder 
is a natural person (NATURALPERS), whether the firm’s 
largest shareholder is listed on a stock market (LSPUBLIC), 
or whether the firm’s largest shareholder is a public author-
ity (LSAUTH).

The definition of each variable introduced in this section 
is given in Table A7 (Supplementary Material).

The model to test the hypotheses can be summarized as 
follows:

(1)

GDI
i,t = �0 + �1OWNDISP

i,t + �2SINGLE_Bi,t

+ �3LOCALANCHi,t + �4SEMIS
i,t

+

11
∑

k=5

�
k
CONTROLS

i,t + IND
i
+ YEAR

t
+ �

i,t.

Regression Results

Descriptive Statistics

Table 2 summarizes the descriptive statistics of the full sam-
ple. Variables are winsorized at the 1st and 99th percentiles.

The average GDI is quite low (3.74 out of a possible score 
of 20). Although other studies have used older data, this 
finding reflects previous findings (Lu & Abeysekera, 2014; 
Rankin et al., 2011). About one-third of the sample firms 
have only one bank relationship. The median firm has total 
assets of €154 million. Considering that the mean of total 
assets is €655 million, there are some very large firms in the 
sample. The average firm in this sample has 2.2 shareholders 
and 2.74 sites.

Pearson and Spearman correlation analyses (Table A4 
in Supplementary Material) do not indicate high absolute 
correlation coefficients between any of the independent 
variables.

Multivariate Results

Although the data structure is a panel, Model 1 uses a pooled 
OLS regression with control dummies for industry and year 
fixed effects, and firm-clustered robust standard errors. A 
fixed effects model is unsuitable because some important 
variables, above all SINGLE_B and LOCALANCH, are time 
invariant. Since the Breusch–Pagan test rejects a random 
effects model, it is more appropriate to use a pooled OLS 
model and limit the application of a panel regression with 
random effects to a robustness check (1.5).

Table 3 contains the regression results. Model specifi-
cation (1.1) represents the main model, with GDI as the 
dependent variable. For robustness checks, I run other 
model specifications as well: Model (1.2) represents a binary 
disclosure decision (BDISC = 1 if GDI ≠ 0 and BDISC = 0 
if GDI = 0); in Model (1.3), the GDI is only estimated 
within the subgroup of disclosing firms; Model (1.4) is a 
tobit regression that takes into account the fact that GDI is 
restricted by a lower bound (0) and an upper bound (20).

The results indicate significant associations regarding 
Hypothesis 1 (ownership dispersion, OWNDISP), Hypoth-
esis 2 (bank relationships, SINGLE_B), and Hypothesis 4 
(actual GHG emissions level, SEMIS); for Hypothesis 3 
(local anchoring, LOCALANCH), however, no statistically 
significant effect can be found.

Regression results suggest that there is no association 
between a firm’s local anchoring and its GHG disclosure 
decision. From a theoretical perspective, this might be 
explained by the use of private communication channels 
between firms and their local community.

7  Every facility has an ID, the “Installation/Aircraft ID,” which can 
be found in Excel sheets from the Union Registry (European Com-
mission, 2023b). The account holder of each facility can be identified 
through this ID on the European Transaction Log website (European 
Commission, 2023a).
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The positive and significant coefficient of OWNDISP sup-
ports the notion that with more owners, and hence more 
information asymmetries, there is a need for higher GHG 
disclosure levels. This result is in line with the findings 
obtained for public firms, for example, Gamerschlag et al. 
(2011) and Lu and Abeysekera (2014). If the number of 
owners increases by one, the GDI increases by 0.71 points. 
This increase seems to be rather small at first glance, but 
considering the low mean GHG disclosure level in the sam-
ple, it amounts to almost 19% of the average GHG disclosure 
level. All other model specifications confirm this association 
as well.

Similarly, for most model specifications, firms with only 
one single bank relationship exhibit significantly lower GHG 
disclosure levels than firms with multiple bank relationships. 
This result is in line with prior findings on financial report-
ing quality of German private firms (Bigus & Hillebrand, 
2017). With close bank–borrower relationships, there is less 
need for communication in official documents, but prob-
ably more need for private communication. Firms with a 
single bank relationship disclose 0.63 fewer items on aver-
age compared to firms with multiple bank relationships. In 
light of a mean disclosure level of 3.74, having a single bank 
relationship amounts to a 17% decrease in GHG emissions 
disclosure.

Results regarding H1 and H2 support the idea that infor-
mation asymmetries with capital providers play a role for 
private firms as well, and are partially mitigated by increased 
GHG disclosure. Hence, arguments from principal–agent 
and stakeholder theory appear to be also applicable when 
a.) considering private firms and b.) dealing with informa-
tion related to GHG emissions.

With respect to H4, there is a significant positive asso-
ciation between SEMIS and GDI. The tobit regression (1.4) 

and the panel regression (1.5) confirm this association as 
well. The higher the actual level of a firm’s GHG emissions 
is (and, hence, the lower its environmental performance), 
the more the extensive its GHG disclosure is on average. 
On the one hand, this is consistent with argumentation pat-
terns from legitimacy theory that suggest a more symbolic 
use of GHG disclosure with no real effort to reduce GHG 
emissions. On the other hand, it is also consistent with the 
considerations for SMEs as outlined by Russo and Perrini 
(2010) and Baumann-Pauly et al. (2013).

To further disentangle whether legitimacy concerns or 
the size of the firm in connection with restricted resources 
is the primary mechanism, I run Models (1.6) and (1.7), 
where I include an interaction term of the GHG emissions 
level SEMIS and ROA or SIZE, respectively. The insignifi-
cant coefficient of the interaction term between SEMIS and 
ROA in Model (1.6) indicates that it is not a firm’s financial 
situation that moderates the link between the actual GHG 
emissions level and GHG disclosure. When introducing the 
interaction term between SIZE and SEMIS in Model (1.7), 
the regression coefficient of SEMIS turns negative, indicat-
ing that small firms are reluctant to disclose the “bad news” 
that their emissions levels are high. However, the larger a 
firm gets, the smaller this effect becomes; for the average 
sized firm in this sample, the overall effect of SEMIS on 
GDI is positive. If the concepts of relative costs and social 
capital were the prevalent mechanisms here, I would have 
expected correlations in the opposite direction8: In that 
case, the interaction term would be negative because the 
positive association between SEMIS and GDI should be 

Table 2   Descriptive statistics

All variables are winsorized at the 1st and 99th percentiles. For a definition of variables, see Table A7 (Supplementary Material)

Variable N Mean Std. dev Min 25th percentile Median 75th percentile Max

GDI 803 3.740 4.021 0 0 3 6 18
OWNDISP 803 0.789 0.621 0 0 0.693 1.099 2.944
SINGLE_B 803 0.331 0.471 0 0 0 1 1
LOCALANCH 803  − 2.741 4.629  − 27  − 3  − 1 0 0
SEMIS 803 0.00187 0.00524 0.000001 0.00009 0.00036 0.00112 0.03810
SIZE 803 19.007 1.588 15.507 17.899 18.852 20.081 22.883
Total assets in thousand € 803 655,458.3 1,410,447 5425.5 59,376.7 153,992.1 526,179 8,670,496
ROA 803 0.062 0.078  − 0.175 0.019 0.047 0.085 0.449
LEV 803 0.642 0.210 0.119 0.489 0.653 0.799 1
ASSURE 803 0.930 0.255 0 1 1 1 1
LSPUBLIC 803 0.046 0.210 0 0 0 0 1
NATURALPERS 803 0.052 0.223 0 0 0 0 1
LSAUTH 803 0.132 0.339 0 0 0 0 1

8  Potentially, the fact that the sample firms are rather large, with the 
median firm having total assets of €154 million, is one explanation 
why the considerations for SMEs do not seem to hold in this sample.
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more pronounced for smaller firms. The fact that the link 
between SEMIS and GDI only turns positive for larger firms 
and becomes stronger is instead an indicator of legitimacy 
concerns within the firm: While small firms might not be 
visible, and hence “simply” avoid reporting bad news, larger 
firms are probably more exposed to the public. For them, 
maintaining legitimacy by disclosing GHG more extensively 
is more important – above all when they have high actual 
levels of GHG emissions.

The control variables ASSURE (negative) and SIZE (posi-
tive) show associations with the GDI at a highly significant 
level in all models. The effects of a firm’s leverage and its 
financial performance are not clear. Both directions for an 
association with the GDI are possible, and thus, the (par-
tially) insignificant regression coefficients for these two 
control variables are plausible. Among the control varia-
bles introduced to capture special ownership characteristics 
(LSAUTH, NATURALPERS, LSPUBLIC), only NATURALP-
ERS exhibits a significant effect. This could be an indication 
that firms with a natural person as the largest shareholder are 
reluctant to disclose GHG information because such firms 
may want to mitigate potential personal reputation effects 
related to disclosed environmental pollution of “their” firm.

As robustness checks, alternative measures for all inde-
pendent variables are applied. The results remain robust (not 
tabulated).

Using alternative independent variables, namely, the 
sub-indices GDI2 and GDI3, respectively, the positive and 
significant effects of ownership dispersion and actual GHG 
emissions on GHG disclosure quality are confirmed. The 
coefficients of the other two variables of interest are insig-
nificant in both model specifications (Models (1.8) and (1.9) 
in Table 3).

Additional Analyses

Interactions among the Determinants

Potentially, these determinants may not only affect a pri-
vate firm’s GHG disclosure separately, but they may also 
interact and jointly affect it. The underlying mechanisms 
can be explained by the same theoretical approaches for each 
of the potential determinants (stakeholder considerations, 
legitimacy concerns, reduction of information asymmetries). 
Therefore, it is not unlikely that at least some of the deter-
minants interact or trade off.

For this reason, I included pairwise interactions of the 
four potential determinants in Model (1) in separate regres-
sions. It turned out that only the interaction of SINGLE_B 
and LOCALANCH has a significant regression coefficient 
(see Model (1.10) in Table 3). While the two variables 
alone do not have a significant impact on GDI in this model, 
their joint effect is significantly positive. This suggests that Ta
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neither having a single banking relationship nor being a 
locally anchored firm alone affects the quality of a firm’s 
GHG disclosure, but that firms which have a close banking 
relationship expand their GHG disclosure the more locally 
anchored they are. A possible explanation is that the bank 
involved is also part of the same local community as the 
firm. Their close relationship may be known to the local 
community, and therefore, the bank may encourage the firm 
to increase its efforts to comply with the local norms because 
the bank expects a spillover of the firm’s reputation to itself. 
Since the other interactions are not significant, the results 
are not tabulated. However, all analyses again confirm the 
significant positive effect of OWNDISP and SEMIS.

Endogeneity Analyses

I assume that a firm’s decisions regarding its ownership 
structure, bank relationships, and local anchoring are all 
strategic decisions. Such decisions are driven by long-term 
considerations, such as a focus on certain sales markets; they 
are also linked to long-term investments. It therefore seems 
unlikely that one of these particular parameters and the deci-
sion about the extent of GHG disclosures in a particular 
reporting period would be driven by the same unobserved 
variable(s), or that there would be a problem of reverse 
causality. The implicitly assumed exogeneity of the SEMIS 
variable is less clear, and will be analyzed in this section in 
more detail.

Two‑Step Heckman Procedure

The two-step Heckman procedure addresses possible self-
selection biases, which may arise from unobserved param-
eters that drive both the decision to disclose information on 
GHG emissions and the actual level of emissions. To per-
form this analysis, I introduced the treatment HIGHSEMIS, 
which is the industry-specific median split of SEMIS.

I apply the amount of emission allowances a firm receives 
free of charge, FREEA, as an exclusion restriction. FREEA is 
exogenous by nature because it is determined by a national 
allocation plan. It reflects GHG emissions related to a firm’s 
specific processes, because it is based on a sector bench-
mark. The benchmark is determined by the GHG emissions 
of the 10% most efficient facilities in Europe in this sector 
(DEHSt, 2019). Additionally, I include the results of Ger-
many’s Green Party in the election at the beginning of the 
observation period in 2013, GREEN, as a second exclusion 
restriction (Govdata, 2013). GREEN is exogenous as well, 
because it cannot be influenced by the firm. On the other 
hand, a high correlation with SEMIS is possible, because if 
there is an area with numerous environmentally polluting 
firms, it is possible that voters will be more concerned about 
environmental issues.

The positive and significant association between HIGH-
SEMIS and GDI is confirmed by the results depicted in 
Table 4. The suitability of FREEA and GREEN as exclu-
sion restrictions is supported by low correlation coeffi-
cients of these variables with GDI and (high) correlations 
with HIGHSEMIS and their significance in the first-stage 
regression (not tabulated). Low mean and maximum VIF 
also indicate high model quality. The statistically signifi-
cant inverse Mills’ ratio indicates a selection bias, under-
scoring the necessity of endogeneity analyses.

Instrumental Variable Approach

To further address the possible endogeneity issues of the 
SEMIS variable, I replace it with instrumental variables. I 
again use FREEA and GREEN, as well as the specific emis-
sions level of the previous period, PRIORSEMIS, as instru-
mental variables.

The right-hand columns of Table 4 summarize the regres-
sion results of both stages of this approach.

The significant positive association between SEMIS 
and GDI holds up, as the results of the last-stage regres-
sion suggest. The results for OWNDISP (significant positive 
association), SINGLE_B (significant negative association), 
and LOCALANCH (no significant association) also remain 
robust. The highly significant associations of FREEA and 
PRIORSEMIS with the instrumented variable SEMIS lend 
support for the high quality of the instruments. This is also 
indicated by the low correlation coefficients of the instru-
ments with the dependent variable (GDI) and the high cor-
relation coefficients with SEMIS (not tabulated).

I also applied a propensity score matching with HIGH-
SEMIS as the treatment. The results are summarized in 
Table A5 in the Supplementary Material and again confirm 
all the main results.

Moreover, firms covered by the EU ETS may be systemat-
ically different from firms that are not covered. In that case, 
analyzing the sub-sample of EU ETS firms could imply a 
sample selection bias. To address this concern, I run a Heck-
man sample selection model that is summarized Table A6 
in the Supplementary Material. All main results are again 
confirmed. Moreover, the insignificant Mill’s ratios suggest 
that the main regression probably does not suffer from a 
sample selection bias.

Conclusion

What are the drivers of private firms’ voluntary GHG dis-
closures? This study has attempted to shed light on this 
question, and to do so applied and combined theories that 
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so far have been primarily used for public firms, as well as 
approaches that were developed for SMEs.

For firms with a more dispersed ownership structure and 
for firms with multiple bank relationships, I have found 
higher levels of voluntary GHG disclosure on average. Infor-
mation asymmetries between managers and owners or banks, 
respectively, are often considered to be negligible for private 
firms. Nevertheless, my results suggest that firms expand 

their GHG disclosure when they face more pronounced 
information asymmetries with their capital providers. This 
is in line with principal–agent theory, stakeholder theory, 
and previous findings related to public firms.

Another driver of private firms’ GHG disclosure could 
be the given firm’s local anchoring. The more locally con-
nected a firm is, the more mutually important the firm and 
the surrounding local community might be. Therefore, if the 

Table 4   Two-step Heckman procedure and IV regression (endogeneity of HIGHSEMIS)

All variables are winsorized at the 1st and 99th percentiles
Woodridge’s three-stage approach is estimated with robust standard errors that are adjusted for heteroskedasticity and clustered at the firm level
The control variables are SIZE, LEV, ROA, ASSURE, LSPUBLIC, NATURALPERS, LSAUTH
***, **, * Significance at the 1%, 5%, and 10% level (two-tailed test)

Two-step Heckman  
procedure

IV regression

Original, GDI 1st stage (probit  
of HIGHSEMIS)

2nd stage, GDI 1st stage (instru-
mented: SEMIS)

2nd stage, GDI

Coefficient
(t value)

Coefficient
(z value)

Coefficient
(z value)

Coefficient
(t value)

Coefficient
(z value)

OWNDISP 0.713***  − 0.105 0.648*** 0.0003 0.702***
(2.735) (− 1.20) (3.490) (1.46) (2.69)

SINGLE_B  − 0.629* 0.223*  − 0.867***  − 0.00002  − 0.622*
(− 1.820) (1.91) (− 3.316) (− 0.07) (− 1.80)

LOCALANCH  − 0.0536 0.119***  − 0.0981***  − 0.00002  − 0.051
(− 1.005) (5.17) (− 3.257) (− 0.82) (− 0.97)

SEMIS 61.70**
(2.100)

HIGHSEMIS 3.302***
(7.089)

FREEA 2.335e − 06*** 9.02e − 010***
(10.78) (3.11)

GREEN  − 3.575**  − 0.003
(− 2.24) (− 0.64)

PRIORSEMIS 0.3321***
(2.79)

ŜEMIS 83.30**

(2.50)
Intercept  − 3.829 7.720***  − 8.711*** 0.0097***  − 3.729

(− 1.400) (7.81) (− 4.327) (2.97) (− 1.34)
MILLS  − 1.599***

(− 5.009)
Observations 803 803 803 779 779
R2 /Adj. R2 0.335/0.322 0.624/0.616 0.332/0.319
Pseudo R2 0.347
Ind. + year FE Included Included Included Included Included
Control variables Included Included Included Included Included
F-Stat (Prob > F) 13.66 (0) 12.08 (0)
Wald chi2/LR (Prob > chi2) 386.27 (0) 572.05 (0) 208.85 (0)
Ø VIF (max. VIF) 1.34 (2.50) 1.59 (3.34)
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local community had an information demand with respect to 
GHG emissions, it would be likely that the firm would seek 
to fulfill it. The results of this study, however, suggest that 
private firms do not use their annual reports to fulfill this 
(potential) demand.

For public firms, there is mixed evidence of how firms’ 
actual GHG emissions and their disclosure are related. The 
two main explanatory approaches are substantive changes in 
real actions that are communicated versus more symbolic or 
even misleading disclosures. I add insights from Russo and 
Perrini (2010) and Baumann-Pauly et al. (2013) on the CSR 
practices of SMEs to the theoretical framework. My findings 
support the view that private firms also use GHG disclosure 
to ensure legitimacy in a more symbolic way.

By showing that GHG disclosure patterns that are already 
well documented for public firms also apply for private 
firms to some extent, my study contributes to the growing 
literature of sustainability accounting. To the best of my 
knowledge, there has not yet been a thorough examination of 
private firms’ voluntary GHG disclosure. From a methodo-
logical point of view, this study was able to take advantage 
of reporting requirements imposed by the EU ETS. Having 
done so obviously restricts the sample to those firms cov-
ered by the EU ETS. However, by analyzing EU ETS firms, 
it became possible to derive firms’ actual GHG emissions 
without having to rely on their GHG disclosure in annual 
reports. I was therefore able to overcome the typical self-
selection problem that studies on voluntary disclosure usu-
ally suffer from.

On the other hand, the restriction to EU ETS firms partly 
limits the generalizability of the results. In terms of GHG 
emissions, EU ETS firms are special: They operate high-
emitting facilities and can therefore be considered “envi-
ronmentally sensitive” firms. Previous literature has shown 
that this affects environmental disclosure behavior (Matisoff 
et al., 2013; Rankin et al., 2011). The results of a simple 
sample selection model suggest that the main findings are 
not biased through the use of the sub-sample of EU ETS 
firms only. However, this analysis was performed for firms 
operating in the same industries as the EU ETS firms. There-
fore, it is not clear whether the results of this study are appli-
cable to other, less emitting private firms in other industries. 
However, there are other countries in Europe that also par-
ticipate in the EU ETS that do not yet have mandatory GHG 
disclosure requirements for private firms (e.g., Spain and 
Italy). It is conceivable that my results generalize to private 
firms covered by the EU ETS in these large economies.

Moreover, the self-constructed GHG Disclosure Index 
might be considered subjective to some extent. Although 
I have taken the greatest care to avoid any ambiguity in 
assessing the score, and employed the help of two student 
assistants to double-check the coding, its external validity 
remains questionable. However, the construction of the 

index has enabled a very easy, straightforward, and repro-
ducible analysis of reports. The internal validity of the 
GDI can therefore be assumed. The application of theo-
ries that were not initially developed for private firms, but 
rather for public firms or SMEs, might be perceived as 
another limitation. Since there is no comprehensive set 
of theories that explicitly aims to explain (sustainability-
related) disclosure decisions of private firms, the thought-
ful transfer from theories that have shown to be useful for 
other types of firms can be considered as a second-best 
solution.

Future research could address this point: Considering the 
economic importance of private firms and their immense 
GHG emissions, a solid theoretical framework to explain 
the GHG disclosure decisions of this type of firm is needed. 
Empirical studies can elaborate the real effects the introduc-
tion of mandatory sustainability reporting requirements has 
on private firms.
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