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Abstract

Only recently have the aspects of pollution and environmental protection entered into
the empirical literature about international firm activities. The present paper is the first
firmlevel study on the link between foreign ownership and environmental protection in
Germany. We find that, ceteris paribus, foreign owned firms in Germany are more likely
to invest in environmental protection. They also invest on a larger scale in terms of add-
on measures as well as integrated measures. These results are robust against different
measures, different time periods, different control groups, and selection issues arising
from fractional response data. Once we control for productivity levels, the differences
become less straightforward. However, the higher probability of foreign firms’ making
general as well as integrated environmental protection investments and the tilt of their
composition towards integrated measures remain. We cannot find any support for differ-
ences among foreign firms by country of origin. This can be interpreted as support for
the new institutionalist hypothesis of international convergence of management practices
in the field of environmental management due to normative pressure and de facto stand-
ards at the global level.

Zusammenfassung

Die Studie präsentiert die erste ökonometrische Untersuchung des Zusammenhangs
von Umweltschutzinvestitionen und Auslandskontrolle in Deutschland auf Unterneh-
mensebene. Die Ergebnisse zeigen, dass auslandskontrollierte Unternehmen in Deutsch-
land ceteris paribus häufiger und in größerem Ausmaß in Umweltschutzmaßnahmen
investieren als aus dem Inland kontrollierte Unternehmen. Dies betrifft sowohl integrier-
te als auch „end-of-pipe“ Maßnahmen. Die Unterschiede im Investitionsvolumen verrin-
gern sich deutlich, sobald individuelle Produktivitätslevel berücksichtigt werden. Keine
Unterschiede im Investitionsverhalten bestehen zwischen einzelnen Herkunftsländern
der Kontrolle innerhalb der Gruppe auslandskontrollierter Unternehmen. Somit weisen
die Ergebnisse auf eine fortgeschrittene Konvergenz internationaler Managementprakti-
ken im Bereich Umweltmanagement hin.
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1. Introduction

The environmental consequences of economic globalization have long been
debated. But only recently have pollution and environmental protection aspects
been the subject of empirical firm-level investigation. By using a new and
unique database, the present study provides the first evidence on the link be-
tween foreign ownership and spending on environmental protection for the
German manufacturing sector.

Traditionally, the issue of cross-border firm activities and environmental pol-
lution has been discussed in the context of developing economies and whether
or not multinational enterprises shift production to countries with relatively
lower environmental standards (the pollution haven hypothesis). In the context
of industrialized economies, environmental regulation can also be an economic
policy instrument, but rather for securing competitive advantages for domestic
firms than for attracting foreign direct investment (FDI). From a macro-level
perspective, there can be assumed to be a nonlinear relation between industria-
lization and pollution, meaning that higher levels of industrialization imply
higher levels of pollution only up to the point at which incomes are high
enough to enable environmental awareness and clean technologies (the envi-
ronmental Kuznets curve hypothesis; for empirical evidence see Grossmann /
Krueger, 1995).

Another popular strand of the literature focuses on the impact of environmen-
tal regulations on a firm’s competitiveness. For example, Porter and van der
Linde (1995) argue that environmental regulations and competitiveness do not
necessarily pose a trade-off. Instead, an increased green performance can lead to
a simultaneous improvement in the economic performance. These hypotheses
generally seem to apply to Germany: German society is shaped by a pronounced
environmental awareness (BMU, 2013) and German manufacturing in particular
should be regarded as a technologically highly sophisticated sector in which
technological innovations play an important role. This demonstrates that eco-
nomic efficiency and pollution abatement are closely interrelated issues.

Foreign owned firms play an important role in the German economy, one of
the world’s most important FDI inflow destinations (UNCTAD, 2012). In 2008
they generated 27% of total turnover in the non-financial sector (Nahm, 2011)
and are generally much more productive than their German counterparts (e.g.,
Weche Gelübcke, 2013). Given the significant economic weight and relatively
larger output of foreign owned firms, do they also spend more on environmen-
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tal protection? There has not yet been any study on pollution abatement and
foreign ownership for Germany, and only a very few empirical studies exist for
other countries. We use a new and highly representative database from German
official statistics to fill this research gap. We not only account for heterogeneity
on the side of the foreign owned firms by considering the country of origin, but
also consider different types of environmental protection investments (EPI),
namely those for end-of-pipe and integrated measures. Therefore, by consider-
ing the aspect of technological progress, we are able to answer questions such
as whether technologically advanced foreign firms have to spend less on add-
on measures due to their up-to-date technology.

We find foreign firms in Germany to be more likely to invest in environmen-
tal protection and to invest on a larger scale. This seems to reflect their advanta-
geous productivity and their costs involved with complying with environmental
regulations. Foreign firms also invest more in both add-on and integrated meas-
ures, and show a different composition of overall EPI, one tilting towards inte-
grated measures, which lends support to the assumption that foreign firms have
“mainstreamed” their EPI into their general investment to a greater extent (Kai-
ser / Schulze, 2003 with reference to Low, 1992). We also find that the export
activity of German firms does not explain this difference through the need to
comply with higher environmental standards abroad. This underlines that Ger-
many already has very high environmental standards. Once we control for pro-
ductivity levels, the differences become less straightforward but, nevertheless,
there is still a higher probability of foreign firms’ making general as well as
integrated environmental protection investments, and their tilt in composition
towards integrated measures also remains. If we look at foreign firms by coun-
try of origin, we do not find significant differences in their investment behavior,
and therefore we reject hypotheses stating that EPI echoes cultural or institu-
tional differences.

Given an inevitable future increase in the importance of environmental pro-
tection and the virtual necessity of finding complementary solutions to combine
economic and green performance, our analysis offers initial micro-evidence for
Germany and also an inspiration for more empirical research on environmental
protection efforts and economic globalization at the firm-level.

The paper is structured as follows: Section 2 discusses theoretical considera-
tions on corporate ownership and environmental protection, Section 3 reviews
the previous empirical evidence, and Section 4 presents our empirical results.
Section 5 concludes.
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2. Ownership and Environmental Performance

Foreign owned firms generally outperform their domestically owned coun-
terparts in many respects. For instance, foreign firms enjoy superior productiv-
ity levels, pay higher average wages, are larger in terms of employees, and use
more capital intensive production methods. For an overview of the literature,
see Bellak (2004). This would be no surprise in the context of a developing
economy, but this is also true for the German economy. For example, Weche
Gelübcke (2013) finds foreign controlled enterprises in German manufacturing
to be on average and ceteris paribus more productive by more than 14,000
EUR in terms of labor productivity, to spend around 900 EUR more for Re-
search and Development (R&D), both per year and per employee, and to be
almost 60% larger. Due to this general superiority, foreign owned firms gener-
ated more than 25% of the total turnover in the German nonfinancial sector,
although they amount to only about 1% of the absolute number of firms
(Nahm, 2011). Given the significant economic weight of foreign owned firms,
do they also spend more for environmental protection?

Since foreign firms are generally more productive, they produce more effi-
ciently. The two concepts, efficiency and environmental friendliness, overlap
and are both strongly related to technological progress. New production tech-
nologies generally help save both costs and resources through an improved ef-
ficiency. The concept of eco-efficiency essentially builds upon this alignment
of economic and ecological performance by “creating more value with fewer
environmental resources resulting in less environmental impact” (Guenster /
Bauer, 2011, 680 f.). However, this does not hold true for end-of-pipe treatment
technologies, since they are unable to improve resource management (e.g.,
Hellweg et al., 2008). It is therefore hard to say whether the motivation behind
general EPI is to protect the environment or to save costs. However, the conse-
quences are the same and one may argue that the motivation is irrelevant in this
context, but it should be kept in mind when interpreting EPI data.

Theoretical considerations regarding the differences in EPI between foreign
and domestic firms include the following:

2.1. Internationalization and Production Standards

Firms based in developed economies such as OECD countries generally have
advanced production technologies and sophisticated environmental manage-
ment systems as compared to firms based in developing countries. The reasons
for this are, among others, different consumer preferences, and the stricter reg-
ulations in the area of environmental protection. If those firms now produce in
developing economies, it can be argued that they keep their production stand-
ards as they export their products to serve their home country market or other
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markets with comparable standards (Cole et al., 2008; Kaiser / Schulze, 2003
with reference to Wheeler / Martin, 1992).

There has been a lot of discussion going on in this context. Contrary to the
assumption above that foreign firms keep their standards of production, less
stringent regulation could be as well (at least partially) the initial reason for
these companies’ FDI. Thereby, countries could start a “race to the bottom” in
terms of environmental protection regulations in order to attract FDI (the “pol-
lution haven hypothesis”) (e.g., Wheeler, 2001). On the other hand, the pres-
ence of foreign companies with higher production standards could also lead to
an overall improvement of environmental protection through positive spillover
effects for indigenous competitors (the “pollution halo hypothesis”) (e.g., Zars-
ky, 1999). For instance, multinationals increasingly use codes of conduct in
order to make their suppliers in host countries comply with certain (interna-
tional) environmental and social standards, thus helping raise the level of stand-
ards in those countries.

However, these considerations are not applicable to Germany since it is not a
developing country in the usual sense. Because of its relatively heavy environ-
mental protection regulation, it is unlikely to be the case that foreign firms in
Germany are less efficient or environmentally friendly, as only those will start
a business in the German market who are generally able to cope with their
domestic competitors. The advantageous economic performance, outlined
above, lends support to this assumption.

2.2. Heterogeneous Productivity Levels

It can rather be presumed that analyses of EPI differentials mirror results
from internationalization and productivity, at least in the case of investments
for integrated measures. Recent studies on heterogeneous firms and interna-
tional trade find a clear hierarchical order of productivity levels according to
the firm’s internationalization stage. These levels are mainly to be traced back
to the particular costs of the cross-border activities: more productive firms can
bear the additional costs of exporting and serving foreign markets through this
channel. The even more productive firms can bear the risk and costs of estab-
lishing affiliates abroad and engaging in FDI (Melitz, 2003; Helpman et al.,
2004). The link between production technology and productivity in manufac-
turing should be largely straightforward: the more productive a firm is, the
more advanced the technology it uses. Therefore, they also have to invest more
in up-to-date technology and efficiency, which is regarded as environmental
protection (see above). Consequently, the share of investments for integrated
measures should be higher in more internationalized firms.

On the other hand, it is also true that these firms presumably have to invest
less in add-on environmental protection in order to comply with the regulations
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in place, and hence arises the question of whether firms would have to spend
more on EPI if they are already using up-to-date technology or if they intervene
ex post in their production process to enhance its green performance.

However, Frondel et al. (2007) show Germany to be the country with the
highest share of add-on measures among seven OECD countries due to a heavy
support through Germany’s command and control policy in the past. This find-
ing demonstrates that add-on and integrated measures do not necessarily have
to be substitutes but can have a complementary relationship, either because of a
preferential policy support or simply because of the impossibility of complying
with limit values only with one type of measure.

2.3. Reputation and “Green Consumerism”

Turning to the demand side, another point is that foreign firms and multina-
tionals may face more pressure from consumers and other stakeholders to retain
a “clean” image. Reputational risk management is generally found to be the
most important driving force of voluntary Corporate Social Responsibility
(CSR) activities, which include environmental management efforts (Lim / Tsu-
tsui, 2012). Kytle / Ruggie (2005) find multinationals particularly vulnerable to
the reputational risks arising from criticism by actors in civil society with re-
gard to environmental and social issues. Environmental responsibility is there-
fore crucial in order to maintain the societal “license-to-operate” (Bansal,
2005). This pressure may be even more pronounced for foreign multinationals,
for example, through a media bias as in the case of downsizing: Friebel / Heinz
(2012) find a much more intensive consideration of downsizing in German
newspapers if the owner is situated abroad. Such a media bias could foster ef-
forts to communicate a “clean” image. Furthermore, German consumers are ex-
traordinarily aware of environmental issues (BMU, 2013), which could create
additional turnover incentives for companies to provide a green image, inde-
pendent of the ownership type. This is often referred to as “green consumer-
ism”.

2.4. German Environmental Regulation

Germany is a relatively highly regulated country when it comes to environ-
mental protection.1 Therefore, it is probable that most of the EPI are spent in
order to comply with the legal framework, and simply reflect the costs of such
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man environmental legislation as “considered to be the most stringent in the world”.
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requirements. If this is the case, the essential question is who is able to meet
the guidelines at minimal costs, but it seems also likely that EPI do not differ.

However, Germany’s strict regulation does not exclude possible differences
in EPI among firms: looking at the mix of policy instruments for environmental
protection used in Germany, one can observe, in recent years, a development
from a prevalence of command and control regulation towards a wider use of
“new” environmental policy instruments (NEPIs), especially voluntary agree-
ments and informational devices, such as eco-labels and eco-audits, as well as
some market-based instruments, such as eco-taxes and tradable permits (Wur-
zel et al., 2003). These NEPIs allow for greater flexibility in environmental ef-
forts on the firm side, and therefore might trigger differences in EPI spending.
Furthermore, more and more companies take voluntary measures (private regu-
lation) in the context of CSR and corporate sustainability management. A re-
cent study by AmCham / McKinsey (2011) finds that 70% of the companies
surveyed have a sustainability strategy and sustainability targets, which they
monitor regularly, going beyond legal compliance. Despite this shift towards
NEPIs and private regulation, which follows a general international trend, tradi-
tional regulatory instruments remain important in German environmental pol-
icy and serve to level the playing field.

2.5. Country of Origin Effects Versus International Isomorphism

Despite the fact that there surely has been a lot of convergence in international
management systems, firms could still have significant imprints from their spe-
cific home country (Ferner, 1997). From a new-institutionalism perspective, the
question arises whether international isomorphism is responsible for a conver-
gence of EPI and environmental management as part of the global stand-
ardization of management practices (Tempel / Walgenbach, 2007). In our case,
this view could be supported by the fact that an array of global governance
standards and initiatives has emerged during the last decade, which put norma-
tive pressure on multinationals to implement environmental management sys-
tems and other corporate sustainability measures (e.g., ISO 14001 and the Glob-
al Reporting Initiative). Mimetic isomorphism, i.e., the imitation of other orga-
nizations in the field, is considered another reason for the alignment of multi-
nationals’ management systems. For example, in a KPMG survey on Corporate
Sustainability Reporting (2011), it is stated that “where CR [Corporate Respon-
sibility] reporting was once merely considered an ‘optional but nice’ activity, it
now seems to have become virtually mandatory for most multinational compa-
nies.” Foreign owned firms then would be more likely to have an environmental
management system due to their higher level of internationalization.

In contrast, the national business systems approach emphasizes the persis-
tence of national differences, highlighting “how business continues to be influ-
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enced by the national institutional frameworks in which it is embedded” (Tem-
pel and Walgenbach, 2007, 2). This approach would on the one hand support
the assumption that foreign firms’ spending on EPI in Germany should not dif-
fer from domestic ones, as they are both exposed to the same national institu-
tional environment and MNCs are likely to adopt local practices and become
isomorphic to the local institutional context (Kostova / Roth, 2002). On the
other hand, when taking into account the influence of a multinational’s home
country on its corporate culture, the same approach could suggest that this firm
has (institutional and cultural) characteristics of its country of origin which af-
fect its environmental management approach (Matten / Moon, 2008; Caprar /
Neville, 2012). These moderating effects are also discussed in the literature on
human resource management as “nationality effects” (Ferner / Quintanilla,
1998). For instance, compared to Germany as a coordinated market economy,
the U.S. is considered to be a liberal market economy linked to a voluntary and
pro-active approach of companies to corporate sustainability (Matten / Moon,
2008). Its environmental policy relies heavily on command and control instru-
ments, which would rather foster end-of-pipe solutions, and NEPIs are less
used, although there has been a recent emphasis of voluntary initiatives
(OECD, 2006). Another cultural factor that could influence environmental
management decisions and EPI is the tendency for a short-term orientation to-
wards shareholder value in the U.S. (Ferner / Quintanilla, 1998; Christie et al.,
2003; Hofstede, 1980), which would rather hinder EPI. In contrast, Scandina-
vian countries such as Denmark and Sweden have taken a rather progressive
approach to environmental protection and corporate sustainability, for example,
mandating companies by law to regularly report on their environmental and
social performance (UNEP et al., 2010). From a firm-level view, MNCs will
tend to “leverage practices on a worldwide basis” (Kostova and Roth, 2002,
215), consequently, it is worth examining whether there can be found any “na-
tionality effects” in the context of the EPI spending of foreign firms in Ger-
many.

3. Previous Empirical Evidence

Microeconometric studies of environmental performance and international
firm activities are rare (see Table 1). This is especially true for the link between
nationality of ownership and environmental performance. In the context of a
developing economy, Cole et al. (2008) find no overall effect of foreign owner-
ship on the energy use of Ghanaian manufacturing firms (1991 –1997), only
the electricity consumption increases. They also look at the impact of Chief
Executive Officer (CEO) training and experience abroad and find a positive
relation with overall energy use. They conclude that “foreign ownership and
foreign training have clear environmental implications” (ibid, 540) as the
authors regard electricity to be the most environmentally friendly energy form
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available. Eskeland and Harrison (2003) also find foreign ownership associated
with lower levels of energy use in Côte d’Ivoire (1977 –1987), Mexico (1984–
1990), and Venezuela (1983–1988). Albornoz et al. (2009) consider the imple-
mentation of environmental management systems in manufacturing firms in
Argentina (1998) and find foreign firms to be more likely to implement such
systems and to implement a greater range of system types. Chudnovsky and
Pupato (2005) also find that foreign owned manufacturing firms in Argentina
(1998–2001) are more prone to undertake environmental management activ-
ities but that foreign ownership decreases the quality of such management ac-
tivities. Kaiser / Schulze (2003) analyze Indonesian data (1994 –1996) in which
only about 15% of the firms reported environmental expenses at all. Specifi-
cally their main variable of interest is total environmental expenses, excluding
technology investments. As for their result, foreign firms in Indonesia do not
appear to spend more or less than domestic firms, but once they decided to do
so, they spend significantly more. Earnhart / Lízal (2006) find no effect of for-
eign ownership in the Czech Republic (1993–1998) and Aden et al. (1999)
even find foreign ownership associated with lower levels of pollution abate-
ment spending than domestically owned firms in Korea.

For European countries there is evidence for the UK and Ireland. Collins /
Harris (2002 and 2005) use data for the UK metal manufacturing and chemical
plants (both 1991–1994). For the metal manufacturing they find a higher prob-
ability of pollution abatement spending for firms from Australia, New Zealand,
South Africa, and Canada. EU firms spend a higher amount if they spend, but
only in terms of post-production measures and “payments to others”, in terms
of integrated measures they spend less. U.S. firms are more likely to spend for
post-production reduction but less likely in all other categories. In the case of
chemical plants, U.S. and Asian firms are not more likely to have post-produc-
tion pollution abatement expenditures but the former spend more often in all
other categories and the latter do so in the category “payments to others”. EU
plants do so as well but do not show a very different pattern than UK plants
otherwise. Moreover, Collins / Harris (2005) find more efficient firms to gener-
ally spend less on pollution abatement.

Haller /Murphy (2012) as well as Batrakova / Davies (2012) are two recent
studies that both use Irish data. While the former explicitly focus on foreign
ownership, the latter emphasize environmental links with export activity, for-
eign ownership just poses an exogenous variable in their estimated model
(1991–2007). However, foreign ownership is negatively related to firms’ en-
ergy consumption in lower quantiles but positively when energy intensity rises.
Haller / Murphy (2012) look at non-capital environmental expenditures and ca-
pital investment for pollution control (2006 and 2007). In their sample, 25%
have current environmental expenditures and only 5% report capital invest-
ments in pollution control. Results show that foreign firms, once they have en-
vironmental expenditures, do that on a greater scale. Overall the authors con-
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clude that “firms for whom environmental concerns are most costly in terms of
production do most to address them” (ibid, 279).

There exists only one microeconometric study by Heinbach /Krumm (2009)
dealing with environmental spending for Germany and it is restricted to data
only for the federal state of Baden-Württemberg and there is no information
about international firm activities or corporate ownership patterns used in this
study. The authors find no employment effects due to environmental protection
investments and no crowding-out of other investment activities.

All in all, it is apparent that the existing studies use very different variables
to measure environmental performance, which makes a comparison rather diffi-
cult. Furthermore, not one single study exists for Germany, and there are only
very few for industrialized countries although this group is the major polluter.

4. Data and Variables

The database used involves three data sources. The first source is the
monthly and annual reports administered by the German statistical offices from
establishments from the manufacturing, mining, and quarrying sectors. The in-
formation is aggregated at the enterprise level and is available in the form of
annual results for all German firms which employ at least 20 persons and oper-
ate in the sectors mentioned. For more information, see Konold (2007). This
data is of particularly high quality because firms in Germany are legally re-
quired to respond to these surveys.

A second source of information is the enterprise group database created by
the German Federal Statistical Office to comply with EU regulation (EC) 716 /
2007. Since 2007, the European Union legislation has demanded harmonized
statistics on foreign controlled enterprises in each member state (e.g., Vergina /
Grell, 2009). A foreign controlled enterprise2 is there defined as an enterprise
of which more than 50% is owned by a legal or natural person situated abroad.
Considered are capital shares as well as voting rights and other forms of con-
trol, such as indirect or effective minority control (Eurostat, 2012).3 Further-
more, detailed information about the ultimate owner is provided, such as the
type and country. In order to be able to provide the Foreign Affiliates Statistics
(FATS) for Germany, the institutions in charge had to purchase information on
ownership structures from the commercial data vendor Bureau van Dijk and to

282 John P. Weche Gelübcke and Isabella Wedl
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2 The terms foreign controlled, foreign owned, and foreign are used interchangeably
in this text.

3 Indirect control refers to the fact that enterprise A is controlled by enterprise B and
both are domestic companies but enterprise B is, in turn, controlled by an entity abroad.
Then, enterprise A will also be foreign controlled. Effective minority control is when
several minority owners with shares adding up to more than 50% act in concert.
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integrate this into the national business register (Unternehmensregister). There-
fore, industry and topic specific surveys have recently become available for
analyses related to foreign ownership. For a detailed description of this new
database, see Weche Gelübcke (2011).

A third source is the survey of environmental protection investments which
is also conducted by the German Federal Statistical Office and the statistical
offices of the German federal states. This survey covers all firms which re-
ported environmental protection investments (EPI) in the general investment
survey (Statistisches Bundesamt, 2012), and therefore covers all German manu-
facturing firms with a threshold of 20 employees. EPI include those invest-
ments which aim exclusively or predominantly at protecting the environment
from a harmful impact of production. This includes production related meas-
ures such as the purchase of fixed assets to reduce pollution during the produc-
tion process, as well as product related measures for the production of goods
whose application or consumption reduces pollution.

Within the category of production related EPI, end-of-pipe or add-on meas-
ures can be differentiated from integrated measures. End-of-pipe measures are
normally equipment which is physically separate from the other production fa-
cilities and can therefore be identified relatively easily. Add-on technologies
are, for example, facilities for waste incineration or exhaust air filtration, sew-
age treatment plants, and noise barriers (Statistisches Bundesamt, 2011a). Inte-
grated measures are more difficult to identify since they do not necessarily have
to be technological elements. Integrated measures make the process of produc-
tion generally more efficient in terms of a lower level of pollution. They can
therefore be technological elements (heat exchanger, absorbing filter, recircula-
tion of cooling water), or it may be impossible to distinguish a specific compo-
nent (changes to the use of environmental friendly raw and auxiliary materials,
changes in the forming process, changes in the structure of the combustion
chambers). In the latter case, firms are only obliged to report the environmen-
tally relevant part of the costs, i.e., the difference between the actual investment
and a comparable investment without this environmentally relevant factor (Sta-
tistisches Bundesamt, 2011a).

Although the institutions in charge make an effort to facilitate the classifica-
tion of add-on and integrated investments, for example by providing the firm a
graphically appealing checklist for the classification of investments (ibid, 87),
the separation is not always straightforward and in some cases firms are allowed
to report estimates of their investments (ibid, 79). In the area of climate protec-
tion, for example, there does not even exist any such differentiation. Neverthe-
less, integrated measures play an important role in today’s environmental pro-
tection, and their importance is increasing due to political support for a change
from command and control policy instruments towards a wider use of NEPIs
and overall technological change (Grundmann / Becker, 2004).4
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The interpretation of EPI as a measure of green performance is not without
shortcomings. First of all, cross-sectional data on investments may generally be
highly period-specific and should not be confused with running expenses.5

Moreover, it is unclear whether a firm with high EPI has had much catching up
to do, or already has high environmental standards which make additional im-
provements extraordinarily expensive (Statistisches Bundesamt, 2011b).

In our data, information on EPI is available for seven areas of environmental
protection6 and was merged within the AFiD-Project (Official Firm Data for
Germany; Malchin / Voshage, 2009) for the years 2007 and 2008.7 For this ana-
lysis, observations were restricted to enterprises from the manufacturing sector
in accordance with the NACE classification. The final analytical samples cover
38,314 (2007) and 38,867 (2008) enterprises of which, in both years, almost
11% reported EPI but only around 3% invested in integrated measures (see
Table 2 for descriptive statistics). On average, firms invested only 12 EUR (16
EUR) per capita in environmental protection in 2007 (2008) which is a tiny
share of less than 2% in overall investments.8

284 John P. Weche Gelübcke and Isabella Wedl
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4 The (re)inclusion of integrated investments in the survey questionnaire in 2003 was
also supported by the Association of German Engineers (Grundmann / Becker, 2004).

5 A survey of the running expenses for environmental protection exists for Germany
but the micro-data is not available to researchers.

6 In particular, these are waste management, water protection, noise abatement, pre-
vention of air pollution, nature protection and landscape preservation, soil rehabilitation,
and climate protection.

7 As already mentioned, information on ownership patterns have only been available
since 2007. In 2008, the industry classification was changed and the two years are there-
fore not perfectly comparable. Instead of using data for only one year, we analyze both
periods separately for the sake of robustness. All computations were programmed in
Stata 12 and carried out within the Research Data Center of the statistical office Berlin-
Brandenburg for confidentiality reasons.

8 There had been a change to the regulatory framework in Germany in the period
under consideration. In Agust 2007 the Integrated Energy and Climate Program which
sets ambitious goals for GHG emission reductions, energy-efficiency and the promotion
of renewable energies was adopted. In order to implement the program, 29 different pol-
icy measures were adopted in December 2007 and May 2008. These comprise for in-
stance strengthened energy efficiency standards for buildings, expansion of the financial
assistance program for energy efficiency reform of the vehicle tax to a pollutant and
CO2 basis, a regulation to reduce emissions from cooling installations, and Guidelines
on the procurement of energy-efficient products and services (BMU, 2007). Most of
these measures entered into force between May 2008 and January 2009. Although these
measures may have also affected the investments in the manufacturing sector, the impact
should have been on all periods considered in our analysis due to anticipative behavior
and should not affect our estimated differences between firm groups, as long as their
response has not differed systematically.
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Table 2

Summary statistics

Continuous variables

Variable Sample Mean Sd P75 P90 P99

Overall EPI per capita (EUR) 2007 12 152 0 2 257

2008 16 257 0 2 295

Share of EPI in general in-
vestmenta (%)

2007 1.84 9.84 0 0.47 58.32

2008 1.99 10.53 0 0.38 66.21

End-of-pipe EPI per capitab

(EUR)
2007 5 112 0 0 94

2008 7 200 0 0 104

Integrated EPI per capitab

(EUR)
2007 3 46 0 0 41

2008 3 103 0 0 41

Share of integrated EPI (%) 2007 2.40 14.10 0 0 100

2008 2.16 13.45 0 0 100

Binary variables

Variable Sample Number of firms Share (%)

EPI (yes=1; no=0) 2007 4,186 10.93

2008 4,224 10.87

Integrated EPI (yes=1; no=0) 2007 1,418 3.70

2008 1,294 3.33

Note: The full 2007 and 2008 samples cover 38,314 and 38,867 enterprises from the German
manufacturing sector; The abbreviation EPI stands for environmental protection investment; a For
this variable there are slightly fewer observations available in the 2007 sample because of missing
information in the total investment variable. N is 38,304 in 2007; b Measures do not include invest-
ments in the area of climate protection, renewables, and energy efficiency.

5. Results

5.1 Unconditional Evidence

Theoretical considerations, discussed in Section 2, lead to a set of assump-
tions regarding firm investment behavior for environmental protection. These
hypotheses can now be tested with the data at hand. Since we are interested in
differences between foreign and German firms, we compare the mean values of
the EPI for the group of foreign controlled firms (foreign affiliates) with do-
mestically owned affiliates (indigenous affiliates). Moreover, we also compare
foreign affiliates with a subsample of only exporting domestically owned firms
(indigenous exporters) to assess the role of international activities. The first
reference group consists of enterprises which are dependent affiliates, owned
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by a group head just as the group of foreign owned enterprises. Therefore, both
types of firms gain from company network effects such as technology and
know-how transfers and are comparable in this respect. The second comparison
group is restricted to only those domestically owned affiliates that generate a
share of their turnover abroad and are hence exporters. The underlying idea is
that differences in EPI spending, and in particular differences in EPI for add-on
and integrated measures, may be due to access to foreign markets. If a firm has
spread its activities across national borders, the assumption that this firm enjoys
easier and faster access to up-to-date and cleaner technologies is a probable
one. If foreign firms hence report higher EPI figures than their domestically
owned counterparts, this could be due to the fact that these firms are organized
internationally and have different sourcing patterns (Kaiser / Schulze, 2003). If
those firms are now compared to only domestically owned firms that can be
also labelled international, differences could decline or even disappear.9

Table 3 shows EPI means by enterprise group. Within the group of foreign
enterprises in Germany, around 22% invested in environmental protection,
which is twice as much as within the group of domestically owned firms and
also clearly more than among German exporters (13%). The same picture
emerges when looking at EPI for integrated measures: there are only 4% of
indigenous affiliates, 4% and 5% of indigenous exporters, and 9% of foreign
owned firms reporting integrated EPI. Also, the share of integrated EPI within
overall EPI is the highest for foreign firms (5%). This first impression of the
data shows exactly the hierarchical order suggested by the literature on hetero-
geneous firms and internationalization discussed in Section 2: foreign firms are
the most productive, which means that they have more output and apply more
up-to-date technology and hence spend more on overall and integrated EPI.
German exporters are less productive but still more productive than nonexport-
ing firms, and hence have a place in the middle also in terms of EPI. However,
the group of only exporters does not differ much from the first comparison
group of German affiliates here, as the former is part of the latter.

We get a similar picture when we look at the magnitude of EPI. Foreign
owned firms spent on average 26 EUR per capita in 2007 and 35 EUR per
capita in 2008, and both groups of domestically owned firms only spent less
than half of this amount. A similar order is prevalent in terms of the EPI share
in general investment and end-of-pipe EPI. When looking at the amount of EPI
spent, the reported figures differ much more across the two samples for 2007
and 2008 what seems plausible for investment data.

In order to assess whether the differences are not only of economic relevance
in terms of magnitude but also statistically significant, we applied the t-test for

286 John P. Weche Gelübcke and Isabella Wedl
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9 Unfortunately, there is no information on the multinational status in the data. There-
fore we are not able to look at differences between domestic multinationals and foreign
multinationals or domestic nonmultinationals.
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each of the two groups with unequal variances. The results in Table 4 show that
almost all the differences are highly statistically significant at common signifi-
cance levels.

So far, we have considered only mean values, but differences in mean values
do not necessarily imply differences along the entire distribution of firms. To
account for differences along the distribution, the non-parametric Kolmogorov-
Smirnov test evaluates whether all moments of the two cumulative distribution
functions of a variable are statistically different from each other and whether one
distribution dominates the other according to the concept of first-order stochastic
dominance (see Conover, 1999, 456 ff.). None of the results in Table 4 gives rise
to concerns about the validity of differences along distributions.

Table 4

T-test and Kolmogorov-Smirnov test statistics (p-values)

H0

foreign affiliates vs.
indigenous affiliates

foreign affiliates vs.
indigenous exporters

2007 2008 2007 2008

Overall EPI
per capita t-test equal means 0.0001 0.0015 0.0001 0.0001

K-S test equal distribution 0.000 0.000 0.000 0.000
foreign firms < 0.000 0.000 0.000 0.000
foreign firms > 1.000 1.000 1.000 1.000

Share of EPI
in general
investment t-test equal means 0.0008 0.0021 0.0031 0.0166

K-S test equal distribution 0.000 0.000 0.000 0.000
foreign firms < 0.000 0.000 0.000 0.000
foreign firms > 0.983 0.878 0.995 0.872

End-of-pipe EPI
per capita t-test equal means 0.0001 0.0224 0.0002 0.0001

K-S test equal distribution 0.000 0.000 0.000 0.000
foreign firms < 0.000 0.000 0.000 0.000
foreign firms > 1.000 1.000 1.000 1.000

Integrated EPI
per capita t-test equal means 0.0044 0.0569 0.0056 0.2321

K-S test equal distribution 0.000 0.000 0.000 0.000
foreign firms < 0.000 0.000 0.000 0.000
foreign firms > 1.000 1.000 1.000 1.000

Share of inte-
grated EPI t-test equal means 0.0000 0.0000 0.0000 0.0000

K-S test equal distribution 0.000 0.000 0.000 0.000
foreign firms < 0.000 0.000 0.000 0.000
foreign firms > 1.000 1.000 1.000 1.000

288 John P. Weche Gelübcke and Isabella Wedl

Schmollers Jahrbuch 134 (2014) 3

OPEN ACCESS | Licensed under CC BY 4.0 | https://creativecommons.org/about/cclicenses/
DOI https://doi.org/10.3790/schm.134.3.271 | Generated on 2025-02-23 15:29:46



The population of foreign firms should not be treated as a homogeneous
group. Foreign owned firms differ from each other in many respects. An impor-
tant characteristic is where a certain affiliate is controlled from, in other words,
the nationality of the firm. A separate analysis of EPI by country of origin can
offer interesting insights, for example, because environmental protection in
general is closely related to concepts of corporate culture and institutional back-
grounds which, in turn, are likely to differ across countries (cf. Section 2).
Studies of foreign owned firms very often neglect to consider this group’s het-
erogeneity, due to the limited size of the datasets. We are able to build several
subcategories of foreign firms: two for firms whose group head is located in an
extra-European country, namely U.S. and Other, and three inner-European,
namely South Europe, Scandinavia, and Rest of Europe.10

Table 5 shows that 24% of U.S. firms invested in environmental protection,
compared to 20%–22% and 21%–22% of Scandinavian and other European
firms. These numbers are fairly stable across the two samples for 2007 and
2008 and fit the picture created by the comparison of all foreign firms with
domestically owned firms in the sense that EPI levels seem to mirror productiv-
ity and pollution levels: U.S. firms show relatively much general and integrated
EPI activity (11%) and also push the productivity premium among foreign
firms in Germany (Weche Gelübcke, 2013). However, the differences are not
large and in the group of other extra-European firms, there were 26% investing
in environmental protection in 2007. Among firms from Southern Europe, only
14%–16% reported overall EPI. Together with other extra-European firms,
they spent only 3 EUR (4 EUR) per capita on integrated measures in 2007
(2008).

All in all, there appear to be no other clear-cut differences in Table 5 and the
reported numbers can differ greatly between the 2007 and 2008 samples. For
example, Scandinavian firms invested on average 15 EUR per capita in envi-
ronmental protection in 2007 and 44 EUR per capita in 2008, an increase by
almost 200%. This reflects the limitation of the investment data in which ex-
penses are not incurred steadily over time, and the smaller the sample, the lar-
ger the fluctuation. The statistical significance of the differences can be seen in
Table 6. It becomes obvious that almost no difference is statistically significant
at the conventional levels, not even the overall EPI of the U.S. firms.

Environmental Protection by Foreign Firms 289

Schmollers Jahrbuch 134 (2014) 3

10 For a list of the particular countries covered by these categories, see Table 5. We
had to consider both theoretical considerations as well as the availability of data for these
categories since the confidentiality of our micro-data does not allow investigating EPI
by every single country due to the small numbers of observations.
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5.2 Conditional Evidence

Although an unconditional perspective is interesting in itself and may be cru-
cial for policy decisions, the conditional perspective is more interesting from a
researcher’s point of view. What if the higher EPI figures of foreign firms,
found in the unconditional mean comparison, can be exclusively traced back to
the fact that those firms operate in particular industries where EPI are generally
above average due to higher pollution levels? Foreign owned firms would still
invest more on average but their foreignness would not be the reason for this.
In the following step, we run regression analyses and control for industry ef-
fects via 2-digit industry dummies (Model 1) and firm size, measured as the
number of employees and the number of employees squared to account for
non-linearity (Model 2). Larger firms are on average more productive due to
the realization of scale effects and because they operate with more modern
technology since they can afford to make larger investments. Hence, we expect
the link between firm size and EPI to be positive. The correlation with add-on
EPI is less clear since, on the one hand, smaller firms have to compensate for
older technology through add-on investments (positive link), but, on the other
hand, are also expected to have a disproportionately lower productivity which
may translate into a disproportionately lower per capita pollution (negative
link).11 In the theory section, we have demonstrated, in addition to our uncondi-
tional results, that differences in EPI can probably be traced back to differences
in productivity levels. Consequently, we include each firm’s labor productivity
in our model (Model 3) and expect it to be positively correlated with EPI and
particularly with overall and integrated EPI.

Table 7 gives the regression estimates for all models and both comparison
groups. All coefficients are slightly smaller in the Model 2 estimates than for
Model 1, which suggests an overall positive correlation of firm size with EPI.12

To start with the Model 2 Probit estimates of the probability of reporting any
EPI, in 2007 and 2008, foreign firms were more likely to invest, on average
and ceteris paribus, by five and six percentage points (Model 2).13 This is a
large difference if we consider that the overall EPI rate is only 11% (Table 2).
Moreover, the restriction of the comparison group to only exporters does not
seem to change this result. The probability of investing in integrated measures
is also higher for foreign affiliates, by about three percentage points on average.

292 John P. Weche Gelübcke and Isabella Wedl

Schmollers Jahrbuch 134 (2014) 3

11 Our models do not claim to be explanatory models since they offer a fairly tentative
modeling of EPI decisions. The so-called premium regressions are rather supposed to
uncover statistically significant differences between enterprise groups, accounting for
major determinants.

12 The coefficients for the firm size covariates are indeed positive and statistically
significant.

13 The reported numbers are marginal effects at the sample mean. Since different sam-
ples have different means, the comparability of the two values is limited.
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Table 7

Regression estimates

Variable Year Reference group
is all indigenous affiliates

Reference group
is indigenous exporters

N 18, 957(2007); 19,156(2008) 14, 839(2007); 15, 012(2008)

Model (1) (2) (3) (1) (2) (3)

Overall EPI p.c.a 2007 9.02*** 8.59*** 1.79 8.82*** 8.46*** 2.23

(2.83) (2.68) (0.54) (2.90) (2.75) (0.68)

2008 18.31*** 17.68*** 13.70*** 17.44*** 16.94*** 13.62***

(3.75) (3.59) (4.88) (3.73) (3.59) (2.91)

Share of EPIa 2007 0.46*** 0.42** 0.34* 0.38** 0.35* 0.28

(2.65) (2.40) (1.95) (2.10) (1.94) (1.56)

2008 0.43** 0.38** 0.33* 0.28 0.25 0.23

(2.35) (2.09) (1.81) (1.48) (1.33) (1.18)

End–of–pipe
EPI p.c.a 2007 4.51** 4.26** 2.89 4.66** 4.47** 3.18

(2.31) (2.19) (1.26) (2.47) (2.37) (1.41)

2008 9.69*** 9.37*** 7.92** 10.55*** 10.27*** 9.11***

(3.15) (3.02) (2.56) (3.55) (3.41) (3.05)

Integrated EPI p.c.a 2007 2.11** 1.95* –2.71** 1.90** 1.77* –2.55**

(2.12) (1.95) (2.17) (2.07) (1.91) (2.22)

2008 3.29*** 3.05*** 2.08* 2.51* 2.33* 1.52

(2.83) (2.59) (1.80) (1.86) (1.71) (1.17)

Share of
integrated EPIa 2007 2.05*** 1.52*** 1.28*** 1.74*** 1.32*** 1.11***

(5.99) (4.44) (3.70) (4.95) (3.74) (3.13)

2008 2.38*** 1.83*** 1.68*** 2.15*** 1.69*** 1.56***

(6.90) (5.26) (4.83) (6.06) (4.76) (4.39)

Overall EPI
indicatorb 2007 0.08*** 0.05*** 0.05*** 0.07*** 0.05*** 0.04***

(12.05) (8.51) (7.61) (9.52) (6.74) (5.97)

2008 0.09*** 0.06*** 0.06*** 0.08*** 0.05*** 0.05***

(14.06) (9.26) (8.86) (11.23) (7.48) (7.26)

Integrated EPI
indicatorb 2007 0.04*** 0.03*** 0.02*** 0.03*** 0.02*** 0.02***

(0.000) (0.000) (6.46) (0.000) (0.000) (5.24)

2008 0.04*** 0.03*** 0.03*** 0.03*** 0.03*** 0.02***

(10.28) (8.21) (7.69) (8.46) (6.91) (6.49)

Note: Reported are coefficients for the foreign ownership indicator variable; Marginal effects at
the sample mean are reported for probit estimates; |t- / z-values| are reported in parenthesis; Model 1
includes 2-digit industry dummies, Model 2 controls for size additionally, and Model 3 further in-
cludes individual productivity levels; The number of observations in 2007 is slightly lower for the
share of EPI estimates because of missing information in the total investment variable; a OLS estima-
tor; b Probit estimation; Significance at the 10% (*), 5% (**) and 1% (***) level.
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These results are highly statistically significant at the 1% level. Considering
the amount spent for environmental protection, a similar pattern appears in the
Model 2 estimates: foreign owned firms invest significantly more (by 18 EUR
per capita in 2008), irrespective of the export behavior of German affiliates.
Only the share of EPI in general investments is not significantly different from
German exporters in 2008. Foreign owned firms also invest more in end-of-
pipe (by 4 EUR in 2007 and 9 EUR in 2008) as well as integrated EPI (by
between 2 and 3 EUR). Again it has to be noted that these differences, although
small in absolute terms, are large from a relative point of view.

Summing up the results for the Model 2 estimates, foreign firms spend on
average more for environmental protection, regardless of industry and size ef-
fects. Furthermore, export activity seem not to have an important impact on the
investment behavior, which underlines the fact that the German market has re-
latively high environmental standards and firms producing in Germany do not
need to comply with even higher standards in export markets abroad.

If we consider the productivity levels in Model 3, we can observe the ex-
pected positive link with EPI. The coefficients and marginal effects for the pro-
ductivity covariates from Model 3 estimates are given in Table 8. As expected,
most coefficients have a positive sign and are statistically significant. The only
independent variable for which this is not the case is end-of-pipe EPI, thereby
confirming that a higher productivity goes hand in hand with a shift towards
integrated EPI.

Turning to Model 3 results for the foreign ownership dummy in Table 7,
there is still a higher probability for foreign firms to invest in EPI, but the dif-
ference in terms of the amount spent decreases and becomes even insignificant
in the 2007 sample. This pattern can probably be observed for EPI shares in
overall investment although it is less clear-cut. Regarding integrated EPI, the
probability also does not seem to change markedly, and the differences shrink
and turn insignificant in 2008 when domestically owned exporters serve as the
reference group. Interestingly, in the 2007 sample, foreign firms invest less in
integrated measures by almost 3 EUR per capita once we hold productivity
levels constant. However, the share of integrated EPI in overall EPI remains
higher for foreign owned affiliates.

The results from Model 3 estimates show that, once firms’ productivity lev-
els have been controlled for, the superior EPI of foreign owned firms appears
to be much less straightforward and depend highly on the period under consid-
eration. Nevertheless, the fact that foreign firms are more likely to spend on
overall and integrated EPI and have a composition tilted towards integrated
measures does not seem to be affected by heterogeneous productivity levels.14

294 John P. Weche Gelübcke and Isabella Wedl

Schmollers Jahrbuch 134 (2014) 3

14 Unfortunately we are not able to appropriately control for total factor productivity
(TFP). Instead, our productivity measure is labor productivity, and we therefore do not
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This confirms Bansal’s (2005) findings that the level of a firm’s international
experience is positively linked to corporate sustainability performance.

Table 8

Productivity coefficients

Variable Reference group is
all indigenous affiliates

Reference group is
indigenous exporters

N 18, 957(2007); 19, 156(2008) 14, 839(2007); 15, 012(2008)

2007 2008 2007 2008

Overall EPI p.c.a 0.74*** 0.46** 0.78*** 0.44**

(3.95) (2.53) (3.88) (2.30)

Share of EPIa 0.01*** 0.01** 0.01*** 0.004

(4.38) (1.97) (4.17) (1.39)

End-of-pipe EPI p.c.a 0.15 0.17* 0.16 0.16

(1.37) (1.68) (1.36) (1.51)

Integrated EPI p.c.a 0.51*** 0.11*** 0.54*** 0.11***

(3.45) (3.16) (3.79) (2.69)

Share of integrated EPIa 0.03*** 0.02*** 0.03*** 0.02***

(5.88) (3.11) (5.47) (2.90)

Overall EPI indicatorb 0.001*** 0.0003*** 0.001*** 0.0002***

(5.66) (4.10) (4.39) (3.51)

Integrated EPI indicatorb 0.0003*** 0.0002*** 0.0003*** 0.0002***

(5.93) (4.34) (5.19) (4.06)

Note: Reported are coefficients for OLS estimates and marginal effects at the sam- ple mean for
probit estimates |t- / z-values| are reported in parenthesis; The estimated model includes 2-digit indus-
try dummies, individual productivity levels, and controls for size additionally (Model 3); The corres-
ponding coefficients for the ownership indicator variables are reported in Table 7; Productivity is
measured as labor productivity in 1,000 EUR; a OLS estimator; b Probit estimation; Significance at
the 10% (*), 5% (**) and 1% (***) level.

Regression estimates of EPI by country of origin are given in Table 9. All
coefficients and marginal effects are relative to the category Rest of Europe.
What is apparent at first sight is that the statistical significance levels are much
lower than in the former regressions and most coefficients are not statistically
significant at any common level. Those coefficients which are statistically sig-
nificant seem to represent special cases since they arise only in one of the two
periods considered. For example, Scandinavian firms invested significantly less
in overall environmental protection, by 12 EUR per capita in 2007, than the rest
of Europe (Southern Europe excluded). In 2008, the coefficient is positive and
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statistically highly insignificant. The same applies to Southern European firms
but in a reversed order. The estimates therefore correspond to results from the
unconditional mean comparisons and highlight that there do not seem to be any
structural differences within the group of foreign controlled firms according to
their country of origin. The only exception is found for the EPI probability of
Southern European firms, which is significantly lower, by seven and six per-
centage points in both years, than the rest of Europe (Scandinavia excluded).

These results reject the assumption that foreign controlled firms would show
the effects of a “national business systems” influence of their home countries
on their approach to EPI. Scandinavian companies, for instance, who, accord-
ing to that hypothesis, would have been likely to invest more, in fact show
adverse behavior. It is not clear, though, whether the potential effects are
curbed due to the limited period of our data, and may show up in a longitudinal
study. However, the findings can be interpreted in a way that supports the new
institutionalist hypothesis of an international convergence of management prac-
tices in the field of environmental management due to normative pressure and
de facto standards at the global level.

Table 9

Regression estimates by country of origin

Variable Year Scandinavia South Europe U.S. Others

N 3, 422(2007); 3, 396(2008)

Overall EPI p.c.a 2007 –11.89** 4.72 1.91 –6.16

(2.24) (0.27) (0.20) (0.87)

2008 8.42 –22.66** –6.87 –5.79

(0.50) (2.35) (0.73) (0.41)

Share of EPIa 2007 –0.61 0.37 0.10 0.87

(1.19) (0.37) (0.24) (1.22)

2008 0.07 –0.70 –0.05 0.02

(0.13) (0.85) (0.11) (0.03)

End of pipe EPI p.c.a 2007 –5.14 8.90 –3.12 –0.01

(1.48) (0.53) (1.07) (0.00)

2008 –8.73 –16.67** –7.32 3.76

(0.91) (2.12) (1.47) (0.32)

Integrated EPI p.c.a 2007 –3.54* –2.38 0.06 –3.10

(1.76) (1.22) (0.02) (1.37)

2008 2.81 –1.51 –1.50 –3.73

(0.90) (0.43) (0.86) (1.45)

Share of integrated EPIa 2007 –1.17 –2.18* –0.32 0.85

(1.13) (1.88) (0.38) (0.62)
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2008 –0.11 0.15 1.01 –1.58

(0.10) (0.09) (1.10) (1.44)

Overall EPI indicatorb 2007 –0.01 –0.07** 0.02 0.06**

(0.43) (2.04) (1.24) (2.13)

2008 0.01 –0.06** –0.001 –0.04

(0.36) (1.72) (0.05) (1.38)

Note: Reported are coefficients for the country of origin indicator variable; Rest of Europe is the
reference group; Marginal effects at the sample mean are reported for probit estimates; |t- / z-values|
are reported in parenthesis; The model includes 2-digit industry dummies and controls for firm size;
a OLS estimator; b Probit estimation; Significance at the 10% (*), 5% (**) and 1% (***) level.

5.3 Robustness: Selection Issues

We have seen in Table 2 that only 11% of all firms in our sample carried out
EPI. This is a relatively small proportion, and the vast majority in our sample
reported zero investments. This is even more desperate in the case of integrated
EPI, where more than 96% of our observations reported zero investment. If
now the amount spent is estimated, as we did for example in Table 7, the results
may suffer a selection problem because we do not consider the initial likelihood
of each firm to invest (Heckman, 1979).

Samples with a disproportionate number of observations with zero values are
often treated as censored data, because, for example in our case, the potential
magnitude of investments of non-investing firms if they would invest, is un-
known. Many studies account for this feature by using appropriate methodolo-
gies such as the Heckman selection model and estimate both the probability of
investing and the amount spent jointly in a two-step procedure. Although the
consideration of this special data feature would be suitable, these procedures
necessarily assume an independence of the decision to invest from the decision
on how much to invest and this seems most unlikely in the context at hand: EPI
do not necessarily reflect cases of voluntary expenses in which, for instance,
one department brings up the idea to spend money on environmental protection
and another department decides on how much it should be. Rather, EPI mostly
represents the costs of environmental regulations and so should be regarded as
highly output-dependent. The major decision seems to be whether a firm wants
to comply with a specific regulation or not, and once this decision is made, the
amount to spend is basically determined by the firm’s output-level.

Therefore, we apply a generalized linear model (GLM) with a logit-link
function to account for the fractional response of our independent variables
without assuming the independence of the two decisions as discussed above –
see Ramalho et al. (2011) and Wagner (2001) for a similar case. The estimated
model demands the values of the independent variable to be bounded between
zero and one and uses a maximum likelihood estimator. The results for the two
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variables with appropriate features, namely the share of EPI in general invest-
ments and the share of integrated EPI, are given in Table 10.

The results support our results from Table 7 in terms of sign and statistical
significance. The coefficients of the GLM estimations cannot be interpreted
straightforwardly, and therefore we also provide simulations of hypothetical
enterprises in Table 10. For these simulations, all variables, except the foreign
ownership dummy (fo), are fixed at their means. This allows predicting specific
EPI intensities for hypothetical individual cases (in percentages) and shows the
difference between hypothetical average foreign and domestically owned firms.
These differences are comparable to those estimated in Table 7, although
slightly smaller.

6. Conclusion

The environmental consequences of economic globalization and global trade
have long been debated. But only recently have the aspects of pollution and
environmental protection been the subject of empirical investigation of the in-
ternational activities of firms. The present study is the first firm-level investiga-
tion of a link between foreign ownership and environmental protection in Ger-
many.

We investigated not only different types of environmental protection invest-
ment (endof-pipe and integrated), we were also able to split the sample of for-
eign owned firms into subcategories by country of origin and could therefore
test hypotheses related to technology sophistication, voluntary expenses, and
differences in management culture. We were also able to consider the owner-
ship and exporter status in the control group of domestically owned firms and
to draw conclusions about the role of export activity in Germany for environ-
mental protection investments.

We used a highly representative new micro-level database that covers all en-
terprises in the German manufacturing sector with at least twenty employees.
We found that foreign owned firms in Germany are, ceteris paribus, generally
more likely to invest in environmental protection. They also invest on a larger
scale in terms of add-on as well as integrated measures. These results are robust
across different measures of EPI, different time periods, and against different
control groups of German firms and selection issues arising from the fractional
response data. The results mirror the productivity advantages of foreign firms
in Germany and simultaneously demonstrate that export activities do not seem
to play a major role in superior environmental protection investments. This lat-
ter underlines the fact that Germany has relatively high environmental stand-
ards and exporting firms do not need to comply with even higher standards in
foreign markets. Once we control for individual productivity levels, the differ-
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ences in investment intensity become less straightforward, and depend on the
period considered. In fact, foreign firms can also spend significantly less than
German firms on EPI. However, foreign firms’ higher probability of making
general as well as integrated EPI, and their composition’s tilting towards inte-
grated measures, appear to be independent of any heterogeneity in productivity
levels. This supports Bansal’s (2005) findings that the level of a firm’s interna-
tional experience is positively linked to corporate sustainability performance.

These findings imply that domestic companies in Germany are currently
lagging behind their internationally operating counterparts when it comes to
the involvement in EPI. Policy measures to further promote EPI, and especially
integrated EPI, among SMEs, in particular, could help balancing this differ-
ence. Furthermore, we do not find any support that foreign multinationals lower
environmental protection standards in terms of investments although this is a
common argument in the political debate and often used to exacerbate inward
FDI.

Differences between different subgroups of foreign firms by country of ori-
gin seem to be prevalent only due to the character of the investment data used,
and are not persistent. Hence, we cannot find any support for differences in
environmental protection by country of origin. Their expenses seem to reflect
merely the minimal costs of complying with the environmental regulations.
These findings can also be interpreted in a way that supports the new institu-
tionalist hypothesis of an international convergence of management practices
in the field of environmental management due to normative pressure and de
facto standards at the global level.
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