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ABSTRACT 5

ABSTRACT

This paper analyses the Ilink between sustainability-related innovation and
sustainability performance and the role that family firms play in this. This theme is particular
relevant from a European point of view given the large number of firms that are family-
owned. Also the Lisbon agenda with its focus on reconciling sustainability aspects with
profitability and innovation justifies an extended analysis of the above link.

Governments often support environmentally and socially (particularly) beneficial
innovation with various policy instruments, also with the intention is to increase international
competitiveness and simultaneously support sustainable development. In parallel, firms use
corporate social responsibility (CSR) and environmental management systems partly in the
hope that this will foster such innovation in their organisation (and governments support CSR
and environmental management systems (EMS) partly because of this). Hence the main
research question of this paper is about the association of CSR and EMS with
environmentally and socially (particularly) beneficial innovation and its determinants.

Based on panel data collected from Compustat and KLD for the period 1992 to 2003,
the paper analyses the link of corporate sustainability performance with sustainability
innovation and the effect of being a family firm using panel estimation techniques which
involve random and fixed effect models. The paper discusses preliminary results from the
analysis, which in particular point to a moderating role of family firms on the link between
sustainability innovation and performance. It also assesses the policy implications of this
insight.

This research was supported by the Deutsche Forschungsgemeinschaft through the SFB
649 "Economic Risk".
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INTRODUCTION

This paper analyses how corporate sustainability management activities associate
with sustainability-related innovation in companies. The relevance of this question can be
derived from a policy as well as a firm perspective. In terms of the former perspective,
governments often support environmentally and socially (particularly) beneficial innovation
with various policy instruments with the intention to increase international competitiveness
and simultaneously support sustainable development. For example, the German secretary of
state for the environment demands: “Germany should establish itself as a responsible energy
efficiency and environmental technologist in the global division of labour between nations”
(Gabriel, 2006, translated from German). This perspective, which stresses the opportunities
arising from sustainability-related innovation for increasing competitiveness is complemented
by a risk-oriented view, which is explicated in the 7th Lifeworth Annual Review. The
environmental managers surveyed for the review do not see sufficient progress with regard
to reduction targets concerning e.g. climate change or poverty. One of the authors of the
study hence stresses the ... need for a new mindset for corporate sustainability to stimulate
innovation ...” (Grayson, 2008). This challenge is also identified in a recent study of the
consulting firm McKinsey identifiziert wird. Its 2007 survey of 400 chief executive officers of
global companies found 70% of the respondents considering a strategic approach to social
and environmental issues as having very high or high priority. In a survey of 2002 that asked
the same question, only 33% of the respondents considered this a very high or high priority.
At the same time, the respondents to the McKinsey survey perceive significant challenges in
the organisational implementation of such a strategic approach. Policy makers often consider
EMS as one approach to achieve such a strategic integration. In particular, they perceive
EMS as a means to push environmental innovation (as one specific sub-category of
sustainability related innovation), and by analogy, one could generalise, that sustainability-
related innovation could be driven by the totality of the sustainability management activities
of a company. This related to the second perspective introduced above in that firms use CSR
and environmental management systems partly in the hope that this will foster such
innovation in their organisation (and ultimately governments support CSR and EMS partly
because of this).

In the remainder of this paper, | initially review extant literature on the link between
environmental and sustainability innovation and management activities. | then introduce a
formal definition of sustainability innovation and derive research questions. Subsequently the
data and the econometric methodology is reported. Following this, present results of and
empirical study and conclude the paper with a discussion of their implications for policy,
practice and future research.
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LITERATURE REVIEW

A number of empirical studies have attempted to identify such determinants at the
level of the firm as well as for aggregated industries (Jaffe and Palmer, 1997;
Hemmelskamp, 1999; Brunnermeier and Cohen, 2003; Ziegler and Rennings, 2004;
Rennings et al., 2005; Rennings et al., 2006).

Jaffe and Palmer (1997) analyse the influence of environmental expenditures on
innovation activities based on panel data for the U.S. manufacturing sector. They find a
positive influence of environmental expenditure on future research and development (R&D)
expenditure, but not on the number of patent applications. However, Brunnermeier and
Cohen (2003) criticise that the simultaneous influence of environmental expenditure on R&D
expenditure and patent applications was not modelled and that the number of patent
applications did not focus on environmental innovations only.

Hemmelskamp (1999) analyses data from the Mannheim Innovation Panel of 1993
based on ordered probit models with regard to the influence of a number of variables on five
innovation objectives which he identified by means of factor analysis, amongst which are
“development of environmentally-friendly products”, “reduction of environmental impacts from
production”, “reduction of energy input” and “improvement of working conditions”. A focus of
the analysis was an assessment of the influence of environmental regulation on innovation
activities. This was modelled using an index which evaluated separately for each industry in
the sample to which degree it is affected by different regulatory instruments such as taxes or
standards (based on a fax survey of approx. 20 IHK managing directors across all federal

states).

A limitation of the research of Hemmelskamp (1999) is that the underlying Mannheim
Innovation Panel survey which generated the empirical data was not specifically oriented
towards environmental innovations (Rehfeld et al., 2007), that the study did not involve panel
data which may result in unobserved heterogeneity being a problem and that the regulatory
instrument measure applied was empirically gathered somewhat casual.

Rennings et al. (2003; 2005; 2006) analyse in their broad-based empirical survey the
effects of environmental management systems on firm-level innovation activities and
competitiveness based on the European Eco-Audit and Management Scheme (EMAS).
Using survey data and detailed case studies, they show that a stronger integration of
innovation and environmental management can increase the competitiveness of firms. This
finding is based on a telephone survey of 1277 EMAS-validated firms as well as detailed
case studies. The analysis finds a positive effect on the realisation of environmental
innovations and shows, that the environmental statements required under EMAS strengthen
information spillovers in that they are used by other firms to generate ideas for own
environmental innovations. A limitation of the study is that data was only collected for EMAS-
verified firms, which limits generalisability of identified determinants and links.
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Ziegler and Rennings (2004) in another study cast doubt on the effects of EMS
implementation and if they are related to EMAS validation, since they do not find a significant
effect of the latter. They analyse a sample of German firms with regard to the effect of EMS
and of specific measures such as life-cycle analysis or existence of recycling systems on
environmental product or process innovations. They apply binary probit and multinomial logit
models. In the case of the former, only certification according to ISO 14001 has a significant
positive effect on firms carrying out either environmental product or process innovations
alone. In all other binary models (with product innovation only, process innovation only and
simultaneous product and process innovation, respectively) neither 1SO certification nor
EMAS validation has an effect.

Individual measures however do have a significant positive effect. These measures
also have a significant positive association with simultaneous product and process innovation
in the multinomial logit models analysed. In these, also 1SO 14001 certification has a
significant positive effect.

The following section outlines the concept of sustainability-related innovation and
discusses how evolutionary perspectives of cooperation and here in particular open
innovation processes and user innovation, especially in the context of lead markets, matter
for sustainability-related innovation. Based on this, it derives then research questions.
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DEFINITIONS AND RESEARCH QUESTIONS

Defining sustainability-related innovation

Sustainable development is defined in the Brundtland Report “Our Common
Future“as follows: “Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own needs”
(WCED 1987: 54). Yet, already the Brundland Report, immediately after this famous
definition states that in terms of needs, the focus should particularly be on those of the poor
in developing countries and in doing so provides an early link to the current Bottom-of-the-
Pyramid (BOP) innovation debate (Prahalad & Hammond 2002; Prahalad 2005; 2006).

In this sense, one can conceptualise sustainability is a bundle of public goods (intra-
and intergenerational equity, improvement or preservation of environmental quality,
protection of human health and innovation is one key approach to preserve these public
goods. For example, Fichter (2005, 84-87; 371-373) distinguishes five types of sustainability
strategies and identifies amongst these the innovation-based strategy as the one which can
contribute most to sustainable development. At the same time he argues that the innovation
strategy enables private benefits to firms by creating new markets and market segments.

Because of this conceptual prominence for sustainable development, sustainability
aspects in innovation processes have received increased intention of policy makers,
particularly stressing the role of industrialised countries as lead users and lead markets in
areas such as sustainable energy technologies, products based on bio-materials or
nanotechnology and recycling processes. In order to enable a more specific analysis, the
term sustainability-related innovation shall be defined more precisely. Hauschildt (2004)
distinguishes generally three categories he proposes to measure innovation success, namely
(direct or indirect) technical effects, (direct or indirect) economic effects and other effects. He
explicitly refers to environmental and social effects as specific subcategories of other effects.
Hauschildt and Salomo (2005) address interactions of different factors with the degree or
level of innovation and based on their reasoning, one can derive, that sustainability-related
innovations have a high degree or level of innovation since in their case the environmental
and social effects are intended, i.e. represent additional demands.

However, it is based on this reasoning a very valid question whether sustainability-
related innovation is a special type of innovation in a qualitative sense, or just “better
managed innovation”, i.e. innovation, where more target criteria are integrated and made
mutually compatible. Such innovation would in this sense only be a quantitative extension of
the above performance categories of innovation success, rather than a qualitatively new form
of innovation.

The following Figure 1 conceptualises and defines further sustainability innovation in
a more general way. It illustrates, that the private benefit of an innovation (i.e. the cost
reduction the innovation brings about for e.g. producing a good whilst keeping the benefit of
that good constant) is relevant for sustainability innovation, too. This is because the higher
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the private benefit, the higher is the potential of an innovation to compensate for negative
social effects of that innovation (e.g. because it implies a high level of resource
consumption). Assume the grey and dashed-grey area in Figure 2 (i.e. the full circle) is the
set of all possible innovations. If social benefit and private benefit of an innovation can be
monetarised in a way that both axes of Figure 1 have the same scale, then conceptually, all
innovations below the dashed line running from the upper left to the bottom right are not
sustainable in that either they have both, negative social effects and low private benefit, or
their compensation potential due to the (lacking) private benefit is so low that it cannot
compensate fully for the increased resource use. This can be termed the “Playstation World”
of innovations based on the notion, that such innovations neither provide positive social
effects, nor do they meet consumer demand at a cost so much lower, that the consumer
could at least in principle compensate society with his consumer surplus for the negative
social effect. The areas denoted (1) and (2) in Figure 1 represent innovations that are (1)
sufficiently economically radical to compensate negative social effects or (2) where the
positive social effect would justify to society to accept a lower level of private benefit (i.e.
reduced consumer surplus) because the total benefit (i.e. the increase of consumer surplus
through e.g. price reductions plus the monetarised positive social benefit) to society would
remain unchanged. Innovations in areas (1) and (2) could thus be termed compensatory
sustainability innovations. Finally, those innovations in areas (3) of Figure 1 (represented by
the dashed-grey quarter of the circle) are those that are Pareto-superior, that is if
technologies or innovation opportunities exist in areas (1) and (3) with the same level of
private benefit then the latter are to be preferred from a societal point of view. Innovations in
areas (2) and (3) of Figure 2 are what is traditionally understood as a sustainability
innovation (or, more specifically, if the positive direct social effect refers to a reduced
environmental externality, an environmental or eco-innovation). This distinction is related, but
not identical with the concept of llinitch and Schaltegger (1995) of eco-efficiency portfolios.
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Figure 1: Link between economic radicality and direct social benefit of an innovation

Research questions

In the end, given the definition of a sustainability-related innovation provided in the
first section it does however not matter from whether firms pursue sustainability-related
innovations for profit or not (i.e. whether they pursue a business case or go beyond it as long
as the extraordinary environmental or social benefit can be objectively measured and
verified. What is however interesting, especially in light of the second section on cooperation
and openness is, what capabilities in the company bring about sustainability-related
innovation. Empirically, it is observable, that some firms realise more sustainability-related
innovations than others and next to context factors which need to be controlled for, the most
likely explanatory factor are certain activities or capabilities that some firms have and others
lack (e.g. Schaltegger, 2002). Hence two main research questions here is about the
association of EMS and CSR with environmentally and socially (particularly) beneficial
innovation:

Research question 1: What is the link of EMS with environmental particularly
beneficial innovation?

Research question 2: What is the link of corporate sustainability performance with
sustainability-related innovation?
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Next to capabilities as reflected in CSR or environmental management activities, also
structural factors may differ between firms. One important structural factor related to the role
of individual families in the management and ownership of firms. For example, Dyer and
Whetten (2006) report that family firms pursue significantly fewer concerning (i.e. negative)
activities regarding social responsibility than non-family firms. This supports the notion that
family owners are more concerned about positive reputation. Yet, the study also finds, that
family firms do not pursue significantly more proactive (i.e. positive) CSR or environmental
management activities. Still, indicating a possibly higher awareness and activity of family
firms with regard to corporate sustainability, Uhlaner et al. (2004) find that inclusion of the
family surname in firm name increases perceived social responsibility. However this may
reflect more stakeholder beliefs about family firms than actual differences to family firms.
Still, it has been argued that family firms have a more long-term orientation which could lead
to more sustainability management activities and ultimately higher sustainability performance
(Anderson & Reeb, 2003). For example, Block (2008) finds that family firms tend to pursue
less severe employee downsizing, compared to non-family firms. It has also been found, that
the association of environmental management activities with innovation is more strongly
positive in family firms (Craig & Dibrell, 2006) Hence, another important research question is:

Research question 3: Is there a moderating effect of being a family firm on the link
between corporate sustainability performance or environmental management with
sustainability-related or environmental innovation?
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EMPIRICAL ANALYSIS

The empirical analysis of the research questions derived in the previous section uses
panel data for a set of U.S. firms. The advantage of panel data is that unobserved
heterogeneity is not a problem, since panel estimation techniques largely capture its effects.
Furthermore, using panel data enables the inclusion of lagged values, which reduces
endogeneity problems and issues regarding assumed directions of causality that arise from
contemporary dependent and independent variables.

The set of firms in the Standard & Poor’s 500 index as of 31 July, 2003 was used to
define the sample of firms to be analysed. This point in time was chosen since
BusinessWeek provides a full list of which of the S&P 500 firms of that date are family firms
(Anon., 2003) and also provides data on ownership structure and board composition and
management roles for the family firms identified. The remaining non-family S&P 500 firms in
the index are identified from the KLD data and from the S&P website (S&P, 2007).

The main sources from which data was collected were the Compustat and
Worldscope Disclosure and BankerOne databases and the ratings of corporate social
responsibility and environmental management carried out by Kinder Lydenberg Domini Inc.
(KLD). The KLD database contains detailed annual ratings on the environmental and social
activities and performance of over 600 of the largest U.S. companies. The data is available
for a period of over ten years and enables a detailed assessment of firms’ activities with
regard to the environment and to social issues. It is also one of the most reputed sources for
scholarly studies in the field of stakeholder management (see Waddock & Graves 1997,
McWilliams & Siegel 2000). After matching KLD data with financial and
ownership/management data from the other sources 3697 usable cases remained for the
period 1993 to 2003, for which data was however not always available on all variables
included in the analysis.

As concerns the dependent variables measuring innovation, KLD data allows to
construct three meaningful binary indicators. These three (binary) dependent variables
(addressing essentially product innovation) are firstly environmental Innovation as defined by
KLD in its variable ENV-str-A. This variable indicates that a firm has introduced products or
services which protect the environment or is achieving significant sales with such products or
services.

Secondly, a binary measure for CSR innovation was derived based on the KLD
variables PRO-str-C and PRO-str-X. A firms was assigned a value of 1 on the CSR
innovation, i fit had a positive rating on either one or both of these variables for the year in
question, and 0 else. PRO-str-C is a KLD variable that records whether part of a firm’'s
mission is the provision of products or services for the economically disadvantaged, PRO-str-
X a variable measuring whether a firm’s products have notable social benefits that are highly
unusual or unique for its industry.
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Finally, a variable measuring sustainability Innovation is used, that is based on the
two other variables. It reflects whether a firm carries out environmental or CSR innovation, or
both.

Based on the KLD raw data, four indices were constructed. This was firstly a narrow
EMS index, comprised of the KLD variables Env-str-B; C; D; X; Env-con-A; B and in a variant
from 1996 on also Env-Str-E (which was later recoded as CGOV-str-D in the KLD data). This
narrow EMS index ranges from 1 to 5 and 6 (in the case of the variant with one additional
variable).

Secondly, a wider environmental management index comprising ENV-str-B; C; D; X;
ENV_con-A; B; C; D; E; X; CGOV-str-D; COM-con-B; EMP-con-B; EMP-str-E; PRO-con-A; X
was calculated, for which index values could range from 1 to 16. However, empirically they
only range from 2 to 14 with a mean of 7.0.

Thirdly, a corporate social responsibility (CSR) index comprised of the KLD variables
COM-str-A; B; C; COM-con-A; DIV-str-A; B; C; D; E; F; DIV-con-A; B; EMP-str-A; C,; D; F;
EMP-con-A; C; D was calculated, which referred to social issues and activities only which
could however address the demands of internal as well as external stakeholder groups. The
index can range from 1 to 19, but does in practice only range from 3 to 15. Its mean value is
9.5.

Fourthly and finally, an overall corporate sustainability index was calculated that
comprising all KLD strengths and concerns that were available for all years from 1992
through to 1993. This index is identical with the one used by Dyer and Whetten (2006) who
also provide more descriptive details on the index. This last index essentially measures the
totality and hence the extent of all activities related to corporate sustainability (positive or
negative) and it can thus be understood as a measure of overall sustainability performance
of a firm for a given year. The index ranges from 0 to 19 with a mean value of 10.1. It was
considered to instrumentalise the environmental, CSR and sustainability performance
measures with data on important regulatory changes in order to improve the quality of the
estimate. However, all significant regulation that could have triggered an increase in the level
of disclosure or external assessment of the firms social and environmental management
activities took place before 1993. Hence an instrumental variables approach was not pursued
further in this respect.

Next to the core dependent and independent variables, a number of control variables
have been included. These include firm size and also in some variants the square of firm size
as suggested in Hemmelskamp (1999). As the distribution of some variables -such as firm
size- was highly skewed, logarithmic values of these were used in the empirical analysis.

Also R&D intensity measured as R&D expenditure divided by sales and (real) GDP
growth as a proxy for demand conditions as suggested in Horbach (2008) were included in
the analysis. Also Tobin’s Q as a control for firm performance and market valuation and a
variable measuring if a firm has a quality management system are included as control
variables. All explanatory variables introduced so are lagged behind by one year (i.e. are for
t-1) in the analysis to avoid problems of endogeneity.
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Industry membership as measured in eight different SIC industry categories, as well as
time dummies for each year in the data (1992 — 2003) were introduced as non-time-lagged
variables.

Finally the variable described earlier capturing whether or not a firm is a family firm based
on BusinessWeek (2003) was included in the model to address the third research question,
jointly with an interaction term of this variable with the overall corporate sustainability index is
included.

Fixed and random effects panel models according to the following equation are estimated
in the following:

1) Ye=a+tfX +7E +u,
In (1) i equalling 1 to N refers to the units under observation and t equalling 1 to T refers
to the time periods in the data (1992 to 2003). y; are the binary innovation dependent
variables for firm i in period t. x; is the vector of time-variant regressors and z; the vector of

time-invariant regressors (the industry and year dummies). The Hausman test is used to
ascertain that RE model is appropriate
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RESULTS

As concerns the first research question on the link of environmental innovation and
environmental management, Table 1 shows that no significant association exists. Also, when
analysing the possibility of reverse causality as has been suggested by Seijas-Nogareda and
Ziegler (2007), even though the association between management and innovation is
significantly negative, this is not consistent with the theoretically expected direction of
reversed causality. These results did not change in the light of extended sensitivity analysis,
involving e.g. additional explanatory variables (Tobins’s Q, sales growth, a dummy for being
a family firm, a dummy existence of a quality management system (QMS), a dummy for
missing data on R&D intensity and whether the firm is extraordinary R&D active as measured
by the KLD variable KLD-Pro-D) and different specifications of model (including e.g. the
squared term of the logarithm of sales, normalisation of the EMS index score relative to the
logarithm of assets, usage of dummies for each level of EMS implementation instead of an
index and interaction terms of a firm being a family firm with environmental management and
the CSR index). When not limiting the sample to only the R&D intensive sectors in the
sample (SICs 28, 35-38, 73) or only the period after 1996 (for which the EMS-Index could be
expanded by an additional variable measuring environmental reporting and transparency)
also the results as concerns the main variables environmental innovation and environ-mental
management did not change in both variants of the model reported in Table 1.

A similar exercise was carried out for the social innovation variable and the CSR
index (both as defined above) which involved almost identical sensitivity analysis as
described for the environmental variables, but the results showed again no significant
association between innovation and management.
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Table 1: Quantitative link of environmental innovation and environmental management for R&D
intensive sectors

Dependent variable of random effects|
models (binary and ordinal logistic
regression) is ...

Environmental Level of EMS
Explanatory variables and fit statistics | innovation implementation
Log. Sales (USD) in t-1 0.14 (0.30) -0.17 (0.09)*
R&D quota ( %) in t-1 -196.33 (68.32)*** 4.88 (6.24)
Level of EMS implementation ( 5-point
-0.32 (0.34) -

Scale, 0: no activities) in t-1

ENV-str-A (environmental innovation)

. - -0.82 (0.23)***
int-1

Constant -28.59 (4957.39) -6.85 (2.06)***

Number of observations (minimum

: . 1133 (1/7.4/11)
mean/maximum number per firm)

Log likelihood -146.63 -713.69
Rho 0.77 0.67
Likelihood ratio y2-test 363.07*** 17.87***
Hausman test (x?) 9.38 -

*: weakly significant (10%), **: significant (5%), ***: highly significant (1%)

Concerning the second research question on the link of corporate sustainability performance
and sustainability innovation, Table 2 shows that a significant positive association is found
indicating that sustainability management activities could drive sustainability innovation.
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Table 2: Quantitative link of sustainability innovation and sustainability management

Explanatory variables and fit statistics for Dependent variable:
random effects model sustainability innovation
Log. Sales (USD) in t-1 1,71 (5,43)
Square log. Sales (USD) in t-1 -0.04 (0.12)
R&D quota ( %) in t-1 -17.67 (35.75)
Corporate Sustainability Performance in t-1 0.18 (0.08)**
GDP growth in t-1 -0.28 (0.16)*
Tobin's Q in t-1 -0.16 (2.65)
QMS in t-1 1.11 (0.58)*
Constant -27.98 (61.09)
¥2-test for joint significance of industry dummy 200
variables

x?-test for joint significance of year dummy 773

variables

Number of observations (minimum/mean/

1759 (1/7/11), 252
maximum number per firm), number of firms ( )

Log likelihood -259.99
Rho 0.76
Likelihood ratio x2-test 510.5%**
Hausman test (x?) 17.74

*: weakly significant (10%), **: significant (5%), ***: highly significant (1%)

Concerning the third research question, being a family firm has an effect on how
sustainability management associates with sustainability innovation, as can be seen in Table
3. From that table it becomes clear, that whilst being a family firm per se has a negative
effect on sustainability innovation, family firms with high sustainability performance carry out
over-proportionally often sustainability innovation.
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Table 3: Quantitative link of sustainability innovation and sustainability management taking into

account the effect of family firms

Explanatory variables and fit statistics for
random effects model

Dependent variable:
sustainability innovation

Log. Sales (USD) in t-1

1.49 (5.57)

Square log. Sales (USD) in t-1

-0.03 (0.12)

R&D quota ( %) in t-1

-14,73 (33,76)

Corporate Sustainability Performance in t-1 0,03 (0,10)

GDP growth in t-1 -0.31 (0.16)*
Tobin's Q int-1 -0.18 (0.15)
QMSint-1 1.03 (0.59)*

Family Firm (1=yes; 0=no) in t-1

-5.68 (2.09)***

Family Firm * Corporate Sustainability
Performance in t-1

0.54 (0.18)**

Constant

-23.67 (62.48)

¥2-test for joint significance of industry dummy
variables

1.70

¥x2-test for joint significance of year dummy
variables

7.86

Number of observations (minimum/mean/
maximum number per firm), number of firms

1759 (1/7/11), 252

Log likelihood / Rho -256,15/0.76
Likelihood ratio y2-test 486.39***
Hausman test (x?) 18.51

*: weakly significant (10%), **: significant (5%), ***: highly significant (1%)
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CONCLUSIONS

The analysis reported here was aimed at addressing the factors that bring about
sustainability innovation in corporations. Whilst whether or not this is because firms aim to
realise private benefits and attempt to maximise profits is of secondary importance as
explained earlier. What is of more relevance is why there is heterogeneity across firms in the
capability to pursue sustainability innovation and hence what underlying capabilities are
crucial to realise sustainability innovation.

The analysis in this respect finds no association of environmental management with
environmental innovation. This insignificance of the association between EMS
implementation levels and environmental innovation remains unchanged in an extended
sensitivity analysis. As Table 1 shows, the environmental innovation activities of S&P 500
firms in six research-intensive industries seem to be mainly determined by total R&D
intensity. Hence, the theoretically justifiable link of EMS and environmental innovation cannot
be detected in the data. This fits however with earlier survey research (Wagner 2007; 2008)
in which no significant association of EMS with environmental product innovation was found,
because the latter is essentially what is measured with the KLD variables used. The results
leave open the option, that causality is reversed, however, the theoretical arguments for this
are weak (Wagner, 2007). Another explanation could, that the innovation measure used is
weak. This certainly is to a degree the case, but better measures were not available. Ideally
one would like to have data patents for all the firms in the sample which would enable an
identification of environmental patents (as a more narrow and precise measure of
environmental innovation) based on a combination of keyword identifiers and IPC identifiers.
However, such a measure has other limitations such as not addressing the commercial
success of an invention. Again, this could be, at least partly, rectified by incorporating patent
citations in the analysis.

In the more recent and wider context of sustainability, a significant positive
association is found between innovation and performance and the underlying management
activities. This positive link is however moderated by whether or not a firm is a family firm.
These findings are consistent with both, Dyer and Whetten (2006) as well as Craig and
Dibrell (2006). As concerns the former, the findings confirm that being a family firm per se
does not have a positive effect on actions that are beneficial for sustainability. As concerns
the latter, the insignificant effect of management activities on innovation for non-family firms
is confirmed. Notably, in all models, the industry and year dummies are never significant.
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