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manufacturing industries. The analysis focuses on Germany as the largest economy
by GDP in the European Union and analyses the uptake of activities directly aimed at
protecting biodiversity and ecosystem services compared to the uptake of other
environmental protection activities. It furthermore investigates how activity and tool
adoption as well as risk assessments vary with firm size and across industries, and
with implementing environmental management systems. The analysis finds tensions
between risk perception and activities pursued for biodiversity protection, largely
because firms shy away from substantive action. It reveals that smaller and medium-
sized firms are less active and that environmental management systems are not con-

ducive to corporate activities in support of biodiversity and ecosystem services.

KEYWORDS
biodiversity, ecosystem services, SME, survey, symbolic action, tensions

1 | INTRODUCTION

and that are produced by interactions within the ecosystem’
(Millennium Ecosystem Assessment, 2005, p. 3), are derived from

Biodiversity sits alongside the atmosphere and land as a key element
of natural capital. It has been defined as ‘the total variation in organ-
isms, in past times and present, in locations up to and including the
entire planet’ (Wilson, 2016, p. 227). A large variety of ecosystem ser-
vices (ES), that is ‘the benefits that humans obtain from ecosystems,

Abbreviations: ANOVA, Analysis of Variance; CDM, Clean Development Mechanism; EMAS,
Eco-Management and Audit Scheme; EMS, Environmental Management System; ES,
Ecosystem Services; EU, European Union; GDP, Gross Domestic Product; ICFPA,
International Council of Forest and Paper Associations; IPBES, Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services; ISO, International Organization of
Standardization; MEA, Millennium Ecosystem Assessment; QMS, Quality Management
System; REDD(UNCollaborative Program on), Reducing Emissions from Deforestation and
Degradation; SDG, Sustainable Development Goals; SME, Small and Medium-Sized Firms;
UN, United Nations; US, United States(of America); VIF, Variance Inflation Factor.

biodiversity.

The recent assessment by the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) in mid-2019
highlighted unprecedented extinction rates and risks alongside
decreasing global trends for the large majority of nature's contribu-
tions to humankind's survival (IPBES, 2019). In the context of the
Covid-19 crisis, biodiversity loss has furthermore been linked to
increasing the likelihood of zoonoses that may result in major pan-
demic outbreaks (Everard et al., 2020; Schaltegger, 2020). These facts
are in stark contrast to ES and biodiversity protection (i.e., restoration
or conservation) being a focus of the United Nations (UN) Sustainable
Development Goals (SDGs), with profit-oriented firms affecting and
needing biodiversity and derived ES, which in turn may create
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tensions, resulting from trade-offs between different goals that firms
aim to achieve simultaneously. This specifically concerns (Global
Reporting Initiative and UN Global Compact, 2017) the SDGs 2 (Zero
Hunger), 6 (Clean Water and Sanitation), 14 (Life below Water) and
15 (Life on Land) and indicates issues related to symbolic action at dif-
ferent levels (e.g., firms, industries and countries).

While prior research highlights the importance of comprehen-
sively gauging biodiversity and ES protection based on measures
covering different emissions and pollutants (Maas et al., 2018), the
need to link this to environmental management system (EMS)
usage has also been stressed in the literature (Boiral & Heras-
Saizarbitoria, 2017). The literature further argues that the protection
of biodiversity and the ES built upon it are of high economic value
and a crucial element of social welfare and sustainable development
(Costanza et al., 1997; Heller & Zavaleta, 2009; Schaltegger &
Bestindig, 2010; Westman, 1977). This means that firms' activities
aimed at protecting biodiversity and ES are closely scrutinised
(Jones & Solomon, 2013; Winn & Pogutz, 2013). However, while
conceptually the importance of biodiversity is clear, firms struggle to
contribute to biodiversity in practice. For example, the above-
mentioned SDGs most closely related to biodiversity are those least
reported, partly because of a lack of agreed indicators and guidelines
(Addison et al., 2018).

To address the gaps in the literature, this research seeks to clarify
the heterogeneity across firms and levels (e.g., organisations or indus-
tries) of direct and indirect activities that firms undertake to limit ES
and biodiversity degradation, and how this, in conjunction with per-
ceived ES risks and their management may give rise to tensions, for
example, from a focus on symbolic action.

This is analysed based on novel primary data from a large-scale
survey that, as a rare exception, included larger numbers of small
and medium-sized firms (SME). The survey, which was carried out
among German manufacturing firms, specifically addressed corpo-
rate activities pursued to limit ES degradation, and the tools that
firms apply to assess and manage risks related to ES and biodiver-
sity degradation. Alongside enquiring about these aspects, the sur-
vey also gathered data on EMS implementation and certification,
along with resource inputs for manufacturing firms that are most
threatened by biodiversity degradation, in order to make visible ten-
sions that relate to simultaneous management of these and further
aspects.

Given that ES and biodiversity are interlinked in a complex man-
ner that poses challenges to other planetary boundaries, such as cli-
mate change and freshwater ecosystems (Rockstrom et al., 2009;
Wilson, 2016), the survey also addressed indirect factors affecting
biodiversity, such as emissions into the air, water and soil (given those
drive river pollution and global warming). In doing so, the survey
extends the evidence available based on secondary data (mainly cor-
porate reports) with new primary data, which provides a much-desired
update on the state of practice and novel insights into SME activity
that are rare in the extant literature.

Building on this, the paper more specifically analyses the degree

of diffusion of direct and indirect activities supporting ES and

biodiversity and evaluates the degree to which firms consider vari-
ous resource inputs to be endangered by ES degradation and biodi-
versity loss. The information derived from this helps to clarify how
tensions develop across levels (e.g., firms or industries) and reveals
how activities and perceived risks relate in the generation of such
tensions.

Ultimately, the paper offers empirical evidence to clarify the rela-
tionship between biodiversity and business and probes into tensions
in this specific context, for example, with regard to the extent to
which firms implement biodiversity protection actions relative to per-
ceived risks and as concerns linkages between biodiversity and EMS.
In doing so, the current research contributes by identifying symbolic
actions, specific tensions and considerable heterogeneity across firms
and industries. It also shows that EMS implementation does not help
in reducing tensions and thus provides managers and policymakers
with guidance how to develop initiatives that enable broader consid-

eration of biodiversity and ES concerns in the future.

2 | REVIEW OF THE LITERATURE

The following section reviews the extant literature on biodiversity, ES,
and natural capital as delineated in the Millennium Ecosystem Assess-
ment (MEA) in order to identify research gaps and help contex-
tualising research questions accordingly.’

The MEA (2005) distinguishes between provisioning services
(i.e., goods from ecosystems such as water or timber), regulating ser-
vices (i.e., benefits from nature such as climate regulation or pollina-
tion), cultural services (i.e., material benefits from ecosystems such
as recreation or tourism) and supporting services (i.e., those under-
pinning other services such as nutrient cycling and primary produc-
tion). Whilst arguments in favour of a business case for natural
capital exist (Kareiva et al, 2015), at the same time it has been
highlighted that this would require more comprehensive and
standardised information and that substantial trade-offs may remain
that could lead to tensions (Chaplin-Kramer et al., 2015). Yet, it is
generally agreed that integrating biodiversity and ES concerns fur-
ther in firms' sustainability policies would support SDG achievement
(Addison et al., 2020).

In stark contrast to this, SDG reporting so far has been scarce,
especially concerning the aforementioned SDGs that strongly relate
to biodiversity (Addison et al., 2018). For Europe, recent research
finds that during 2015 to 2018 only about a third of the stock-listed
firms reported on SDGs, with the main emphasis being on specific
actions and information on the outcomes of SDG prioritisation
(Hummel & Szekel, 2021).

While early research on ES and biodiversity was based on the
tenets of economic and natural sciences and focused mainly on quan-
tifying monetary benefits (Costanza et al., 1997; Westman, 1977),
work on these topics in the social sciences and management only
emerged more recently. These latter works can be broadly classified
as being either conceptual or empirical. Empirical work can be further

sub-divided into being interview- or case-based (both of which
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constitutes primary data) or building on large-scale primary or second-
ary data (such as surveys or content analyses of reports).

Conceptual studies have investigated how procedural innova-
tions have enabled certain practical advances in biodiversity conser-
vation but also at the same time have limited the development of
alternative approaches, for example, in the context of the Red List of
Threatened Species (Cuckston, 2018). Other works in this stream of
literature have considered the issue of how to appropriately discount
the value generated at different points in time during projects
supporting biodiversity and ES protection (Freeman & Groom, 2013).
Together, these conceptual works can guide empirical studies and
provide important benchmarks against which actual corporate activi-
ties can be gauged.

The interview-based empirical work available includes that of
Boiral et al. (2018) who carried out 39 semistructured interviews and
show that firms adopt biodiversity management standards mainly to
improve the social acceptability of operations that harm natural habi-
tats. A subsequent work, relying largely on the same interviews, finds
that employee involvement is essential to improve biodiversity prac-
tices (Boiral et al., 2019). This second study also reveals that almost
half of the interviewees mentioned an increased relevance of biodi-
versity without prompting, in turn reinforcing the observations cited
above in the introduction. Another qualitative interview study by
Maas et al. (2018) examines investor influence on biodiversity and
the protection of natural capital by firms and reports a lack of
standardised information in this context.

Tregida (2013) provides a case study illustrating how specific bio-
diversity accounting practices can create trade-offs and based on this,
highlights a need to go beyond interviews and document analysis in
order to understand how widespread practices are. Other case studies
examine biodiversity issues in the context of the Kyoto protocol
mechanisms, such as carbon trading (Cuckston, 2013) and indirect
links of environmental and social activities of firms with ES payments
in Thailand (Thompson, 2019). Finally, Khan (2014) studies the imple-
mentation of an integrated biodiversity measuring, monitoring, and
reporting model in the context of the UN Collaborative Program on
Reducing Emissions from Deforestation and Degradation (REDD) in
Borneo. Overall, interview- and case-based work points to issues from
symbolic action, and that tensions can derive from this.

Large-scale empirical work to date has almost exclusively used
secondary data, usually firms' annual or sustainability reports, but also
data published by government agencies (Siddiqui, 2013). Work in this
stream has, for example, focused on stakeholder pressures in mining
and forestry companies based on an analysis of sustainability reports.
Findings include that corporate activities can be categorised into
research and conservation measures, socio-political actions, and man-
agement practices (Boiral & Heras-Saizarbitoria, 2017). Talbot and
Boiral (2021) study local government agencies and combine inter-
views with reports and action plans of such agencies. They find that
the public organisations studied tend to pursue symbolic actions,
which can lead to tensions and contradictions.

Other work building on secondary data has looked at biodiversity

reporting in European countries. Both Rimmel and Jonall (2013) and

Van Liempd and Busch (2013) find that in both Sweden and
Denmark, between 2006 and 2011, the extent of biodiversity
reporting was low. Since activities aimed at limiting ES and biodiver-
sity degradation are necessary precursors for any meaningful
reporting, this finding also suggests that corporate activities in this
period were even more limited. More recently, Hassan et al. (2020)
studied biodiversity-related disclosures of the largest 200 Fortune
Global firms for the years 2012, 2014 and 2016. Testing how differ-
ent determinants affect a complex disclosure index, their regression
study finds that disclosure is robustly associated with a firm receiving
environmental awards, cooperating with others on biodiversity, and
being headquartered in a developing country.

Finally, and as a rare exception to secondary data, Krause et al.
(2020) carried out a survey of German firms in the secondary and ter-
tiary sector. They find that corporate benefits and proenvironmental
strategies of firms support voluntary biodiversity conservation action,
and that lack of funds and competencies, as well as lack of strong
external stakeholder pressure, counteract this.

The literature indicates that while there is an emerging body of
work on ES and biodiversity in the social sciences and more narrowly
the field of management, such work remains mainly conceptual, or is
based on interviews or case studies involving small numbers of firms,
or on secondary data. From our literature review it becomes clear
that what is largely unavailable in the extant literature are large-scale,
standardised, quantitative studies generating primary data that
permit researchers to offer independent and systematic evidence
based on a broader population of firms. Delivery of such evidence
would also require that instruments (such as questionnaire surveys)
link to established research foci on EMS implementation and the
literature on environmental management activities more generally
(Boiral & Heras-Saizarbitoria, 2017; Guenther et al, 2016;
Tregida, 2013).

Specifically, the more general literature on environmental activi-
ties has identified firm size and industry as well as EMS as important
factors in need of further consideration (Guenther et al., 2016). This is
especially true for firm size with regard to SME, where there is almost
no evidence beyond a few cases owing to those firms seldom publish-
ing reports, which constitutes another an important gap to be
addressed (Windolph et al., 2014). Therefore, building on the insights
from reviewing the literature, the next section develops research

questions.

3 | THEORETICAL PERSPECTIVES AND
DEVELOPMENT OF RESEARCH QUESTIONS

As identified at the beginning of the literature review, the often-
quoted business case for sustainability in profit-oriented firms
(at least in the long-term) implies growth aspirations that may be
too demanding to remain within desirable limits to growth
(Randers, 2012), especially given biodiversity is one of the planetary
boundaries that has already been breached (Rockstrém et al., 2009).
Consequently, a business case for natural capital in general and as part
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of this biodiversity in particular (Kareiva et al., 2015) is also challenged
by the issue that, while business relies on resources sourced from
nature, its operations are simultaneously a major contributor to the
erosion of biodiversity. Therefore, it is possible that tensions emerge
in this context.

This is likely even more so, if a multilevel perspective is adopted,
for example, in terms of countries at the macro-level, industries at the
meso-level, and firms at the micro-level (Barbier et al., 2018). Here,
firm-level capabilities or characteristics, such as the availability and
utilisation of management or accounting systems or techniques that
record and indicate environmental damage (Gibassier et al., 2018;
Maas et al., 2016; Schaltegger & Wagner, 2006) and industry-level
structures seeking to institutionalise solution processes interact and
create heterogeneity that requires a nuanced assessment.

Tensions that result from the aforementioned conditions can
emerge from firms resorting to symbolic, rather than substantive
action (Candn-de-Francia & Garcés-Ayerbe, 2009; Christmann &
Taylor, 2006). Symbolic action for firms avoids costly investments and
at the same time produces favourable impressions and addresses
institutional or isomorphic pressures, for example, within industries
(DiMaggio & Powell, 1983; Goffman, 1959; Solomon et al., 2013).

Whilst symbolic action (i.e., lack of sufficient and substantive
activities) does not always result in tension, it may lead to prisoner
dilemma situations, for example, when short-term cost savings from
avoiding substantive action result in increased long-term cost to busi-
nesses from stricter future regulations. Tensions may also surface in
terms of contradictions between assessments and actions within one
firm. For example, this is the case, if firms perceive high risks in spe-
cific areas (such as ES and biodiversity degradation), but only pursue
limited action in relation to this. Such a situation would result in con-
tradictions and tensions between a firm's projected image and
implemented activities (Solomon et al., 2013; Talbot & Boiral, 2021;
Ylénen & Laine, 2015).

Building on these arguments, this study attempts to shed more
light on activities and tensions in the context of biodiversity, espe-
cially concerning ES and biodiversity risks as well as activities and
their drivers and heterogeneity across levels (e.g., firms or industries).
We therefore focus on the following research question, specifically

aiming to identify tensions with regard to each of them:

1. What (direct and indirect) activities are implemented to limit ES
and biodiversity degradation, and is there heterogeneity across
firms (e.g., in terms of size or depending on EMS adoption) or levels
(e.g., in terms of organisation versus industry)?

2. How are activities related to risks directly or indirectly linked to ES
degradation, and is there heterogeneity across firms or levels?

3. When have firms adopted tools to assess and manage risks related
to ES and biodiversity degradation, and is there heterogeneity

across firms or levels?

Acknowledging the state of the literature, this study contributes
to answering the identified research questions, based on a rare large-

scale empirical survey, on the relevance and management of ES and

biodiversity. This also clarifies how biodiversity interacts with other
corporate sustainability aspects, and differentiates results with regard
to firm characteristics and industries, which contributes to a multilevel

perspective on the issues raised.

4 | DATAAND METHODOLOGY

4.1 | Sampling and database

The empirical analysis is based on 270 complete responses received
to a survey of manufacturing firms in Germany in 2016. Building on
earlier survey rounds (Doluca et al., 2018), a random sample derived
from the Amadeus database of Bureau van Dijk of the population of
German manufacturing firms (including both, listed and nonlisted
firms) was utilised to administer the survey.

Germany was chosen because it is the largest economy in the
European Union (EU) by GDP and because it is challenged by a loss of
biodiversity. This includes a huge decline in insect, spider, and butter-
fly species (Hallmann et al., 2017) as well as in pollinators and honey-
bees, as part of a broader challenge affecting the EU more generally,
and at the global level also the United States (Romi & Longing, 2016).

Furthermore, Germany has a large number of internationally
active small- and medium-sized firms in the manufacturing sector
owing to its strong export focus. Therefore, we can address the role
of such firms and compare it with that of large firms to better under-
stand issues such as differences in activity profiles. Given the size and
development level of the German economy, as well as the generic
nature of biodiversity challenges, this makes it possible to derive pro-
totypical insights that can be transferred to other industrialised states
(e.g., other EU countries and United States which also have similar
levels of population density and urbanisation) facing similar biodiver-
sity issues.

Our survey was administered electronically via the internet, and
the invitation mail requested that the person most knowledgeable
with regard to the topics covered should complete it. The response
rate amounted to 5%.? The data collected in the survey addressed an
inventory of technological environmental activities by firms, including
those directly or indirectly related to biodiversity, and also information
on availability and quality risks with regard to ES. The survey intro-
duced the ES definition of the MEA to ensure a common definitional
basis for all firms responding to the questions. Furthermore, the sur-
vey gathered information on the tools employed to assess and man-
age risks related to ES, as well as on firm characteristics such as
ownership status, the specific industry, the economic condition of the
firm, quality management initiatives, and EMS implementation and
certification.

Assessing of response bias by comparing the means for all
involved variables between the first and last 10% of respondents
reveals that the characteristics and response behaviour of early
respondents was not significantly different from that of those who
replied later (except for some individual environmental activities,

which were however all not directly related to biodiversity).

:sdpy) suonipuo) pue suLd ], oY) 33§ [£707/80/81] uo AreiqiT auruQ £3[1p\ ‘Sinqs3ny [qigsieeiisiaatun £q 1] €°25q/Z001°01/10p/wiod K3[im’Areiqijaurjuo//:sdny woiy papeojumod ‘s ‘€207 ‘9€806601

110)/W00" K[ 1AM

P!

9sULIT suowwo)) aAnea1) ajqesrjdde ayy £q pauraro3 a1e sajonIeR YO asn Jo sa[ni 10§ A1eIqr dul[uQ A3[IA\ UO (SUOnIpUC



WAGNER

Business Strategy

-l
and the Environment @ E—WI LEYﬂ

Furthermore, the responses indicate that even environmentally and
socially less active firms responded. These findings also suggest that
social desirability is not an issue in the data.

Use of only one survey instrument may also be a concern with
regard to common method and source bias. To forestall this issue, dif-
ferent response formats were used, the question order was counter-
balanced, and the anonymity of respondents was guaranteed to
reduce socially desirable responses and item ambiguity. Furthermore,
applying Harman's single-factor test revealed an unrotated factor
solution yielding 41 factors with Eigenvalues larger than unity. The
first three factors explain 11.5%, 6.9% and 3.8%, respectively. All
remaining factors with Eigenvalues larger than one explain between
0.7 and 3.6% of the variance in the data. Therefore, no common
method and source bias exists in the data.

Concerning industry and size distributions, the database contains
a significant share (37%) of SME (with up to 249 employees). Despite
the high share of SME, larger firms are somewhat overrepresented in
the responses, which is however a common problem of firm surveys
(Armstrong & Overton, 1977). The industry composition is broadly
representative for the population (Federal Statistical Office, 2016)
with firms in the chemicals (17%), materials (glass, ceramics and
metals) processing (14%), consumer goods (12%) and machinery and
transport equipment (11%) segments having the largest shares for
individual industries in the responses.

4.2 | Empirical methods and variables

We analyse the data using different quantitative and partly qualitative
methods, such as content analysis and statistical techniques including
cross-tabulations, distributional comparisons, correlational analysis,
Xz_ as well as t-tests, analysis of variance (ANOVA) and multivariate
regression analysis. Such a combined approach is advocated, since it
allows for more comprehensive insights.

In several analyses binary dummy variables for a firm's main
industry are involved, based on the following sectors: consumer
goods, paper/wood & printing, chemicals, materials processing,
machinery and transport equipment, electric and electronic equipment
(Wagner, 2020). As well, based on employee data, three categories of
firm size and a continuous measure of firm size defined as the loga-
rithm of the number of staff (since the distribution of the employee
data is rightward-skewed) are involved in some of the analyses.

To address our first research question, we involve cross-
tabulations and compare corporate biodiversity actions against envi-
ronmental management activities (that can also indirectly contribute
to biodiversity and ES protection), as well as t-tests and multivariate
regression analyses to reliably gauge heterogeneity.

The analysis of our second research question is based on combin-
ing content analysis and ANOVA with cross-tabulations, t-tests and
correlational analysis. Drawing inferences across these methods
allows to identify tensions emerging from the data.

To address the third research question, we apply t-tests in combi-

nation with distributional comparisons and ANOVA. Again, jointly

evaluating the results of these analyses allows to pinpoint tensions
that become visible in the data.

In the multivariate regressions, a number of additional explana-
tory and control variables are taken into account beyond firm size and
industry membership (involved to account for institutional and struc-
tural effects related to industry and size), as detailed in the following.
Building on Wagner (2020), EMS certification is measured with two
variables based on the firm being certified or verified in accordance
with 1ISO 14001 or EMAS. If there is a certification according to the
relevant scheme, the corresponding variable value assumes 1, other-
wise it is 0. The EMS experience variable is measured as the time pas-
sed since the initial implementation of an EMS. To avoid endogeneity
with the activities surveyed (i.e., the activity could be implemented
before certification was achieved), implementation time was calcu-
lated until 2012 (Wagner, 2020).

Christmann (2000) argues that a quality management system
(QMS) in accordance with ISO 9001 complements environmental
standards. Therefore, if a firm had a QMS certified according to ISO
9001 was included in the regression models as a binary dummy vari-
able (yes coded as 1, no as 0), as was firm type because processes and
structures of parent companies may require that activities beyond
those stipulated by environmental management standards are the
implementation (Wagner, 2020). To account for this effect, a dummy
variable was created and coded as 1 if the firm was fully independent,
and O if it had a parent company. Further to these explanatory and
control variables, based on Dess and Beard (1984), growth in the main
market was incorporated in the regression analysis to account for pos-
sible effects of munificence using a 5-point scale anchored with
decreased significantly (coded as 1) and increased significantly (coded as
5). Finally, in line with Martin-Tapia et al. (2008), organisational uncer-
tainty is measured as an index referring to how much technologies,
customers preferences, suppliers and regulations affect the company.
The index has a Cronbach's alpha value of .71. All variables involved
in the statistical analyses referred to above are summarised, together
with a detailed definition, in Table 1.

Table A1 provides an overview of descriptive statistics for all vari-
ables listed in Table 1. It exhibits the broad variation found in the data,
which underscores the high variability of the responses. This confirms
that a meaningful statistical analysis is feasible. Table A2 provides cor-
relations and variance inflation factors (VIF) of all independent vari-
ables used in the multivariate regression analyses, both of which
suggest that multicollinearity is not an issue, as is also reflected in the
mean VIF being 2.63.

5 | RESULTS

5.1 | Analysis of direct and indirect activities

The first part of the survey asked firms to state which technical activi-
ties they conducted that indirectly support biodiversity and the
provision of ES, and also enquired whether the firm undertook three

direct activities supporting biodiversity and ES protection, namely,
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TABLE 1 Summary of variable definitions for variables used in the empirical analysis

Variable name

Technological environmental activities

Biodiversity restoration

Biodiversity conservation

Emissions offsetting

Total ES risk of firms main activity

Tools to assess and manage risks related

to ES degradation

Organisational uncertainty

Industry uncertainty

Firm fully independent

Quality management system

Munificence

Sectoral controls

Consumer goods

Paper, wood & printing

Chemicals

Glass, ceramics & metal processing

Machinery & transport equipment

Electric or electronic equipment

Other manufacturing

ISO 14001 certification
EMAS certification

EMS implementation time

Firm size

Variable description

Inventory of activities by firms that are
indirectly related to biodiversity,
corresponding to items (1) to (16) in
Table 2

Investments in ecosystem/biodiversity
restoration

Investments in ecosystem/biodiversity
conservation

Offsetting in the context of CDM, carbon
trading, or similar mechanisms

Joint evaluation of firms availability and
quality risk assessments

Degree to which the firm employs tools to
assess and manage ES risks

Joint evaluation of change frequency and
influence range for external factors and
the business environment

Sector volatility based on the five years
preceding the time of the survey

Legal status of the firm

Presence of a quality management system
in accordance with ISO 9001

Degree of decrease or increase in size of
the firms main market

Firm operates in the consumer goods sector

Firm operates in the paper, wood or
printing sectors

Firm operates in the chemical industry
sectors

Firm operates in the glass, ceramics or
metal processing sectors

Firm operates in the machinery or transport
equipment sectors

Firm operates in the electric or electronic
equipment sectors

Firm operates in other manufacturing
sectors

Firm is certified according to 1ISO 14001

Firm is certified according to the EU eco-
management and audit scheme

Time elapsed since initial EMS
implementation

Number of employees

Variable type

Binary; yes coded as 1, and no as O for each
individual activity in the inventory

Binary; yes coded as 1, and no as O

Binary; yes coded as 1, and no as O

Binary; yes coded as 1, and no as O

Continuous, averaging two 5-point scale
items, each anchored with no (1) and very
high (5) exposure to risks

Ordinal; 4-point scale anchored with yes (4)
and no (1), with additional levels being
considering (2) and in progress (3)

Continuous; averaging four 7-point scale
items, each anchored with fully disagree
(1) and fully agree (5)

Continuous; measured as the volatility of
sectoral revenue over the preceding five
years

Binary; completely independent coded as 1,
else as 0

Binary; yes coded as 1, and no as O

Ordinal; 5-point scale anchored with
decreased significantly (1) and increased
significantly (5), with additional levels
being declined slightly (2), stayed the same
(3) and increased slightly (4).

Dummy (base category)

Dummy

Dummy

Dummy

Dummy

Dummy

Dummy

Binary; yes coded as 1, and no as O

Binary; yes coded as 1, and no as O

Continuous; measured in number of years

Continuous; measured in logarithms due to
skewed distribution
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FIGURE 1 Extent of direct and indirect technical activities in support of ES and biodiversity

(1) investments in ecosystem/biodiversity restoration, (2) investments
in ecosystem/biodiversity conservation and (3) emissions offsetting.
These three aggregate areas (see bottom of Figure 1) correspond
closely to those identified by Schaltegger and Bestiandig (2010), and
also Cuckston (2013) who links biodiversity and ES protection to car-
bon trading activities, such as forest carbon crediting.

In contrast to activities directly supporting biodiversity, the indi-
rect technical environmental protection activities surveyed have an
implicit bearing on biodiversity, despite their focus nominally being on
other areas such as energy and materials usage, waste, air, or water
pollution. To illustrate, at the industry level, the International Council
of Forest and Paper Associations (ICFPA) has committed the wood
products sector globally to reducing air emissions, increasing recycling
and higher energy efficiency, all of which are indirect activities
(ICFPA, 2006). Similarly, pollution of the river Rhine or lake pollution
in Germany from power plants will have lasting adverse effects on
biodiversity and ES provision (Raptis et al., 2016). Indirect effects
typically depend on many industries jointly reducing their demands
and impacts to protect biodiversity, which potentially can create
tensions. The inventory of indirect activities is based on the Interna-
tional Business Environment Barometer surveys (Belz & Strannegard,
1997; Kestemont & Ytterhus, 2001), and all items are listed in
Figure 1.

Figure 1 compares the extent of the direct activities (i.e., the last
three bars) relative to activities that indirectly contribute the protec-
tion of biodiversity and ES (i.e., all other bars). Figure 1 in this respect
reveals that indirect actions are most widespread, especially those
aimed at substitution of nonrenewable materials, as well as waste and
material usage reductions. Compared to this, the adoption of direct
measures supporting biodiversity restoration or conservation and

emissions offsetting is far more limited.

Firm size and industry are fundamental firm characteristics and
our research question also asks to establish whether they are signifi-
cantly associated with the implementation of activities to support ES
protection and biodiversity. The literature review revealed that the
role of SME on the issue of biodiversity remains rather opaque. The
survey relied on in this study is one of the first to cover a significant
number of SME and can therefore provide new insights into how firm
size relates to heterogeneity in the activities adopted. For example,
Table 2 reveals that large firms in particular pursue more activities
(both, directly and indirectly) to support biodiversity conservation and
restoration, and also engage more often in offsetting emissions such
as greenhouse gases through forestation in developing countries in
the context of the CDM.

Conducting t-tests revealed significant differences in the average
size of firms adopting biodiversity conservation (t = 1.66, p =.05) and
restoration (t = 1.57, p = .06) initiatives, and emissions offsetting (t =
1.83, p=.03). It is the significantly larger firms that implement activi-
ties directly supporting ES and biodiversity. This in turn suggests that
smaller and medium-sized firms are comparatively less proactive in
this respect.

At the same time, the somewhat higher values for small- versus
mid-sized firms may indicate tensions in that the former are locally
more embedded and therefore are better able to support local biodi-
versity initiatives. That notion would also be consistent with the linear
increase in adoption rates in association with firm size that is found
for emissions offsetting, because the latter is more global and com-
pensatory in scope and therefore small firms would not benefit
equally from local involvement here.

With regard to industry-related heterogeneity, Table 3 reveals
that activities in firms which directly foster ES and biodiversity protec-

tion (i.e., those in the last three rows of the table) are considerably
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TABLE 2 Direct and indirect activities in support of ES and biodiversity by firm size

Size category activity
Reduce water consumption
Reduce material per unit (2)

Material recycling (3)

(1)

Use of foreign waste streams (4)

Substitution non-ren. materials (5)

Substitution hazardous input (6)

Reduce air emission (7)
Reduce water emission (8)
Reduce noise emission (9)
Reduce waste (10)
Product recycling (11)
Packaging recycling (12)

Reduce packaging per unit (13)

Reduce transport energy (14)

Cleaner technology (15)

Green new product (16)

Biodiversity restoration (17)

Biodiversity conservation (18)

Emissions offsetting (19)

WAGNER
Small (1-49 employees) Medium-sized (50-249 employees) Large (>249 employees)
36.4% 61.9% 77.9%
50.0% 69.8% 75.2%
40.9% 44.4% 53.1%
13.6% 12.7% 14.5%
22.7% 39.7% 40.0%
40.9% 76.2% 83.4%
36.4% 55.6% 75.9%
18.2% 27.0% 40.0%
36.4% 61.9% 58.6%
81.8% 74.6% 76.6%
59.1% 47.6% 46.9%
68.2% 65.1% 58.6%
50.0% 33.3% 42.1%
40.9% 42.9% 61.4%
45.5% 54.0% 73.1%
40.9% 46.0% 60.0%
31.8% 20.6% 33.8%
36.4% 23.8% 41.4%
13.6% 19.0% 35.9%

Note: Values refer to the percentage share of adopting firms in each size category.

TABLE 3 Direct and indirect activities in support of ES and biodiversity by industry

Industry  Consumer

Activity  goods
(1) 74.1%
(2) 63.0%
(3) 44.4%
(4) 7.4%

(5) 51.9%
(6) 63.0%
(7) 70.4%
(8) 25.9%
9) 51.9%
(10) 59.3%
(11) 63.0%
(12) 74.1%
(13) 44.4%
(14) 63.0%
(15) 70.4%
(16) 55.6%
(17) 37.0%
(18) 37.0%
(19) 25.9%

Note: Activities are numbered as in Table 1; values refer to the percentage share of adopting firms in an industry.

Paper, wood &
printing

60.0%
90.0%
60.0%
20.0%
50.0%
80.0%
65.0%
30.0%
65.0%
90.0%
45.0%
65.0%
55.0%
35.0%
70.0%
55,0%
20.0%
30.0%
40.0%

Chemical
industry

75.7%
75.7%
64.9%
13.5%
45.9%
70.3%
62.2%
35.1%
64.9%
91.9%
59.5%
64.9%
51.4%
59.5%
75.7%
64.9%
27.0%
37.8%
24.3%

Glass, ceramic &

metal proc.
63.3%
76.7%
40.0%
20.0%
20.0%
86.7%
73.3%
30.0%
70.0%
60.0%
43.3%
56.7%
30.0%
50.0%
63.3%
53.3%
13.3%
10.0%
30.0%

Machinery &
transport egpt.

87.5%
79.2%
54.2%
16.7%
25.0%
91.7%
83.3%
54.2%
70.8%
91.7%
58.3%
70.8%
50.0%
62.5%
79.2%
75.0%
29.2%
41.7%
29.2%

Electric &

electronics eqpt.

52.2%
69.6%
56.5%
0.0%

47.8%
78.3%
56.5%
26.1%
39.1%
91.3%
60.9%
69.6%
43.5%
47.8%
78.3%
65.2%
26.1%
26.1%
21.7%

Other
manufacturing

70.0%
61.4%
41.4%
15.7%
35.7%
77.1%
62.9%
35.7%
48.6%
68.6%
32.9%
48.6%
30.0%
54.3%
50.0%
37.1%
40.0%
48.6%
32.9%
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more limited than other technical environmental protection activities
that contribute indirectly to the protection of biodiversity. Further-
more, the highest percentage of firms implementing biodiversity res-
toration activity operates in the consumer goods and other
(miscellaneous) manufacturing industries, whereas in the case of bio-
diversity conservation, the highest percentage of firms implementing
operates in machinery and transport equipment and other
manufacturing sectors.

In the case of emission offsetting, the bulk of the firms
implementing operates in the paper, wood and printing sector, and in
other manufacturing industries. The high percentage figure for other
manufacturing firms is linked to the fact that it was often (especially
municipal) utility companies responding to the survey here, and these

typically have a high level of environmental exposure. Overall, the

disaggregated analysis of activity adoption depending on firm- and
industry-level factors suggests considerable heterogeneity with regard
to the adoption of important direct activities relating to the restora-
tion and conservation of biodiversity and ES protection and also emis-
sions offsetting, pointing to complex tensions interacting across
multiple levels.

Finally, with regard to a multivariate assessment of heterogeneity
that also incorporates EMS implementation effects, the binary logit
analyses, reported in Table 4, reveal that for direct activities in sup-
port of biodiversity and ES protection (i.e., investments in ecosystem/
biodiversity restoration, investments in ecosystem/biodiversity con-
servation, and emissions offsetting), firm size is the strongest predic-
tor, which is consistent with the prior analyses. Industry effects are

found to be weaker with only glass, ceramics and metal processing

TABLE 4 Estimations by individual direct activity for biodiversity and ES protection

Explanatory Restoration, no Restoration, with Conservation, no Conservation, with Offsetting, no Offsetting, with

variables interaction interaction interaction interaction interaction interaction

Firm fully 0.04 (0.33) 0.02 (0.34) 0.08 (0.32) 0.07 (0.32) -0.17 (0.33) -0.19 (0.33)
independent

Quality —0.76 (0.51) —0.83 (0.50) —0.88 (0.49)" —0.91 (0.49)t —1.33(0.47)** —1.37 (0.48)**
management
system

Munificence 0.16 (0.16) 0.17 (0.16) 0.18 (0.16) 0.19 (0.16) -0.15(0.17) -0.14 (0.17)

Paper, wood & —0.39 (0.76) —0.34(0.75) 0.16 (0.69) 0.20 (0.68) 0.96 (0.73) 0.99 (0.72)
printing

Chemicals —0.53(0.63) —0.59 (0.61) —0.02 (0.62) —0.06 (0.60) —0.16 (0.64) —0.20(0.65)

Glass, ceramics & —1.37 (0.79)" —1.40(0.77)" -1.79 (0.85)* —1.80 (0.83)* 0.02 (0.73) 0.0002 (0.72)
metal processing

Machinery & —0.83(0.74) —0.88 (0.74) —0.30(0.70) —0.31(0.69) —-0.85(0.73) -0.89 (0.73)
transport
equipment

Electric & electronic —0.69 (0.69) —0.59 (0.70) -0.79 (0.73) -0.73 (0.72) —0.69 (0.85) —0.64 (0.82)
equipment

Other —0.27 (0.61) —0.26 (0.60) 0.10 (0.60) 0.11 (0.58) —0.23 (0.64) —0.24 (0.63)
manufacturing

I1SO 14001 —0.79 (0.49) —1.48 (0.68)* —0.56 (0.47) —0.93 (0.65) —0.28 (0.44) —0.62 (0.61)
certification

EMAS certification 0.75(0.46) —0.04 (0.83) 0.49 (0.45) —0.01 (0.88) 0.59 (0.45) 0.13 (0.83)

ISO x EMAS - 1.25(0.98) - 0.73(0.99) - 0.66 (0.94)

EMS 0.01 (0.03) 0.04 (0.04) 0.03 (0.03) 0.04 (0.04) 0.02 (0.03) 0.03 (0.04)
implementation
time

Firm size 0.25 (0.09)” 0.24 (0.09)* 0.27 (0.09)** 0.26 (0.09)** 0.42 (0.09)*** 0.42 (0.09)***

Constant —2.02 (0.86)* —1.94 (0.86)* —2.20 (0.81)** —2.14 (0.81)** —2.14 (0.85)* —2.09 (0.86)*

Log-likelihood —119.55 —118.67 —124.92 —124.59 —112.69 —112.45

Number of 220 220 220 220 220 220
observations

Pseudo-R? .09 .10 12 13 16 .16

Wald 17.05 22.50" 25.67* 28.57* 3741 37.80***

Note: Robust standard errors in parentheses; industry relative to consumer goods as base category.

p <.10.
*p <.05. **p <.01. ***p < .001.
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having a significant negative effect. Regarding EMS implementation,
no positive effect of firms being certified according to ISO 14001 or
verified according to EMAS can be identified. Furthermore, there is
also neither significant interaction effect of firms that have
implemented both ISO 14001 and EMAS, nor has the time elapsed
since implementation started a significant effect.

Concerning joint implementation of all three direct activities in
support of biodiversity and ES protection, a multivariate ordered logit
estimation reveals that the findings for EMS implementation from the

binary logit estimations are essentially reproduced in Table 5. In the

TABLE 5 Estimations for the sum of direct ES activities for
biodiversity and ES protection

Sum of direct Sum of direct

Explanatory activities, no activities, with

variables interaction interaction

Firm fully —0.004 (0.27) —0.02 (0.28)
independent

Quality —1.18 (0.48)* -1.22 (0.47)*
management
system

Munificence 0.04 (0.13) 0.05 (0.13)

Paper, wood & 0.25(0.63) 0.29 (0.63)
printing

Chemicals —0.19 (0.65) —0.24 (0.64)

Glass, ceramics & —0.86 (0.67) —0.87 (0.65)
metal
processing

Machinery & —0.59 (0.67) —0.61(0.65)
transport
equipment

Electric & —0.78 (0.69) —0.71 (0.69)
electronic
equipment

Other —0.17 (0.63) —0.16 (0.62)
manufacturing

I1SO 14001 —0.57 (0.40) —0.91 (0.48)"
certification

EMAS 0.55(0.34) 0.04 (0.75)
certification

ISO x EMAS - 0.71 (0.80)

EMS 0.03 (0.03) 0.05 (0.04)
implementation
time

Firm size 0.34 (0.08)*** 0.33 (0.08)***

Log-likelihood —244.05 —243.62

Number of 220 220
observations

Pseudo-R? .08 .09

Wald Chi? 37.50%** 41.35%

Note: Robust standard errors in parentheses; industry relative to consumer
goods as base category.

fp<.10.

*p <.05. **p <.01. ***p < .001.

ordered logit model, given that three activities may or may not be pur-
sued by a firm, the dependent variable can take one of four discrete
values (i.e.,, 0, 1, 2 or 3). As Table 5 shows, again firm size is found to
be the strongest predictor whereas industry effects are as before

weaker.

5.2 | Relationship of activities to ES risks

To analyse how different activities relate to ES risks, we asked firms
to estimate the degree to which their activities are exposed to risks
directly or indirectly linked to ES degradation and biodiversity loss.
Based on the responses to two questions assessing exposure for
(1) availability and (2) quality of raw materials, an overall index gauging
a firm's total ES risk was calculated by averaging the availability and
quality risk assessments of each firm.

Total ES risk is in this way as a firm-level construct that relates
to heterogeneity across firms with regard to negative impacts of
biodiversity loss or declining ES availability. This interpretation is
confirmed by the correlation of total ES risk with the measure of
organisational uncertainty at the firm level that was also included in
the survey (r=.17, p=.02). In contrast, total ES risk does not corre-
late (r=-.01, p=.91) with an established measure of industry
uncertainty that is based on sectoral revenue volatility over time
(Canella et al., 2008). This leads us to conclude that total ES risk is a
firm-specific measure of risk that specifically relates to the context
of ES and underlying biodiversity. Accordingly, ES risk measures that
part of firm-specific uncertainty relating to biodiversity loss and
reduced availability of ES, but not other aspects of uncertainty that
the firm faces. Furthermore, these findings again suggest the need
for a multilevel perspective when analysing biodiversity issues, since
in the case of ES risk, links are stronger to the firm, than the indus-
try level.

Statistical analysis reveals significant associations between the
activities aimed directly at biodiversity and ES protection, but in a dif-
ferentiated fashion. More specifically, t-tests reveal levels of total risk
relating to raw materials linked to ES degradation and biodiversity loss
are significantly higher for firms pursuing biodiversity conservation (t
=2.56, p=.01) and emissions offsetting (t =2.49, p=.01), but not
biodiversity restoration (t=1.28, p =.10). Therefore, while a higher
perceived risk generally corresponds to higher activity levels, the anal-
ysis suggests that even the most exposed firms invest less compara-
tively in ecosystem regeneration and thus may not realise their full
potential to contribute to biodiversity remediation and ES protection.
The situation reveals a tension between business objectives and soci-
etal goals.

With regard to SME effects, the Pearson correlation between the
number of employees and total ES risk is not significant (r=.08, p
=.24), and nor is the Spearman rank correlation (r=.04, p =.56). In
both cases, the nonsignificant correlations are independent of
whether the number of employees is in logarithms or not to account
for skewedness in the firm size distribution of our response sample.

This suggests a potentially important role for SME in the future, since
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FIGURE 2 Total ES risk score by industry
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TABLE 6 Measures visualised in Figure 2 by industry

Industry Consumer Paper, wood &  Chemical Machinery & Electric & Other Glass, ceramic &
Measure goods printing industry transport eqpt. electronics eqpt. manufacturing  metal prod.
Median 2.75 35 3 3 3 3 3
5% percentile 1 1.5 1 1 1 1 1
95% percentile 5 5 5 4.5 5 5 4.5
Skewedness 0.18 -0.57 -0.22 0.16 0.03 -0.28 —0.46

they seem just as concerned with and threatened by losses of biodi-
versity and the declining availability of ES as large firms are.

Alongside firm size, the industry level is also an important factor
in the context of ES risk. Figure 2 in this respect shows the total ES
risk scores by industry are quite similar, with firms in the wood prod-
ucts sector being somewhat more concerned about ES risks than firms
generally, which is consistent with stronger goal commitments in this
industry (Barbier et al., 2018).

However, as it is also borne out in Table 6, the levels of activity in
this sector are not higher than in other industries, since an ANOVA
does not reveal any significant difference between any two industries
(F=1.35, p=.24). This points to an industry-level tension since other
industries that are less concerned about ES risks may be creating neg-
ative spillover effects to the wood products sector.

To sum up, a disaggregated analysis of ES risk perception finds
limited industry-level effects but suggests that at the firm level, the
more concerned firms pursue more activities directly targeting ES and
biodiversity protection, which in turn points to tensions modulated
across levels.

Beyond quantitatively gauging ES risks, our survey also asked
respondents to name the two raw materials used by the firm that are
most exposed to risks directly or indirectly linked to the degradation

of ES. Applying qualitative content coding to the responses yielded

five categories, namely, water, electricity, nonrenewable energy,
renewable and nonrenewable resources. Of these, electricity and non-
renewable energy are indirectly relevant, because if firms can rely less
on these as a result of climate change being more seriously addressed,
this would lead to increased demand for renewable energy. That
demand would, for example, mean heightened pressure to grow
energy crops, and doing so would have a negative qualitative effect
by reducing plant variety and a negative quantitative effect by
increasing land use, both of which are detrimental to biodiversity and
the ES provision building on it. Likewise, a need to reduce non-
renewable resource use would morph into increased renewable
resource demands with similarly detrimental effects due to resource
depletion. For the five categories, the distribution across industries is
shown in Table 7.

An important insight from the qualitative content coding and its
subsequent analysis is that energy resources have an overall low rele-
vance in terms of being threatened by biodiversity loss or declining
ES. Furthermore, the chemical, machinery, electrical, and the glass and
metal industries are mainly concerned about nonrenewable resources.
This suggests the respondents from those industries are concerned
about the initially largely indirect effects of ES deterioration in terms
of limited or curtailed access to relevant reserves. At the same time,

the increasing demand for nonrenewable resources, as suggested by
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TABLE 7 Raw materials at risk by industry

Industry Consumer Paper, wood &  Chemical Glass, ceramic & Machinery & Electric & Other

Category goods printing industry metal prod. transport eqpt. electronics eqpt. manufacturing

Water 11.1% 10.5% 2.7% 6.7% 0% 0% 16.7%

Nonrenewable 3.7% 0% 0% 3.3% 0% 0% 21.7%
energy

Nonrenewable 14.8% 15.8% 37.8% 56.7% 45.8% 47.8% 28.3%
resources

Renewable 59.3% 84.2% 10.8% 6.7% 0% 4.3% 21.7%
resources

Electricity 0% 0% 2.7% 0% 4.2% 8.7% 8.3%
(renewable/
fossil)

Note: Figures represent the percentage of firms in the industry stating the corresponding category.

no considering

FIGURE 3 Distribution of total ES risk score
for different use levels of tools supporting ES

- L

in progress yes

Firm has tool(s) to assess/manage risks related to ES degradation

the responses of firms from the above industries, indicates a strong
future potential for tensions arising from usage conflicts between
exploiting nonrenewable resources and protecting biodiversity and
ES. The results of this study indicate that this tension is further aggra-
vated by the majority of manufacturing industries being likely to have
negative impacts in this respect, and as a result probably not pushing
for stricter regulation to protect biodiversity and ES.

Consistent with the heightened stakes in biodiversity identified
in other analyses (e.g., Barbier et al., 2018), in the consumer goods
and the wood and paper industries, renewable resources are per-
ceived most at risk. Furthermore, across all industries and catego-
ries, the percentage of firms agreeing that renewable resources are
at risk is higher than for all other categories in these two industries
(see Table 7). The findings indicate the presence of tensions
between industries with regard to the protection of biodiversity
and ES.

5.3 | Analysis of tool implementation and ES risks
To clarify if the tensions identified between perceived risks and activi-
ties undertaken can be at least partly resolved by the adoption of spe-
cific tools related to ES and biodiversity degradation, the survey
respondents were asked if they use any tool to assess or manage risks
directly or indirectly linked to ecosystem services degradation
(i.e., beyond direct or indirect activities, or EMS implementation/certi-
fication). Figure 3 indicates that only those firms perceiving very
strong aggregate ES risks are at a more advanced stage in
implementing tools (i.e., rather than not having implemented, or just
considering implementation, they are actually in progress or have
implemented tools).

The median values for ES risk perception are 3 if tools are not
implemented or only considered (5% percentile: 1; 95% percentile: 5;

skewedness: —0.01 and 0.01, respectively). For tool implementation
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being in progress or tools being implemented, the median value for ES
risk perception is 3.5 (5% percentile: 1; 95% percentile: 5;
skewedness: —0.52 and —0.26, respectively). An ANOVA analysis
confirms that only the difference between firms having implemented
tools and those having not at all is significant (F = 6.48, p <.001), but
that the differences for firms evaluating tools or being in process to
implement tools are not significant. Therefore, a considerable number
of firms that perceive risks were not yet using relevant tools in a com-
prehensive manner.

To further illuminate this finding, a differential analysis of cross-
level effects of the tools and activities to assess and manage risks
related to ES and biodiversity degradation was carried out. An
ANOVA for tool implementation by industry yielded insignificant
results (F=0.74, p=.61) indicating that there are no differences
across sectors. However, the corresponding ANOVA of tool
implementation by firm size revealed significant differences (F=
3.41, p=.02). A Scheffé test clarified that these differences affect
firms that are evaluating whether to implement tools and those that
have commenced implementation. Whereas the size of firms in the
former group is around 1300 employees on average, the size of
firms in the latter group averages around 45,000 employees. This
discrepancy indicates that larger firms are considerably more proac-
tive in this respect, whereas SME have adopted a more reactive
stance to date.

6 | DISCUSSION AND CONCLUSIONS

In summary, this paper addresses three sets of research questions
conceptually informed by perspectives on symbolic action and ten-
sions, to further the state of biodiversity management research field.
This paper reports the results of one of the first large-scale empirical
surveys on corporate activities related to biodiversity protection and
concerns about ES provision in manufacturing firms, and in doing so
offers a number of novel insights. To start, overall levels of activities
directly related to biodiversity conservation and ES protection remain
very low compared to those of indirect protection activities. A possi-
ble explanation for this lies in to date mainly symbolic action of busi-
nesses in the context of biodiversity (Talbot & Boiral, 2021).
However, larger firms currently undertake comparatively more direct
biodiversity conservation and ES protection activities than SME
do. Furthermore, while firms, regardless of size, perceive similar levels
of ES risk exposure, only larger firms match this with correspondingly
higher activity, which indicates interactions across levels of analyses
(e.g., firms versus industries).

Secondly, biodiversity and ES are not integral to the major envi-
ronmental management standards 1ISO 14001 and EMAS, and there-
fore a more intensive analysis on a broad scale can extend the body
of knowledge relating to the literature on environmental management
in general, as has been called for by, for example, Boiral et al. (2018).
Specifically, it has been suggested that linking information on biodi-
versity and ES with that on EMS usage might be very valuable
(Boiral & Heras-Saizarbitoria, 2017) and our analysis contributes to

that aim. However, our data reveal that while ISO 14001 and EMAS
are widely diffused among firms, there is no support from these for
activities aimed at directly supporting ES and biodiversity. This points
to a void that carries the potential for tensions, since the mainstream
management systems seem unable to contribute to more biodiversity
and ES protection.

In addition to this, our survey confirms that most industries are
heavily dependent on nonrenewable resources, a situation likely to be
detrimental to the preservation of biodiversity. Yet, only a few indus-
tries are so heavily reliant on renewable resources that they would
have an incentive to support biodiversity and the provision of ES by
substantively adopting tools to assess ES risks and implementing
activities to maintain or enhance biodiversity. The lack of tool imple-
mentation also confirms that firms mainly pursue symbolic actions
and thus do not have suitable management control or accounting sys-
tems in place that can reveal tensions and identify the most salient
biodiversity issues. This is of special concern, since the analysis also
indicates that traditional (quality or environmental) management sys-
tems tend to be detrimental to the implementation of direct activities
to support biodiversity and the provision of ES. This implies that tradi-
tional systems are unlikely to reveal or reduce longer-term tensions
from predominantly symbolic action in time.

By providing broader descriptive evidence from comprehensive
primary data, this study closes a research gap and provides important
guidance for the conceptual refinement of the research field. This is
an important contribution given that Jones and Solomon (2013,
p. 682) diagnose a ‘... dearth of reported activity’ on biodiversity and
ES protection and highlight a need for broader primary studies, which
initially should be descriptive, given the field's early stage of develop-
ment. As well, this study also canvasses opinion from SME, which
have not been considered in broader empirical analyses to date due to
their limited reporting capability. At the same time, it moves beyond
published company reports, which enables more systematic compara-
tive evaluations.

Combining evidence from a large number of firms on the topic of
biodiversity and ES protection also offers a more nuanced view of dif-
ferences across and between levels (such as firms or industries). This
is particularly relevant given that reviews have identified site-level
management as an important approach to protecting ES (Heller &
Zavaleta, 2009). For example, this research is one of the first large-
scale empirical studies surveying actions supporting biodiversity and
ES to involve SME. Given the scant knowledge available from the lit-
erature on the role of SME in biodiversity protection, the study pro-
vides crucial insights and knowledge on their current state of practice.

While this analysis is to the best of our knowledge one of the
very few studies using primary data on corporate activities targeting
biodiversity protection and ES maintenance across different levels in a
broader industry context (and surveying smaller and medium-sized
firms), it must be acknowledged, that it is based on German data
alone. Therefore, it would be desirable if future research were to
include other countries and encapsulate recent trends, for example,
what contribution to the relevant UN SDGs (especially the SDGs
14 and 15, but also the SDGs 2 and 6) can be expected.
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Several further directions for future research can be identified.
The differentiated findings in this large-scale study suggest a need to
expand the investigation of how more substantive action can be
enacted and coordinated across firms and industries (e.g., through
industry associations such as the World Business Council for Sustain-
able Development, which has proposed some ambitious initiatives on
biodiversity, albeit with limited effect to date). Furthermore, country-
level regulation or global initiatives extending beyond nation states
(such as the IPBES mentioned in the introduction) which have a
broader scope related to the level of complete ecosystems should be
examined more closely too, as doing so could reveal further multilevel
tensions. Equally, future research might focus on the level of the busi-
ness unit, especially since this could help to shed more light on how
employing spatial separation enables a reduction of tensions. As well,
this would simultaneously enable to further the contributions to pre-
serving biodiversity from better integration of the social sciences that
the literature calls for (Heller & Zavaleta, 2009). Finally, more compre-
hensive inclusion of questions on accounting tools supporting biodi-
versity would be desirable in future survey work.

The results of the current research have practical implications for
managers and policymakers. Making informed decisions on govern-
mental and other initiatives requires an awareness of heterogeneity
across firms with regard to levels of activity, risk assessments and tool
implementation directed at safeguarding biodiversity and ES. Our
findings suggest various practical steps that could be taken. For exam-
ple, policymakers could consider supporting SME with generic toolkits
or guidelines that mitigate tensions. That requirement is also applica-
ble to other levels, such as the industry context, that should be
accounted for simultaneously.

As well, firms and policymakers should collaborate with non-
governmental organisations and industry associations to enable more
substantive action and to reduce tensions. Managers should equally
be aware of both the firm and industry levels, which would help them
to benchmark the state of affairs in their firm, and then assess what
initiatives would suit their specific situation. Second, managers should
proactively drive concerted action, since ultimately the implementa-
tion of biodiversity and ES protection resides at the firm level.

ACKNOWLEDGEMENTS

Valuable suggestions made during seminars at Environmental Station
Schneefernerhaus and Stanford University (especially Gretchen Daily
and Rebecca Chaplin-Kramer) and at a special issue workshop (espe-
cially Delphine Gibassier, Karen Maas and Stefan Schaltegger) as well
as from Stefano Pogutz and two anonymous reviewers are gratefully
acknowledged. Open Access funding enabled and organized by
Projekt DEAL.

ENDNOTES

1 Whilst a more in-depth review is beyond the scope of this study, readers
are referred to Roberts et al. (2020) for a recent comprehensive review
that systematically assesses the field over the same period.

2 The survey questionnaire is available on request from the corresponding
author.

REFERENCES

Addison, P. F., Carbone, G., & McCormick, N. (2018). The development and
use of biodiversity indicators in business: An overview. [UCN.

Addison, P. F., Stephenson, P. J., Bull, J. W., Carbone, G., Burgman, M.,
Burgass, M. J., Gerber, L. R., Howard, P., McCormick, N., McRae, L.,
Reuter, K. E., Starkey, M., & Milner-Gulland, E. J. (2020). Bringing
sustainability to life: A framework to guide biodiversity indicator
development for business performance management. Business Strategy
and the Environment, 29(8), 3303-3313. https://doi.org/10.1002/bse.
2573

Armstrong, J. S., & Overton, T. S. (1977). Estimating non-response bias in
surveys. Journal of Marketing Research, XIV(August), 396-402. https://
doi.org/10.1177/002224377701400320

Barbier, E. B., Burgess, J. C., & Dean, T. J. (2018). How to pay for saving
biodiversity. Science, 360, 486-488. https://doi.org/10.1126/science.
aar3454

Belz, F., & Strannegard, L. (1997). International business environmental
barometer 1997. Cappelen Akademisk Forlag.

Boiral, O., & Heras-Saizarbitoria, . (2017). Managing biodiversity through
stakeholder involvement: Why, who, and for what initiatives? Journal
of Business Ethics, 140, 403-421. https://doi.org/10.1007/s10551-
015-2668-3

Boiral, O., Heras-Saizarbitoria, I., & Brotherton, M. C. (2018). Corporate
biodiversity management through certifiable standards. Business Strat-
egy and the Environment, 27(3), 389-402. https://doi.org/10.1002/
bse.2005

Boiral, O., Heras-Saizarbitoria, I., & Brotherton, M. C. (2019). Improving
corporate biodiversity management through employee involvement.
Business Strategy and the Environment, 28, 688-698. https://doi.org/
10.1002/bse.2273

Canella, A. A. Jr,, Park, J.-H., & Lee, H.-U. (2008). Top management team
functional background diversity and firm performance: Examining the
roles of team member colocation and environmental uncertainty.
Academy of Management Journal, 51(4), 768-784.

Cafndn-de-Francia, J., & Garcés-Ayerbe, C. (2009). ISO 14001 environmen-
tal certification: A sign valued by the market? Environmental and
Resource Economics, 44, 245-262. https://doi.org/10.1007/s10640-
009-9282-8

Chaplin-Kramer, R., Jonell, M., Guerry, A., Lambin, E. F., Morgan, A. J.,
Pennington, D., Smith, N., Franch, J. A,, & Polasky, S. (2015). Ecosys-
tem service information to benefit sustainability standards for com-
modity supply chains. Annals of the New York Academy of Sciences,
1355, 77-97. https://doi.org/10.1111/nyas.12961

Christmann, P. (2000). Effects of ‘best practices’ on environmental man-
agement. Academy of Management Journal, 39(4), 663-680.

Christmann, P., & Taylor, G. (2006). Firm self-regulation through interna-
tional certifiable standards: Determinants of symbolic versus substan-
tive implementation. Journal of International Business Studies, 37(6),
863-878. https://doi.org/10.1057/palgrave.jibs.8400231

Costanza, R., d'Arge, R, de Groot, R., Farber, S., Grasso, M., Hannon, B.,
Limburg, K., Naeem, S., O'Neill, R. V., Paruelo, J., Raskin, R. G,
Sutton, P., & van den Belt, M. (1997). The value of the world's ecosys-
tem services and natural capital. Nature, 387(6630), 253-260. https://
doi.org/10.1038/387253a0

Cuckston, T. (2013). Bringing tropical forest biodiversity conservation into
financial accounting calculation. Accounting, Auditing & Accountability
Journal, 26, 688-714. https://doi.org/10.1108/AAAJ-02-2013-1231

Cuckston, T. (2018). Making extinction calculable. Accounting, Auditing &
Accountability Journal, 31, 849-874. https://doi.org/10.1108/AAAJ-
10-2015-2264

Dess, G. G., & Beard, D. W. (1984). Dimensions of organizational task envi-
ronments. Administrative Science Quarterly, 29(1), 52-73. https://doi.
org/10.2307/2393080

DiMaggio, P. J., & Powell, W. W. (1983). The iron cage revisited: Institu-
tional isomorphism and collective rationality in organizational fields.

:sdpy) suonipuo) pue suLd ], oY) 33§ [£707/80/81] uo AreiqiT auruQ £3[1p\ ‘Sinqs3ny [qigsieeiisiaatun £q 1] €°25q/Z001°01/10p/wiod K3[im’Areiqijaurjuo//:sdny woiy papeojumod ‘s ‘€207 ‘9€806601

110)/W00" K[ 1AM

P!

9sULIT suowwo)) aAnea1) ajqesrjdde ayy £q pauraro3 a1e sajonIeR YO asn Jo sa[ni 10§ A1eIqr dul[uQ A3[IA\ UO (SUOnIpUC


https://doi.org/10.1002/bse.2573
https://doi.org/10.1002/bse.2573
https://doi.org/10.1177/002224377701400320
https://doi.org/10.1177/002224377701400320
https://doi.org/10.1126/science.aar3454
https://doi.org/10.1126/science.aar3454
https://doi.org/10.1007/s10551-015-2668-3
https://doi.org/10.1007/s10551-015-2668-3
https://doi.org/10.1002/bse.2005
https://doi.org/10.1002/bse.2005
https://doi.org/10.1002/bse.2273
https://doi.org/10.1002/bse.2273
https://doi.org/10.1007/s10640-009-9282-8
https://doi.org/10.1007/s10640-009-9282-8
https://doi.org/10.1111/nyas.12961
https://doi.org/10.1057/palgrave.jibs.8400231
https://doi.org/10.1038/387253a0
https://doi.org/10.1038/387253a0
https://doi.org/10.1108/AAAJ-02-2013-1231
https://doi.org/10.1108/AAAJ-10-2015-2264
https://doi.org/10.1108/AAAJ-10-2015-2264
https://doi.org/10.2307/2393080
https://doi.org/10.2307/2393080

WAGNER

Business Strategy
and the Environment

American Sociological Review, 48, 147-160. https://doi.org/10.2307/
2095101

Doluca, H., Block, J., & Wagner, M. (2018). Sustainability and environmen-
tal behaviour in family firms: A longitudinal analysis of
environmentally-related activities, innovation and performance. Busi-
ness Strategy and the Environment, 27(1), 152-172. https://doi.org/10.
1002/bse.1998

Everard, M., Johnston, P., Santillo, D., & Staddon, C. (2020). The role of
ecosystems in mitigation and management of Covid-19 and other zoo-
noses. Environmental Science and Policy, 111, 7-17. https://doi.org/10.
1016/j.envsci.2020.05.017

Federal Statistical Office. (2016). Statistisches Jahrbuch 2016: Deutschland
und Internationales. Statistisches Bundesamt (Federal Statistical
Office).

Freeman, M. C., & Groom, B. (2013). Biodiversity valuation and the dis-
count rate problem. Accounting, Auditing & Accountability Journal, 26,
715-745. https://doi.org/10.1108/AAAJ-02-2013-1226

Gibassier, D., Rodrigue, M., & Arjaliés, D. L. (2018). Integrated reporting is
like god: No one has met him, but everybody talks about him. The
power of myths in the adoption of management innovations. Account-
ing, Auditing & Accountability Journal, 31, 1349-1380. https://doi.org/
10.1108/AAAJ-07-2016-2631

Global Reporting Initiative and UN Global Compact. (2017). Business
reporting on the SDGs: An analysis of the goals and targets. Available
at: http://www.unglobalcompact.org/library/5361

Goffman, E. (1959). The presentation of self in everyday life. Anchor.

Guenther, E., Endrikat, J., & Guenther, T. (2016). Environmental manage-
ment control systems: A conceptualization and a review of the empiri-
cal evidence. Journal of Cleaner Production, 136, 147-171. https://doi.
org/10.1016/j.jclepro.2016.02.043

Hallmann, C. A,, Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan, H.,
Stenmans, W., Mdller, A., Sumser, H., Horren, T., Goulson, D., & de
Kroon, H. (2017). More than 75 percent decline over 27 years in total
flying insect biomass in protected areas. PLoS ONE, 12(10), e0185809.
https://doi.org/10.1371/journal.pone.0185809

Hassan, A. M., Roberts, L., & Atkins, J. (2020). Exploring factors relating to
extinction disclosures: What motivates companies to report on biodi-
versity and species protection? Business Strategy and the Environment,
29, 1419-1436. https://doi.org/10.1002/bse.2442

Heller, N. E., & Zavaleta, E. S. (2009). Biodiversity management in the face
of climate change: A review of 22 years of recommendations. Biologi-
cal Conservation, 142, 14-32. https://doi.org/10.1016/j.biocon.2008.
10.006

Hummel, K., & Szekel, M. (2021). Disclosure on the sustainable development
goals—Evidence from Europe (working paper) (Vol. 19, pp. 152-189).
University of Business and Economics. https://doi.org/10.1080/
17449480.2021.1894347

ICFPA. (2006). Sustainability Information 2006. Available at: http://www.
icfpa.org/resource-centre/sustainability-information

IPBES. (2019). IPBES Global Assessment Summary for Policymakers.
Available at: http://www.ipbes.net

Jones, M. J., & Solomon, J. F. (2013). Problematising accounting for biodi-
versity. Auditing & Accountability Journal, 26, 668-687. https://doi.
org/10.1108/AAAJ-03-2013-1255

Kareiva, P. M., McNally, B. W., McCormick, S., Miller, T, &
Ruckelshaus, M. (2015). Improving global environmental management
with standard corporate reporting. Proceedings of the National Acad-
emy of Sciences of the United States of America, 112(24), 7375-7382.
https://doi.org/10.1073/pnas.1408120111

Kestemont, M. P., & Ytterhus, B. (2001). International business environment
barometer 1997—Final report to the EC. Catholic University of Louvain.

Khan, T. (2014). Kalimantans biodiversity: Developing accounting models
to prevent its economic destruction. Accounting, Auditing & Account-
ability Journal, 27(1), 150-182. https://doi.org/10.1108/AAAJ-07-
2013-1392

Krause, M., Droste, N., & Matzdorf, B. (2020). What makes businesses
commit to nature conservation? Business Strategy and the Environment,
30(2), 741-755. https://doi.org/10.1002/bse.2650

Maas, K., Lambooy, T. E., van't Foort, S., & Van Tilburg, R. (2018). Bio-
diversity and natural capital: Investor influence on company
reporting and performance. Journal of Sustainable Finance and
Investment, 8(2), 158-184. https://doi.org/10.1080/20430795.2017.
1409524

Maas, K., Schaltegger, S., & Crutzen, N. (2016). Advancing the integration
of corporate sustainability measurement, management and reporting.
Journal of Cleaner Production, 133, 859-862. https://doi.org/10.1016/
j.jclepro.2016.06.006

Martin-Tapia, I., Aragon-Correa, J. A., & Senise-Barrio, M. E. (2008). Being
green and export intensity of SMEs: The moderating influence of per-
ceived uncertainty. Ecological Economics, 68(1), 56-67. https://doi.org/
10.1016/j.ecolecon.2008.01.032

MEA. (2005). Living beyond our means: Natural assets and human
well-being. Available at: http://www.millenniumassessment.org/en/
Reports.aspx#

Randers, J. (2012). 2052. A global forecast for the next forty years. Chelsea
Green Publishing.

Raptis, C. E., van Vliet, M. T., & Pfister, S. (2016). Global thermal pollution
of rivers from thermoelectric power plants. Environmental Research
Letters, 11(10), 1-9.

Rimmel, G., & Jonill, K. (2013). Biodiversity reporting in Sweden: Corpo-
rate disclosure and preparers views. Accounting, Auditing & Account-
ability Journal, 26, 746-778. https://doi.org/10.1108/AAAJ-02-2013-
1228

Roberts, L., Hassan, A., Elamer, A., & Nandy, M. (2020). Biodiversity and
extinction accounting for sustainable development: A systematic
literature review and future research directions. Business Strategy and
the Environment, 30(1), 705-720. https://doi.org/10.2139/ssrn.
3692014

Rockstrém, J., Steffen, W., Noone, K. Persson, A. Chapin, F. S,
Lambin, E. F., Lenton, T. M., Scheffer, M., Folke, C., Schellnhuber, H. J.,
Nykvist, B., de Wit, C. A,, Hughes, T., van der Leeuw, S., Rodhe, H.,
Soérlin, S., Snyder, P. K., Costanza, R., Svedin, U., ... Foley, J. A. (2009).
A safe operating space for humanity. Nature, 461, 472-475. https://
doi.org/10.1038/461472a

Romi, A. M., & Longing, S. D. (2016). Accounting for bees: Evidence from
disclosures by US listed companies. In J. F. Atkins & B. C. Atkins (Eds.),
The business of bees: An integrated approach to bee decline and corpo-
rate responsibility (pp. 1-19). Greenleaf Publishing. https://doi.org/10.
9774/GLEAF.9781783534340_13

Schaltegger, S. (2020). Unsustainability as a key source of epi- and pan-
demics: Conclusions for sustainability and ecosystems accounting.
Journal of Accounting and Organizational Change, 16(4), 613-619.
https://doi.org/10.1108/JAOC-08-2020-0117

Schaltegger, S., & Bestandig, U. (2010). Corporate biodiversity management
handbook. A guide for practical implementation. Deutsches
Bundesministerium fur Umwelt (German Federal Ministry for the
Environment).

Schaltegger, S., & Wagner, M. (2006). Integrative management of sustain-
ability performance, measurement and reporting. International Journal
of Accounting, Auditing and Performance Evaluation, 3(1), 1-19. https://
doi.org/10.1504/1JAAPE.2006.010098

Siddiqui, J. (2013). Mainstreaming biodiversity accounting: Potential impli-
cations for a developing economy. Accounting, Auditing & Accountabil-
ity Journal, 26, 779-805. https://doi.org/10.1108/AAAJ-03-2013-
1242

Solomon, J. F., Solomon, A., Joseph, N. L., & Norton, S. D. (2013). Impres-
sion management, fabrication and myth creation in private social and
environmental reporting: Insights from Erving Goffman. Accounting,
Organizations and Society, 38(3), 195-213. https://doi.org/10.1016/].
20s.2013.01.001

:sdiy) SuOmpuOD) pue swId L, oy 39 “[€202/80/81] U0 AIeIqrT SUIUQ K[ “FINqSTNY [QIGSIOVUSIAIIN AQ TH1€-95/Z001"01/10P/W00" K1 AIRIQIRUI[UO//:SANY WOI} PIPEOUMO(T S ‘€TOT “9E806601

110)/W00" K[ 1AM

P!

9sULIT suowwo)) aAnea1) ajqesrjdde ayy £q pauraro3 a1e sajonIeR YO asn Jo sa[ni 10§ A1eIqr dul[uQ A3[IA\ UO (SUOnIpUC


https://doi.org/10.2307/2095101
https://doi.org/10.2307/2095101
https://doi.org/10.1002/bse.1998
https://doi.org/10.1002/bse.1998
https://doi.org/10.1016/j.envsci.2020.05.017
https://doi.org/10.1016/j.envsci.2020.05.017
https://doi.org/10.1108/AAAJ-02-2013-1226
https://doi.org/10.1108/AAAJ-07-2016-2631
https://doi.org/10.1108/AAAJ-07-2016-2631
http://www.unglobalcompact.org/library/5361
https://doi.org/10.1016/j.jclepro.2016.02.043
https://doi.org/10.1016/j.jclepro.2016.02.043
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1002/bse.2442
https://doi.org/10.1016/j.biocon.2008.10.006
https://doi.org/10.1016/j.biocon.2008.10.006
https://doi.org/10.1080/17449480.2021.1894347
https://doi.org/10.1080/17449480.2021.1894347
http://www.icfpa.org/resource-centre/sustainability-information
http://www.icfpa.org/resource-centre/sustainability-information
http://www.ipbes.net
https://doi.org/10.1108/AAAJ-03-2013-1255
https://doi.org/10.1108/AAAJ-03-2013-1255
https://doi.org/10.1073/pnas.1408120111
https://doi.org/10.1108/AAAJ-07-2013-1392
https://doi.org/10.1108/AAAJ-07-2013-1392
https://doi.org/10.1002/bse.2650
https://doi.org/10.1080/20430795.2017.1409524
https://doi.org/10.1080/20430795.2017.1409524
https://doi.org/10.1016/j.jclepro.2016.06.006
https://doi.org/10.1016/j.jclepro.2016.06.006
https://doi.org/10.1016/j.ecolecon.2008.01.032
https://doi.org/10.1016/j.ecolecon.2008.01.032
http://www.millenniumassessment.org/en/Reports.aspx%23
http://www.millenniumassessment.org/en/Reports.aspx%23
https://doi.org/10.1108/AAAJ-02-2013-1228
https://doi.org/10.1108/AAAJ-02-2013-1228
https://doi.org/10.2139/ssrn.3692014
https://doi.org/10.2139/ssrn.3692014
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.9774/GLEAF.9781783534340_13
https://doi.org/10.9774/GLEAF.9781783534340_13
https://doi.org/10.1108/JAOC-08-2020-0117
https://doi.org/10.1504/IJAAPE.2006.010098
https://doi.org/10.1504/IJAAPE.2006.010098
https://doi.org/10.1108/AAAJ-03-2013-1242
https://doi.org/10.1108/AAAJ-03-2013-1242
https://doi.org/10.1016/j.aos.2013.01.001
https://doi.org/10.1016/j.aos.2013.01.001

WAGNER

2598 Business Strat .
29 | W LEY_Biissa el

Talbot, D., & Boiral, O. (2021). Public organizations and biodiversity disclo-
sure: Saving face to meet a legal obligation? Business Strategy and the
Environment, 30(5), 2571-2586. https://doi.org/10.1002/bse.2764

Thompson, B. S. (2019). Payments for ecosystem services and corporate
social responsibility: Perspectives on sustainable production, stake-
holder relations, and philanthropy in Thailand. Business Strategy and
the Environment, 28(4), 497-511. https://doi.org/10.1002/bse.2260

Tregida, H. (2013). Biodiversity offsetting: Problematisation of an emerg-
ing governance regime. Accounting, Auditing & Accountability Journal,
26, 806-832. https://doi.org/10.1108/AAAJ-02-2013-1234

Van Liempd, D., & Busch, J. (2013). Biodiversity reporting in Denmark.
Accounting, Auditing & Accountability Journal, 26, 833-872. https://doi.
org/10.1108/AAAJ:02-2013-1232

Wagner, M. (2020). Global governance in new public environmental man-
agement: An international and intertemporal comparison of voluntary
standards' impacts. Business Strategy and the Environment, 29(3),
1056-1073. https://doi.org/10.1002/bse.2417

Westman, W. E. (1977). How much are nature's services worth? Science,
197, 960-964. https://doi.org/10.1126/science.197.4307.960

Wilson, E. O. (2016). Half-earth—Our planets fight for life. Liveright
Publishing.

APPENDIX A.

Variable Mean

Index of restoration, conservation and offsetting 0.93 1.13
Total ES risk 3.01 1.24
Tools to manage risks related to ES degradation 1.98 1.20
Organisational uncertainty 5.21 1.20
Industry uncertainty 0.07 0.05
Firm size 6.36 2.20
Firm fully independent 0.57 -
QMs 0.85 =
Munificence 3.18 1.07
Paper, wood & printing 0.09 -
Chemicals 0.17 -
Glass, ceramics & metal processing 0.14 -
Machinery & transport 0.11 -
Electric & electronic equipment 0.10 -
Other manufacturing 0.27 -
ISO 14001 certification 0.39 =
EMAS certification 0.32 -
EMS implementation time 9.15 -

Std. dev.

Windolph, S. E., Schaltegger, S., & Herzig, C. (2014). Implementing corpo-
rate sustainability: What drives the application of sustainability man-
agement tools in Germany? Sustainability Accounting, Management and
Policy Journal, 5(4), 378-404. https://doi.org/10.1108/SAMPJ-01-
2014-0002

Winn, M. |, & Pogutz, S. (2013). Business, ecosystems, and biodiversity:
New horizons for management research. Organization & Environment,
26(2), 203-229. https://doi.org/10.1177/1086026613490173

Yl6nen, M., & Laine, M. (2015). For logistical reasons only? A case study of
tax planning and corporate social responsibility reporting. Critical Per-
spectives on Accounting, 33, 5-23. https://doi.org/10.1016/j.cpa.2014.
12.001

How to cite this article: Wagner, M. (2023). Business,
biodiversity and ecosystem services: Evidence from large-scale
survey data. Business Strategy and the Environment, 32(5),
2583-2599. https://doi.org/10.1002/bse.3141

Min Max TABLE A1 Descriptive statistics for
variables defined in Table 1
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1.75 7
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1.79 13.32

0 1
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0 1

0 1

0 1

0 1

0 1

0 1

0 1

0 24

Note: The index of restoration, conservation and offsetting as the dependent variable in the regression
estimations is defined as the sum of the items biodiversity restoration, biodiversity conservation and

emissions offsetting in Table 1.
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